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THE STATICS OF BRIDGES.
THE theoretical and practical knowledge of the construction of and those known as intrados and extrados, and the commonly
bridges occupies a very important department of the wide and received view as to points of rupture, are peculiarities to which
varied held of engineering science. As a special study, it is we find nothing analogous in the laws of catenaries. But when
characterised no less by the extent and diversity of its subject we pursue our research into those cases where the arch and
than by the abstruse and occasionally complex nature of the in
girder, or the chain and girder, are combined ; or where the
vestigations to which it has given rise. The different circum
equilibrium of a loaded rib results partly from an external re
stances of site, of approaches, span, and headway; the facilities action and partly from its inherent transverse strength ; and
for abutments, piers, or moorings; the nature of the foundations, when we seek a solution of such complex cases by applying two
and the peculiar difficulties frequently encountered in preparing methods of investigation which have very little in common to the
these, as well as in erecting the superstructure; the stipulations component parts of a single structure, difficulties present them
often exacted for the convenience of navigation ; the precautions selves which at first sight seem insuperable. But it will be found,
demanded to meet external stress of wind or water, as well as on looking into the matter with care and attention, that the only
the due provision for carrying both dead and moving loads, and formidable difficulty results (as so frequently happens) from what
we have taken for granted without question or examination.
the allowance for effects of settlement or of changing tempera
ture; the distinct types of superstructure, known as the arch,
In the arch, as in the girder, the principle of the lever forms the
very basis on which all the remaining rests. But while every
chain, and girder, and the numerous forms of simple or com
bined application in which they are found, are some of the portion of the load on the girder is considered to be divided
considerations that must enter into any thorough and complete between the two supports (in the inverse ratio to its distance
inquiry. And these conditions are not only different for each from either), the load on the arch is regarded as separating at
bridge, but in many cases assume so special an aspect that it the crown into two parts, each carried exclusively by the nearest
appears desirable for any great bridge to have a history of its abutment. If, then, we assume that it is necessary to treat the
load one way for the arch, and the other way for the girder,
own, recording not only all the details of form and construction
great perplexity besets the examination of any bridge in which a
of the finished work, with the settlement observed on the appli
cation of a given test load, but also the successive difficulties combination of these two principles is presented, in the absence
that had to be overcome from commencement to completion, and of any prima facie reason for determining what portion of the
the various expedients devised to meet them, whether successful load should be regarded as carried by an arch, and what portion
or otherwise.
as carried by a girder. But if we can satisfy ourselves that the
A theoretical inquiry, simply into the stability of different entire load on the girder, no less than that on the arch, actually
forms of superstructure, reduces itself within far narrower limits. divides itself into two sections at a certain assignable point,
Such an inquiry, proceeding on abstract reasoning, seeks to either section throwing all its weight on the nearest support, the
elicit general results, and to arrange them so as to admit of threatened difficulty will at once vanish. It might have been
their ready application to individual cases. But even in this thought obvious, had the question ever been distinctly asked,
comparatively restricted range of investigation we are confronted that reasonings based on the same fundamental law (that of
at the outset by three distinct principles of construction, each leverage), however variously conducted, must inevitably reach
of which demands, or at least has always had accorded to it, a identical results, and that the calculated strains at every point of
distinct method of examination. Between the theories of the a girder would be the same, whether they were arrived at in the
arch and the girder there exists a sufficiently wide difference; ordinary way or considered as resulting from the action of two
and although a very close affinity is recognised between the sections of load, each ponderating to its nearest pier only. It
curve of equilibrium of the chain and the line of pressure in the will be endeavoured, in a future paper, to show that such is
arch, the relations considered to subsist between the latter line actually the case, and to exhibit a method of treating the load
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and calculating the moments at different points equally applic
able to arch, chain, and girder, and, it is believed, more simple
than the generally received rules, obviating the necessity of either
finding a series of centres of gravity (as in the arch), or dividing
every component portion of the load according to its distances
from the piers (as in the girder). The point where, the load
divides itself is sufficiently evident in a masonry arch; in a chain
it is equally obvious ou inspection, and also capable of being
found by calculation ; in a girder it is not detected by the eye,
but will always coincide with the point of greatest strain ; and
where the girder is not continuous, its determination is a suffi
ciently easy matter.
It is, therefore, proposed to bestow some consideration on those
statical principles which all bridges, irrespective of form or cir
cumstance, possess in common ; to examine the effect of the ponderating load in what it is hoped may prove to be the simplest
and the most general way; and, perhaps, after such inquiry into
the action of the load, occasion may be found to examine the
special modes of reaction by virtue of which the equilibrium of
each description of bridge is maintained.
The arch was made the subject of elegant and laborious mathe
matical investigation long before the exigencies of railway con
struction led to an exact appreciation of the elastic forces of
materials. Proceeding upon the general understanding that
masonry was capable of supporting heavy thrusts without notice
able compression, but possessed of very small cohesive power, the
theorist found it convenient to assume that the arch was com
posed of voussoirs absolutely imcompressible, and not cemented
at the joints. To simplify investigation, the pressure distributed
over the area of each joint was imagined to be concentrated into
a resultant acting at a single point, and the line which, passing
through the voussoirs, connected these points of resultant pres
sure, was called the line of pressure, and was fouud to possess
properties identical with those of catenaries (using this term in
its most general sense). But although the conditions of any
assigned line of pressure were found capable of exact determina
tion, uncertainty attended the application of this admirable
theory to the arch, owing to the circumstance that an indefinite
number of lines of pressure, all equally adapted to the given load,
could be inscribed within the limits of the voussoirs. At the
same time it was seen that if any two points in the semi-arch
were given as points in the line of pressure, the line itself could
be fixed; so that the problem ultimately resolved itself into that
of finding the actual position of two of the resultant points.
Many have thought it proper or convenient to assume that
the resultant thrust passes through the centres of the keystone
and skewback. This would seem at first sight the most natural
idea; but if we suppose the material of the arch incompressible,
it becomes by no means clear how the reaction causing the
thrust can be generated, if the line of pressure be thus situated.
Yet, on the kindred hypothesis of a parallelism between intrailos
and the line of pressure, general deductions have been made
as to the distribution of loading proper to any given form of
arch—deductions interesting to the mathematician, but hardly of
much practical value to the engineer, who aims at adapting the
bridge to the load, rather than the load to the bridge.
It has however been generally considered more correct to select
as the actual line of pressure that which touches intrados at or
near the springing, and rises thence to touch extrados at or near
the crown. Were the voussiors really incompressible, and the
joints uucemented, this law would be absolutely correct; it is
an inevitable conclusion from the fictitious data. In reality it
is much closer to the truth than the supposition that the thrust
passes through the centre of the keystone and that of the
skewback; and it is sufficiently accurate for general application
to arches of stone' or brickwork. The application has however
been found hitherto to involve much labour and difficulty; in
many cases a complicated tentative process has to be repeated
twice or ofteuer in order to get approximately at the points of
contact with extrados, known as points of rupture.
In order accurately to exhibit the generation of the reacting
force, it would indeed be necessary to consider the elastic pro
perties of the material employed, and to inquire into the con
dition of a voussoir when the resultant thrust does not pass
through its neutral axis. In dealing with masonry such nice
discrimination might be rather curious than useful. But when
continuous iron ribs come under examination, it is essential to
bear in mind that the theory of disconnected voussoirs incapable
of being compressed, and the determination of the actual line
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of pressure by means of points of rupture, are no longer
admissible.
The origination and rapid extension of railways, marking an
era within the scope of living memory, yet already more fruit
ful in changes than many preceding centuries, first brought
into frequent use a class of bridges which, if not new in the
principle employed, were virtually so in its scientific and
skilful application. These iron-ways, constructed in a country
already intersected with roadways and canals, necessarily cross
ing the streets of populous towns, and occasionally having to
be carried over navigable rivers, or even arms of the sea—con
veying a traffic which public safety required to be kept distinct,
while convenience demanded its being often brought close to
large thoroughfares, and which only admitted of very flat gra
dients—frequently present conditions as to headway, span, or
mechanical adjustment, only to be satisfied by girder bridges.
Under a moving load, producing strains of unexampled severity,
distances were spanned which had been previously unattempted.
The employment of iron then became indispensable, and the ne
cessity of avoiding useless weight in the girder itself, no less than
the consideration of cost, led to thorough investigation of the
best way of distributing the material, whether cast or wrought,
and of the strains to which it could be safely subjected. The
sensation produced by the failure of the Dee Bridge subsided
into a conviction of the insecurity of cast-iron girders for large
spans, and stimulated the more general construction of girders
in wrought-iron, a material in which gigantic proportions were
ultimately obtained. The happy boldness which confronted the
task of throwing a tube across the Menai was united with the
f>rudence and wise precaution which dictated the series of preiminary experiments bearing on the strength of wrought-iron
cellular beams; and thus, assisted by able mathematical research,
has left results on record invaluable to science.
Thus while the theories of the arch and of the catenary have
remained stationary, or nearly so, the investigation of the girder
has advanced with rapid strides, and has gone hand in hand
with a precise and intimate knowledge of the nature of the
materials of construction, and the connection between definite
change of form and definite reaction, not brought to the earlier
studies of the arch and chain.
It will be endeavoured, when continuing this subject, to ex
hibit the action of the load, and the task which it imposes on
bridges generally and irrespective of their mode of construction,
as to make some approach to a truly comprehensive theory; and
perhaps also to apply to the earlier branch of the science the
practical results which have proved so useful in the more
thorough elucidation of the girder.

ON ACOUSTICS*
By T. Eooer Smith", Architect.
The subject to which I venture to invite your attention is
that of acoustics, or the science of sound; in reference of course
to its bearing on the arrangement and construction of those
buildings where the free transmission of souud is of importance.
It will not, I think, be deemed necessary that I should advance
any apology for the subject itself. The proper construction of
buildings intended for music or public speaking is a point of
vital interest to every architect, as under this category may be
comprehended all the more important works that come into our
hands; and such buildings—however excellent in other respects
—cannot certainly be said to have fulfilled the design with
which they were erected, unless they have been made favourable
to the easy transmission of sound. A knowledge of the laws
that regulate this transmission, and of the methods necessary to
bring a building into conformity with those laws, is then most
desirable to us.
A very considerable time has elapsed since a paper on this
subject was read before the Institute; and this consideration,
coupled with the fact that even such books as exist on the
subject are not generally known, induces me to hope that it may
be possible to lay before you some already-ascertained facts of
interest, but which are not so familiar as they deserve to be.
I must disclaim however the ability to present anything new
in any other sense than the one just indicated. The subject has
always occupied a share of my attention as a reader, but not as
* From a paper read at the Royal Institute of British Architects.
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an experimental philosopher; and latterly it hag become my duty
to search very thoroughly for all accessible information that
relates to it. And it has been the difficulty of collecting scattered
facts, and of obtaining even the titles of books, that has princi
pally made me feel that an account of the books and other
sources of information accessible, and a condensed exposition of
the most important points to be gleaned from them, might be of
use to others.
I.

In the commencement of an inquiry into the laws governing
the distribution of sound in buildings a student would naturally
seek information on the nature of souud and the laws of acous
tics, from treatises on physical science. The works best worth
consulting are the following, and I name them now to avoid
interrupting the main subject afterwards: — The treatise on
Sound, by Sir John Herschel, published in the 'Encyclopaedia
Metropolitana,' and since issued separately. This is the best
work on the subject in English; but it has the drawback that it
does not contain any account of the discoveries of the last thirty
years, having been published iu 1830. Mrs. Somerville's 'Con
nection of the Physical Sciences.' Detached papers by Prof.
Wheatstone. The article on Acoustics in the 'Encyclopaedia
Metropolitaua.' Arnott's 'Elements of Physics.' Brewer 'On
Sound.' ' Cours de Physique ' of Mons. Biot. ' Conrs de Phy
sique" of Mons. Pouillet. 'Traite* d'Acoustique,' by Chladni; a
standard work; also published iu German. And the writings of
Savart aud Biot and others, published in the ' Annales de Phy
sique et de Chimie,' and the lectures of Savart reported in
' l'lnsitut.' On the special subject of building we have published
in England,—Saunders "On Theatres.' Wyatt 'On Theatres,'
quoted iu 'Gwilt's Encyclopaedia.' ' Inman's abstract of evidence
connected with the building of the Houses of Parliament.' A
considerable number of papers scattered through the Builder,
from 1846 to the present day, and in the Civil Engineer and
Architect's Journal, especially those by Mr. Scott Russell before
the Royal Society and this Institute in 1847, and a few small
pamphlets aud incidental notices in books on other subjects. It
is right to add that this is not a complete list, but only a
selection.
Published abroad we have,—'Lachez sur l'Optique et Acoustique des Salles des Reunions Publiques,' a very practical and
sensible little book.
' Rhode, Theorie der Verbreitnng des
Schalles fur Bnnkunstler,' a small but very valuable pamphlet.
Observations by Chladni in his book, and in contributions to the
' Allgemeine Musikalische Zeitung;" and a few other papers and
books. I am informed moreover that a French work of grent
value on this subject exists, different from any of these, but the
title of which I have been unable to learn.
From almost any one of the first-named books a general know
ledge of acoustics can be obtained; and if we make an attempt
to sum up briefly what is known about sound, leaving out, as
not essential to our present purpose, both the refinements of
mathematical calculation and the elegant results of experiments
on undulation, vibration, the pitch of musical notes, and other
departments of the science, we arrive at a few definite results of
philosophical inquiry which can be briefly stated, and will be
enough for the present purpose.
Souud, then, may be regarded as motion made sensible to our
ears; and the sense of hearing as a very refined, sensitive, and
delicat1 sense of touch. A moment's thought will suffice to
remind you, if this description seem at first sight startling, that
there is no sound unaccompanied hy motion, that there is but
very little motion without audible sound: and lastly, that if
motion exists but be so cut off from our ears that no commu
nication c n take place, we hear no sound.
Sound is not, like light, conveyed through an imponderable
medium; it, on the contrary, travels through all the substances—
solid, liquid, and aeriform, that surround us; and it is precisely
that class of substances best suited to convey motion, which
forms the best conductors of sound; while those bodies that
deaden and destroy motion, deaden sound also. For example, a
rod of elastic wood or of iron, will convey readily any motion
from one end of it to the other, and such a rod forms one of the
best known conductors of sound. A heap of sand will, be it only
thick enough, check the force of the most powerful caunon-ball,
aud, were there no means of hearing round it, such a heap would
equally deaden the report of the cannon; unless indeed the air
lurking between the grains of sand conveyed some faint impres
sions to the listener.

We are however more familiar with the atmosphere as the
conductor of the sounds that reach our ears than with any other
medium, and as it is through the atmosphere alone that the
sounds heard in large rooms are transmitted, we shall have
little occasion again to refer to the conducting properties of
other media. The atmosphere under favourable circumstances
will transmit to great distances any agitation that is roused in it.
As an instance of this we may refer to the experiments of
M. Biot. This gentleman having an opportunity of operatiug with
a very long cast-iron pipe, forming part of an aqueduct in course
of construction at Paris, found that even when the pipe was
1040 yards or more than half a mile long, the explosion of a
pistol fired into it at one end would blow out a candle at the
other, aud that the lowest whisper at the one end was as dis
tinctly audible at the other as to the speaker himself. This
experiment succeeded better at night than in the day-time.
Although however the air in a tube where any lateral escape is
impossible shows this marvellous sensitiveness, we do not find a
similar result from speaking in open, unconfined air. It is a
matter of familiar experience that sound under these circum
stances decays and dies away, till at last it ceases to become
audible. This decay is only the natural consequence of the fact
that the original force is constantly spreading through a wider
and wider space, and is getting, so to speak, diluted. A familiar
illustration to you all will be the gradually widening circles that
spread on the surface of smooth water from a spot where you
drop in a pebble, and which, weakening as they widen, at last
fairly vanish into the flat unbroken lake.
The analogy between the progress of sound and that of waterwaves thus roused, is however less complete than is ordinarily
supposed, for it usually happens that from the first, sounds have
an initial direction impressed upon them, and that they travel
further in this direction than iu any other. The most familiar
instance to us all i3 that of the human voice, which is always
head very much further iu front of the speaker than it is at his
sides or behind him. The human voice is not however an excep
tional case; it is well to know that the larger number of sounds
have something of this propensity. A good example is a tuningfork; when the sound of this is excited it will be audible to a
much greater distance square than cornerwise; that is to say,
you will hear it better if the ear is in a line with the two arms,
or in a line at right angles to one joining the two arms, than it
will if the fork is turned a quarter rouud, so that a line joining
the two arms would be at an angle of 45° to one drawn from the
ear to the fork.
The decay of sound is very much prevented, not only by any
initial direction it may receive, but also by any accidental cir
cumstance that prevents the agitations in the air from spreading
laterally, even if it be only one Bide that is confined. Thus
sound will travel a long distance along the ground, and it will be
very audible along a wall, because the angle formed by the wall
and the ground forms two sides of a sort of tube, and thus pre
vents part of the lateral escape. There is an instance of this sort
recorded in Dr. Hutton's Dictionary, that has beeu often quoted :
a garden wall exists in Dorsetshire that will, he states, convey iu
this way a whisper 200 feet, without loss of distinctness.
Souud in an open atmosphere travels in a straight line; should
it, however, encounter an obstacle, or pass the limit of any
boundary, it always spreads to some extent behind that obstacle
or boundary. For instance, in a church, an auditor exactly
behind a stone pier and close to it will probably hear worse than
if nothing were between him aud the clergyman; but still, even
close to the pier he will hear; and if, keeping always the pier
between him and the speaker, he moves further back, he will
soon reach a point where he will hear as well with his ears as if
there were no obstacle. I use the words "with his ears"
advisedly, because the eyes always assist us in our attention to
public speaking, and, of course, this assistance would be lost in
the situation I have supposed.
Sound, when it encouuters an obstacle directly opposed to it
is, however, beaten back, or reflected; the phenomenon of echo is
familiar to all, aud is the result of such a reflection sending back
the sound from a considerable distance. It was laid down by
Mr. Scott Russell, in the paper read by him before you on this
subject, in 1847, that in the case of sound, the movements of
which are closely allied to water-waves, reflection does not take
place except where the wave impinges on the obstacle at an angle
greater than about 30 degrees. Where the angle is less than

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.
this, the sound does Dot again leave the obstacle, but simply runs
along the face of it—in fact, is conducted along it, in the manner
we have just had occasion to mention. All, or almost all, whis
pering galleries are examples of this conduction, that at St.
Paul's being a very good one. Should the angle, however, at
which the sound falls approach nearer to a right angle, it will be
reflected back, and will follow the same law as the reflection of
light; that is to say, the angle of reflection will equal the angle
of incidence, so that all sounds to be heard as echoes by the
speakers must fall on a reflecting surface exactly at a right angle,
and if a sound reaches any surface at an angle of, say 45 or 60
degrees from the right, it will be thrown off at the same angle
45 or 60 degrees, but to the left.
A

J

I
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clear that each movement of the string must rouse a movement
iu the air—in fact, strike a blow upon it ; and we begin now to
trace some connection as likely to exist between the regular re
currence of these blows and the equable pitch of the note the
string gives out, and also between their diminishing vigour and
the fading loudness of the sound. It is, in fact, as I dare say
you all Know, the regular recurrence of distinct impressions
which occasions all prolonged sounds; and, with one or two ex
ceptions, this is always a consequence of vibrations. The way in
which the separate shocks on the ear produced by the vibrations
get fused into one sound corresponds very closely to what happens
to the sight when a spark of fire is swung round so rapidly as to
appear a fiery circle: the impression of the sound on the ear, like
that of the spark on the eye, does not die away the very instant
the exciting cause stops; aud if that impression be renewed before
the recollection of it has had time to vanish, the sense of hearing
loses the consciousness that any intermission has taken place.
(To be eontinutd.)
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Thus, in the diagram, a sound uttered at A will be reflected
back to A again; a sound uttered at B will be reflected back* to b,
and a sound from C will be reflected to e ; but a sound uttered at
D will not be reflected to d. It will travel along the wall and be
heard at e, or if the wall ends will spread and be even heard aXf.
Tt will be familiar to all that there are some echoes that can
repeat one syllable, some two, some three, and so on, simply
because in the one case longer time elapses than in the other
before the echo gets back; and it will always be found when the
sound takes longer time to make its journey to the reflector and
back, it is because it has had a greater distance to go over. From
this we gather that the speed at which sound travels, rapid though
it be, is not so great but that the effect of oven a moderate addi
tion of length is quite perceptible in the longer time it takes to
reach the ear. In this particular sound differs from light and
electricity, which travel so fast that, unless with great distance,
the time they consume in going cannot be detected.
The speed of sound in the atmosphere varies with the greater
or less density of the medium. It has been very frequently mea
sured, and Herschel gives as the result of the best investigations,
that sound in dry air at the temperature of 62 degrees travels
over 9000 feet in eight seconds. This statement is easily remem
bered, but it may be useful to add that 9000 feet or 3000 yards
in eight seconds, equals 1125 feet or 375 yards in one second, or
12J miles in a minute.
As a practical application of this fact, I may extract from the
same author the remark, that if music were performed in a room
53 feet long, with an echo in the extremity, each reflected note,
should there happen to be a passage with as many as ten notes
in a second, would exactly interfere with the following note
sounded by the musician. Passages as rapid as this constantly
occur in modern music, and it is not a very uncommon thing to
hear them thus spoiled.
The varieties iu the nature of sounds are very great. Thus we
have music, articulate speech, and noise; we have variations of
pitch, of quality, of loudness, of volume, of intensity, and of dis
tinctness. We have in music combinations of sounds in succes
sion to form melody, and simultaneously as harmony; and of
sounds heard together, we have some combinations that are har
monious, and some that are discordant.
As an illustration of some of these peculiarities, let us suppose
the string of a harp struck and left to sound. We hear a long,
definite note gradually dying away, but which, faint though it
becomes, still retains its pitch. If, now, we examine the harpstring, we find it constantly vibrating to and fro with great
rapidity; as it gets to rest, its excursions on each side of the line
of repose grow shorter and shorter, but they neither become
more or less frequent than when they were most violent. It is

RESTORATION OP LICHFIELD CATHEDRAL.
(With an Engraving.)
In this Journal for February last were given two views of the
interior of Lichfield Cathedral, exhibiting the important restora
tions in progress in it, from the designs of Mr. 6. G. Scott, R. A.,
with a detailed account of the work, and to which we beg to refer
the reader. We now give another illustration from the same
edifice, taken from the north aisle, looking westward, and show
ing the Ladye Chapel fitted up with seats, and the reredos
restored to its ancient place to separate the chapel from the
choir. This arrangement is made in order that a daily morning
service may be read therein, in conformity with the provisions of
the cathedral statutes.

SUSPENDED GIRDER BRIDGES.
TO TBI EDITOR OF TBI CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

Sir,—Since the 'publication of your article on this subject, I
have applied the method of investigation described in it to the
question of the strength of a suspended girder with a travelling
load, in order to compare the results with those of the approxi
mate method formerly pursued by me, in which the effect of the
chain in modifying the form assumed by the girder is neglected.
I have not yet had time to write a detailed account of the inves
tigation, but in the meanwhile I beg leave to send you the more
important results.
Annroiimate More exact method
Proportion of the length of the girder which, p ^thod. (c,h*in ,uWf°d
being loaded with the travelling load (cominexteiwible; .
mencing at one end) produces the greatest
strain on the girder
f
-fj
Ratio of the load on the chain arising from
the travelling load, to the amount of the
travelling load
...
...
...
...
1:1
0'87 : 1
Proportion which the strength of the sus
pended girder ought to bear to that of a
common girder capable of bearing the
travelling load over its whole length ... 4 : 27=0148 : 1 0-138 : 1
In the last of these results, which is the roost important in prac
tice, the approximate method errs on the safe side to the extent of
about one-fourteenth.
By supposing the extensibility and figure of the chain to be
such that its depression below the unloaded position when under
its proof load is nearly equal to the deflection of the girder, when
unsuspended, under its proof load, the results of the two methods
are made to agree. But as the chain is never capable of so great
a depression, the supposition of inextensibility is probably the
nearer to the truth. If we take as the foundation for a practical
rule the mean of the results deduced from these two suppositions,
we find, for the proportion which the strength of the suspended
girder ought to bear to that of a common girder for supporting
the travelling load over its whole length, 0'143 : 1, or nearly oneseventh.
I am, &c,
W. J. Macqdork Rakkinb.
Glasgow, 26th Dec, 1860.
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HISTORY AND DESCRIPTION OF ELY PLACE,
HOLBOEN.
{With Engravings.)
The remark so often made, that strangers see and know more
of London than Londoners themselves, is trite enough, but not
the less true; for, of the thousands who daily traverse the streets of
the huge metropolis, (the multifarious and matter-of-fact duties
of life the end and aim of their hurried progress), the interest of
comparatively but few is bestowed on the history or antiquarian
lore of the mighty city to which they belong. In particular, to
the great majority of those who daily pass the iron gates forming
the entrance to Ely Place, Holborn, the fact that within those
precincts there exists one of the most interesting Mediaeval
buildings of which London has to boast, is a circumstance
altogether unknown. The street itself is a terra ignota; it has a
staid, monotonous, uninviting aspect,—it is a very cut-de-sac, a
whitened wall being its northern boundary. The aspect of its
tenements significantly proclaims it the land of law and lawyers,
and unless the necessity of professional consultation and advice
drew them thither, but few would care to enter. Till within a
comparatively recent period the writer of the following account
was as little acqu^' id as his fellow-citizens with the architec
tural value and
erest that is attached to the metropolitan
palace of the Bi ops of Ely, but having once visited the
spot, he then saw enough to induce further investigation; and
in the hope that in these days of appreciation of the beautiful
in our Mediaeval buildings, some attention may be directed to
this most interesting but sadly-neglected example, he determined
on sketching and measuring the whole, at the same time collect
ing all the reliable information connected with its ancient
history. The entire detail will appear in these pages: the Ground
or First Story Plan of the Palatial Buildings, with an Elevation
and Section of the Chapel Doorway, will be found in the present
number. The history of the palace is as follows:—
Ely Place, called at first Ely Inn, or Hostell, was built pursuant
to instructions contained in the will of Bishop John de Kirkeby,
who died in 1290, and bequeathed to his successors his mansionhouse called the Bell, with nine cottages in Holborn, for their
residence. William de Luda, the next bishop, carried into effect
the wishes of his predecessor, and purchased other houses with
lands adjoining, which he bequeathed to the church of Ely and
his successors, on condition that his immediate successor should
pay one thousand marks to his executors within three months
after his confirmation; he also left two hundred marks to pur
chase the perpetual maintenance of three chaplains, to pray for
his soul and the souls of the Bishops of Ely and their successors
for ever, and three residences for them. John de Hotham,
Bishop of Ely, by whom part of the choir in Ely Cathedral was
erected, was also a considerable benefactor to the metropolitan
palace, and in 1327 added the kitchen-garden, vineyard, orchard,
and inclosed pasture, with other lands and tenements. In 1388
Thomas de Arundel, afterwards translated to York, and thence
to Canterbury, among many other additions, built the gate-house
fronting Holborn, on which, according to Stow, his arms were
sculptured.
The patron saint of the chapel of the palace was St Etheldreila, the foundress of the Cathedral at Ely. She was the
daughter of Anna, King of the East Angles, and Hereswitha his
queen, and was born about the year 630, at Txning in Suffolk.
On her first marriage with Tonbert, an East Anglian nobleman,
the Isle of Ely was given her as a marriage dowry; and after
Tonbert's death she married Egfrid, King of Northumberland.
Bede asserts that with both her husbands she continued to live
in a state of virginity, and having obtained Egfrid's consent,
retired from the court, and took the veil at Coldingham. Her
husband, however, retracted the permission he had given, and
she again returned home, only to leave it once more for the
Isle of Ely (her marriage portion), where she commeuced the
erection of the monastery, in which her brother Adulfus, the
King of the East Angles, gave his aid. The monastery was of
the Benedictine order, aud the church, when finished, was dedi
cated in honour of the Blessed Virgin Mary, the foundress being
the first abbess. The accounts of her mode of living, given
by Bede, state that instead of linen she wore woollen garments;
that she took food only once a day, except at the high festivals
of the church, or during sickness, and that while her health per
mitted she never returned to rest after matins, but continued her

devotions in the church till break of day. The fame of her sanctity,
and the austerities of the monastic discipline observed, attracted
numerous devotees, among them were her own relatives, Sexburga, her sister, Queen of Kent, Ermenilda, daughter of Sexburga, aud Werburga her daughter, who each in turn succeeded
to the office of abbess. St. Etheldreda died, as she had herself
predicted, of a contagious disorder, and was buried in a common
wooden coffin in the nuns' cemetery.
"Old John of Gaunt, time-honoured Lancaster," is said to
have died here in 1399, the palace having been assigned to his
use by Bishop Fordham after the destruction by fire of the Savoy
Palace by Wat Tyler and his followers. The various additions
and benefactions bestowed on Ely Place rendered it one of the
most magnificent palatial residences, and some idea may be
formed of its extent when it is stated that the entire area, with
its court-yards, residence, and gardens, according to some writers,
comprised no less than twenty acres of ground, by others con
siderably more. Its boundaries were, north by what is now
known as Hatton-wall, south by Holborn, east by Saffron-hill,
and west by what is now Leather-lane, originally termed Lither
or Litter lane.*
In the days of its splendour, many and gorgeous were the
entertainments held witnin the walls of Ely Place. At Michael
mas term, 1464, on the occasion of a call of new serjeants-atlaw, a grand feast was given, to which the chief magistrate and the
other civic authorities were invited. On sitting down to table,
Baron Grey de Ruthin, Lord Treasurer of England, took the prin
cipal seat of honour, his occupation of which was disputed by
Matthew Philip, the lord mayor, who maintained that as the
king's representative in London he had by right the precedence
of all persons within the liberties of the city. The treasurer
refused to yield, whereupon the lord mayor resented the affront
by withdrawing, and giving a sumptuous entertainment to his
brother magistrates and the city companies, at his own
residence.
In 1495 a grand banquet was given to King Henry VII. and his
queen by the serjeants-at-law, to whom, as they had not a place
of their own large or suitable enough for such entertainments,
the use of the hall was accorded by the bishop.t Another and still
more magnificent festival, which lasted five days, and of which Stow
remarks that "it wanted little of a feast at a coronation," was held
here in 1531, when the serjeants-at-law, eleven of whom had just
been honoured by the coif, received as their guests Henry VIII.
and his queen Katharine of Arragou (whose final divorce from her
utterly unscrupulous husband was so shortly to follow), the foreign
ambassadors, the judges of England, the barons of the exchequer,
the master of the rolls, knights aud esquires, the lord mayor
Nicholas Lambard, whose claim of precedency was recognised in
the fact that he dined at the chief table; the aldermen, the masters
in chancery, serjeants-at-law and their wives,—the last, curiously
enough, although the parties chiefly interested, keeping in their
own chamber. At the same time banquets were held by the
citizens and the various crafts of London in their several halls.
Amid all this revelry, however, the Bishops of Ely do not
appear to have been unmindful of the more serious duties of their
sacred office, and, in particular, it is recorded of Bishop West,
who held the see of Ely in 1552, that he daily fed 200 people at
the gate of the palace.
The intelligence of the death of Henry VIIL was communi
cated by Henry Ratclyff, Earl of Sussex, to his countess from
Ely Place; and the palace became the residence of the Earl of
Warwick, afterwards Duke of Northumberland, who held the
council here which ultimately led to the deposition and execution
of the Protector Somerset.
In the early part of Queen Elizabeth's reign, an act of parlia
ment empowered the Sovereign, on the occasion of any vacancy
occurring, to take any episcopal lands belonging to the see, the
value being paid in tenths and impropriate rectories. This bill
was opposed by the ecclesiastics generally, and in particular by
Dr. Cox, afterwards Bishop of Ely, who was destined at no dis
tant date to experience its effects in his own person. Sir Christo
* In the wall of the Mitre Tavern, in a court leading from Hatton-garden to Elyplaca, 1* a mitre sculptured in atone, and bearing date 1546. It ifl asserted that this was
originally fixed either in the palace walls, or over the entrance gate-way, but the
authenticity of this tradition and the alleged antimlity of the mitre is very apocryphal.
t The gardens of Ely Place wen; noted tor the choice fruit they contained. Allusion
is made to this by ShaKspcre, in the play of Richard III., where the Duke of Glo'ster
accosts the Bishop of Ely, John Morton—
" My Lord of Ely, when 1 was last in Holborn
I saw good strawberries in your garden there:
I do beseech you send for some of them."
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plier Hatton commenced his public career, it is said, by obtaining
her Majesty's approval of his proficiency in dancing, and after un
interrupted advancement at length attained the post of Lord
High Chancellor. During the progress of his prosperity, he
entertained a wish to possess a portion of Ely Place for his abode,
and induced his royal mistress to negociate to that effect on his
behalf. Accordingly we find that in 1576 the queen obtaiued
from Bishop Cox, for her favourite, the lease of the gate-house
(except two rooms used as prisons for those who were delivered
in execution to the bishop's bailiff, and the ground-floor rooms,
appropriated to the porter's use), the first courtyard within the
gate-house to the long gallery dividing it from the second, the
stables there, the long gallery with the rooms above and beneath
it, and some others, with the gardens and orchards and fourteen
acres of land, for a term of twenty-one years. The rent due at
Midsummer for the land, .£10 per aunum, and ten loads of hay;
for the gate-house and garden, a red rose, with a reserved right to
the bishop and his successors to walk in the garden, and to ga
ther tweuty bushels of roses annually therefrom. The property was
so much appreciated by Sir Christopher Hatton that he expended
on improvements to the house and grounds .£1995 4*. ; and cal
culating on the influence he possessed with the queen, a grasping
spirit of cupidity next induced a wish to obtain, through her
majesty, an alienation of the property in perpetuity from the
bishop. Elizabeth thereupon wrote to Bishop Cox, requesting
that he would demise the property to her until such time as the
see of Ely should indemnify the Chancellor for the great expense
he had incurred, by the repayment of the .£1995 he had already
disbursed, as well as whatever else he might yet expend upon the
property. In answer to this summary request he made an earnest
protest, alleging, among other reasons for non-compliance, that
" he could scarcely justify those princes which transferred things
appointed for pious uses unto uses less pious." This remon
strance, however, proved in vain; and after enduring much per
secution, he was compelled to submit to the conveyance of the
property to her majesty for £1800, reserving, however, the pro
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viso that the see of Ely should retain the power of redeeming
the property on payment of such sums as had been expended
thereon. The result of this negociation was the re-conveyance
of the land, &c, forthwith to Sir Christopher Hatton. After the
death of Bishop Cox, in 1581, the see of Ely remained vacant
for eighteen years, during which time Queen Elizabeth received
the whole profits, the spiritual administration of the diocese being
under the control of commissioners appointed by the Archbishop
of Canterbury. At the end of the year 1599, she sent a conge
tfelire to the dean and chapter, aud Dr. Martin Heton became
bishop. This prelate entertained aud expressed an opposition to
the alienation of the estate similarly to his predecessor, where
upon the virgin queen, enraged by what she deemed his contu
macy, sent him the following well-known and characteristic, but
not over-refined epistle :—" Proud prelate,—I understand you
are backward in complying with your agreement ; but I would
have you know that I, who made you, can unmake you ; and if
you do not forthwith fulfil your engagement, by God ! I will
immediately uufrock you.—Elizabeth."* The bishop was suffi
ciently prudent to prevent the execution of this threat; and, in
consequence, Sir Christopher Hatton thenceforth retained the
property unopposed. He changed the name of the residence to
Hatton House, and continued to live there till, on the 25th of
November, 1591, he died—the victim of a broken heart, occa
sioned by the exacting demands for payment of £40,000 of
arrears due to the queen, which he had hoped would have been
remitted, and which he was unable to pay.
An account of the architecture of this very interesting example
of Mediaeval London, with a description of the engravings now
given (as well as of the remaining plates, wherein all the details
of the Chapel will be fully exhibited), will appear in our next
number.
* Sir Harris Nicolas, in his Life of the Chancellor Hatton, says, no better authority
exists for this letter than the ' Gentleman's Magazine,' vol. lxxix. part i. p. 13fl, where
it is #aid to be copied from the Register of Ely. It ha-t been sometimes differently
worded, and its authenticity is considered rather uncertain.

ON THE CONSTRUCTION OF A RIGID SUSPENSION BRIDGE.
By C. Kopcke, Geestemunde, Hanover.

The vertical vibrations to which the common suspension
bridges are to a great extent subjected have much restricted
the application of these structures and rendered them unsuitable
for railway purposes. Several proposals have lately been made
to stiffen the suspension bridges, but none of these appear to
answer the purpose in a simple and safe manner. The construc
tion to be here described, as shown in Fig. 1, consists essentially
of two rigid beams suspended on the pillars and connected by
means of hinges, and so curved as to sustain only a strain similar
to that of a chain when loaded equally over the whole length,
but being strong and rigid enough to counteract the undulations
resulting from a heavy transit load (Fig. 2). The calculation of

by change of temperature at the points of suspension, as well
as in the middle of the opening, the line of tension is at once
fixed; it must necessarily pass through those three points, and
its form can be ascertained with the utmost precision for any posi
tion of the load brought upon the bridge.
Now, when the form of the line for a special case is found it
will be possible to calculate the strain on the main chain as well
as on the bottom flange, both being connected by lattice-work or
diagonal bracing.

'«,

. s
Fitt. 2.

the strain in the different parts is based on the theory of the line
of tension, which has here a similar application as the line of
pressure in the calculation of arches. The essential difference
however is this: that in an arch several lines of pressure can
always be drawn, everyone of which gives a different result in
respect to the strain on the material, so that it remains undecided
which line of pressure will actually come into operation. More
over in an arch the line alters its form according to the tempe
rature, aud in consequence of the starting points at the crown
mid in the abutments not always beiug the same.
In using hinges which will allow of the beams moving vertically

Fio. 3.

Fio. 4.

Let A (Fig. 3) be the main chain, B the bottom beam, and C a
point of the line of tension calculated for a special case, having
the distances a and 6 from the chain and the beam respectively.
The horizontal strain in the line of tension may be called S,
that on the chain K, and that on the beam Z; then there will
subsist a relation between the different strains similar to that of
a beam resting on two supports and being loaded at a certain
point of its length (Fig. 4), viz:—K .a —Z.b, and Z -f K = S,
b
a

sothatK=S. -— ,andZ = S.—— '
o+6
a+b
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To get the calculation of the line of tension as simple as pos
sible, suppose- both the constant and the moving load uniformly
distributed over the horizontal projection, whence the line of
tension will be a parabola. In case of the load not being spread
over the whole length, the line of tension will be composed of
parts of two different parabolic.
The tension of the main
chain or rope when loaded on its whole length is so easily
determined that it is not necessary to give the calculation, but
to take under consideration here only the bottom flange and the
lattice-work or diagonal bracing, when one-half of the span, or
what will be the same, one of the two suspended beams, is con
tinually loaded with the passing weight, and the other half
unloaded (Fig. 5).

h "■
flH.=(p+q) ~- , whence it becomes
f

(i+jp)!f

(«+*)(«+■!)
Thus the parabola which represents the line of tension in the
loaded half can be drawn, the values of fx and hl being known.
As regards the unloaded half, it is evident that the geometrical
tangents to the line of tension at the middle hinge must be
directed upwards towards C, because this hinge has to transfer
ph
the weight of — . The vertex of the completed parabola of
which the line of tension between B and C
beyond the middle towards A, and as we call
the unity of length in a horizontal distauce
ph
— , then the semi-chord h2 of the parabola

forms a part, lies
q the weight upon
from B equal to
from C to its axis

will be
;, —hj-ph

P+4?,

Fio. 5.

Let the half-span be = h, and the height of the points of
suspension above the junction in the centre =:/, the permanent
load = q, the moving load = p, per unity of length.
Now we may assume the unloaded half BC, considering its
construction as a beam, to be a firm connecting piece between the
points B and C, as it might also be effected by a rectilinear rope.
The pressure on the support C, caused by the moveable load
may therefore be derived from the strain T of a rope BU, sup
posed to be weightless.
Produce the line CB to a point D,
whence a line drawn normal to DC will pass through it, and let
the length AD be equal to s, then we have the equation:

t •-e*1
andsina=

since s = 2 h sin a,

,JL_ , T =P- W/^+h*

ph
The vertical component of this strain will be=Tsina.= —
ph2 •
and the horizontal component =Tcos a = ■?-—
The permanent load q, uniformly distributed over the whole
length, causes in each of the two supports a vertical pressure
o/i2
= qh, and a horizontal strain =^— ; we have therefore the whole
2/
pressure in A,

V, = qh+lph = (?+Jp)/i,
and in C,

V2 =( !+■£)*!

whereas the horizontal strain throughout the whole length is

4q
4q
The rise /2 of this parabola may be determined by the relation
H . f2— -— , and substituting for H its value it becomes,
f - f (P+4<?>2
Ji~J16qs+Bpq
Thus the values f2 and h2 being known, the part of the parabola
which represents the line of tension in the unloaded half is also
determined.
By means of the relation between K, S, and Z, the strains on
the chain and bottom flange can now be determined for every
special case. It is a matter of course that the most unfavourable
mode of loading must be always assumed. In ascertaining there
fore the strain of the chain, we have to consider the bridge as
completely loaded, while only one-half of this load is to be taken
into account in computing the tension of the lower member. To
illustrate the case by an example, suppose
The moving load />=3500 lb.
The permanent weight 9=2000 lb.
The span 2A=400 feet
The height/=33£ feet
The height of the middle hinge above the bottom flange=8 ft.
Then the greatest strains on the chain and the bottom flange are
to be calculated as follows:—
In substituting the figures in the equations above we get these
results:
^=168-18 feet.
/1= 34565 feet.
^=287-5 „
f2— 3676 „
Let the middle hinge be now the point of origin, and the hori
zontal line through it the axis of abscissae: then we get the fol
lowing table of ordinates for the different lines of tension in each
half of the bridge:—
O&DI.IATSS (Foot).

■-(•+*&
Having the value of HVl and V2 it will now be possible to find
the semi-chords as well as the heights of the two parabolas which
compose the line of tension and join in the middle hinge, whereby
the line of tension will be entirely fixed (Fig. 6). As regards first

Fig. 6.

the loaded half, the horizontal distance ht of the vertex from the
point A can be deduced from the vertical pressure in A as follows:
(?+/>)/»! =Vl = {q+$p)h, therefore
Q+P
Farther, the vertex of the parabola lies at a depth /, below the
level of the points of suspension, to be found by the relation

Abscissa
(Foot).
20
.40
60
80
100
120
140
160
180
200

Total Load.
0333
1333
3000
5-333
8-333
12000
16-333
21-333
27-000
33-333

Partial Load.
Loaded half. Unloaded half.
... -1-056 ... 171
... -1-154 ... 8-80
... -0-274 ... 6-25
... 1-583 ... 905
... 4-419 ... 12"21
... 8-231 ... 1571
... 13022 ... 19-56
... 18790 ... 2380
... 25536 ... 28'39
... 33333 ... 3333

The horizontal strain in the line of tension when the whole
bridge is loaded is equal to
(g+gff _ (3500+2000)20O' =
2/ 2.33-33
o,«w,*»
The strain at the point of suspension
= V3^333^332T(550Tr200)2'= 3,508,720 lb.
The horizontal strain in case of only one-half of the span
/
/>>Abeing exposed to the moving load is found to be H =lg + - J —
or, in figures, H = 2,250,000 lb.

s
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The strain at the point of suspension on the side where the
bridge is loaded amounts to
= V/2,250,0002+(168'18 . 5500)3= 2,433,000 lb.
and on the unloaded side,
= V2,250,000H (287-5 . 2000)a = 2,322,000 lb.
When the bridge is not loaded at all, the horizontal strain equals
: 1,200,000 lb.
2/
and the strain at the point of suspension,
t/l72OO,OO0!+(200 72000)*= 1,265,0001b.
If we allow now a strain of 8500 lb. per square inch, then the
section of the main chains (which may be three in number for a
3,333,333 _
double line of rails) must amount to
392 square in.,
8500 or for each chain 131 square inches.
Concerning the bottom flange it must be remarked, that as it
lies horizontally supporting the ends of the cross beams, the area
of its section must be varied. At 20 feet distance from the middle
hinge we have the ordinate of the main chain =0'333 feet, that
of the line of tension on the loaded side = — T056 feet; the
depth of the bottom beam below that line = 8— 1-056 = 6-944
feet. The horizontal strain in the line of tension, the bridge being
loaded unequally, = 2,250,000 lb.
This strain is transferred
partly to the chain, partly to the bottom beam, in proportion to
the distances of each from the line of tension, so that the strain
coming on the beam equals

Z = 375,000 lb.
At 60 feet distance from the middle hinge we get
Z = 685,000 lb.
At 100 feet distance, Z = 564,000 lb.
At 140 feet distance, Z = 331,000 lb.
Thence to the point of suspension a separate iron is applied
of such a form that the strain to which it is exposed remains
constant. Ou this part of the bridge the roadway is merely
supported by suspension rods (fastened on the main beams), as
no diagonal trussing is required.
These beams have no
support at the ends, but provision must be made that no
horizontal oscillation can result from their being at liberty to
move laterally. On the unloaded side of the bridge pressures
result in the partly-horizontal partly-curved bottom beam,
because the line of tension passes above the main chain; but
these pressures, which may be found by the above table in
the same manner as the strains are found, are of no particular
interest, since they become smaller than the strains at the
same points when the bridge is loaded on this side. If it be
considered preferable to avoid all pressure in the bottom beam,
it would only be necessary to draw the elevation of the chain
according to the line of tension in the unloaded side in case of
single-sided loading; the consequence hereof would be that the
bottom flange would partake of the strain also in case of uniform
loading, and therefore require to be made stronger, but always
considerably less than double what is here calculated.
The differences of strain in the bottom member are compen
sated by the lattice-work or diagonal bracing (shearing effect),
and may be calculated here in a similar way as in ordinary
beams. This shearing effect is here considerably less than in
beams without strain in the axis, therefore the lattice-work can
have small dimensions and great openings. Plate iron of such
a thinness as would be requisite here is hardly applicable; but it
may be mentioned, that with respect only to the shearing force
the vertical plates (that is, of all three beams) would require a
weight per square foot of elevation—
At 20 feet distance from the middle hinge, of ... 3057 lb
At 40 feet distance
...
...
... 2393 tb
At 100 feet distance, only ...
...
... 0'064 lb
supposing the strain on the square inch to be 5000 lb.
In arranging diagonal braces with 45° inclination, so as to
resist the pulling forces only, and vertical posts against the crush
ing forces, this Drace-work would require a weight nearly five
times as much as that just calculated for plate iron.
The weight of a bridge of 400 feet span, approximatively cal
culated, stands thus:—
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Main chains, of an average sectional area of 136 square inches,
lb
3.136.400.8
...
...
...
...
... 489,600
Bottom flange and beam carrying the railway—
2.3 . [60 feet (40 Bq. in. +60 sq. in.)+140feet.80 sq. in.]= 103,200
The brace-work has an average weight of 6 lb. per superficial
foot of the total area between frames—
3.2.2400.6= 86,400
Cross-beams, arranged in plan like a net, to stiffen the bridge
laterally against the effect of wind and passing loads—320 in
number, 21 feet long, and weighing 30 lb. per foot run
... 201,600
Suspension-rods, 1450 feet at 61b.
...
...
...
8,700
Wind-braces between the main chains
...
...
... 10,000
Rivets, &c. ...
...
...
...
...
... 30,000
Total weight in lbs. 929,500
,» ,.
, .
929500
„„„, „
Making per foot run,
= 2324 lb.
• Besides this should be included 200 lb. per foot run for rails,
sleepers, and planking, increasing the constant weight to 2524 lb.
per foot run, whereas before only 2000 lb. was assumed. This
difference properly demands a fresh calculation under the suppo
sition of 2524 lb. constant weight, but as it is not intended here
to give an exact estimate for a special case, it will suffice to re
mark, that in keeping the dimensions found above, the strain on
the main chain would increase from 8500 lb. to
35004-2524
8500 = 9290 lb. per square inch of section.
3500+2000'
It is evident that this system is also applicable to arched
bridges, and that here the same advantages are to be obtained
as in applying it to suspension bridges. The principal defect
of wrought-iron arched bridges as they are now usually con
structed (and the best model of which is considered to be the
Pout d'Arcole, Paris, projected by Cadiat and Oudry), cannot be
obviated without the introduction of a hinge in the centre of the
arch. For, if the arch is made somewhat high in the soffit in
order to get it sufficiently rigid, the structure will be endangered
by the influence of temperature.
The increase of tempera
ture produces an extension of the whole arch and a rise in the
middle, the consequence of which will be that the upper flange
becomes more lengthened than the lower one. The amount of
these mutations effected by the changes of temperature depends
on the height of the arch. The Pont d'Arcole has ribs of only
small rise in the centre, and therefore the influences of tempe
rature are here less considerable; but this advantage is obtained
at the expense of the strength of the ribs, which are more liable
to deflect when a load passes over the bridge. This disadvan
tage is fully obviated by introducing a hinge in the centre—the
arch can in that case freely extend and rise without being
exposed to a dangerous strain, and the height can be made
great enough not to admit of any detrimental deflection. As
above defined, hinges should also be introduced at the abut
ments.
All uncertainties respecting the amount of the strain on the
material are now entirely removed. The amount of pressure can
therefore be distinctly determined, so that all strains to which
any parts of the structure may be subjected can be computed
beforehand with exactness.

Hall and WtlW Submarine Cable. — At the meeting of the
Literary and Philosophical Society on the 11th nit, Dr. Fairbairn exhibited four specimens of Submarine Telegraphic Cables,
as constructed by Messrs. Hall and Wells, of London. This
cable lias a copper wire insulated by india-rubber in the centre
for the transmission of the electric current. Outside of this are
twenty longitudinal strands of hemp steeped in pitch and cork
dust, and eight steel wires braided together with twenty-four
strands of hemp saturated with Stockholm tar. The specific
gravity of the cable in sea-water is 1*4, and its weight in air 0'82
ton per mile. The length that would break with its own weight
when suspended in sea-water is 10,810 fathoms; its tensile
strength being 2'875 tons. Dr. Fairbairn presented an account
of experiments which had been made ou the elongation of a
sample of tiie cable 20 feet long by the application of different
tensile forces. With a force of 4480 lb. there was an elonga
tion of half-an-inch, and after the weight had been removed
the cable was found to be permanently stretched -j^-inch.
With a force of 6440 lb. the cable broke after having stretched
1,5 inch.
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ON THE ORIGIN AND DEVELOPMENT OF THE USE
OF CRYPTS IN CHRISTIAN CHURCHES*
By Arthtjr Ashpitel.
There are few objects, the work of man's hand, that affect
the mind with more solemnity than the crypt of a cathedral.
The massive character of the edifice, which not only carries its
own "arched and ponderous roof," but also the more imposing
and heaven-aspiring building above it; the sepulchral aspect of
the vaults, the dim, broken light, struggling faintly from aisle to
aisle, which scarcely is sufficient to guide the gazer's feet; the
enduring solitude; the silence, broken perhaps at intervals only
by the distant roll of the diapason of the organ, descending
from above through the massive masonry,—all tend to affect the
mind with the deepest solemnity: and yet it is curious that
less perhaps has been written as to these extraordinary fabrics
than any parts of our noble ecclesiastical edifices. They seem to
have been passed over as certain substructures necessary to
carry the building above, which being there, were used for the
purposes of sepulchral rites, or of sepulture itself, but of whose
origin or history little or nothing can be related. It is my pur
pose to endeavour to give some slight sketch of the origin of
these structures, and the progress made in their size and im
portance for many generations, till from some unknown cause
they almost suddenly ceased to be erected as parts of Christian
churches.
The construction of subterranean chambers of all kinds was pro
bably suggested by the existence and use of natural caves. The
desire to enlarge these for the purposes of dwelling, concealment,
or stowing away articles of value, naturally would lead to the
formation of rock-cut caverns by excavation. It appears also
from Scripture that such caves were early used as places of
sepulture. Thus we all remember in the Book of Genesis that
Abraham purchased the cave of Machpelah from Ephron the
Hittite for 400 shekels of silver, that he might inter the body of
his wife Sarah. The earliest subterranean excavations are pro
bably the catacombs of the Egyptians, which are described by
most authors, and particularly by Pococke. He gives account of
some to the south of the Pyramids of Saccara, others near
Alexandria; and particularly some of extensive dimensions near
the old canal of Cauopus. These last consist of large galleries
running out of each other at right angles, in the walls of which
are a_ number of excavations ranged side by side, more re
sembling the boxes in which we keep our papers, and which we
familiarly call pigeon-holes, than anything else. He has shown
them in ranges; each opening large enough to hold a mummy
placed endways, each range containing eight openings, side by
side, and three in height. Whether these suggested the cata
combs of Rome and of Sicily it is but of little use to inquire, as
the subject more immediately before us is the crypt itself.
The word, as we all know, is derived from the Greek a-pi/w™,
I hide, or conceal. But it seems curious that the word awmi,,a8
applied to any similar construction, is of rare, if not of solitary
occurrence among the Greek writers. It is used by Atheneeus
in describing the works of Ptolemy Philopater. In this passage
the word itpmrri seems to mean a vaulted roof, and cannot be
said to apply to a subterraneous building, but as the chamber it
covers is expressly called vwffmor, or an " upper chamber." The
Latin word " crypta" (no doubt derived from the same root) is
also of rare occurrence.
We find it in Juvenal, and there
evidently it means part of the great sewer, or "cloaca maxima."
It is used by Petronius (p. 47, Amst. 1669) in a passage which,
according to Burman means the same thing; but Erhard, on the
authority of an old glossary, considers it to be a subterranean
chapel dedicated to the god Priapus.t In Seneca (ep. 57), and
in a passage in Suetonius (Caligula, 58), the word crypta! clearly
means a subterraneous tunnel or passage. Vitruvius uses the
word but once (lib. vi. 8), and that in a list of offices necessary to
a country-house, viz.:—"Stables and sheds in the vestibule (or
outer courts), and crypts (cryptse), granaries (horrea), and apothecre (stowage places, particularly for wines), and other places
for preserving fruit, which should be in the houses." An attempt
has been made to show, as Varro de R. R, (lib. i.) tells us the
* Head at the Royal Institute of BritUta Architect*
t Some have supposed the crypt alluded to was the famous one at Naples, Id which
was a chapel to tins god. The whole passage is Terr obscure, especially as the text
is imperfect, and what took place was " ante cryptam."
t "Cum in crypta per quam transeundum erat, pueri nobiles ex Asia. . . .ut eos inspi.
eeret hortareturqne restitit." Caligula had risen, and was going out, when he was
killed in tbia crypt.

corn was often kept in pits underground, that the "crypta"
must necessarily be subterraneous; but as "horrea" clearly are
the granaries, the proof is defective. In fact, all we can gather
from the passage in Vitruvius is that "crypte" were used among
other places, "ad frnctus servandos."
It is therefore doubtful whether the word in classic times ever
had the signification which we now give to it; still less should
we confuse it with the word "crypto-porticus," a construction
which resembled rather the walks of one of our cloisters than
what we call a crypt: although we gather from the description
of Pliny (ep. ii. 17),* and from Sidonius Apollinaris (ii. 2), that
these walks were partly sunk in the ground to keep them cool.
The best example extant is perhaps that round the garden in
the villa of Diomedes at Pompeii.t
But before going directly into the history of the crypts in
Christian churches, it will be well to advert to some of the
Etruscan sepulchral chambei-s, which resemble very closely the
early crypts, and by which they probably may have been sug
gested. Like the tombs of the Greeks, they were always below
ground; in fact, where this was difficult to accomplish from the
flatness of the country, a circular apartment was built, and the
earth piled over it so as to completely cover it The Greek tomb
was generally a sort of chamber to inclose the body; sometimes a
mere stone coffin,—sometimes very like our own family vaults,
but without the arch. The Etruscan tomb, on the contrary, was
the banqueling-hall of the departed spirits.^ Hewn out of the
solid rock, the ceiling was nevertheless carved to resemble the
timber rafters of a chamber, the walls panelled like wainscot,—
benches, armchairs, footstools, tables, all hewn from the solid
rock, fill the chambers; while the walls are hung with weapons
and tripods, lamps and other utensils lie about, and the panels
are filled with pictorial representations and stucco figures. There
is, in fact, little doubt that the Etruscan subterranean chamber
was a complete copy, in design, decoration, and arrangement, of
an Etruscan dwelling-house. A plan and interior view of the
famous tomb at Tarquinii, commonly called that of the Cardinal,
is given by Canina ("Etruria Mar.' pi. 84). The plan is that of a
square chamber, cut out of the solid rock, the ceiling or roof of
which is supported by four solid piers, strongly resembling that
of some of the early Mediaeval crypts.
It would now be a very curious and interesting inquiry as to
the customs of sepulture among the ancients by burning or by
burial; but it would, though bearing directly on the subject, be
too wide aud extensive a research for the present occasion. Suf
fice it to say, that the customs of sometimes burning, and some
times burying the dead, were practised by all the three nations—
the Greeks, Romans, and Etruscans. A very high authority, the
Canon di Iorio, who had excavated as largely as any one, says
(' Sepul.' p. 28) that, among the Greeks, not more than one body
out of ten was burned; while among the Romans not more than
one out of ten was buried. In fact, it appears from a passage in
Homer (' Iliad,' vii. 334), that burning was practised among the
Greeks as a matter of convenience, for Nestor recommends that
the bodies which had fallen in battle should be sought out and
burned, that the remains might be more easily carried to their
children when the heroes returned to Greece. A mong the Ro
mans, we have the direct testimony of Pliny ('Hist. Nat.' vii. 55)
that in ancient times their practice was to bury the dead ; and
this prevailed among the old families even till a late period;
Sylla being, as he informs us, the first of the Gens Cornelia
whose body was burned.
At the time of the Christian era, as we shall see, the practice
became almost universal; but, as Christianity became more dif
fused, it gradually fell into disuse, till Macrobius ('Saturn.' vii.
cap. 7), who is supposed to have written his work about a.d. 420,
tells us, in his days the practice of cremation was quite left off,
and it was known to him only from reading.
But whether the one or the other of the modes were preferred
by the Romans, one rule was strictly observed. It was a law of
the Twelve Tables neither to burn nor bury a dead body within
the city walls, a space which of course included also the " Pomcerium." The words are given by Cicero in his treatise (' De
* See also lib. v. ep. 6. " Sub est cryptoporticus lubttrraneae jiuittu. aaetate incluso
frijrore riget. contenta que a6re sun ncc desiderat auras nee admittit."
t The vUla •»' vrbaiia of Gell: Pomp. Tol. 8. There was a terrace above the cryptoporticus, in which were a large number of empty amphone stuck upright in dry sand.
A conjecture was ventured that these were put out to be washed out preparatory to
the vintage. The destruction of Pompeii took place at the end of August.
t Soe also Dennis, ' Cities and Cemeteries of Etruria,' i. S62; aluo, ib. i. lxvi. page
M, 167, &c. ic.
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Legibus,' 1. 2) thus, "Hominetu mortuum in urbe ne sepelito neve too, that their cemeteries were taken away from the early Chris
urito;" and this law prevailed for many centuries after the Chris
tians, and not restored to them till the time of Gallienus, a.d.262.*
tian era.
In fact, one part of the policy of the persecutor was to deny
One great barrier which the early Christians invariably the rites of sepulture to his victims. According to Prudentius,
opposed to the persecutions of their heathen rulers was this,— the body of Hippolytus was cut into little pieces and scattered
that they scrupulously obeyed the laws of the country wherein abroad. Many bodies were burnt, and the ashes given to the
they may have sojourned, or of the superior who governed; pro
winds; many thrown into wells, and others into the sea. One
vided that these laws did not possibly command them to do any
of the most curious instances is cited by Baronius, iu the Acts of
thing absolutely contrary to their faith, the most prominent of the martyr Tharacus or Taracus. The Prsesus Maximus, who
which was the sacrificing to idols. Iu other respects they declared seems to have resembled Judge Jeffereys in his violence of temper
themselves the most faithful of citizens. Accordingly, we find and language, burst out at the martyr—" Won't I destroy you f
there were no burials within the bounds of any cities, either Yes ! and, as I said before, even your remains. The little women
Christian or pagan, for several centuries after the Christian era.
shall not roll up your carcase iu fine linen, and cover it with
The Roman antiquary will remember how he must have been ointments and odours. No ! I'll command you to be burnt, you
struck to see the huge vestiges of tombs and monuments stretch
scoundrel, and your ashes to be scattered to the winds." Under
ing away across the Campagna, down the Flaminian, Salarian, these trying circumstances, one tradition tells us, the Christians
Prsenestine, and above all the Latin and Appian Ways. For were compelled to flee to the crypts, or catacombs, both for the
miles the memorials extend along both sides of the road leading exercise of their worship and for the burial of the dead. Another
to the city; for miles, tombs—some of gigantic, some of moderate, tradition recorded by Baronius, states that the Christians, being
and some of very small proportions—line the roads leading to the condemned by their persecutors to labour in the mines like slaves,
refined city that once governed the whole world, and must have some of them were sent to these sand excavations, and took the
given a strangely impressive effect to its entrauce—that the opportunity to use them for the purposes before named.
introduction to the presence of the greatest among the living
Through the greater part of Italy, particularly round Borne
should have been through the silent ranks of the remains of the and Naples, there are vast beds of an arenaceous substance, called
dead.
" pozzolano." It is a very close and compact body of sand, mixed
But the Christian feeling revolted from the practice of burning with a sort of burnt argillaceous matter in granules, very much
the dead; and this variation from the conventionalities of society resembling pounded brick, and is evidently of volcanic origin.
(as it is the fashion to express ourselves in this day) gave rise to Being the best possible material for making hydraulic mortar, it
great prejudice on the part of the pagans against the Christians has been dug out in a countless number of excavations for ages;
at that time. Many of my hearers must have read the delightful in fact the excavations are going on now. The material is very
apology of Minucius Felix for the Christian religion. This beau
easily moved, and vet stands with extraordinary firmness; in
tiful Tittle treatise, in manner, language, and elegance worthy to truth, unless water lias got amongst it, there is scarcely an in
be compared to some of the best philosophical essays of Cicero, stance of the roof or walls (so to speak) of an excavation falling
introduces the Christian Octavius, walking with his heathen in. It however varies much in hardness and quality, which
friend Cheilitis, at Ostia. The mighty ocean, the everlasting probably accounts for the irregularity of the passages; the work
hills, are before them, exhibiting the unlimited power of the man turning to the right or left, or ascending or descending, as
Deity; while the occupation of a few boys, who are amusing the material was more or less easily worked, or more or less
themselves with pitching smooth pebbles into the sea, and watch
valuable. It also contains frequent masses of tufo, in which the
ing them spring from wave to wave, is a fine illustration of the cubicula or crypts proper are generally excavated.
vauity, the nothingness of human pursuits. The friends begin
The Romans called the pozzolano "arena," or sand, and the ex
o moralise, and the pagan remonstrates with his Christian com
cavations " arenaria?," or sand-holes. Many of the Roman burialpanion as to some gross charges brought against them, such as places for depositing the " ollte," or urns which contain the ashes
worshipping an ass s head,—an accusation, by the way, which it of the dead, are excavated in this soil. But the most remarkable
appears from some coins may not have been unfounded as against of all are these celebrated crypts in the catacombs near Rome.
that strange sect the Gnostics, who represented their deity, What are commonly called cataconibst are innumerable narrow
Abraxus, with such a head. After this had been refuted, Cseci- passages tunnelled out in the solid earth, not more than 4 or
lius begins to blame the Christians for some peculiarities he 6 feet in width, and about 7 to 10 feet iu height Having been
deems absurd. He objects that they are not content, like other exavated without plan or settled purpose, they run in every con
people, that their dead bodies should be burnt; because they ceivable direction—some side by side, some over each other,
fancy, if they should be deposited iu the earth instead, they are forming a most inextricable labyrinth—and that of such dimen
to rise again to the skies at some future time. But the Christian sions as to astound and bewilder the visitor. Aringhi has given
apologist answers him, " What care we if our bodies are dried up several plans of parts of these; it will be seen on reference to his
in the sands, or perish in the waters, or are consumed into works they form mazes of passages, like the adits in a mine.
cinders, or are dissolved into vapour—the Almighty receives the The principal plans given by this writer are those called the
elements. Nor do we, as you believe, fear any damage to the Catacombs of St Callistus, St. Agnes, and St Marcellinus. In
soul from any manner of sepulture, but we follow that which we one plan, that of a small part of the former, it has been esti
consider the older aud better method, of burial in the earth." I mated there are full five miles in length of these adits. In the
will not pursue the eloquent and touching explanation of the time of Baronius, forty-three of these cemeteries were known:
Christian—it is too long for our purpose. I only quote a short at present it is probable twice the number have been found.
part, to show how the customs of the heathens and Christians Taken together it is estimated that there is a sort of network of
differed at that time, and how the latter adhered to the practice these passages under Rome, which must measure at least
of inhumation. But this was written scarcely a century after the 100 miles. In4the sides or walls of these are a countless multi
apostolical period, and before the more organised persecutions tude of excavations, mostly about half a yard deep and about 6 ft
which followed, the history of which, though deformed by ridi
in length; in fact, square horizontal niches to hold the body—not
culous legends and exaggerations, is still a very great and affect
of the pigeon-hole fashion of the Egpytians, but like bodies laid
ing part of the annals of our religion.
lengthwise, on a sort of shelves. Sometimes there is but one body
To go into this history would be not only beside the purpose,
whole of this epistle of Dionysius of Alexandria to Hermauinou is curious.
but far too extended an inquiry for the space we have. Suffice it The* The
prefect -t-inilian refuses to let the Christians make conventicula, or to " go (aa
they
call
them) to cemeteries." it is cited at length, Euseh. Hist. Eccl. vii. 11. The
to say, from the exigencies of the persecution of the Christians
author (ix. 2) tolls us Maximiu refused to allow the Christians to meet in church
arose two most important circumstances—the use of the basilica same
yards.
as a place of worship, which afterwards became the settled form
t There has been a great deal of controversy on the derivation of this word. The
earliest mention or it cited by Du Cange is in the 'Acta St. Sebastiani,' which he at
of the Christian church,—and the use of the catacombs, the tributes
to St. Ambrose or some other old author. " Hoc tu dum levaveri* perducee
" cubicula" or crypts, in which were the principal cause of the ad catacumbaa, et sepelies in initio cryptie," <vr. This passage is curious, as it shows
use of crypts in churches. It appears that at first the Christians the early distinction between the catacombs and crypta. Du Cange cites several other
nassagus from various authors; among the rest a MS. of the Epistles of 9t. Gregory
interred the dead in open fields, which were called "areas," and the
Great lib. hi. ep. 30>, where oitatumbaj is read for catacumbas, and he Buppotee
we have the testimony of Tertullian, that when Hilarion was cata (umoos to meau ad tumbas, at tho tombs, as one would say ad cryptas, ad valles.
Probably
this may be the right reading; for though we have not any siinl'ar word
prefect the use of these " are® sepulturarum" wa3 denied to the
a classic author, yet Valcknaer cites the word KararvtiBoxotu iu hi' annotations
Christians. " Let there be no areas," was the decree. A similar In
in the Tdyli of Theocritus, " The Sicilian women going to see tile tfejtival of Adouis,"
expression is found in the Acts of St, Cyprian. Eusebius tells us, See LiddeU and Scott, sub voce; See Valck. Adon, p. 324,
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in the height, sometimes two, three, and four, and in the catacomb
of St. Satamius are many places where no less than five bodies
are deposited, one above the other in the height of the passage.
The front is covered by a slab of stone, or very commonly of
marble, and sometimes of terra-cotta, on which is usually carved
the name and age and any other particulars of the deceased, and
generally some Christian emblems. Some however are con
structed by cutting a semicircular arch into the natural wall,
and then sinking beneath it an excavation to receive the body,
which is afterwards covered with a stone slab, and forms a tomb
much like the monuments recessed into the walls of our cathe
drals. These tomb tops have been used as altars. It has been
reckoned that there are upwards of 170,000 bodies in the crypts
of St. Sebastian only.
I know nothing more extraordinary than visiting these solemn
places, which on the first occasion I did alone. It was at St.
Sebastian. I had seen the noble church, and was then directed
to a small door which opened, and there was a descent to the
catacombs,—a narrow passage scarcely higher than one's head.
At the entrance was a single bare-footed monk, in the coarse
brown robe of his order. He lighted a torch, and we descended,
proceeding by one winding turn after another, sometimes ascend
ing and sometimes descending for a very long time. The atmo
sphere is close and stifling, and smelling of earth. Not a living
thing, not an insect, not even a spider, is found therein. It is,
in every sense, the abode of death.
Many stories have been related, and I can readily believe
them, of persons who have ventured into these passages without
proper guides, and who have been hopelessly lost. In fact, it is
said that, as late as the year 1837, the teacher of a school, accom
panied by thirty pupils, went into an excavation that happened
to be open, stating that among so many it was impossible to lose
their way; and that not one of the party was ever seen or heard
of from the time of their entering, though every possible search
was made by proper persons as soon as the fact was known.
Other tales are related of those who have been so affected by the
"gelidus horror" of their situation, the deep burial beneath the
earth in an inextricable labyrinth, and in close contact with a
vast multitude of the dead, as to become mad with terror.
Nothing can describe these awful solitudes better than the words
of St. Jerome, in his commentary on Ezekiel (cap. 40), who says,
" When I was a boy at Rome (a.d. 350), and studied the liberal
sciences, I was accustomed, with others of the same age and dis
position, to go round on Sundays, and visit the sepulchres of the
apostles and martyrs, and frequently to enter into the crypts,
which are dug deep in the earth; and on each side of them, to
those who enter, they have the bones of the dead for walls, and
are so dark as almost to fulfil the saying of the prophet, ' Let
them go down alive into hell.' "
Here and there are small chambers, commonly called " cuhicula " or crypts proper, of the greatest interest. In them the
primitive Christians are said to have assembled for a species of
service, called by Tertullian (ad Uxor, i.), and by St. Cyprian (de
Lapsis) o-wa^it, or gathering together; but this is simply impos
sible, as out of some fifty or sixty described by Aringhi, and of
which he gives the dimensions, the largest is only 15 feet by
7£ ft. the greater part being only 9 or 10 palms (about 7J ft.)
square, while those lately discovered by Perret, aud published
by the French government, seldom exceed 4$ metres each way.
As has been said before, they are generally cut out of the solid
tufo rock. The probability is they were oratories or mortuary
chapels. That of St. Hermes, who is said to have been a prefect
at Rome, who suffered martyrdom in the time of Hadrian, con
tains a tomb which is to this day occasionally used as an altar.
It may be convenient to describe this crypt as the type of very
many others. It is about 13 English feet in length, by about
6 ft. (i in. in width, and about 8 feet in height, and arched like a
barrel vault. It is approached by some steps leading cut of one
of the mazes of passages before described; it is plastered with a
fine intonaco, and filled with paintings, as, in fact, a large ma
jority are. The tomb at the end is, in fact, a sarcophagus; the
top of which is plain, and the front is sculptured in three com
partments. It is supposed there were two bodies buried at the
and (besides that of the saint), four on the right side, and four on
the left, besides three smaller spaces which probably held the
bodies of children. In the centre a lamp has been suspended.
This crypt of St Hermes must not, however, be confounded with
the church dedicated to that saint, which is of considerable size;
and although now entirely covered over, apparently was origi
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nally only partly sunk iu the earth, as there are a sort of cleres
tory windows, which gave light apparently through openings
resembling the walls round the area windows of our houses.
Boldetti (pi. 2) gives a view of another crypt, which is in the
catacombs of St. Agnese. It is groined, and on three sides has
tombs, which have been used as altars. On one side is a large
chair cut in the solid rock, said by him to have been an epis
copal seat; by others the seat of a priest, while giving instruc
tions to catechumens. Such chairs, however, are not uncommon
in these crypts. In one given in Aringhi, vol. ii. p. 81, there are
two similar chairs cut out of the solid tufo, and a bench of the
same kind which goes round the other three sides of the room.
It is said, but on what authority I do not know, that the second
seat was for the deaconess, and used by her at the catechising or
instructing the female converts. The crypt is, however, but
8 feet long, 7 ft. 6 in. wide, and 8 feet high, and has contained
eight bodies, besides one (probably) over the door. In addition
to those which have arched or groined roofs, there are some of
which the ceilings are quite flat. The crypt called the Oratory
of St. Helena is of this class; it is supported by four columns
each, at a little distance from the wall. Sometimes the tombs
were covered by a sort of grating carved in marble, through
which visitors might look, and probably view the coffin of the
martyr. A very curious one is found in the crypt of St. Calixtus. The grating is of peculiar form, and much like that under
the altar at St, Nereo and Achilleo.*
It is the opinion of Seroux d'Agincourt, and seems a very pro
bable conjecture, that the idea of these crypts was taken from a
species of construction common among the Romans, where a
"sacellum" containing an "aediculum," or shrine to the tutelary
god of the family, was erected over the " columbarium," or place
for depositing the urns which contained the ashes of the different
members of it. There is one which stands apart not far from the
church of St. Agnes. It is wholly of brick, even the capitals of
the columns being cut out of that material, and is supposed to be
of the time of the early emperors. The shrine of the genius
of the family is above, and below is an arched chamber, which
was the sepulchre. On each of the four sides of this lower part
is a niche, probably intended for the statues or " imagines " of its
principal members, and eight other very small niches, each of
which contained two urns full of the ashes' of the dead. There
can be but little doubt, that these Roman structures (which were
a combination of the tomb and the oratory) gave the origin not
only to the crypts of the ancient and mediseval church, but also
to those picturesque tombs now so common in the cemeteries of
Italy and France, where the family vault is below, and above is
a little chapel, whose grated door displays an altar and crucifix,
where the relatives repair at certain times to pray and to suspend
crowns of " immortelles" in memory of the dead.t
It will not be within my limits to describe the various objects
found in these crypts. The greater part contain paintings, some
of very great merit; the subjects are mostly from Scripture his
tory. There are also, as might be expected, many rings, coins,
lamps, &c found; plain chalices of mixed metal have also been
discovered, probably eucharistic; strange and horrible instru
ments, supposed to have been used for the purposes of torture;
phials of glass,t in which, it may be new to some to hear, are
paintings. M. Perret is said to have made no less than eightysix copies of paintings ou, or rather in,§ glass in the various
catacombs. To describe the symbols found on the tombs and the
inscriptions would fill many volumes. They comprehend not
only sepulchral inscriptions, the history and memory of the dead,
pious ejaculations, religious emblems, but in many cases delinea
tions of the instruments of the worldly calling or profession of
the departed. There is one however of great interest to the
architect, as forming probably the tomb of a mason or sculptor.
There are represented the ordinary compasses, callipers, a rule,
square, level, mallet, and chisels, and what is more curious, an
instrument much resembling a trammel, and which has been
surmised to be intended for the delineation of ellipses.
A few words however may be said as to the style and date of
* Ii resembles half-round tiles placed one over the other, but is cut out of solid
marble.
t There are several in the Street of the Tonibs at Pompeii.
t On the side of many of the tombs a small cup of glass is Hied, at the bottom of
which is the remains of a dark substance, said to be the bloud of the martyr there
Interred.
a These representations appear to have been made on thin sheets of gold, the ontlincs
being partly Indented into the metal, which has then been blown into the bottom of the
Teasel between two thicknesses of glass.
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these crypts. In the admirable work of Seroux d'Agincourt a very
curious parallel is given between the pictures found in the pagan
tombs and those in the Christian crypts. The author is inclined
to think they range in point of style and date from the second
century to the eighth, and in instances at Naples even later. He
gives as a parallel the paintings in a tomb discovered by Bartoli
near Rome, which is clearly of the time of the Antonines, and
those discovered in the crypt of St. Priscilla, which may be said
to be identical in point of style.
That many of the paintings in the Christian crypts must be of
very early date is also indicated by their still preserving some
traces of pagau emblems. Thus the Muses still exemplify har
mony; and for some time Orpheus* with his lyre, attracting the
beasts around him, was given as an emblem of our Saviour.
This is of frequent occurrence, and being surrounded by Scrip
tural subjects, as Daniel in the Lion's Den, Moses striking the
Bock, the Raising of Lazarus, all prove them not to be the tombs
of pagans but of Christians; and they also show how the memory
of Orpheus was associated in their minds with the idea of the
law-giver, the leader of civilisation; and, what is perhaps still
stranger, to typify the inventor of fine art:* for it has been too
much the case to represent the early Christians as stern ascetics,
for whom poetry, music, art, and architecture had no charms.
Again, the whale swallowing Jonah is just in the style of the
dragons on the walls at Pompeii, Elijah departs for heaven in a
regular Classic quadriga; and the three kings seek the Saviour,
each having on the Phrygian cap. On some are representations
of persons dining together at a table, not reclining like Romans
upon the tectum or bed around the triclinium, but seated in
chairs. These we know, from the inscription o^orr/, written on
them, must be representations of the " love feasts " of the early
Christians. Another curious subject would lead us to believe
that the Christians often employed heathen artists, for on one of
the tombs the sculptor has probably forgotten and cut the usual
pagan DM, or Diis Manibus; but has recollected himself and struck
his chisel across the letters, and placed the well known Christian
monogram by its side. These last cited circumstances, however,
prove but little, as the 070*111 were continued in churches as late as
the sixth Council of Constantinople, commonly called the Coun
cil in Trullo, which was at the end of the seventh century; and
if the tradition as regards the celebrated monogram be correct,
the inscription alluded to must at least be of the time of Con
stantino. Of course, without direct evidence, it is difficult
absolutely to pronounce on such a point; if however we may be
allowed to reason from similarity in art, we may believe some of
these crypts to be as old as the third if not the second century.
The art, however, gives an idea of wealth and refinement among
the early Christians, which we are usually taught not to expect
at that period.
It seems still more extraordinary that they
should be permitted so to adorn their tombs. It must have been
not only an expensive work, but one which must have taken up
a great deal of time, and therefore could hardly have been done
without the knowledge of the authorities. It must however be
borne in mind, that the persecutions broke out at intervals,t and
then ceased; and according to the worst accounts, the Christians
had peace for more than 140 years out of the three first
centuries.
If the internal evidences as to art give us no certain data,
those as to architecture give us less. There are no distinctive
marks about the construction of the passages, or the arching
or groining of the crypls, that differ froni what we know
decidedly to be pagan work. It is true that the details of the
capitals in the crypt at St. Agnes, before mentioned, seem to be
Classic, but those in another of the same crypts (given by Perret
in his magnificent book), seem very late indeed, and can hardly
be called Classic work. Still more unlike are the caps of the
crypt of St. Pretextatus, given in the same book, they certainly
must be referred to a later period; white a corbel in the same
crypt, discovered in 1846, is quite unlike anything Classic, but
rather resembles Byzantine work.
My readers will remember the law of the Romans on extra
mural interments. It appears that frequent attempts were made
from time to time, on the one hand to evade, and on the other to
enforce it Adriau passed a law fining any person 40 aurei
* It is not impossible that the tradition of going down to Hades and returning again
may have suggested a further parallel.
t The passages above cited from Euaebius seem to show that many of the persecutions
were sudden outbursts of savage disposition, rather than a prolonged and organised
aeries of cruelty and oppression like some of the later persecutions.
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(about £30) who buried a body in a city. Short as was the time
between his reign and that of Antoninus Pius, we find that the
latter was obliged to re-enact the same law, and that a few years
afterwards Domilian was obliged to do the same. The conse
quence was, all the Christians, whether martyrs or not, were
buried not only without the city, but also without the pomcerium
or suburbs. Constantine seems to have been the first buried in
a city. Eusebius says he was buried at Constantinople, in the
Church of the Apostles; but St. Chrysostom says, " in the porch
without the church, so they who wore diadems think it a favour
to be buried so that kings are the fisherman's doorkeepers." It
will be unnecessary to go through the history in all its points; it
will suffice that the Council of Braga (a.d. 563) gave permission
for men to be buried in the churchyard in cases of necessity
(si neceste est), but on no account within the "walls of the
church." The desire, however, to lay their bones uuder a holy
roof grew so on men, that we find a Council at Mayence deciding
that " no one should be buried in the church but bishops, abbots,
or worthy priests, or faithful laymen;" and at last we find the
Council of Meaux (Meldense) leaves it to the bishop and
presbyter to settle who should be buried in churches and who
should not. The result from that time to the present is well
known.
When the persecution had ceased we naturally find the re
mains of those who had testified their faith with their blood
held in greater reverence day by day. These tombs were first
visited by those who dwelt near, and then became an object of
pilgrimage to those who lived afar off. Pride of such a situation
as the proximity of a holy grave in some, and the love of lucre
in others, caused all sorts of pretences to be set up to the posses
sion of a martyr's tomb or relics; and these, like all other posses
sions, soon became objects of barter or sale.
It is not my intention, nor would it be in place, to go into the
history of the increasing reverence paid to the relics of the
martyrs. It will be necessary however to mention that people
weie not content that the bodies of holy men should be vene
rated at their tombs, but a Bystem of removing the relics into
different churches now prevailed, which system was called
"translation." The earliest mention I have found of this in the
works of the ecclesiastical historians is in Socrates Scholasticus
(lib. vii. cap. 25). He mentions a sect of Novatians who dug up
the body of Sabbatius from the Tsle of Rhodes, and conveyed it
to Constantinople, and prayed on his tomb. Atticus, the bishop,
however, caused the body to be removed (this must have been
about A.D. 425). The same author (vii. 44) says that Proclus,
about fifteen years later, removed the body of St. Chrysostom, who
bad been buried at Comana, to Constantinople, and laid it on the
left side of the Church of the Apostles. But before this we have
long accounts by St. Jerome, of the deposition of the bones of SS.
Peter and Paul under the altars at Rome; of SS. Andrew, Luke,
and Timothy; and Samuel, the Judge of Israel, at Constantinople.
But we have no time to enter into details, which may be found
in Baronius, and in the letters of the curious controversy be
tween St Jerome and Vigilautius. Suffice it to say that in
almost every church relics of martyrs were deposited under the
altars.*
This at first was done by simply making an opening under the
altar, in which the bones or other relics were deposited, the front
of which was closed by a sort of grating carved out of marble.
It must be remembered that in the early basilioan church the
attar did not stand against the wall, but at the chord of the arc
of the bema, or tribunal, on the edge of the raised platform
itself; behind which, in the middle of the apsis and against the
wall, was the (pnwi, or seat of the bishop; and on each side of
whicli were the seats of the presbyters, ranged in the form of a
semicircle. To this day it is so in all churches which claim either
to have been erected by the early Christians or re-erected on
their foundations; and to this day in all such churches the priest
says mass at the back of the altar, with his face towards the
people, instead of the opposite method which is usual in other
churches.
This place for depositing the relics was called the " confessione,"
or place where the relic* of those who had confessed the faith are
deposited, and this name is retained to the present day. The
simplest and no doubt oldest form is that which was at the
church of the Quattro Incoronati (before the alterations), and
* Mabillon. Lit. Gall. (1, °, 4], says no relics were placed upon altars till the tenth
century.
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which was a simple aperture under the altar, about 2 feet wide.
Very much like this was that at SS. Nereo and Achilleo, which is
closed by a curious grating, resembling in design very much that
in the crypt of St. Calixtus, mentioned above. At St. Maria in
Trastevere, the confessioue is a sort of small chamber, about 5 ft.
square, also under the altar. As time went on the confessione
becomes larger, and more and more resembling the crypts iu the
Catacombs. At St. Maria in Domiuica it is in reality a small
crypt, about 13 feet by 10 feet, aud is partly below the floor, and
approached by a descent of five steps: in this is a sarcophagus,
containing, it is said, the body of St. Ciriacus. At St. Prisca the
crypt is still larger: it is a vaulted chamber, about 10 feet by
22 feet, the arch supported on two masses of masonry, strongly
reminding us of the Etrtiscan tombs, behind which are two
flights of stairs of about thirty steps in each. I must now call
your attention to two coufessiones, which partake more of the
character of the passages of the Catacombs than of the crypts
therein : one is that of St. Marco (a.d. 336, the pope, not the
evangelist), this is a sort of passage-way, of semicircular form,
the extreme diameter of which is about 24 feet—the passage itself
is about 4 feet wide: it receives light from the grating under the
altar. The other is at St. Prasseue. Here the entrance is imme
diately under the altar, by a descent of eight or ten steps, leading
to a passage about 40 feet long, which branches off into two semi
circular passages, much like that at St. Marco: this must have
been in existence in a.d. 499, in which year it was restored, we
are told, by Pope Adrian, in a life of him written by Auastatius.
A still larger crypt is at St. Martino: this was originally partly
supported by a block of masonry, and partly on square pillars,
like the Etruscan tombs, and forms in fact a small church, about
45 feet each way. In fact, this is the form the crypt uow began
to assume. At St. Maria in Cosmedin it has a nave and side
aisles, formed partly by six columns, three on each side, and
partly by two solid blocks of masonry, and is about 22 feet by
13 feet. At St. Lorenzo it is still longer, about 30 feet by 16 feet,
and has four columns on each side, and also a tomb in the centre.
I have thus shown that, as time progressed, the small aperture
called the confessione had increased till it became larger and
larger, till at St. Miniato near Florence, aud St. Michele at Pavia,
it had lengthened to 60 feet and upwards, aud become a second
church.
In this country there are several crypts which I believe to be
of the Saxon era,—plain groined chambers, with four columns at
the angles. In the Norman era the crypts increased in size, and
afterwards were larger and larger, till very many of them were
co-extensive with the choir of the church. The Early English
crypts were very fine and interesting, and of those may be
mentioned that at Rochester Cathedral, and, what must have been
a still finer example, the crypt under old St. Paul's, which formed
a church by itself, and was very nearly half as large as the entire
edifice. Here however we must stop; for just at the origin of the
Decorated style of architecture, when there were no differences
on points of religion, nor any cause whatever in the church
to account for it, crypts proper suddenly ceased to be constructed,
with the exception of some small ones occasionally under a
chapter-house or a transept. The Early Decorated, the Later
Decorated, and the Perpendicular periods presented no instance
of a crypt under the choir of any large church or cathedral; at
all events, neither Mr. Scott, Mr. J. H. Parker, or other friends
whom I have consulted, could cite any example of the kind. This
was the more remarkable, because when crypts beneath churches
fell into disuse, they became common under secular buildings.
Thus, there was a large one of Perpendicular character under the
Guildhall, London, and another under Gerard's Hall; but at
present no reason had been assigned for their discontinuance
under churches.
Dr. Biattoblotzkt adverted to the crypts or catacombs at
Naples, Alexandria, and Paris, as aualogous to those of Rome.
Those at Alexandria he had seen opened, and had witnessed
their wanton destruction by gunpowder, from the eagerness of
the Turks to obtain the sarcophagi, which were mostly of alabas
ter, in order to convert them into lime; a species of destruction
against which the. Institute might do well to raise its powerful
voice. The sculptures iu those catacombs presented a similar
admixture of pagan and Christian subjects with those of Rome.
The catacombs under Paris were very interesting, but under the
pretence that various persons had been lost in their intricate
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mazes, and never found again, it was now difficult to gain access
to them; but it would be very desirable if permission could be
obtained for the members of the Institute to explore them, with
a view to confirm the remarks of Mr. Ashpitel. The tombs of
the kings at Jerusalem were also exceedingly interesting in con
nection with the subject under consideration.
Mr. Kerr called attention to the question of the degree of art
displayed by the early Christians in the sculpture ou their tombs,
these being the only works by which the question of their artistic
knowledge and feeling could be determined. He believed that
public opinion was right, and that the opinion of Mr. Ashpitel
was wrong, inasmuch as there was a total absence of artistic
feeling throughout the earliest of these works. It would appear
that the early Christians repudiated and discouraged art, and
indeed destroyed it wherever they could find it.
Mr. Ashpitel said, it had been his intention simply to confine
himself to the collection of all the facts relative to crypts, and
this rather as applied to their architecture than their artistic
features. It was impossible however, iu spite of any popular
ideas or preconceived notions, to shut the eyes to the fact, that iu
hundreds of crypts which had been explored, and probably in
thousands which had not been visited for mauy centuries, there
was, he could almost say a lavish expenditure of fine art of a
very high order for the time; but it was not only so, the tombs of
the poor class also showed some taste for decoration. The digger,
or " fossor," was sculptured in his tomb with his spade and
mattock as he stood in life: the carpenter and mason had the
tools of their trades carved in the same way. Sometimes the
whole-length figure and sometimes the bust only of the " honesta
conjunx" was sculptured on the slab which inclosed her remains;
and, if nothing else, two rudely carved doves, or a dove and a
heart, attested the affection that had subsisted between the de
parted. One main fact is certain, they are all tombs of Christians.
The heathens at that time almost universally burned their dead;
but apart from this, the inscription, the symbols, and above all
the numerous pictorial subjects taken from the Old and New
Testaments, proved the religion of the deceased. It might now
be inquired, of what rank was that art, and about what period
was it executed ? The art in its general scope strongly resembled
that in the Baths and Palaces of Titus, aud nf the Antonines.
The ceilings are vaulted, and as well as the walls are panelled
out in elegant designs in stucco. The great work of Aringhi, as
well as of others who have succeeded him, give a very good idea
of the costly and elaborate nature of the general design, but they
are of too small a scale to afford an adequate notion of the power
of the artist. This difficulty has now beeu obviated by the pub
lication by the French government of the magnificent work of
M. Perret. This gentleman had devoted six years to the study
of art in the crypts and catacombs. The part already published
fills six large volumes of atlas folio; and certainly in a great
number of the examples the drawing aud colouriug contained
therein rank very high—if not first, in the very first line. With
regard to the period at which they were executed, he could only
again refer to the authority of Seroax d'Agincourt, who considers
some as old as the second century. Mr. Ashpitel considered that
any stranger brought into these crypts for the first time would
say, These are the tombs of an art-ioving people. Although we
know that in other countries the conversion first began among
shepherds and fishermen, yet at Rome the Apostle was a man of
high intellectual acquirements: and the tradition attached to the
history of the basilica would show that among the early Roman
Christians were many of the exalted and noble. Be that as it
may, they had a very striking fact before them, and one which
deserved the most serious consideration.

ARSENIC IN PAPER-HANGINGS*
By H. Lethebt, M.B., M.A.
About three years ago public attention was directed to a cir
cumstance well known to men of science, that a large proportion
of the arsenic sold iu this country was used iu the manufacture
of a green pigment for paper-hangings. This fact was mentioned,
on the authority of Dr. Taylor, in the Timet newspaper of the
6th of January, 1858, and it forthwith excited a very warm dis
cussion.
On the one hand, manufacturers declared that as
arsenical pigments were not iu themselves volatile, and were
* from the Journal of the Society of Arts.
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moreover fixed to the paper by adhesive materials, they could
not evaporate so as to infect the atmosphere of rooms, and be a
source of danger. In support of this statement there was the
testimony of chemists, founded on actual experiment, namely,
that arsenic could not be volatilised from paper at any ordinary
temperature, and that it could not be detected in the atmosphere
of rooms covered with arsenical papers. But on the other hand,
there were the observations and experience of medical men, not
merely in respect of the poisonous action of mineral green on those
who are engaged in its manufacture, bat also of the effects of the
pigment on those who are occupied in handling green paper, and
who are exposed to its influence in rooms covered with it. All of
which went to show that something is evolved from the pigment
capable of producing the same class of effects as those which result
from the operation of arsenic—uamely, headache, dryness of the
throat ami tongue, nausea, irritation of the alimentary canal,
great bodily depression, and various nervous disorders. Further
investigation led to the discovery of arsenic iu the dust of
rooms covered with such paper, thus proving that although the
arsenical pigment was not volatile in a chemical sense, yet it
became detached from the surface of the paper, and was easily
diffused through the atmosphere of the room. Still, as no actual
or undoubted case of poisoning had been clearly traced to it,
it was well enough argued that all the effects attributed to
arsenical paper might have arisen from other causes. At last
however the mischief has been followed to its source. A fatal case
of poisoning by such paper has been the subject of medical inves
tigation. The case is described by Dr. Metcalf, iu the Lancet of
December 1, I860; page 535, and as the chemical part of the inves
tigation has been in my hands I here offer a brief outline of it.
Clarence W. King, the son of Mr. W. T. King, of Beresfordlodge, Highbury, a child aged three-and-a-half years, was taken
unwell during the morning of November 1. He complained of
chilliness, and was sick. At ten o'clock in the morning he was
attacked with convulsions, and at eleven o'clock he was seen by
Dr. Metcalf, who found him in a semi-comatose state. On the
following day, at seven o'clock in the morning, Dr. Metcalf was
summoned to see another child, a sister, aged two-and-a-half,
who had been violently convulsed. At that time the little boy
had become worse: he was almost in a slate of asphyxia; the
surface of the body was cold, the pulse feeble, and the counte
nance livid. By the use of appropriate remedies he was some
what relieved, but in the afternoon of the' same day he was seized
with violent tetanic convulsions; and from that time there were
alternations of repose and convulsive action until he died: this
occurred thirty-eight hours after the commencement of the at
tack. At first Dr. Metcalf did not suspect the real cause of the
mischief, but when the second child was attacked it occurred to
him that the effects in both cases were due to the same cause,
and were not the results of natural disease. His suspicions
were further aroused by the circumstance, that three months pre
viously the children had been attacked in a similar manner, and
had recovered after leaving the house for the sea-side. On in
quiry he was told that they had, within the last few days, been
playing with toys that were kept in the cupboard of a room
lined with green paper; and that a day or two previously they
had beeu amused by helping to clear out the cupboard, and that
the little boy had been observed to suck a piece of lace which
was found there. A large portion of the paper was at once re
moved, and sent to me for examination. I found that it was an
arsenical paper, containing nearly fifty-two grains of arseuite of
copper on a square foot, and the pigment was so loosely attached
to the paper that it was removed by the slightest friction. The
dust from about 5 square inches of the paper was capable of
producing all the symptoms observed in the boy, and the pig
ment from a piece 6 inches square would have sufficed for the
death of two adult persons.
On the following day the child's body was examined, and the
organs found free iron natural disease. The stomach and part
of the liver were sent to me for analysis, and the results were the
discovery of arsenic and copper in both these organs. So clear
was the entire history of the case—as the previous attack, the
symptoms of arsenical poisoning, the simultaneous effects in both
children, the discovery of the poison in the dead body, and the
existence of arsenic and copper in such profusion on the paper of
the cupboard—that the coroner's jury had no hesitation in re
turning a verdict that death had been caused by arsenic derived
from the paper; and they added that the manufacturer had been
guilty of very careless and culpable conduct.
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In the course of the last year or two I have had referred to me
many cases of suspected poisoning by green paper, and on exami
ning the paper have invariably noticed that in such cases the
arsenical pigment is but loosely attached to the paper; and no
doubt the effects have been produced by the mechanical removal
of the pigment, and the diffusion of it through the atmosphere of
the room. It is very probable that this effect is due in a great
degree to the heat and the acid product of burning gas; for it
has been frequently noticed that the poisonous action of the pig
ment is most clearly manifested in rooms lighted with gas. This
may arise from the sulphurous acid formed during the combus
tion of the gas, fixing itself within the porous texture of the
paper, and becoming sulphuric acid, which soon destroys the
adhesive matter that holds the pigment to the surface of the
paper, and then the colour is easily brushed off.
All green papers are not equally poisonous, for as the shades of
tint are produced by mixing carbonate of lime or chalk with the
arsenical green, the proportion of arsenic may vary from a mere
trace to many grains on a square inch of paper. The largest
quantity which I have ever found has been in the proportion of
59 grains on a square foot. A piece of this paper 3$ inches
square has enough arsenic upon it to destroy human life. As far
as my investigations have gone the flock never contains arsenic,
but is dyed with comparatively inert materials. It is the ground
of the paper which is so dangerous; and here I may mention that
any green paper which gives a deep blue solution when it is
steeped in liquid ammonia is suspicious, fur it then contains
copper, and in all probability arsenic likewise.

A METHOD OF TAKING OFF THE WASTE GASES
FROM BLAST FURNACES.
By Charles Cochrane, Middlesborough.
(With an Engraving.)
There is no novelty in the fact of taking off the waste gases
from a blast furnace; for many methods have been and are at
present employed for accomplishing this object. Though the
writer was unaware of any similar method, it is not desired to
claim origiuality in that about to be described; but as there is
such acknowledged diversity of opinion as to the respective
merits of different plans, and great difficulty in procuring reliable
information on any, it is proposed to give a description of an
arrangement which has been in successful operation for some
months at the Ormesby Iron Works, Middlesborough, and bids
fair to realise the best expectations of its merits. The large waste
of fuel from the mouth of a blast furnace where the escaping
gases are allowed to burn away is well known, and amounts to
more than 50 per cent, of the fuel burnt; hence there is conside
rable margin for economy, bearing iu mind the large quantity of
coals consumed in raising steam for generating the blast, and the
further quantity necessary to heat that blast to the required tem
perature. In fact, assuming a consumption of 300 tons of coke
per week to make 200 tons of iron, about 100 tons of coals would
be required to generate steam and heat the blast. Taking off the
gases from one furnace under such conditions does, according to
actual experiment, furnish gas equivalent to upwards of 150 tons
of coals per week. This is obviously an important matter where
coals are expensive.
The blast furnace is alternately charged with coke, ironstone,
and limestoue, in proportions depending upon the quality^ or
" number " of iron desired. The arrangement of these materials
in the furnace is generally deemed important, though it admits
of considerable latitude without any appreciable alteration in
the working of the furnace. Thus it does not seem to be of any
importance whether the charge of coke be 12 ewt. or 24 cwt, the
amount of load of ironstone and limestone being in the same
proportion of 1 to 2. The chief point, if there be one, to be
gained- in the arrangement of the material is to distribute it
pretty equally over the furnace, not allowing all the large
material to roll outwards and the small to occupy the centre of the
furnace or vice vend: for it is supposed the ascending gases will
pass through the more open material of the furnace to the
injury of the closer; thus the two reach the active region of
reduction in different states of preparation, and the operations of
the furnace are interfered with. To provide for this contingency,
• from a paper read at the Institution of Mechanical Engineer*.

COCHRAKES BLAST-FURNACE WASTE GASES

Jtm/1861
XR.JcihbiiLs. .

Ju. 1, 18*1

THE CIYIL ENGINEER AND ARCHITECT'S JOURNAL.

which is met in an open-topped furnace by filling at the sides at
three, four, or even six points of the circumference of tlio throat,
allowing the material to slide inwards 2 or 3 feet on a sloping
plate, it was considered expedient in the present instance to
make the filling aperture as large as practicable; it was there
fore made 6 ft. 6 in. diameter, as shown in Fig. 1, so that the
material tends to arrange itself in a circle a little outside the
centre, thus correcting the tendency of large material to roll
outwards by causing a similar tendency to roll towards the
centre also.
This point is gained in one of the simplest
methods in use for closing the top of a blast furnace, where a
cone is used to lower into the furnace for filling; but it is se
cured at the expense of the height of material in the furnace.
A certain height is necessary for the efficient working of the
furnace, and if this be diminished it must be at the expense of
fuel in the furnace, since the absorption of heat from the gases
depends on the height of material through which they have to
pass up: if this be diminished, the gases issuing from the throat
of the furnace will escape at a higher temperature; if increased,
at a lower.
But there is an important difference to consider in the con
ditions of a closed and an open-topped furnace, to which the
writer is not aware that attention has hitherto been drawn; a
difference which acts somewhat in favour of the open-topped fur
nace. The working of the furnaces themselves seems to show
that an open-topped furnace is less sensitive to irregularities of
moisture in the material, quantity of limestone, size of material,
&c.; which can be accounted for only by the fact that the opentopped furnace has the advantage of a large amount of surplus
heat due to the combustion of the waste gases at its throat, which
serves to dispel moisture and calcine the limestone, and helps to
warm up the large pieces of ironstone: all of which operations
in the close-topped furnace are effected only at a lower point
of the furnace, thus necessi toting a larger consumption of coke.
With the same proportion of ironstone to limestone it has been
found to require about 10 per cent, more fuel to produce the
same number or quality of iron in a close-top than in an opentopped furnace. In the close-topped furnace the gases pass away
at a temperature of about 450° Fahr.; whilst in the open-topped
a temperature of between 1000° and 2000° is generated in the
throat of the furnace by their combustion.
In comparing the extra quantity of coke consumed in a closetopped blast furnace with the saving in coals for the boilers and
hot-blast stoves, it is obvious that the economy to be derived
by taking the gases off depends on the comparative value of coke
and coal. In the Middlesborough district, where coal is expen
sive, it is an undoubted source of economy; where coke is very
dear however, and small coal can be obtained at a mere nominal
cost for boiler and stove purposes, the use of the waste gases
would possibly do little more than compensate for the outlay
involved. Here, no doubt, is one source of the variety of opinion
entertained in various districts as to the advantage of taking off
the gas. The writer's experience at Middlesborough has been
that the waste gases can be token off without affecting the
quality of the iron produced, though at the expense of more
fuel.
The mode of closing the furnace top and taking off the gases
at the writer's works is shown in Fig. 1. The top of the furnace
is closed by a light circular wrought-iron valve A, 6 ft. 6 in.
diameter, with sides tapering slightly outwards from below,
to admit of being easily drawn up through the materials,
which are tipped at each charge into the external space B. To
prevent excessive wear upon the body of the valve, shield
plates are attached at four points of its circumference, against
which the material strikes as it rolls out of the barrows. An
annular chamber C encircles the throat, triangular in section,
into which the gas pours through the eight orifices D D from
the interior of the furnace, and thence passes along the rect
angular tube B into the chamber F. At the extremity of the
tube E is placed an ordinary flap valve opened by a chain,
by means of which the communication between the furnace and
the descending gas-main G, may be closed. The valve A, is par
tially counterpoised by the balance weight at the other extre
mity of the lever H, and is opened by a winch I, when the space
B is sufficiently full of materials. At the time when the blast is
shut off for tapping the furnace, the gas escapes direct into the
atmosphere through the ventilating tube K, which is connected
by levers L with the blast inlet-valve below.
Fig. 4, shows the connection between the furnace top and the
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hot-blast stoves to be heated by the waste gases, which pass
down the descending main G into the horizontal main M run
ning parallel and close to the line of stoves N, from which
descend smaller pipes O to each stove, as shown in Figs. 2 and 3.
The supply of air for burning the gas in the stoves is admitted
through the three tubes P, and can be regulated at pleasure by
the circular slide closing the ends of the tubes, which has an
aperture corresponding to each tube, and is plaued on the rub
bing face, as is also the surface against which it works, in order
that the slide may be sufficiently air-tight when closed. The
ignition takes place where the air and gas meet, the ignited gas
streaming into the stove and diffusing its heat uniformly over
the interior. An important element in the working of an appa
ratus of this description is to provide for explosions, which must
take place if a mixture of gas and air in certain proportions is
ignited. To provide for this contingency, escape valves R are
placed at the ends and along the tops of the main tubes G and
M: but to prevent explosions as far as possible, the ventilating
tube K, Fig. 1, is used at the top of the furnace, connected with
the blast valve at the bottom, so that when the valve is closed,
as at casting time, the act of closing opens the ventilating tube
and allows the gas to pass away direct into the atmosphere. The
gas would otherwise be in danger of slowly mixing with air
passing back through the stoves or otherwise gaining access into
the tubes, and would thus give rise to an explosion; until the
ventilating tube was provided it was necessary to lift the valve
A closing the mouth of the furnace when the blast was taken off,
otherwise slight explosions took place from time to time.
In the use of Durham cokes in the blast furnace an inconve
nience arises from the large deposit which takes place in the
passage of the gas from the furnace, and in the stoves and
boilers. Under the boilers this deposit is a great objection, as it
is a very bad conductor of heat, and needs to be frequently
removed: in the stoves it is not so objectionable, though these
need a periodical cleansing. The deposit does not arise altogether
from the cokes, it is true; and it may be interesting to know its
composition, which is as follows:—
1886
Silica
1614
Carbon
13-87
Alumina
13-61
Sulphate of lime
11-01
Lime
10-31
Protoxide of zinc
901
Peroxide of iron
256
Protoxide of manganese
2-13
Potash
1-25
Protoxide of iron
1-25
Magnesia
0 60
Chloride of sodium . . .
100-60
At a temperature of upwards of 3000° this mixture melts in a
yellowish slag, dispelling the zinc; but there are no signs of
fusion at the temperature produced by the ignition of the gas in
the stoves, which must roughly approximate to that of melting
iron from the results of a few experiments made to ascertain this
point: though thin pieces of cast-iron were not fairly melted
down, they reached the rotten temperature, which is only a few
degrees below melting, aud gave further signs of nearly melting
by throwing off sparks when quickly withdrawn from the stoves
and struck smartly against another object.
The writer has heard it asserted that the closing of the top
of the furnace is the source of mischief to its working by pro
ducing a back pressure in it. Under ordinary circumstances,
with the furnace top open, the blast enters the tuyeres at a
pressure ranging from 2j to 3 lb. per square inch. In the
present close-topped furnace there are eight outlet orifices D,
Fig. 1, each 2 feet by 1 foot, giving a total area of 16 square feet
for the passage of between 5000 or 6000 cubic feet of gas per
minute raised to a temperature of 450° Fahr.; and the actual
back pressure of the gas as measured by a water gauge inserted
into the closed top of furnace is from ^ to g inch columu of water,
or about l-40th or l-50th of a pound per square inch, an amount
so trivial as compared with a pressure of from 2j to 3 lb. as to
be unworthy of notice. Of course if the tubes are contracted
in size a greater back pressure will be produced; and it is quite
possible that, where attention has not been paid to the circum
stance, the back pressure may have interfered with the working
of the furnace by preventing the blast entering so freely.
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As regards economy in the wear and tear of hot-blast stoves of
the ordinary construction, there can be no question the pipes
last much longer when heated by gas, provided the temperature
of the stove be carefully watched to prevent its rising too high;
whilst the value of the same heating surface compared with its
value when coals are used is greatly increased, owing to the
uniform distribution of the ignited gases throughout the stove:
in the use of the gases at the writer's work, this economy of
surface is such that two stoves heated by gas will do the work of
little more than three heated by coal fires.
In the course of the discussion upon the paper—
Mr. W. Mathews said that he considered the subject of econo
mising the waete gases from blast furnaces was one of much
importance, and asked whether there was found to be any
material difference in the working of the close-topped furnace,
and whether the closing of the top for the purpose of taking off
the gases interfered with the burden of the furnace or the
quality of iron produced. If the quality and yield of iron were
not disturbed, the utilisation of the waste gases must be a
source of economy where fuel was dear; but otherwise, where
coals were cheap, it might hardly be worth while putting up an
apparatus for taking off the gases. In the case of some blast
furnaces lately erected at Heyford in Northamptonshire, where
the ore was cheap but coal expensive, costing lis. or 15*. per
ton at the furnaces, the iron could not have been worked pro
fitably unless the waste gases were taken off, this had accordingly
been done, and he understood had proved thoroughly successful,
reducing greatly the cost of making the iron. It seemed remark
able that the use of the waste gases was not yet adopted in
South Staffordshire; but this was no doubt owing to the ex
treme cheapness of small coal throughout the district, as com
pared with the North of England, so that it might not be
economical to take off the gases. At Dundy van, in Scotland, a
method had been employed some years ago for taking off the
gases without closing the top of the furnace, and the gases
were used for the hot-blast ovens and engine boilers; but the
heat obtained was very irregular, sometimes high and sometimes
low, causing much difficulty in keeping up the temperature of
the blast and in getting the required supply of steam; and he
understood the plan had recently been discontinued there on
account of the trouble experienced in its use.
Mr. C. Cochrane replied that the regularity of the furnace
was certainly interfered with, though only to a slight extent, by
closing the top, and the furnace was rendered more sensitive.
In the "first trials of the close-topped furnace mottled iron was
made frequently, and occasionally white iron; but by exercising
sufficient care iu managing the furnace the irregularities were
now in a great measure got over. During the last six months
his furnace had worked with only 7 per cent, irregularity
altogether, and this was now reduced to 5 per cent., estimating
the amount of irregularity by the proportion of mottled iron
, made instead of grey. Where it would be an objection to make
mottled or white iron occasionally, it would not be advisable to
try taking off the gases; aud coals were so cheap in South
Staffordshire that it might not be worth while to run the risk of
getting white iron, as it was of more importance there to make
all grey iron than in the Middlesborough district, where there
was a great demand for forge iron.
Mr. C. Markham had been connected with some blast fur
naces at Marquise in the North of Frauce, fourteen years ago,
from which the waste gases were taken off very successfully; and
thought the mode of carrying out the plan in that case was
superior, owing to the gases being conveyed upwards to a higher
level to be burnt, as they would naturally rise by reasou of their
specific gravity being less than that of the atmosphere. There
were two furnaces built side by side against a bank, and the
gases were taken off about 5 or 6 feet below the top by a circular
flue running all round the furnace; they were taken under six
Cornish boilers situated at the top of the bank, a few feet above
the top of the furnace. The gases were drawn off from the
furnaces by a chimney 90 feet high, and they frequently pro
duced a large flame from the top of the chimney. The evil of
the gases firing subsequently to passing under the boilers was
removed to a considerable extent by the erection of an additional
flue, which caused the gases to be more perfectly mixed with air,
and fired before they were cooled down by coming in contact
with the boilers. The regular make of each furnace was 100 to
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120 tons of cold-blast iron per week, and the consumption of coke
was about lj ton per ton of iron made. The coke cost 30*. per
ton, so that economy of fuel was of great importance; the boilers
were worked entirely by the waste gases from the furnaces.
At these furnaces they had tried at first bringing the gases
downwards to the boilers at a lower level, but the success was
very imperfect; and this appeared to him the reason why the
waste gases had not been taken off so successfully at some works
in this country, as they had in every case he believed been con
veyed downwards from the top of the furnace instead of upwards,
and also the height of the furnace had not been increased to
compensate for the gases being taken off at a lower level. He
had seen the application of the gas at the Clay Cross and Alfreton furnaces in Derbyshire; and had no doubt an economy was
effected in the cost of the iron made: at these works however the
gas was applied only for heating the hot-blast stoves, but the
quantity required to heat the blast was small as compared with
that required to raise a sufficient supply of steam for working the
blast engine.
Mr. C. Cochrane said no difficulty had been experienced in
bringing the gases down, and the vacuum required was found by
actual measurement to be only £ to f inch column of water, or
l-40th of a pound per square inch, which was not sufficient to
produce any injurious effect on the working of the furnace.
Mr. C. W. Siemens had seen furnaces working at Charleroi, in
Belgium, where the gases were drawn down from the top of the
furnace without any difficulty, by means of a pipe inserted in the
side of the furnace near the top; but it was found necessary
to allow at least one-third of the gases to burn out of the
mouth of the furnace, otherwise the working of the furnace was
interfered with, and neither was the iron of such good quality
nor the gas so effective for heating purposes. In the close-topped
furnace at Middlesborough described in the paper, he suggested
whether any difference of make or irregularity of working was
not rather to be attributed to imperfect distribution of the mate
rials in charging, than to closing the top: with a closed top and
an arrangement for filling in the centre, as shown in the illustra
tions, there was no means of filling at the sides of the furnace,
and the materials might roll sometimes more to one side than
the other, producing a greater draught through the furnace in
one direction, so that the ore would arrive at the point of reduc
tion in different states of preparation, which would interfere
with the quality of iron made. A slight difference was sufficient
to direct the flame and current of gas in a blast furnace more to
one side than another: even in drawing off the gases by a circular
chamber all round the furnace, the draught-holes on the side
nearest the main flue would draw more than those/ on the oppo
site side; but this might be obviated by making the holes nearest
the flue of a smaller size.
Mr. S. Lloyd said they had now adopted a plan for taking off
the waste gases at the Old Park furnaces, and had had it working
there successfully for some weeks, without any injury being
caused to the working of the furnace; the iron seemed if any
thing to be rather better in quality, a little more grey and some
what increased in quantity. The plan was that of Mr. Darby,
of Brymbo in North Wales, where it had been at work success
fully for two years past; it consisted of a plain upright tube
inserted into the centre of the open mouth of the furnace, and
then carried over down the outside of the furnace, where the gas
was burned under the steam boilers, the flues of which were con
nected with a sufficiently tall chimney to produce a draught for
drawing down the gas. The large area between the tube of 5 feet
diameter and the mouth of the furnace of 10 feet diameter was
left open, so that there was no pressure on the furnace, which
worked in that respect exactly like an open-topped furnace. The
tube was inserted about 5 feet deep into the materials at the top
of the furnace, and by this means they got four boilers heated by
gas without any cost for fuel. He thought this plan of leaving a
large portion of the furnace top open was the only practicable
way of taking off the waste gases in the South Staffordshire
district, where it was of the first importance that grey iron
should be made, and considered it was a great improvement on
the close-topped system: for the open top of the furnace allowed
the extra quantity of gas to escape direct into the atmosphere;
but with a closed top the top of the furnace was choked,
and the accumulation of gas was liable to produce a back pres
sure on the furnace, which they had found by experience was
very injurious.
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Mr. E. A. Cowpbr had seen the furnace at the Ormesby
Works, and thought the arrangement there employed for filling
produced a good distribution of the materials. The plan of clos
ing the furnace top by a cast-iron cone or bell inside the furnace,
fitting up against a cast-iron ring or seat, was a good arrange
ment when properly carried out as at Ebbw Yale; though in
some cases, where the cone had not been properly proportioned
to the size of the furnace, an unequal distribution of the mate
rials took place, the smaller pieces lying in a heap in the centre,
while the larger ones rolled down to the sides of the furnace,
causing a stronger draught up the sides than at the centre;
and iu large-topped furnaces where the charging cone was of
small size, the sides thus became much hotter than the middle of
the furnace. But in the arrangement shown in the illustrations
this difficulty was got over by making the charging opening not
less than half the diameter of the top of the furnace, the effect of
which was that the larger pieces now rolled towards the centre
as well as the sides, so that there was as strong a draught up the
centre as at the sides, and the heat was rendered more uniform.
He believed that the regular working of a furnace depended quite
as much upon the materials being nearly of a uniform small size
as on anything else, and that sufficient attention was not gene
rally given to this point. The simple fact of closing the top of a
furnace or leaving it open could not he thought cause any appre
ciable difference in the working of the furnace; for the ordinary
pressure of the atmosphere on an open-topped furnace varied far
more than the increase of pressure caused by closing the top and
drawing off the gas by the draught of a chimney, as this was
shown to amount to only 4-inch column of water, or only j^j-inch
rise of the barometer. If a closed top were inadmissible for a
furnace from some other cause, then such a plan as Mr. Darby's
might be adopted for taking off a portion of the gas; but a high
chimney would be necessary to draw the gas off through the
tube, and care must be taken to keep the mouth of the tube
always covered up for some depth by the material in the furnace,
to prevent the risk of drawing in atmospheric air; the tube
would he thought be troublesome to keep in repair tra accouut of
the great heat to which it was exposed, and with its end buried
5 feet deep in the material would not last many weeks.
Mr. A. B. Cochrane was glad to hear of an instance of the
waste gases being taken off successfully in the South Stafford
shire district, as their use would effect an important saving of
fuel for the steam-boilers and hot-blast ovens, if it could be.
satisfactorily carried out; for though at present there was an
abundance of cheap small coal, it had been pointed out that the
time was drawing near when the thick coal would be exhausted
in the parts now worked, and it was therefore as necessary to
economise the consumption iu that district as in the North of
England. He hoped the plan that had been referred to would
be described more fully, with the results obtained as to cost
and economy of fuel, that it might be satisfactorily determined
whether such a method was applicable without injury to the
quality of iron made.
Mr. E A. Cowper, in reply to a question, said that the gases
could be carried a great distance, several hundred yards even,
before being burnt, as the slight pressure in the top of the fur
nace was quite sufficient. When taken off from a close-topped
furnace, they came off at the comparatively low temperature of
401T1, and would lose only 50° to 100° within moderate distances.
Mr. Sampson Lloyd had tried the plan of taking off the gases
by a closed top and charging cone several years ago at the Old
Park furnaces, on the method adopted in South Wales that had
been mentioned, but it was finally abandoned, as the furnace
could not be got to work satisfactorily; and they were about
to take down the pipes used for conveying away the gases, when
he heard of the plan employed at the Brynibo Works, which
seemed fully to meet the difficulty of avoiding any interference
with the working of the furnace, and an apparatus of that kind
was accordingly put up. They had several difficulties to en
counter in the first attempts at getting the plan to work; and
the end of the tube was melted off in consequence of reaching too
far down into the hot part of the furnace. But all objections
seemed now to have been got over, and they had had the plan at
work nearly a month with most satisfactory results: the furnace
worked better, and brought down the iron more quickly; it only
required a little management when standing, to prevent the por
tion of the tube in the furnace getting injured.
Mr. C. Mareham observed that there must still be a great
waste of gas escaping throngh the open space round the centre
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tube, when the top of the furnace was not entirely closed. Even
in close-topped furnaces fitted with a cone a considerable leakage
of gas took place round the joint of the cone, and when the fur
nace was being charged; and in the arrangement shown in the
drawing he thought the leakage at the joint would be much in
creased by the large diameter of the top valve.
Mr. E. A. Cowper said the valve had a very good joint, as it
was made with a cast-iron rim at the bottom, having a spherical
bearing surface, so as to drop always fairly into its seat like a
ball-valve, and the seat was a strong cast-iron ring, to insure
keeping its shape; the valve closed remarkably tight when
lowered into its seat, scarcely a trace of leakage being percep
tible at the joint.
Mr. T. Snowdon thought in working with close-topped fur
naces for taking off the gases, a great deal depended on having a
sufficient height of chimney to insure drawing off the gas with
regularity; if the chimney were only as high as the furnace, the
two columns of gas would balance each other and there would be
no power of draught. The draught required however seemed to
vary much in different furnaces; for in the Clay Lane furnaces
at Eaton near Middlesborough, the chimney was only a few feet
above the top of the furnace, but produced quite draught enough,
while he had seen other furnaces with higher chimneys that
were not working well. At his own furnaces at Middlesborough
he would have preferred placing the boilers and hot^blast stoves
at the top of the furnace if it could have been done, in order to
take the gases direct to them; but this was not practicable, and
the gases were therefore drawn down from the top of the fur
nace by a chimney 120 feet high and 8 feet square, having
64 square feet area of draught The temperature and nature of
the gases taken off depended greatly on the burden of the furnace,
according to the quality of ironstone that was being worked;
with a heavy charge of limestone the gas would not burn without
great difficulty owing to the carbonic acid gas mixed with it; and
he had noticed that when the gases were best for burning, the
temperature was so low in the top of the furnace that the mate
rials were quite damp, and a long rod thrust in was drawn out
covered with moisture. The gases ought never to be taken off
hot through the tubes, if it could be avoided; and at Valenciennes
in France, some of the best working furnaces he had seen were
quite cool at the top, the gases being entirely taken off and
the tops closed. He was so confident of the practicability of
using the waste gases, that no provision had been made for
a fire in the hot-blast stoves at his own works, intending to
use gas entirely for heating them; but they had to put in a fire
at first on starting the furnaces, though it was now used very
little, and mainly at the time of starting. Some of the boilers
were working without any coal fire, being heated entirely by
gas; and the total quantity of coal used both for boilers and hotblast stoves was less than 14; cwt. per ton of iron made: the coal
was a mixture of small coal and slack, costing only 4*. per ton.
The use of gas saved the attendance of men for firing under the
boilers and stoves.
Mr. C. Cochrane inquired what amount of irregularity had
been experienced in the working of the close-topped furnaces.
At the Ormesby Works he had found that for making the same
quality of iron only 7 per cent, more coke was required during
six months with the close-topped furnace than had previously
been consumed iu the same furnace before the gas apparatus was
employed.
But under the best circumstances irregularities
would occur, arising sometimes from the level of the materials
in the furnace being allowed to go down a few feet, from want
of attention in charging, so that the materials did not get so
thoroughly prepared before sinking to the point of reduction
in the furnace; and there was more liability of this occurring in
close-topped furnaces than in open ones, from the difficulty of
seeing in to observe the level. He had found that his furnaces
would sometimes turn round suddenly to white iron for a short
time, and then return to grey iron; this was not of much conse
quence in the North of England, where white or mottled iron
could easily be disposed of, but that was not the case in South
Staffordshire.
Mr. T. Snowdon replied that change of weather and difference
in the ironstone were the chief causes of fluctuation in the
quality of iron and yield of the furnace; but he could not say
that any material irregularity had resulted from taking off the
gases. The iron produced from the close topped-furnaces appeared
rather superior in quality, darker, and with larger crystals; and
he had never found the furnace drop off from grey iron to mottled

18

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

[Jan. 1, 1881

or ■white. In close-topped furnaces the materials at the top were twisted columns at the western end of the Confessor's tomb. It
not exposed to differences of dry or wet weather as in open- appears that they supported statues, and, if we may believe the
topped furnaces; his own furnaces had the top closed by a
MS., coloured or enamelled statues of the king and St John.
cylinder and charging cone, like that at Ebbw Vale, and were
I must now take you to the print-room of the British Museum
charged with a whole waggon-load of 36 cwt. at once, tipped
to examine the drawings of two of the greatest artists the world
direct into the furnace, so that there was no irregularity in . has ever produced, for we shall here find drawings made by the
filling, and a saving of labour compared with charging by hands of both Albert Durer and Michael Angelo, both great in
barrows.
all the three arts, as I hope some day may be the case again with
Mr. D. Adamsoit observed that if there were much variation our professions. This day indeed will not come in our lives,
in the temperature of the gases coming off from the furnace it but still we must do our beat to help on the good time; and
would affect the draught produced by the chimney, and so might instead of fame, take the consciousness of having done our duty
influence the working of the furnace: for when the furnace was as the reward of our exertions. First of Albert Durer, for he
so cool at the top as to be damp, the chimney would cause an closes one great period of art. In the print-room is a very large
increased draught and augment the current through the furnace; square folio volume, nearly filled with drawings by this master—
while a high temperature of the gases in the top of the furnace at all events they are attributed to him, although I have always
would partly counterbalance the heated column in the chimney,
had my doubts how Albert Durer, although aided by great
and the draught would be diminished. Care should be taken to industry and a scolding wife, could have got through even onehave the fire-grates, under the boilers and stoves closed air-tight, half of the work attributed to him. His drawings are done in
to prevent any air entering to impair the draught; and also to moderately thick lines, either with black or dark brown ink, and
have a sufficiently high chimney to avoid any pressure of gas betray most certain traces of compass points, ruling pens, and
in the closed top of the furnace. If the chimney were large bow pens. The first drawing I shall notice is the plan, looking
enough he could not see any reason why closing the top and down from above, of a most complicated fountain or pinnacle.
taking off the gases should interfere with the proper working of There are pinnacles and pediments of an S-shaped plan, and
the furnace; and thought there would even be an advantage in a indeed it resembles the almost impossible architecture that Israel
close-topped furnace, by the pressure being relieved below that Van Meekin designed on paper, and Adam Kraft executed in
of the atmosphere, insuring a more active condition in the fur
stone. There are a great many compass holes in this drawing, as
nace under all circumstances.
if it had been pricked off. It is most carefully done, and the
sections of the mouldings have the beads turned in with the bow
pen; the lines of operation, such as the centre lines, are merely
scratched on the paper, as it does not appear that they had
ON AECHITECTURAL DRAWING*
means of erasing the lead lines: we shall see John Thorpe
doing the same thing. Another drawing represents a tomb
By W. Burges.
evidently Italian, beneath a vault supported upon four pillars;
Before leaving the MSS. room of the British Museum I must
notice one or two other drawings there deposited. The first is a the drawing is done in black, and elaborately shaded with
design in perspective of a large and complicated tent: the plan the same colour mixed with white; the lines are ruled.
There are likewise designs for sundry pieces of jewellery; these
may be described as like that of Canterbury and other cathedrals,
viz., a cross with two transverses. The drawing is made in are outlined in black or dark brown and then very slightly
coloured with light washes of colour, the raised parts being left
black lines, is tinted up with brown, and the ornaments touched
white. One design would appear to represent a large vase or
up with yellow. The book known as Aug. iii., Cotton, presents
fountain of the most elaborate description; from it the various
us with several other tents, and a Renaissance fountain, the
figures pour out streams of liquid, which, as it is coloured red in
latter also in perspective, and tinted up with black or grey: it is
likewise valuable to the artist as presenting him with several one case, I, suspect to represent wine. There are two hands a
very large coloured figures of the costume of the time of little below the middle, which hold out cups, similar to those
attached to the drinking fountains of the present day, to receive
Henry VIII.
The third drawing is a design for the tomb of Henry VI., the noble juice. Indeed this design would make a most charm
which Henry VI [., who revered him as a saint, had it appears ing drinking fountain if executed in copper aud enamelled, or
intentions of erecting at Windsor; the execution however does indeed even in stone, painted; and I should be very much in
clined to recommend it to the notice of the Drinking Fountain
not appear to have come off. The design is in bad perspective
as usual, but drawn very carefully, probably with a ruling pen; Association, whose designs certainly, to say the least, afford some
the arches and angles also appear to have been done with a bow margin for improvement. But to return to Albert Durer: three
pen. The ink is a sort of dark sepia, it is also shaded very or four leaves of the book are occupied with a coloured design
neatly and carefully with the same: there axe no figures shown for a baluster column covered with arabesques; the drawing is
in the niches, and the line of impenetration is distinctly shown; most vigorous, aud the colouring leaves nothing to be desired.
whereas in some of the German drawings, if we may believe the The other drawings are more remarkable as curiosities than as
engravings, the mouldings are simply drawn in similiar cases as having relation to architecture. Thus, there is the figure drawn
from the model which he afterwards used in his beautiful plate
ending in nothing.
The Society of Antiquaries have published also in the ' Vetusta of Fortune. The original figure is covered with squares, drawn
Mouumenta' the drawings representing the funeral of Abbot with sharp points, evidently for reducing or enlarging it. At
Ialip. This very curious roll of vellum, which is now preserved page 143 is a bird remarkably like the dodo; and further on a fullin Heralds' College, is of great value both to the antiquary and sized elevation and plan of a shoe of the period, a most valuable
to the architect, inasmuch as it presents us with sundry views of drawing for the writer on costume. Durer, in fact, appears to
the interior of Westminster Abbey before the Reformation: the have had all the conveniences and appliances of modern times as
lines are thin, and the execution delicate. From it we learn regards his architectural drawing, but it is evident that his bow
what statues adorned the altar-screen, and what statues were pen was none of the best, as his circles are the least neat parts of
placed above it. The dosel, exactly the most curious part, is the drawings.
Now for Michael Angelo. The British Museum is not very
represented as being covered up, but the brackets on the pedi
ment of the wonderful tomb of Aymer de Valence are shown to rich in the architectural drawings of this master, yet is will
have supported angels. Again, the blank wall-space in the probably be better to go through them, as they are more ac
chapel over Islip's Chantry, where now the wax-work is deposited, cessible to the student than those in other collections would be.
had a large picture of the Last Judgment, &c; and another part They are for the most part sketched in with common ink (which
of the roll presents us with the screens, now destroyed, which has now turned brown) with a common pen, and drawn right off
divided the chapels of the north transept from one another. by hand, the circles being put in anyhow. Some of them pro
bably have been first of all scratched in with charcoal, but we
Nothing can be much better than the drawing, both of the archi
tecture and of the figures, in this roll. I may mention, as another have no traces of it; one of them however has evidently been
proof of the value of documentary evidence relating to the same inked in upon something resembling chalk, or very black soft
building, that the manuscript Life of St. Edward, written in the pencil. The drawings, even the details, are exceedingly rough,
thirteenth century, shows us what figures were placed on the and if ever worked from must have been drawn out on a board
by a pupil, and afterwards corrected by the master. They
consist of all sorts of subjects,—windows, capitals, entablatures,
* Concluded from pnge 876, vol. xiiii.
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Ac.—but none of any great interest The Muse'e Wicar, at Lille,
1b the place one must go to who wishes to see what the architec
tural drawings of Michael Angelo are really like. It appears that
Wicar got hold of a sketch-book of Michael Angelo's, very
similar in fact, to that of Villars de Honnecourt, and it is this
book, cut up, and glazed and framed, which constitutes one of the
riches of the Lille museum. The book contains architectural
studies of the contemporary edifices—of those of Bramante and
Brunelleschi; studies from classic buildings; and his own compo
sitions, including the facade of St. Laurence, and the plan of the
vestibule of the Laurentian Library; and lastly, directions for
casting artillery. It is curious to compare this latter with the
Trebuchet of Villars, so excellently described and elucidated by
Prof. Willis. I find the following notes in my copy of the Wicar
collection:—These drawings are executed in brown ink, with the
help of a common straight-edge; there are no cross-hatchings,
and where the plans are tinted they are done so in a very care
less manner. Very often no straight-edge is used, and the lines
are drawn in by hand ; lines are often drawn with a blunt point
on the paper. The same institution also contains the vellum
sketch or pattern book of Francia. As many of these compo
sitions are very small, f-inch by 1 inch, and others have the
appearance of having been done for Nielli, it is not improbable
to suppose that they were intended to serve him in his profession
of goldsmith. One page contains ten Madonnas, each less than
the other, the largest 1 inch square, and least |-inch by J-incb.
There are also on the same page twenty-four portraits, eight of
whom are Turks, besides several other subjects, such as childrens'
games, &c.
This museum also contains a copy of the drawing attributed to
Van Eyk, of which duplicates are to be found, if I remember
rightly, both at Bruges, Cologne, and I almost think Antwerp.
It represents a female seated in front of a tower, holding a palm
branch and book, the tower is octagonal or hexagonal, and in
process of being built; it is drawn on paper, and entirely by the
pen, except in some of the dark parts, where a little colour is
dragged on to assist the lines; there is no cross-hatching, and
occasionally small dots are used to continue the lines. It is
covered with squares, and I suspect it to be a copy.
We must now return to England. By the kindness of Mr. S.
Smirke I have been enabled to examine the drawings by Thorpe,
preserved in the Sonne Museum. As several of these drawings
are already known by the fac-similes published by Mr. Richard
son in his series of Elizabethan architecture, it will not be neces
sary to enter into the subjects represented. Thorpe appears to
have had all the advantages which we have in the present day,
except that he could not rub out his pencil or leaden point; thus
the centre lines are done with a blunt point. His plans are very
seldom etched, although there are one or two that are so treated,
among them a very curious plan of Henry VII.'s chapel, showing
all the screens as perfect, as well as the site of Edward VI.'s
tomb in front of that of Henry VII., which tomb was put up by
one of his sisters and destroyed by the other. It is curious that
I did not observe any cast shadows in the tinted elevations of
Thorpe, or indeed of any of those which I have been noticing.
There are cast shadows, but they are worked up to a sharp edge.
It was reserved to the moderns to make our drawings at once
ugly and scientific. With Thorpe we take leave of the middle
ages.
I here propose to close this small notice, merely calling
attention to the very valuable and clever volume of drawings
belonging to our library, and which oontains a large number of
sketches washed in bistre and indian-ink, apparently designs for
scenes. Although belonging to the most Rooooo period, yet they
display a power of invention and design that would do honour
to any age, and we can only regret that such good men should
have fallen on evil times. We also possess a little sketch of Sir
C. Wren's, done, like those of Michael Angelo, with the free
hand with common pen and ink. At the end of the last century
and at the beginning of the present, the fashion was to make
drawings in fine lines tinted with indian-ink. At the revival of
Mediaeval art a favourite way of sketching was to outline in
pencil and tint up with indian-ink or sepia. Most of Mr. Blore's
drawings are done in this manner, and are so surprisingly and
minutely finished, that they give the idea of very clear photo
graphs. But before this the custom of offices was to make the
drawings simply in thin lines, and then to back-line them, a
practice destructive of all breadth of effect, and absolutely per
plexing to the eye. The elder Pugin's works are specimens of
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this style, which, I am happy to say, "is nearly obsolete. The
younger Pugin brought the first change to the system in his
plates, where he, on the contrary, made things look too well by
his marvellous etchings. Indeed, there is a fizziness and an
action in all his plates which you look in vain for in the real
thing. The present system of etching up a drawing is an off
shoot from this style, and is, I am afraid, open to very nearly the
same objection. We have to thank competition committees for
its use, who, forbidding the employment of colour, have obtained
a much more seductive style of perspective; for I think I would
any day back a good etehed drawing against a coloured one.
But after all, the success of a design in stone and mortar must
depend upon the working drawings (for nobody sets out work or
chisels stone from perspectives), and it is in those that I hope
to see strong, thick, bold lines employed, so that we may get
into the habit of leaving out those prettinesses which only cost
money and spoil our designs. But after all, no amount of archi
tectural drawing would make a man an artist or an architect—
for they are one and the same thing—unless he makes a com
plete mastery of the human figure; and I would earnestly suggest
whether this Institute could not aid the attainment of this end,
by having evenings when a model should sit and a good artist be
engaged to correct the drawings. When the profession generally
begin to draw the figure, and make bold architectural drawings,
and generally to think for themselves, instead of going to past ages
and precedents, we may then hope to have an Architecture.

Prof. Donaldson, in the course of some observations on the
lecture, said it was a curious circumstance mentioned by Mr.
Burges that Harold sent abroad for workmen, but it was known
that during the pre-Norman style in England, English work
men were engaged. With respect to the collection of draw
ings at Lille referred to by Mr. Burges, he (Prof. Donaldson)
had in 1853 drawn the attention of the Institute to those draw
ings, and he thought they were the production, not of Michael
Angelo, but of Vasari. Of course that was a subject open to
discussion, but from all the examinations he had made he was
led to the belief that the drawings in question were not by
Michael Angelo. In Italy a great many drawings of architects
were preserved in museums. It was the usual practice for
masters of the art, after the thirteenth or fourteenth century, to
make one class of drawings in perspective, and another in geo
metrical proportion, and those drawings were generally executed
in lines of sepia, with shading, more or less. The collection of
drawings of the Duke of Devonshire at Chiswick was a very
valuable one.
Mr. Diobt Wtatt regretted that Mr. Burges had not referred
to the drawings of Holbein. The practice of drawing in thin
line may have originated with the Anglo Saxon illuminists, who
had nil lined in a very thin style. In his opinion Leonardo da
Vinci had a most beautiful style of sketching, and he thought
also that they might well have congratulated themselves a little
on the remarkable powers of the pencil possessed by some
English architects, such as Inigo Jones, who drew with extreme
skill, and with a fine bold line; Reynolds was a careful but not
so artistic a drawer; and the brothers Adam had great power
as draughtsmen. After referring to other artists whose drawings
were very excellent, the speaker said, if they of the present day
went on with purity and dexterity in drawing, they would
inaugurate an epoch of rare prosperity for the fine arts, and he
thought that this country was rapidly approaching to that.
Mr. Seddon thought the real source of the thin-line drawing
whioh they deplored wus the invention of india-rubber. The
objeot of drawing certainly was to explain a man's thought, and
not to hide it, which seemed to be the only object of etching,
which made a pretty drawing but did not explain the design,
whioh the style of Villars de Honnecourt certainly did.
Mr. Street said, it appeared to him that everyone who was
worthy of being called an artist drew his own way, and ought to
get on in his own style, and express himself in the most conve
nient way. They should so make drawings that they should
be readily understood by workmen. Some much-abused archi
tects had certainly shown them the way to go, and how to avoid
the faults they themselves had committed.
Mr. Penrose fully saw the advantage of every architect
drawing and expressing himself in his own way; but still it was
very desirable that the best schools of drawing should be pointed
out to the student. Mr. Burges pointed out Michael Angelo as
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one of the best authorities, if not the best, in a particular style.
Now, he believed that the best collection of that artisfs sketches
was at Oxford, and in looking over them six or seven years
ago, he did so with the greatest pleasure and satisfaction. The
drawings at Bologna were of an exceedingly interesting cha
racter. Those of Palladio were drawings in a thoroughly
straightforward, practical style, with moderately thick lines.
Palladio unfortunately was no sculptor; he could not draw the
figure. Had he been able to do so, he would have been all that
his most enthusiastic admirers claimed for him. He thought
their fears were over-excited in reference to pencil lines, and the
necessity for giving up the india-rubber was becoming unneces
sary, because for the last dozen years he had not seen a pencil
mark that would rub out. It occurred to him that any person
accustomed to draw out-of-doors, from real buildings, would
necessarily follow the natural style, because he would endeavour
to represent the building before him.
Mr. Kerr thought there was a distinguishing style of drawing,
just as there were distinguishing styles of architecture. There
was, he was of opinion, in the present day, the Classic style of
drawing and the Gothic style of drawing. In quasi Classical
forms in the last century the style of drawing of this country
was decidedly of a Classical character—the lines were fine and
the shadows indicated in a certain manner,—whereas now that
the style of design had changed into the romantic and pictu
resque style of architecture, the tendency was to the romantic
and picturesque style of drawing. The style of drawing was
part and parcel of the mind of the man, and which he followed
by the evident necessity of his mind.
Mr. White protested against the notion that either picturesqueness was solely applicable to the Gothic school, or that
picturesqueness was the sole or the great element of the Gothio
school. Again, he protested against the notion that grace,
beauty, and refinement, were to be found solely in Classic archi
tecture, or that they were solely the elements of that school.
He believed that they were common to both; that it was much
more a question of southern and northern architecture than Gothic
or Classic; and that the thickness of line depended much more
on the amount of finish intended to be given to the drawing
than to the representation of any style of an architect. He
had found the thickness of line depend very much on the sharp
ness or bluntness of the pencil.
Mr. Ferret thought the proper plan was to draw the forms
in a pure, clear manner. He would not discuss the question
whether the drawing should have a line the sixty-fourth part
of an inch or the eighth part of an inch, but it should be the
clear expression of the form intended to be executed.
He
thought that Mr. Street was right in saying that every architect
should throw into his drawings the expression he wished to
make as an artist.
Mr. G. Godwin said he thought the paper an excellent one.
The lecturer said that to deceive a client was allowable in an
architect, and at one time it was so; but he believed that a higher
feeling prevailed now, and that an architect would think it a
disgrace to himself if he deceived his client He could not agree
with the condemnation of all crockets and fizzings, for that
would lead to a very bald style of architecture.
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ON THE TREATMENT OF STEAM FOR THE
DEVELOPMENT OF POWER*
By J. G. Lawrie.
Engineers have within a recent period made considerable
progress in acquiring a knowledge of the principles of steam.
They have become acquainted with Joule's Law, which enables
them to comprehend elements of the action of steam formerly
obscure. They now know that the power which can be obtained
from steam is measured by the heat it contains, and that the
heat necessary to raise the temperature of a pound of steam one
degree is as exactly defined by, and as exactly equal to, a known
amount of power, as 1 ton is equal to 20 cwt. By means of this
knowledge the investigation of the amount of power derived from
a quantity of steam used by any steam-engine, is reduced to an
investigation of the amount of heat contained in the steam when
it enters the engine, of the amount of heat contained in the

steam when it leaves the engine, and of the conversion of the
difference.
Proceeding in this way the action of expansive steam-engines
has been elaborately considered by scientific men; but in all the
investigations with which I am acquainted, the engines con
sidered have been what mathematicians would call pure or im
material engines. No account has been taken in these investiga
tions of the effect in the action of the engine due to the substance
of which the engine, and more particularly of which the steamcylinder, is composed. The results arrived at are therefore those
that would be true if the parts of the engine were absolutely
impervious to heat; and they afford important and conclusive
information regarding the operation of steam on that supposition.
But, in the practice of engineers, the effect derived from steamengines is the result due to a complicated action arising from the
radiation of heat, the conduction of heat, the transference of
heat, by means of the substance of the steam-cylinder, &c, from
one part of the stroke to another, and also very materially the
result obtained is affected by the action of the valves. In this
complication care is necessary to discriminate between the dif
ferent causes, so as to arrive at proper conclusions regarding the
effects.
In illustration of this, the opinion entertained by some engi
neers that the use of expansion in unjacketed cylinders is pro
ductive of no advantage, and by other engineers of loss, is, the
writer believes, unwarranted by the present state of our know
ledge on the subject; and he also believes that the opinion of the
use of the jacket being productive of some recondite and unin
telligible advantage, is equally without solid foundation. To
obtain the same amount of power from an expansive engine that
is obtained from one in which expansion is not used, the cylin
der requires to be made of increased size, which occasions loss
no doubt from increased radiation and increased conduction,
whether the cylinder be jacketed or not, but not to an extent of
any moment in the consideration of this question.
In estimating the power derived from a quantity of steam, it
is necessary, as has already been mentioned, to consider the
quantity of heat which the steam carries into the cylinder, and
also the quantity which it carries from the cylinder. In the
proportion that the latter of these quantities is less than the
former, the duty or performance of the steam is increased. In
an engine working without expansion, that is with full steam
throughout the stroke, a certain smaller quantity of heat leaves
the cylinder than entered it, the difference having been trans
formed into power; and in an expansive engine in which the
steam is admitted during pnly a part of the stroke, the duty or
performance of the steam cannot be less than in the former
engine, unless the steam carries from the cylinder more heat in
the expansive engine than in the engine in which the steam is
not expanded. Some engineers entertain an opinion very un
favourable to the use of expansion in an unjacketed cylinder;
and of these Mr. Humphrys, of London, states broadly his
opinion that the use of expansion in an unjacketed cylinder
is always productive of loss, and that the amount of loss is
proportioned to the amount of expansion used, the loss begin
ning with the smallest amount of expansion, and increasing
as the expansion is increased, to an extent so great that,
when the expansion is considerable, three times the quantity
of coal and steam is necessary to produce the same effect that is
required when expansion is not used.
The writer has mentioned that, in an engine in which steam is
admitted of full pressure throughout the stroke, the quantity of
heat which leaves the cylinder at the termination of the stroke is
less than the quantity which entered the cylinder at the com
mencement; and, if the opinion of Mr. Humphrys be correct, it
follows as a consequence that in the expansive engines upon
which he rests his opinion the difference lietween the amount of
heat which entered and left the cylinder when the engine worked
expansively, must have been only one-third of the difference
between the heat which entered and left the cylinder when the
engine worked without expansion. Thus, in an engine in which
the steam is admitted throughout the stroke, if the quantity of
heat which enters the cylinder be represented by unity, or *|,
the quantity which leaves the cylinder and is lost, is *-|,* leaving
the difference -^ as the quantity utilised. Therefore in the
engine upon which Mr. Humphrys experimented, the quantity
of heat, if his views be correct, which leaves the cylinder and is

* Bead at the Iuatitution of Engineers in Scotland.

* See note at end of paper.
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lost is -J±, leaving the difference Jy as the quantity utilised
when the expansion is considerable. The duty of the coal, or
heat, or steam, in the two engines is very different, being in the
one engine ^,, and in the other -Jr ; yet the difference in the two
engines in the heat which is lost proportionally to the whole
heat is very inconsiderable, being in the one $|, and in the other
-J*. These figures bring out prominently the necessity for high
perfection in the construction of engines, and the facility with
which a slip may be made from a result that is good to one that
is bad.
There are several ways in which the good result,
namely, the one in which the loss of heat is only *•§, may be
diverged from; but on comparison of the two engines, the ex
pansive and nou-expansive, it is exceedingly difficult to see how
the effect stated by Mr. Humphrys can take place in a manner
due only to expansion or non-expansion.
It has been alleged that in an unjacketed cylinder the heating
and cooling of the cylinder at the beginning and termination of
the stroke accounts for a loss of advantage in the use of expan
sion, but it does not at all account for it as identically the same
operation: the same addition of heat to the steam during the
progress of the stroke takes place in a jacketed cylinder. Except
in the loss arising from the radiation and conduction due to the
increased surfaces, the writer knows of no explanation which
satisfactorily accounts for the results found in the experiments
of Mr. Humphrys, and the loss arising from these causes cannot,
under usual circumstances, be of an amount to afford the expla
nation.
In other experiments on this subject,—in those for example on
which a distinguished member of this Institution rests his un
favourable opinion of the use of expansion in an unjacketed
cylinder,—not a loss, as with Mr. Humphrys, but a result giving
no advantage, as the writer understands, was obtained. The
result obtained however in the instances to which the writer
now refers, is capable of an easier and more satisfactory expla
nation. When expansion is used it is necessary that the steam
be freely admitted to the cylinder during admission, that it be
sharply cut off, and that it be retained in the cylinder hermeti
cally till the period for its emission. These conditions, the writer
believes, were not fulfilled in the experiments to which he alludes.
In the steamer Islesman, for example, an account of which has
already appeared in the Transactions of this Institution, the
mode of effecting the expansion is, in the writer's opinion, of a
defective character. In the account of that vessel it is stated
that in a stroke of 36 inches, when the steam is admitted during
4 inches, the exhaust is opened at 26 inches, and the com
pression begins at 20 inches. In the gear by which the valves
of this machinery are actuated, the amount of expansion is
increased by reducing the travel of tiie valves, which has the
effect of checking the free admission of the steam, of unduly
increasing the compression, and of opening the exhaust at a
period of the stroke when it should be closed. All of these
effects are disadvantageous to the development of the power of
the steam.
In the same way with those engines in which the expansion
valve is placed in the steam-pipe, or on a stationary plate of the
valve casing, the expansion is effected in an unsatisfactory manner,
and there is no doubt that in all of these cases the result, whatever
it may be, is less advantageous than it would be with an efficient
mode of effecting the expansion.
It may be said however that the diagrams obtained are satis
factory when these modes of shutting oil the steam are employed,
and no doubt they often are, as in the diagrams of the Islesman, which were exhibited in this room. Now however that
the pressure and power of engines is measured with so much
minuteness, the indicator is far from being an instrument suf
ficiently delicate for the purpose, and the diagrams of the Islesman appear to establish this fact. Even with the greatest care
the indicator in a tapering diagram is not to be depended on for
accuracy, and, with the slightest inattention, the indications are
very far from the truth. In the diagram, represented by a, c,
b, D, the indicator probably represents, with tolerable accuracy,
the pressure in the cylinder, because the changes of pressure
from b to a, and from c to n, are large in amount and sudden;
but in the tapering diagram represented by the line a, e, f, (», D,
the changes of pressure being gradual, and in fact imperceptible,
the pencil will necessarily fall behind the changes of pressure in
the cylinder by an amount depending on the circumstances of
the case, but by an amount which, in all cases, is of considerable
importance, and in many of large amount In the Islesman, for

21

example, the steam is released at 10 inches from the termination
of the stroke; yet the diagrams did not assume the shape repre
sented by the line e, f, h, d, which they ought to have done; nor
is the shape of that character in auy diagrams the writer has
seen, although in all it ought to be more or less, as in all engines

the steam is released before the termination of the stroke; and
this proves either—ror rather proves both—that the diagram is
incorrect, and that the steam requires a considerable time to
escape even into a vacuum. But if a time so considerable is
necessary for the steam to escape even into a vacuum, the multi
farious plans of effecting expansion by means of valves in the
steam-pipe, and valves placed over numerous small apertures
through plates in the valve-casing, must be radically injurious,
as they entail small tortuous passages, through which the steam
cannot possibly travel with the freedom desirable.
The writer has already explained that, in his opinion, the
reason why in certain cases no advantage has been derived from
the use of expansion in unjacketed cylinders, does not exist in
the heating and cooling of the steam cylinder, and that jacketed
cylinders do not possess iu that respect any material advantage;
yet in other respects jacketed cylinders possess advantages which
are exceedingly important In steam which has not been sub
jected to any superheating process, a considerable quantity of
water is carried in mechanical suspension, and when the steam
is used to work a steam-engine with an unjacketed cylinder, a
further quantity of water is produced by the condensation of
the steam in the development of power. But, in an expansive
engine with a jacketed cylinder, the temperature of the steam in
the cylinder being lowered during expansion below that of the
steam in the jacket, the latter becomes a means of superheating
the steam within the cylinder, and so converts the water in
mechanical suspension, as well as that due to the development of
power, into steam, and effects in that way an important economy
of fuel, provided the heat contained in the condensed water of
the jacket be returned to the boiler. This appears to the writer
to be the chief advantage of the steam jacket; and for the reason
that he does not see a loss due to the heating and cooling of an
unjacketed cylinder, neither does he see any very considerable
advantage in a jacketed cylinder when the steam is superheated
to an extent to prevent condensation during the development of
power. Until, however, this superheating can be effected in a
safe and mechanically simple way, the economy attainable with
a jacket is unattainable without it
Note on expansive engines.—The figures referred to by the
writer are obtained as follows :—1 lb. of coal evaporates 7j lb.
of water, and therefore the water receives 1150 X 7£ of heat =
8625". One horse-power per hour = 33,000 lb. X 60; 1 foot high
= 1,980,000 lb. = 2538° of a pound of water at the rate of 780
foot-pounds for 1 degree. Therefore, the horse-power due to 1 lb.
8625
of coal =
= 3-4-horse power. But, 4| lb. of coal are re2538
quired per horse-power in a good nou-expansive engine, and
therefore only ^2— = , J.9 1 or, in even numbers, 2 = I
34 X 45
153'
42
of the heat received by the water is utilised, the remainder —
43
being lost In the s.s. Thetis, at 1$ lb. per horse-power, the heat
a
•«;
utilised is —, and the remainder — is lost In the engines by
45
45
Randolph , Elder, and Co., at 2 lb. per horse-power, the heat
.... , . 675
. ..
. ,
3825 .
utdised is — , and the remainder, —r- , is lost.
45
40
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CHURCH AND CONVENTUAL ARRANGEMENTS*
By the Rev. Mackenzie E. C. Walcott, MA.
The "Upper Chamber" of Jerusalem was an ordinary dwel
ling-room, built, like many of the Norman houses, over storechambers. The first mention of a church occurs in St. Paul's
Epistles, the next is of the early part of the third century. The
word Kvpiaicov, or church, occurs first in the writings of the suc
ceeding century.1
The form adopted was that of an oblong,
allegorical of a ship, a symbolism preserved in the name of nave
(navis), as the spiritual church was described as "the Ark of
Christ;" and the triple arrangement of the lower arcade, trifoi-ium, and clerestory, bear au analogy to the first, second, and
third stories of the Ark. In the 'Apostolical Constitutions of
the Fourth Century,' the direction is given—"Let the church
be oblong, turned towards the east, with lateral chambers
(vurroipopitt) on both sides, towards the east, as it is to resemble
a ship: let the bishop's throne be in the midst, with the pres
bytery sitting on either side, and the deacons standing by." *
The Church of SS. Vicenzo and Anastasio, at Rome, built by
Honorius I., c. 630, has its walls curved like the ribs of a ship.
However, in the poem of St. Gregory Nazianzeu, ' The Dream
of Anastasia ' (Carra. ix. Op., torn. ii. p. 79), mention is made of
" a Christian temple of four parts, with aisles in the form of a
cross." At Djemilah, in Egypt, Lenoir states that the founda
tions of a church anterior to the time of Constantine were dis
covered: it contained a square cella, inclosed by walls; a nave,
of five bays, with arcades opening on three colonnades, without
a porch, but having a door on one side.
At Thebes,3 Baalbec, Philse, Sebona, and Maharraka, men
tioned by Belzoni, the Christians effected a new internal arrange
ment of the pagan temples, a plan not uncommon, as we find in
Eusebius, c. 380,4 and in Sozomen.5 The atrium was roofed in
and subdivided, as a nave, into aisles. Eusebius,0 describing a
church or basilica at Tyre, built c. 313—322, by Paulinus, men
tions in it a semicircular apse, having sacred inclosures, and
forming a holy of holies. Stalls for the bishop and clergy
ranged behind and around a central altar, with a wooden trellised screen parting it off from the nave, which was a square
divided into three alleys; seats for the congregation; a lectern in
the centre of the nave, flanked by singers and communicants;
Bide porches, and a large vestibule; upper galleries for women;
and lastly, a square court surrounded with a trellised colonnade,
and having a fountain in the centre. It is not difficult to recog
nise here the antitype of the Jewish temple, which contained a
triple division—the inner sanctuary, preceded by au enormous
porch, and subdivided into (1) the worldly sanctuary, (2) the holy
of holies, and (3) the outer court of worshippers. From the
fourth century a corresponding and uniform division of the
Christian churches was made, and the two former appellations
frequently were re-applied. A church at Edessa' was thus
modelled, c. 202.
In the Church of the Apostles built at Byzantium by Constan
tine, the rooms of the priests were built along the sides of the
colonnade, as in the Temple of Zion, as the baptisteries were also
circular, in imitation of Solomon's sea of brass. A relic of this
international correspondence may be traced in the entrance on
the east in the old churches of Rome, St. John Lateran, St. Cecilia,
Quatuor Coronati, St Peter, St. Clemente, and originally in those
of St. Paul and St Lorenzo, an arrangement that re-appears in the
decline of Gothic art at Seville, although another assignable cause
is the original ground-plan of the basilica having an entrance on
the east. The Parthenon and Temple of Theseus were exceptions to
the rule of orientation observed by the Greeks, and according to
Hyginus and Plutarch, by the Romans. Paulinas of Nola (ep.
xxxii.. ad Severum) mentions that the church there was a similar
exception.
Sidonius Apollinaris, speaking of the church of
Lyons built by Bishop Patient, faced the east; so also did St
* Read at the Roy.il Institute of British Architects.
1 Lamprid. Tit. Sev. c. 49; Chron. of Edessa., an. ; Asseman. Rib. Orient., torn. i. p. 67;
Trnt. de Idol., c. 7; Adv. Val. c. 8; Dc Cor. MU., 8; De Pud., e. 4; Cyprian Ep., It.
33; Grog. Thaum. Ep. Can., c. 11; Greg. Nyss. in Vit. Greg. Thaum.; bionys. al. Ep.
Can., c. 2; Lactant. Inst. Div. 1. v., c. 11; De Morte Penwc, c. 12, 46; Ambros. in.
Eph., iv.; Euseb. H. E., 1. vill., c. 1, 18; Optat. de Scb. Don., lib. ii., c. 4.
' Ap. Const., I. ii., c. 67.
• Lord Lindsay, i. p. 11.
4 Hurt. Eccles., iv. 24.
■ Hi»t. Eccles., rii. 16.
« Hurt. Eccles., i. 4, 21, 48. Seo also St. Paul, Op. cd. Muratori, c. 208, in coL 912:
and Fiber's Vigilantiua, p. 177.
' Note of lliclmelij, Rose's ' Neaoder,' i. 246.
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Mary's, Antioch,9 and that of Tyre, both built by Constantine.
Walafrid Strabo says that the principle of orientation was intro
duced only after a considerable lapse of time. Tertullian (Adv.
Valeut, c 2), c 200, speaks of the church facing the east.
The Byzantine arrangement was of three kinds. 1. The circular,
as at Jerusalem, imitated in the round churches of the West.
The basilican, with apsidal termination to the transepts, as at
Bethlehem, imitated at Noyou, Soissons, and Bonn. 3. The socalled Greek cross, as at St Sophia, Constantinople, imitated at
Provence, owing to commercial relations with Greece and Con
stantinople: in the west of Aquitaine through the intermediate
step of St Mark's, Venice, owing to Venetian settlers; and on
the borders of the Rhine, owing to the support given by Charle
magne to Oriental art.
The circular form of the Holy Sepulchre built by the Empress
Helena at Jerusalem, rebuilt by Charlemagne in 813, was caused
by its erection round a tomb: octagonal churches, such as those
of Antioch and Nazianzum, like baptisteries, were built on sym
bolical designs. The church erected on the Mount of Ascension
powerfully affected the Eastern mind, and became a model for
similar buildings, the domes of which were inscribed with the
grand words of the angelic salutation to the apostles.9 The dome
was a necessary constructional development as the fittest cover
ing for a round building. Constantine built the first round
churches in the West, those of St. Constance, and SS. Peter and ,
Marcellinus, at Rome. In the interior of the latter, and of St
George, Salonica, built by him, with its seven trigonal chapels;
in those of the Holy Sepulchre; and in the eight little apses of
the Church of the Apostles, at Athens; and of St. Vitalis, at
Ravenna, built by Justinian, we observe a singular resemblance
to the chevet with its radiating chapels. An octagonal church,
internally circular, occurs at Hierapolis, of an early date. Cir
cular and polygonal churches are also frequent in Armenia. That
of Etchmiasdin is a square, with a central dome and apses to
each arm of the internally marked cross.
In the Church of the Apostles at Constantinople, Constantine
adopted the form of the Latin cross, as in the Church of St. John
Studius, and a central dome above the sanctuary;10 the nave had
timber roof. However, the necessary construction of four pillars
to carry the dome, and of vaults to the nave and transepts, led
to the abandonment of the flat ceilings and roofs of the Latins.
The circle or polygon was thus combined with the Latin cross;
and the gammada, or Greek cross, arose from the combination
of four gammas, the numeral designating the Holy Trinity.
Arculphus describes a church of this form at Sichem, in the
seventh century. The cupola in time was extravagantly de
veloped, and the aisles reduced to narrow passages in the time of
Justinian. St Sophia, consecrated a.d.557—of which the Empe
ror Justinian said, with a burst of emotion, " I have equalled
thee, O Solomon!"—forms a square with an eastern apse and a
central cupola, and the form of the cross is formed internally by
two square halls on either side of the dome; a portico ranges
along the entire front of tho building, as at St Vitalis, Ravenna.
Sometimes doors only mark the form of the cross. Cupolas
erected over each of the four arms served the same destination.
After the reign of Justinian, the Eastern churches received a
better arrangement, a central dome, a nave with aisles (there are
five in the Panagia Nicodemi at Athens), an inner porch, and
three apses to the choir, as at Mistra. In the Benedictine
Church of Daphnis, near Eleusis, probably built by the Vene
tians, the ground-plan is a Greek cross, with central and eastern
cupolas, an apsidal choir, aisles, and square lateral chambers.
The dome, at first flattened, as the builders grew bolder was
afterwards elevated, after it had received the addition of a
supporting arcade, pierced with windows. The latter were
round-headed aud sometimes arranged in triplets, and were
closed with trellises of stonework. Belfries were of late intro
duction in the East, by the Maronites in the thirteenth cen
tury,11 as the wooden clappers were long retained, and did
not appear until the Franks began to exercise ostensible influ
ence. There is one of the Pointed period at Mistra, and a
central tower occurs in Tenos. Chapels seldom occur until the
fifteenth or sixteenth centuries. After the Turkish invasion
domes fell into desuetude, and the Latin cross was adopted. The
central apse formed the sanctuary, with the altar in the chord;
•
•
io
"
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Acta, 1. ii.
Eusebius; St. Greg. Naj. Boffin. Anait., e. ii.; Procop. de -Edif. Just.
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the northern the prothesis, or place of the credence; the southern
was the sacristy or diacouicum; the choir was arrauged under
the dome, and separated from the altar by the iconostasis, a solid
screen13 with a central door, hung with curtains;13 the men sat
below, the women occupied galleries. The chancel screen, kikAiSh,
is first mentioned byTheodoret.14 Sometimes1* the men were on the
south and the women on the north side. The choir sat on either side
of the o^jSoir, or pulpit, which had a little desk attached to it for
the use of the reader. A long, narrow, wand-like colonnade (the
narthex) before the west front, imitated in the porches of St.
Mark's, Venice, of a later period, had three doors,—the central
for the clergy, the north for women, and the south for men. It
was at once a baptistery, chapter-house, vestry-room, and lychgate; and was occupied by the catechumens and penitents. It
contained a stoup1" for washing. It was sometimes provided
with an inner narthex. St. Chrysostom and St. Augustine used to
preach from the altar steps.
The cross was not set up in churches until the middle of the
fourth century, and towards its close pictures of saints and
martyrs were introduced. The earliest sculpture is that of the
Good Shepherd, carved upon a chalice, as mentioned by Tertullian.
I may mention in passing that the first notice of a formal con
secration of a church occurs in the fourth century; that Venantius Fortunatus makes the earliest mention of the use of glazing,
when speaking of the Cathedral of Paris; and the custom of
burials within the church may be referred to the interval be
tween the seventh and tenth centuries, and was of gradual intro
duction.1' St. Gregory, of Tours, says it was a Frank custom to
hang tapestry round the altars of martyrs.
The Byzantine style, which has been called a combination of the
Latin basilica and the round chapel of martyrdom (the latter being
derived from that of the catacomb or more probably the round
church of Jerusalem), exercised a widely-extended influence, seen
not only in the flat cupolas of the Saracen, the apse of the Ar
menians, and the bulbous dome of Russia. The Catholicon Cathe
dral at Athens, probably the oldest Greek church remaining, and
perhaps anterior to the time of Justinian, is nearly identical in
grouDd-plan with that of St. Basil, Kieff, of the close of the tenth
century. The Cathedral of St. Sophia in that town, of the
eleventh century, consists of seven apsidal aisles, with broad
lateral and also apsidal additions.
The Russian type was a
square ground-plan, a central dome surrounded by four cupolas,
three apses, and a narthex, according to Mr. Fergusson, and
found in the fifteenth century in the Church of the Assumption,
Moscow, built by a Bolognese: but the lateral eastern apses are
parted off by screens into chapels. It is also perceptible in the
West in the Byzantine cupolas, introduced primarily owing to
the influence of Venetian commerce and colonists; at St. Front
de Perigueux, built 984-1047, on the plan of St. Mark's, and pre
senting a narthex; in the cupolas of Cahors and Angouleme at
the beginning of the twelfth century; at Souillac, Salignac, St.
Hilaire de Poicters, and Fontevrault; in the chapter-house of St.
Sauveur, Nevers; in the three eastern apses and the porch of
Autun, c. 1160; at St. Medard de Soissons, built 1158, in imita
tion of St. Sophia—all buildings of the eleventh and twelfth
centuries; and up to the twelfth century in the churches of
Normandy, Aqnitaine, Poitou, and Anjou, while the Basilican
and Byzantine forms are united. It is seen in the round churches
of St. Constance, built by Constantino at Rome; St. Stephen's, of
the fifth century, on the Ccelian Mount; St. Martin's, at Tours;
St Benign us, at Dijon, of the seventh or eighth century; at Abe,
built by Charlemagne, a church imitated, in the twelfth century,
at Ottmarsheim; at St. Germain Auxerrois; at Perugia, Bergamo,
and Bologna, in the tenth and eleventh centuries; at Charroux
in the twelfth century; at Segovia, Montmorillon, Leon, Metz;
in England in the Temple churches (that in London was conse
crated by Heraolius, Patriarch of Jerusalem); in the foliated
octagon of Justinian in St. Vitalis, Ravenna, bearing a marked
affinity to St. Sophia, and the earliest Byzautine church in Italy;
in the apsidal terminations to the transepts of St. Martins,
■* St. Chrys., Horn. 8, inEp. ad Eptaes.; Evagr.,IHUt. Ecdes., vi. 21; Paul. NoL
Nat. TOic. ill. «.
>> Grog Naa. Carm. ix.; Brag. Ecc. Hist., It. 31.
" Hist. Ecclea., v. 18.
>" Const. Aport., ii. 57; Cyril Hier. Pro Catoch. 8; St. Aug. de Civ. Dei., il. 28; St.
Chrya., lxxiv.; Horn, in St. Matt.; Bona de Rob. Liturg , quoting Philo.; St. Ambroe.
dc vlrg., *c. Origen in St. Matt., tract xxvi.
'* Cone. Laod.T c. IS.
" Tert. deOrat., c. xL, Euaeb. Hist. Ecclea., x.4; Chrys. Horn, in lu. in St. Matt.;
Fa. a!.; Syjee, Ep. 121.
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Cologne, c. 1035, St. Maria del Capitulo, in the same city, of the
twelfth or thirteenth century; at St. Germigny de Pres, built
807, as at Bethlehem, and at Noyon, of the twelfth century; in
the ground-plan of St. Tibertius at Rome, of the time of Constantime; of St. Cyriac, Ancona, of the close of the tenth century;
St. Csesar at Aries; SS. Vincent and Anastasius, Paris; at Torcello; and lastly, in the superb Cathedral of St. Mark, completed
in the eleventh aud twelfth centuries, which contains the pulpit
and iconostasis of St. Sophia as well as a rood-screen.18
In the East, the clergy-house (lraarotpopia, Sept. Trans. Ezek.
xl. 17), libraries, a guest-house, and decanica or prisons, adjoined
the church." These outer buildings were known as exedrai; and
the garth, which succeeded to the pagan temenos, as the peribolos,
tetrastbon and peristoon.20 The pagan temples in the West were,
from their small size and peculiar arrangements, not readily con
vertible into churches; the earliest so transformed was probably
the Pantheon, consecrated as All Saints' in 610; the next per
haps, St Urbano Alia Caffarelli, in the suburbs of Rome. The
Parthenon of Athens was transformed into St Mary's.
When the Christians obtained the right of toleration and
open celebration of public worship, they took as their model or
rather actually occupied the basilica, tribunal, exchange, and hall,
which by their form and dimensions were admirably adapted for
the purpose; they retained the name of basilica, understanding it
in the sense of the "palace of the Great King." The name may be
traced back to the Stoa Basileios of the Archon Basileus; the
Porcia, the first built at Rome, was erected 210 b.c, by Porcius
Cato. The judgment-hall of Pilate was a basilica, and its gabatha or pavement the raised tribune. St. Paul, apparently, was a
prisoner in the crypt of Herod's basilica. The atrium remains
perfect in St. dementi, which, though rebuilt in the ninth cen
tury, is a complete specimen of a basilica of the fourth or fifth
century; also at St. Laurence Without, St. Agnes, St. Praxedes,
and St Cecilia. In St. Ambrogio, Milan, rebuilt in the twelfth
century, is an apsidal basilica fronted with a large atrium. The
apse, with one of the western towers, dates from the tenth cen
tury. At Segovia, St. Mellan has lateral exterior galleries, a
feature common to this part of Spain and Germany, being the
peristyle turned inward in a transitional state to the cloister.
Constantine converted the Vatican and Lateran basilicas into
churches, and these formed a type for subsequent structures.
The plan was the following:—In front of the church was a court,
atrium, or paradisus, like the court of Gentiles in the Temple;
and the prototype of the future cloister, surrounded by a colon
nade; entered by a vestibule (prothyrum), and haviug a fountain
(cantharus) in the centre, covered by a cupola, at which the
faithful washed their hands before entering the church. This
court served as a cemetery, and station of penitents, catechumens,
and neophytes. Where the court was wanting they assembled in
the narthex, a porch in front of the church into which the
doors opened; on the left side of it was the font.
The basilica itself was a parallelogram, forming with its pronaos
and al» a nave, divided into three, or sometimes five alleys. The
central body had sometimes an upper gallery or triforium for
women auditors. The aisles on the right-hand were allotted to
men, those on the left side to women, the tribunes and galleries
on the left being given up to widows, and on the right to
young women who had undertaken a religious life. In Trajan's
five-aisled basilica, 360 feet by 180 feet, and. 125 feet high, there
was a gallery of this description. In the centre of the platform
of the apse the pnutor or queestor had sat, and on either side,
upon a hemicycle of steps (which on the ground-plan is subdi
vided like the radiating chapels of a Gothic minster), had been
ranged his assessors. In the chord of the apse had been the
altar of libations. In the three-aisled basilica of Maxentius,
built three centuries later, we find a lateral apse resembling that
of Germigny de Pres. The chalcidicee, the transverse aisle, occupied
by the advocates, became the transept, as at St. Paul's, c. 386;
and St. Maria Maggiore, c. 432; and the five-aisled basilica of
St Peter, c. 330, where in the latter case it exteuds beyond the
line of nave, to connect it with two circular tombs on the north
side, which possibly covered the apostle's place of martyrdom,
and may have suggested the round tomb-houses of a later period.
At St. Apollinaris, Ravenna, c 493—525, the transept is wholly
wanting, but a rectilinear compartment inserted in front of the
great apse offers the first approach to a modern chancel. At
" Cap. Theod., a.d. 994, c. 9; Canons, a.d 660, c. 29.
■• Vlollet le Due, i. 186, 171-2, 210, 216; Le Noir, Arcb. Mon.
J° Eoseb.; St. Aug.; St. Jerome; St. Basil.
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Pisa, towards the close of the eleventh century, we find the
transept thus developed, with an apse extended into a choir.
The triforium gallery under the aisle roofs is found at St.
Lorenzo, c. 580, and St. Agnese, c. 625; and Quatuor Coronati,
c. 625. But the system never came into general use, owing to
the preference for a long entablature covered with pictures or
mosaics. At Conques and Fontifroide galleries were constructed
in the nave aisles. In the early German churches, near Bonn,
a manner-chor—a gallery for young men —is found in the trifo
rium (Whewell, Germ. Arch. p. 91). At Parenzo c. 542, and at
Autun, c. 1150, there are three, and at Torcello, five, of the be
ginning of the eleventh century, eastern apses; at St. Miniato,
begun 1013, there is but one. At Bomain Mortier, c. 753, the plan
included a stunted transept, three apses, a narthex of the tenth
century, and a west porch like a small galilee of the eleventh or
the twelfth century. Ara Coali, at Rome, had a cruciform shape.
The dais of the apse was railed off by cancelli for a presbytery or
bema, where the bishop occupied the quaestor's chair (cathedra);
remaining at Parenzo, St. Clement* (of the ninth century), St.
Agnes, S3. Nereus and Achilles, Borne; and the priests the seats
of his assessors (exedrai)." A choir was added constructionally,
which reached into the nave, from which it was separated by a
marble balustrade (septum) for the choristers, acolytes, &c. Ambones or pulpits were erected on either side of the chancel arch
or door: one (analagion) for reading the epistle; the other (ambo)
for reciting the gospel, serving also as a pulpit, with the paschal
candlestick placed on a stand beside it, reproduced in French
cathedrals, at Paris and St. Denis, at the top of the sanctuary stair.
A triumphal arch (porto sancta, or regia) formed the entrance to
the sanctuary, which contained the altar, covered by a "ciborium"
—a " cibo sacro," from the reservation of the host, or from the shape
of its cupola resembling the Egyptian bean—a pavilion raised on
columns, and standing above the crypt or confession. The
theory was that every church (as St. Agnes, St Lorenzo, St
Martino, and St Praxedes) was erected over an actual catacomb;
where this was impracticable a crypt was made, and the ciborium
or tabernacle was an imitation of the sepulchral recess of the
catacomb. There were two tables of proposition, one for the
elements and one for the vessels used in the office: one remains
at San Clemente; two at SS. Nereus and Achilles, Bome, c. 800.
Where there were secondary or eastern aisle-apses (pastoforia),
that on the left (diaconicum minus) served as the sacristy,
library, and muniment room; that on the right (prothesis) as
the vestry and credence-chamber.
St. Peter's at Bome had two aisles on each side of the nave,
a transept on a level with the nave, and an apse on the west side;
with a floor raised to a height of 5 feet, forming the platform of
the presbytery, which extended about 9 feet into the transept.
The entrance was at the east end. At the extreme west point
was the pontifical chair, raised on a platform above the level of
the presbytery; on the right and left of the chair the walls of the
apse were lined with the seats of the cardinals. At the edge of
the platform stood the high altar, under a ciborium or canopy;
it was raised by steps above the level of the presbytery. On
each side a flight of five steps led down into the transept. Be
neath this platform was a semicircular crypt, close to the walls
of the apse, used as a burial-place of the popes. 'The entrances
were at the junction of the choir and transept. In front of the
high altar was the entrance to the confession, the subterranean
chapel of St. Peter, containing an altar. In front of the steps
were twelve columns of marble, in two rows, said to have been
brought from Greece, or Solomon's Temple; and being inclosed
with marble walls breast high, and lattices of metal-work,
formed the vestibule of the concessionary. At the beginning of
the thirteenth century the stairs to the confessionary were re
moved and the entrance blocked up. The nave was divided from
the transept by the triumphal arch, under which a beam was
fixed, and in the space between a cross—an arrangement corre
sponding with the rood-beam on the south side; and nearly under
the arch was the ambo, from which the gospel was read. The
choir of the canons was a wooden structure in the nave.
In the churches of Bethlehem, St John Studius, Constanti
nople, in Asia Minor, and Syria, we find the basi'.ican form. At
Athens there is a very ancient church in ruins, apsidal, and
with three lateral distinct naves (those on the sides being de
signed probably for women), an area, and central fountain. In
Asia Minor the Byzantine style exhibits one class of domed
buildings resembling St. Sophia, and a second like a modification
" Xuieb. Hiit. Bed., x. i.
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of a basilica, as at Pitzounda (probably built by Justinian), St.
Clement Ancyra (slightly later), and Hierapolis. In the former
the circular buildings found detached at Pergamus and Trabala
are incorporated, forming eastern lateral apses. Pergamus church
(fourth century) was an aisleless basilica, with galleries, eastern
apse, transept, and two round buildings, one on each side of the
transept, serving for a tomb-house, a sacristy, or a baptistery.
The same principle may have induced the construction of apsidal
ends to the transepts. The Roman basilica of St. Peter, built by
Bishop Agritius in 328, forms the central part of the Cathedral
of Treves; it is the only remaining example on this side of the
Alps. Schmidt has shown that it was a square, divided into three
alleys, and with a central apse on the east. It probably had
a portico with five doors on the west
The gradual development appears to have been the following:—
First, to remove the inner narthex and the women's gallery,
seating the congregation on one plane; and to build apses to
the aisles, as at St. Saba, Bome, St. Cecilia, St John and St.
Paul, St Peter's ad Vincula, and at Torcello. Secondly, to build
in front of the sanctuary (as at St Paul's, Bome) a wall parallel
to the principal front, which was the origin of the transept
Thirdly, to develope the apse by prefixing to it a parallelogram,
as at St. Apollinaris, Bavenna. Fourthly, the construction of a
triforium, like the upper colonnade of the earlier basilicas, with
an external wall passage or arcade forming a communication
between the transepts and choir, as at St. Sophia at Padua. The
font, in Italy, was transferred to the nave in the eleventh or
twelfth century from the baptistery, but at an earlier date in
Bome. The sepulchral cell of the catacomb formed the model
of the memoriae, or funeral chapels ;— the tomb of the dead
was the first altar, the catacomb the earliest church, at Bome.22
" I was accustomed," says St. Jerome, " to visit the sepul
chres of the apostles and martyrs, and often to go down into
the crypt dug into the heart of the earth, where the walls on
either side are lined with the dead." These catacombs were
quarries for furnishing the volcanic sand which forms the subsoil
of Borne, and was well adapted to form long galleries; and it is
of interest to remember that a common punishment of the Chris
tian was to work as a sand-digger. One of our homilies (Peril
of Idolatry, p. 3) says—"Vaults are yet builded under great
churches to put us in remembrance of the old state of the primi
tive church before Constantine."
Wherever a space intervened in the passages closed by a
blank wall, lateral recesses were hollowed out for the reception
of sarcophagi; the roof was curved like a dome, and the upper
part of the tomb was the altar, as in the early church of St
Sebastian. The crypt was known as the martyrdom or confes
sion. It had three arrangements:—First, when a church was
built over a catacomb, the old entrance was preserved, as in St
Lorenzo and St. Sebastian, with steps to descend into it
Secondly, if the tomb was on the ground, then a crypt was built
round it, and steps were made, while the sarcophagus was re£laced by an altar tomb. Thirdly, when a martyr was trans
ited, then the crypt was made to harmonise with the church.
In the church of St Sabina the large stair is in front of the
altar, at St Paul's behind it; at St. Saba's the stairs are in the
nave aisles, and the crypt, forming a narrow passage, is reached
by corridors, reminding us of the crypt at Bipon. At the
Quatuor Coronati, a round stair leads down into it from the
benches of the presbytery, as at Torcello, where there is a double
wall in the apse. St. Mark's, and St Praxedes, Bome, have
narrow galleries like the passages of the catacombs leading to it;
there is a subterranean church at St. Martin des Monts and St
Mary in Cosmedin, c. 790. At Inkermann there is a rock-cut
church, apsidal, with square-ended aisles.
Rock hermitages
occur at St Auhin (near St. Germiguy de la Riviere), St Antoine
de Calumies (E. Pyrenees), St. Baume (Bouches du Rhone),
Montserrat, Warkworth, and the Boche Bocks, Cornwall, and in
the grotto of Fontgambaud, near Blanc
In some instances a martyrdom was built like a little crypt,
under the altar, with a shrine fenced off by a screen, or perforated
marble, as at St. George's, Velabro, and SS. Nereus and Achillea,
Sometimes a small hole (jugulum) permitted the head of the
devotee to be inserted, or the passing of a cloth to touch the
relics. Crypts remain under the eastern apses of Spires, Mayence, Besancon, and Strasburg.
{To be continued.)
" rUt 0»llj Knight, pauim.
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INSTITUTION OF CIVIL ENGINEEES.
John Hawkshaw, Esq., Vice-President, in the chair.
ATo». 27.—The paper read was " On the Maintenance and Durability
of Submarine Cables in Shallow Waters" By W. H. Pbeece, A.I.C.E.
Referring to an opinion expressed by the late Mr. Robert Stephenson,
unfavourable to the durability of Submarine Cables, the author hoped,
by detailing his own practical experience in the maintenance of the cable
connecting the Channel Islands with England, to elicit a discussion
which, by tending to solve that important question, might prove bene
ficial to the profession, and serviceable to the progress of submarine
telegraphy.
The geographical position of the Channel Islands, their rocky and rugged
structure, and their exposure to storms, the strong currents by which they
were swept, and the nature of the bottom of the sea by which they were
approached, were fully described; and it was stated that they were all
calculated to try to the utmost extent the qualifications for permanence
and durability of a submarine cable connecting these islands with the
mainland. The Channel Islands Telegraph Company was formed under
the Limited Liability Act, with a capital of £30,000, and a conditional
guarantee of 6 per cent, from government. The contract forthe whole under
taking was let to Messrs. Newall and Co., who had submerged the cable,
constructed the land lines, and handed them over to the company, before
the author was appointed engineer. The route and construction of the
line, submarine and underground, from Weymouth, through Aldemey
and Guernsey, to Jersey, and its excellent working condition, were
then described. The whole length of submarine cable submerged was
SKI | miles. The length of underground work was 23 miles. The under
ground work consisted simply of a gutta-percha covered wire, coated
with tarred yarn, and laid in a creosoted wooden trough, buried about
20 inches in the ground. The cable comprised two portions—the sea
part, and the shore ends. The sea part was a No. 1 gutta-percha covered
wire, served with tarred yam, and protected by ten No. 6 iron wires.
It weighed 2 4 tons to the mile. The shore ends were similar, but were
protected by ten No. 2 iron wires. They weighed 6 tons to the mile.
The line was opened to the public in September 1858.
The interruptions which had occurred to the working of the line, and
the plans adopted to remedy the defects, were then successively enume
rated. In approaching rocky shores swept by fierce currents, ami in
landing the ends upon such points, great care was necessary to avoid
danger. It was also necessary to protect the cable from detrimental
exposure to the surf, spray, and atmosphere. The chief accidents to this
cable had been peculiar, and were different to all previous ones with
other cables, which were the result of well-known causes. With the
exception of one instance these accidents arose quite unexpectedly, with
out any previous symptom of weakness or decay having been given.
Since the submersion of the cable in August 1848, the cable had been
ruptured in eleven different places. Two of these accidents were the
result of carelessness in landing the end of the cable on the Jersey shore;
four were caused by ships dragging their anchors; and five were pro
duced by the abrasion of the slender wire upon the rocky bottom. The
accidents arising from ships' anchors took place between Jersey and
Guernsey. Those resulting from abrasion occurred between Alderney
and Portland. Between Guernsey and Alderney there had not been a
■ingle failure. The constant interruptions of this line were attributable
to two causes— weakness of cable, and error of judgment in selecting the
route pursued.
Although the cable was in the author's opinion too weak, yet he did
not attribute the failure of the system so much to that cause as to the
route selected. In justice to those who laid the cable, it should be
known that if reliance had been placed on the Admiralty charts, there
was an explanation of the reason why this particular route had been
chosen. But, unfortunately, in describing the nature of the bottom,
these official charts were altogether incorrect; as they not (infrequently
showed rock where sand was found, and sand and gravel where there
were rocks. Cables should, however, never be trusted to the unseen and
unknown action of the bottom of the sea without the course having first
been most carefully surveyed.
The author next proceeded to point out the oxidation and decay of the
cable in different localities; showing how, in sand and mud, when it had
become buried it was in perfect preservation, while on rocky ground,
where swept by the tides it was being rapidly corroded. The extra diffi
culty, and expense of repairing decayed cables, and the necessity of
retaining their strength unimpaired, were adduced as imperative reasons
for adopting some outer protecting coating to the present form of sub
marine cables.
In designing a cable its durability and maintenance should be prima
rily considered. The present heavy cables were believed to have been
erroneously constructed; and it was recommended that in future the
outer wires of cables should either be stranded or else be surrounded
with two servings of smaller-sized wires.
The plan adopted in repairing the numerous breaks to the Channel
Islands cable was then described. The system of grappling, buoying,
picking up, &c, having been previously brought before the Institution
(ride Minutes of Proceedings, vol. xvii. p. 262), allusion only was made
to the method adopted in testing, and in calculating the distance and
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position of faults and breaks. This could now be accomplished with
such accuracy that instances were mentioned in which Messrs. Varley,
G. Preece, and the author, had indicated the exact spot of faults, though
30, 60, and 60 miles distant. The principles employed in testing were
divided into two classes, according as they were dependent upon the
laws of resistance or upon the laws of induction. The basis of all
resistance tests was the fundamental law of Ohm, expressed by the forLO
mula R = —-, where R was the resistance, L the length of the wire,
S
C the specific resistance of the material employed, and S the sectional
area. The advantage of expressing in units of resistance the insulation
and conduction of substances was considered. The construction of
resistance coils, the various standards of resistance employed by different
individuals, and the manner in which one standard could be reduced to
another, were described. The instruments employed in measuring re
sistances— the Differential Galvanometer of Becquerel, Wheatetone's
Parallelogram, and the author's Multiplying Differential—were then
noticed. By the last instrument resistances could be measured from
small fractions to high multiples. From the standard coils attached to
it, the resistance of any other standard or any cable could be read, with
out going through the usual arithmetical calculation. Another system
by which much higher multiples could be read was shown.
The laws of induction were next considered, and their various formula*
given, showing how the charges and discharges in different wires were
regulated, and could be compared. The basis of all induction was the
law expressed by the following formula, C = —;— , where C was the ind
duced charge, n the battery power, S the surface of the wire, R the
resistance of the conductor, < the specific inductive capacity of the
insulator, and d the ratio of the distance between the inside and the out
side coatings. The difference between discharge and return current was
pointed out. The instruments employed in measuring and registering
the discharge were described, including the author's Reduction Inductometer, which could measure the discharge of any wire of any length,
from one mile and upwards. The errors that tests were liable to, such
as the resistance of ends and faults, and the occurrence of partial faults
in different localities, with the plans adopted to detect and allow for
these discrepancies, were fully detailed. The various kinds of faults
to which a cable was subject were then adverted to.
In conclusion it was remarked that there was no imperfection which
could not be detected, and no accident which could not be provided against.
But when experience was ignored, and when the errors that had been
committed by those who had hitherto had the control of submarine
cables were considered, it could not be wondered at that opinions should
be expressed unfavourable to the progress of submarine telegraphy.
Annual General Meeting.
Geoiwk P. Bidder, Esq., President, in the Chair.
In presenting an account of the proceedings during the last twelve
months, it was remarked that the principal duty of the Council had been
to carry out. and persevere in, the practice and regulations established
during previous years, which had been found to contribute so much to the
steady growth and increasing importance of the Institution.
On this occasion a short account was given of the state of engineering
in a few distant countries, and particularly in some of the British colo
nies ; because those undertakings might not be generally so well known,
and because attention had previously been chiefly directed to engineering
progress in the United Kingdom, and on the continent of Europe.
At the Cape of Good Hope, a railway, the first undertaking of the
kind in that colony, had been commenced, which would run from Cape
Town, through Stellenbosch, to the Paarl and Wellington, a distance of
about 58 miles. The first section of this line would, it was expected, be
opened shortly. At Cape Town arrangements would be made to connect
the railway with the harbour works now being carried out, under an act
passed by the colonial legislature in 1858. These works comprised a pier
or breakwater, running from the western shore of Table Bay, in a north
easterly direction, for a length of 3250 feet, which would provide refuge
accommodation, and commercial facilities, at an estimated cost of
£400,000. In order to procure materials for the breakwater, which
would be formed by a rough rubble mound, a basin was to be excavated
having an area of 10 4 acres, with a depth of 20 feet at low water of
spring tides ; and there would be about 4100 feet of quays. An outer
basin, 4 J acres in extent, would be available for the trade, it was thought,
in about two years and a-half.
The principal engineering works in progress in Australia were roads,
telegraphs, and railways. Telegraphic communication was established
between the capitals of the three colonies, and Tasmania had been con
nected by a submarine cable, which was now unfortunately damaged,
between King'B Island and the Hummocks. The telegraph wires, which
were carried overground, might be seen wherever there were towns, as
would be gathered from the statement that there were now 1000 miles in
operation in Victoria, about 1000 miles in New South Wales, and nearly
500 miles in South Australia. The railways, with the exception of two
or three short lines near Melbourne, all belonged to Government, and
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had been carried out by means of loans ; the only private undertaking of
any magnitude, the Geelong and Melbourne line, having lately been pur
chased by Government for about £750,000, at par. In South Australia,
a proposal had recently been made to inaugurate a fresh policy. Two
new railways were projected —a short suburban line, to which it was
proposed to give a limited guarantee ; and a more important line, towards
which a dotation of land was offered. Unfortunately, a uniform gauge
jiad not been adopted, as it should have been, in all the colonies ; for,
whilst in Victoria and in South Australia the rails were laid to a gauge
of 5 feet 3 inches, in New South Wales the gauge was 4 feet 84 inches.
This was likely to cause considerable inconvenience in the future, when
the main trunk lines to connect the capitals of the respective colonies
were completed.
The railways in progress in New South Wales were—1. The Great
Southern; 2. The Great Western; 8. The Great Northern. The
Southern, or main trunk line from Sydney, ultimately intended to join
the Victoria system of railways at the river Murray, had been opened
as far as Campbelltown, a distance of 34 miles. Up to Paramatta, 134
miles, there were two lines of way, and beyond, only a Bingle line. A
further length of 20 miles, as far as Picton, was expected to be completed
in a few months. The cost of the double line, including rolling stock
and machinery, and workshops at the terminus, had amounted to upwards
of £40,000 a mile, and of the single line about £10,000 a mile. Trial
surveys had been made, and estimates prepared of the cost of extending
this line to Goulburn, from which it appeared that the natural difficulties
were such as would necessitate an expenditure greatly in excess of that
hitherto incurred. The Western, starting from the Southern, 1 4 mile
west of Paramatta, was opened as far as Blacktown, on the Windsor
road, a distance of 8 miles, in August last. The cost had averaged
about £10,5<>0 a mile of single line. The works were now in progress up
to Penrith, a further distance of 12 miles. This line was at present pro
posed to be carried to Bathurst, and extensive surveys and explorations
had been made of the country between the Hawkesbury and that place,
including the valley of the Grose, in order to discover a practicable route
by which to pass the range of the Blue Mountains. The Northern
Railway started from Newcastle, about 60 miles north of Sydney,
between which places there was steamship communication daily. The
line was opened two years ago to East Maitland, and subsequently to
West Maitland, a distance of '20 miles ; and in August last to Lochinvar,
a further length of 8 miles. From Lochinvar to Singleton, 23 miles, the
works would be finished in the middle of 1861. The expenditure had
amounted to about £12,000 a mile of single line. The country was
under survey beyond as far as Muswellbrook, 70 miles. It abounded in
minerals, particularly in coal, from which all the Australian colonies, as
well as India and China, might be supplied.
In the thriving colony of Victoria, the railways now open were the
Geelong and Melbourne, a single line, 40 miles long, passing through a
level country, in connection with which there were extensive piers and
wharves at Williamstown, the port of Melbourne ; also the suburban
railways, which had been constructed by private companies, in whose
hands they still remained. These were—1. Melbourne and St. Kilda ;
2. St. Kilda and Brighton ; 3. Melbourne to Richmond, Hawthorne
and Brighton ; and 4. Melbourne and Hobson'B Bay, a double line, 3
miles in length. The great lines to the interior were— 1. Melbourne and
Mount Alexander to Castlemaine, Sandhurst, and Echuca, on the river
Murray, a length of 152 miles. The main line had been opened to Sunbury, 22 miles, and also the branch to Williamstown. The portion of
the line from Sunbury to Woodend, 28 miles, was expected to be finished
immediately. 2. Geelong and Ballarat, a length of 63 miles, of which
no part was yet open. The estimated cost of these two lines, both of
which would consist of a double way, was seven millions (upwards of
£34,000 a mile), of which three millions sterling had been already raised
and expended. With respect to the general character of the country, it
was described as rising regularly from the- coast to the dividing range—
with the exception of one sudden step of 300 feet—to a height of about
2000 feet in 40 miles. There were occasional chasms, or ravines, 100 to
COO feet in depth, and 660 to 3300 feet in width, through which the
water falling on the higher ranges was discharged with impetuous velo
city. But there was a total absence of those great leading valleys which
were found in England. The larger rivers, creeks, and ravines liul been
crossed generally by viaducts constructed with abutments and piers
of bluestone masonry, and wrought-iron superstructures. The permanent
way was of the most substantial character, consisting of a double headed
rail, weighing 80 lb. per yard, fished, and laid in chairs in the ordinary
way, on native timber sleepers.
In South Australia a double line of railway, from Port Adelaide to
Adelaide, a distance of 34 miles, had been opened for three or four years,
and a single line from thence to Gawler, 29 miles, for two wars and
a-half. From Gawler to Kapunda, 16 miles, the line was opened this
year. It was proposed to extend this line northwards.
Tho oldest railway in Canada, a short line called the Laprairie and
St. John, was opened for traffic in July, 1836. From that period until
the year 1849, little progress was made in the extension of railways. At
the commencement of 1S57 there- were 1402 miles of line in operation,
and at the present time the mileage was 2093, and the number of rail
ways 15, all which, with one exception, hod been constructed between
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1852 and 1860. The three principal lines were the Buffalo and Lake
Huron, the Great Western, and the Grand Trunk. They ran longitudi
nally through separate divisions of Canada, and were constructed with a
view to secure a share of the large traffic in passengers, goods, and agri
cultural produce, which found its way from the Western States to tho
Atlantic seaboard, and vice versa. The Welland railway (25 miles long)
was constructed two years ago, mainly for the transportation of grain in
bulk, and heavy goods, in opposition to the Welland Canal, which had
an ascent of upwards of 300 feet of lockage to overcome between Lakes
Ontario and Erie. All the other lines depended chiefly upon local
traffic. The Canadian railways had nearly all a uniform gauge of 5 feet
6 inches, and were all single lines. The average cost per mile of the
main lines had been about £15,000, inclusive of rolling stock and other
expenses. Tho cost of the branches had ranged from £6000 to £10,000
a mile. The bridges were generally built of timber, which it was thought
cheaper to renew every ten years than to build at first in stone or iron.
But on the Grand Trunk the bridges consisted chiefly of tubular iron
girders, and on the Great Western main line there were also some
wrought-iron bridges. The capital embarked in Canadian railways
amounted at present to about £26,000,000 sterling, of which £4,161,150
might be considered as the contribution of the province of Canada, inas
much as the interest on that amount (£249,669) was an annual charge
upon its revenue.
The only other engineering works constructed in Canada during the
last few years, were the deepening and improvement of the river St. Law
rence, between Montreal and Quebec, the erection of lighthouses in the
Gulf of St. Lawrence, and works for the supply of water to Quebec,
Montreal, and Hamilton.
During the past three or four years there has been great stagnation in
the extension of railways in the Northern and Western States of America.
In Michigan, the Grand Trunk (of Canada) had constructed 55 miles,
and the Great Western (of Canada) had contributed largely towards the
completion of the Detroit and Miliwaukie Railway, 186 miles in length.
The other American railways in progress at present in the North
western States were all westward of Chicago, and had all the common
object in view of opening up new territories west of the Mississippi and
Missouri rivers.
In Russia, the St. Petersburg and Warsaw Railway was commenced,
as a Government undertaking, about the year 1851 ; but in 1856 it was
ceded, with others, to the Grand Russian Railway Company. The
length of this line was about 670 miles, one-half of which was completed,
though many of the works were merely temporary. A branch to connect
this line with the Berlin-Konigsberg Railway was being vigorously
pushed forward, and the portion to the Prussian frontier was already
open for traffic. The Riga-Dunaberg Railway, 1 40 miles long, running
from Riga towards the producing districts, and by its junction at Dunaberg with the Berlin and Warsaw Railways, connecting Riga with the
network of European railways, was rapidly approaching completion, the
earthworks and permanent masonry having almost all been completed
before the close of the last season. The Moscow and Nijni Novgorod
line, which would connect the western ports with the extreme European
end of that vast empire, by means of those important thoroughfares for
goodB, the rivers Kama and Volga, was making rapid progress, and onehalf of this line was expected to be ready for traffic next summer.
The improvements which have been made in the iron manufacture
during the last few years, and the changes that were now taking place
were then referred to; and it was Btated that the result had been that
whereas the annual " make" of a blast furnace in the year 1750 was only
about 300 tons, now it ranged from 5000 to 10,000 tons per annum; and
in a few cases amounted even to 15,000 tons per annum. In reference
to wrought-iron it was said that the plan of reversing the rolls had bee:i
considerably extended, and occasionally a second pair of rolls was placed
close to the first, running continuously in the opposite direction, so that
the iron could be rolled either in coming forward or in going back.
Plates 14, inch thick, by 3 feet wide, and 20 feet long, and plates
44 inohes thick, by 3 feet wide, and 15 feet long, had been rolled, as
well as bars up to 72 feet long. Most of the improvements in the manu
facture of steel had been introduced within the last half-century. Cast
steel bells, weighing 53 cwt. each, had been made in this country, and
castings of Bteel weighing 100 cwt. in Austria. Large plates and very
heavy bars had also been made of puddled steel, produced direct from
cast-iron; and lastly, steel wire, when hardened to about a deep blue
temper, was found capable of carrying 130 tons per square inch. More
than one process had been used in the production of cheap steel, which
had been found by recent experiments to possess nearly double the
strength of ordinary iron, accompanied by other valuable properties.
With regard to the applications of iron, a new era commenced with the
construction of the Conway and Britannia bridges; as the elaborate ex
periments made prior to their construction tended to prove that pre
viously received theories were in some respects erroneous. Again, the
building erected for the Great Exhibition in 1851, from its lightness and
security, called attention to the hitherto undeveloped capabilities of the
combined use of cast and wrought iron for such purposes.
The improvements in the artillery and projectiles of the present day,
which had resulted from the efforts of civil engineers, were calculated to
lead to important changes in modem warfare. Simultaneous with the rapid
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advance in the destructiveness of weapons of offence in attack, there was a
necessity for a corresponding alteration in the means of resistance. These
subjects had led to elaborate researches and experiments for ascertaining
the best qualities of metals to resist the enormous strains and concus
sions which had to be encountered, and the best dispositions in which to
employ them. Iron-coated ships had for some years been regarded as a
probable coming necessity; but it was not until about the end of the
year 1858 that the Admiralty for the first time seriously considered the
subject. This resulted in the designs on which the Warrior and Black
Prince were now being constructed. The problem was one of great
difficulty. An enormous weight of armour had to be added to the
weights hitherto carried. At the same time greater speed was demanded,
and that involved increased weight of engines and a larger supply of
fuel. Then again, the weight was top-weight and wing-weight, which
had to be carried on fine lines for speed. To reconcile these conditions
with the practical points in a war vessel, and to give such a ship good
seafaring qualities, to make her a good cruiser, and also well suited for
a voyage, and for the probable conditions that would attach to an
European war, was a problem which might well employ the professional
skill of naval architects, and of every member of the Institution.
The principal papers read during the session were then noticed ; and it
was remarked that there were still many important executed works, some
even possessed of great novelty, which had not yet been brought for
ward at the meetings. It was hoped that accounts of these undertakings
would still be brought before the members. The intense interest which
the discussion upon Mr. Longridge's paper " On the Construction of
Artillery " excited, was referred to. On this occasion Sir William Arm
strong and Mr. Whitworth —members of the council— each exhibited a
12-pounder gun on his system, described its mode of manufacture, and
explained its working; and the council thought that both of these gentle
men were entitled to the best thanks of the members.
It was stated that the library was now occupying the attention of a
committee of the council, with a view to ascertain what was required to
render it as complete a collection as possible of works on engineering and
the allied sciences, as well as of books of reference on general scientific
subjects. The members were urged to assist in procuring copies of all
treatises, reports, and documents relating to professional matters; as this
was the natural place for their reception and preservation, where they
could be consulted by all. At the same time steps were being taken to
have completed the set of the Ordnance maps of the United Kingdom,
and to procure copies of the maps illustrating the geological survey of
the British Isles, and the trigonometrical survey of India. Endeavours
were also being made to obtain copies of the reports of all the different
railway companies, as such a collection would be, it was believed, of
great interest and value.
The deceases during the year were:—William Alers Hankey. honorary
member; William Blackadder, Terence Woulfe Flanagan, Col. William
Nairne Forbes, BE., Robert Grundy, Joseph Locke, M.P., Charles May,
Joseph Miller, Thomas Penson, Robert Berthon Preston, John Geale
Thompson, William Francis Isherwood West, and Francis Mortimer
Young, members; Capt. William Fullarton Lindsay Carnegie, R.A.,
Lieut. Edward Fraser, B.E., Robert Hughes, James Wardrop Jameson,
William Sayce, William SimB, and Archibald Slate, associates.
The resignations of one member and five associates were announced.
The number of members of all classes now on the books was 930, being
an effective increase in the year of 36.
By the death of Mr. Locke the Institution was deprived of the services
of a valuable and influential member, who was most solicitous to do all
in his power to advance the common interests, and to maintain the
dignity and social position of the profession. The suddenness of his
removal while in the enjoyment of apparently sound health, and follow
ing so immediately after the deceases of his friends Brunei and Stephen
son, tended to render this Iobb even more severely felt.
The abstract of accounts showed that the receipts for subscriptions
and fees amounted to £2550, and the expenditure to £2100, the outlay
for minutes of proceedings being much less than in previous years. There
being thus a balance in favour of the Institution, in addition to the
£1000 already placed on deposit at the Union Bank, it was thought
advisable that an investment should be made, and accordingly £1100
Norfolk Debenture Stock, bearing i per cent, interest, was purchased.
During the recess the Stephenson and the Miller bequests of £2000 and
£3000 respectively had been received. Thus, the funded property of the
Institution now amounted to upwards of £12,000, in addition to which
there was a further sum of £2000 to be received under the will of the
late Mr. Joseph Miller, in which a relative had a life interest.
It was thought that so munificent a benefactor as Mr. Miller deserved
some memorial, and it was considered that none more appropriate could
be devised than a portrait to be placed on the walls of the meeting- room.
The council had confided the task to Mr. Boxall, A.R.A., who would, it
was presumed, produce a good picture of their late member.
In conclusion, it was observed that the steady progress which had
marked the career of th 3 Institution from its commencement, and the
estimation in which it was held both at home and abroad, should induce
the members of all classes, by unanimity and energy, and by earnest co
operation, to study to mai itain its high reputation, and to increase its
sphere of usefulness.
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ELECTRO-BLOCK PRINTING*
By H. G. Collins.
In noticing my inventions commonly known as " Collins'
Patents," and now being worked by the Electro Printing-block
Company, it will be useless to discuss the advantages derivable
from any means of producing or reproducing cheap illustrations;
their necessity is universally acknowledged, and is becoming
daily more apparent, and any invention which claims to facilitate
this object requires no apology for its introduction to the public.
My first patent, dated the 5th March, 1858, is, to use the
words of the specification, for "An improved mode of obtaining
impressioms on an enlarged or diminished scale from engraved
plates or other printing surfaces." I will first describe the
method of enlarging.
I take my subject, which may be a printing surface of any
description, either a woodcut, a steel or copper plate engraving,
a stereotype or electrotype block, or a lithographic stone, and, in
fact, any surface capable of giving off an impression; and then on
a sheet of vulcanised india-rubber, covered with a composition
possessing equal elasticity, and of a non-porous character, I take
the impression in transfer ink: if from stone, at the lithographic
press; if from steel or copper plate, at the copper-plate press; and
if from surface-block or type, at the type press. I then punch
small holes at equal distances (generally |-inch) round the rubber,
into all of which I insert hooks of the same size. I connect them
by means of four bars passed through the body of these hooks, and
thus the sheet is ready for the expanding machine. This con
sists of two parts, the table and the screw. The table is com
posed of slate, perfectly even, and mathematically true; round it
is a sort of raised shelf for the four bars before mentioned to
rest upon, and is divided into inches, half-inches, quarter-inches,
and eighths. I place the sheet of rubber, with the hooks and
bars round it, square upon the frame, then take the screw, and
after duly fixing it, I extend the rubber equally in all directions
till it assumes the required size. I test the accuracy of the
extension, from time to time during the operation, by measuring
the distances between different marks printed on the sheet for
that purpose when in an unextended state, and I adjust the
tension until I find that the distances have all l<een increased in
the same ratio. The impression on the rubber being thus en
larged, I transfer it to a prepared surface of stone or metal,
which is then printed in the usual mode of litho or zinco-graphy.
When the amount of extension required is greater than can be
well obtained at one operation, which is generally limited to
four times the area, it is only necessary to repeat the process.
For reducing, the operation ie simply reversed. I extend the
rubber first to the original size of the work to be reduced, then
take the impression; after which I release the sheet from the
tension, which then necessarily assumes its origiual dimensions;
it is then put upon stone or metal, as before described, iu the
same manner as the enlarged subject, and printed in the usual
way.
It is as well to mention that the india-rubber, iu order to extend
equally, must be made of an uniform substance in every part, for
the old axiom must here prove true—that the same thing under
the same circumstances must always produce the same result; and
it will be obvious that the slightest variation in this particular
would materially detract from the perfection of the process; for
if any portion should be thinner than the general character of
the sheet, that portion must of necessity possess greater yielding
power than the remainder, and thus produce an inequality, and a
consequent error in its mathematical proportions: and although
tliis slight difference might not signify for ordinary works, such
as landscapes, or general illustrations, it would totally preclude
the adoption of my invention for maps and plans, or any matter
where accurate scale would be indispensable. This perfection in
the rubber has not been obtained without great cost of anxiety,
time, and money, as in my first steps I was not sufficiently ac
quainted with the wonderful mysteries of its nature, and conse
quently was unable to furnish the manufacturers with all the
conditions required, the knowledge of which has only been
obtained from pure experiment and closely calculated results;
and I am happy to say that at length all these difficulties have,
through the kindness and assistance of the various india-rubber
manufacturers, especially Messrs. Silver, of Silvertown, been
entirely surmounted.
With respect to the composition with which I coat the face
• Abstract of a uapar rj.iU before the Society of Arts.
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of the sheet, I may mention that without it the rubber would
not give off the impression to the stone: in fact the ink would be
entirely absorbed. It is simply a transfer surface, involving the
one necessary condition of equal tension with the rubber, or it
would crack when extended, and destroy the picture. It is com
posed generally of flour, treacle, starch, white lead, and gelatine,
and when reduced to the consistency of cream is applied with a
brush, and allowed to become quite dry before being used.
It was offered as a suggestion, whether the usefulness of the
invention would not be materially increased were I able to obtain
the enlarged or reduced impressions on surface blocks to priut at
the type press. Producing them on stone was not all that could
be wished; for, where a great number of copies are required, the
expense and tediousness of working from lithography would in
many cases be an insurmountable difficulty. After a series of
experiments I succeeded in this respect, and hence my second
patent, dated October 2, 1858. This invention has for its objeot
improvements in the production of blocks or surfaces to be used in
printing. For these purposes the drawing or device is obtained
on a block or surface to be used in printing from a drawing or
device on a lithographic stone or other surface, whether the
same has been produced thereon by hand, transferred, or other
wise, by subjecting the drawing or device on the lithographic
stone or other surface to a series of processes similar to that in
which a lithographic stone is inked when about to be printed
from in the ordinary way, but the ink or composition used is to
be mixed with suitable driers, so that each succeeding coating of
the composition may quickly dry or set before the next coating is
applied. By these means the lines and parts constituting the
drawing or device on the stone or other surface, which would be
inked and printed from if used in the ordinary manner, become
more and more built up or raised; and when such raising has
been sufficiently accomplished, a cast in wax or other suitable
material is taken, from which an electrotype is obtained, as is well
understood.
I do not, however, confine myself to this method; much depends
on the character and quality of the work. In many cases, after
obtaining the transfer on stone or zinc, instead of building up
the picture by successive rollings, I eat away the surrounding
part by acid, taking care that the transfer is made in ink that
will resist the actiou of acid and of the galvanic battery, or that
it be rolled up with a varnish possessing the same qualities. For
fine work this second method is much more satisfactory.
This is the modus operandi of my process for enlarging and
diminishing maps, plans, and engravings on to the stone, and
likewise for making surface blocks therefrom. The manipulation
is easy and devoid of all intricacies, when once practically under
stood. From these two patents have sprung several valuable
adjuncts. The first, and perhaps most important, is the produc
tion of the electrotype block from the artist's original drawing
without the aid of the engraver. I simply require the artist to
make his sketch on transfer paper in transfer ink, or if he prefer
it, in transfer ink upon a grained metal plate; and this, when
delivered into my hands, I roll up with the acid-resisting compo
sition, and then submit to the process before described for
making surface blocks from the lithographic stone.
I have also succeeded in making transfers on to stone from
most old prints and typography, which may be enlarged or
reduced to any size, and made generally into electrotype blocks.
Photography and many other valuable processes in connection
with the illustrative art are now engagiug my attention, and I
have no doubt that in a short time I shall be able to produce
an electrotype block from a photograph in the course of a few
hours.
THE METROPOLITAN RAILWAY.
This engineering work, which is now making great progress,
has hitherto been erroneously designated by the press the
" Underground Railway," by which term it might be understood
that the line, when completed, would be almost a continuous
tunuel from end to end. This, however, will not be the case ;
for in all cases where old property has been purchased for the
formation of the railway, there will be open cuttings, and where
the stations occur, they are planned, with their various platforms,
to be perfectly open to the daylight, and in many instances their
lower level will not be more than 20 feet below the surface of
the present roadways, and thus the whole line will be effectually
ventilated.
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This line commences at the Great Western Railway terminus,
Paddington ; and will end at Finsbury-circus, City, the total
distance being 4\ miles. There will be six intermediate stations,
viz., at the Edgeware-road, Baker-street, Portland-road, Gowerstreet (for Euston-square), King's-cross, and Smithfield. The
distances between the first three stations will be about half-amile in each case ; from the Portland-road station to that in
Gower-Street, three-eighths of a mile; from thence to King's-cross,
three-quarters of a mile; from this to Smithfield, 1^ mile; and
from Smithfield to Finsbury-circus, five-eighths of a mile. The
stations will be substantial, handsome buildings, in the Italian
style. The platforms will average 200 feet in length, and 10 feet
in width. These platforms will be protected overhead by segmen tally formed arches of brickwork, while the tunnelled portions
of the line will be roofed by arched work of elliptical section,
28 ft. 6 in. in span, constructed of six 4i-inch rings of brickwork,
set in hydraulic lime, and Portland cement where required.
As would be expected in the formation of a railway through
a large inhabited city, great difficulties of a constructive nature
have occurred, which, however, as far as our observation has
gone, have been successfully conibatted by the engineer. The
contractors are Mr. John Jay and Messrs. Smith and Knight,
the former having undertaken the distance from Euston-square
to the termini at Smithfield and Finsbury-circus, and the latter
the portion from Paddington to Euston-square.
The difficulties to which we refer consist principally in the
formation of good foundations, the obstructions caused by
sewers, drains, water-pipes, gas-mains, &c, which have been
dealt with specially according to the circumstances as they oc
curred. Some of the sewers have been carried over the line in
tubes, others under the line, and some are diverted. Generally,
however, as far as this portion of the work has proceeded, the
sewerage will be much improved. The whole of this department
of the work is examined by, and executed to the satisfaction of,
the General and Local Boards of Works.
In the formation of the foundations for the line at the westend, yellow clay occurred in great quantities near the surface,
then gravel more or less fine, afterwards fine yellow sand, with a
considerable quantity of water, and at the lower stratum blue
clay. At the east-end the stratum is nearly all London clay,
intermingled with the usual layers of cement stone, very little
water occurring. The change in the character of the strata takes
place about Euston-square. Concrete is used to a certain extent
in the formation of the foundations, and the rails and sleepers
will rest on gravel ballast. The permanent way will be con
structed of the mixed gauge, to take either broad or narrow
gauge rolling stock; the rails, which will be of a similar cha
racter to those on the Great Western Railway, will rest on
longitudinal sleepers.
In the words of a contemporary, " the Metropolitan Railway
will form a direct passenger, goods, and parcel communication
from Paddington to the City, and no doubt when fully in opera
tion will ultimately very much relieve the street traffic of omni
buses, cabs, railway-vans, and other vehicles, that at present
in a great measure choke up Oxford-street, Holborn, Newgatestreet, Cheapside, and the Poultry."
The works were commenced in January last, and it is calcu
lated that the line will be opened in the spring of 1862. The
cost per mile will be about £250,000. The engineer-in-chief is
Mr. John Fowler, F.R.S., and Mr. T. Marr Johnson is the resi
dent engineer.

REVIEWS.
The Elements of Mechanism : designed for the Use of Students of
Applied Mechanics. By T. M. Goodeve, M.A., Professor of
Natural Philosophy in King's College, London. Longman.
1860.
This work is an elementary text-book of the principles of mecha
nism, and contains a very large number of examples of mechanical
contrivances, exceedingly well illustrated and described. In the
perusal of Mr. Goodeve'B treatise we have been frequently struck
by the skilful arrangement of the diagrams, and the apt words by
which he has contrived to make clear the operations of complex
mechanism. The reader who is fond of mechanical contrivances
will find abundant opportunity of gratifying his taste in these
pages. For our own part, the perusal of them has frequently
excited a feeling of wonder at the apparently unlimited means of
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varying motion in almost every conceivable way. It is almost
impossible to select instances, so multifarious are the contents of
this work; but we may perhaps, without injustice to the author,
mention the accounts of the conical pendulum of Siemens, the
use of the ratchet in sawing machinery, and the friction drilling
machine of Mr. Whitworth, among the more interesting subjects
of this book. The mathematical investigations are few and
studiously simple; among them, the investigation of Watt's cele
brated parallel motion is as clear and satisfactory as any we have
ever seen.
Perhaps the descriptions are occasionally too brief. The work
is evidently designed with a view to portions of it being written
out by students in examinations; the style is accordingly ex
tremely concise, and the work requires to be read very carefully
to be understood. We should have been pleased also to have seen
more frequent notice of the history of the progress of the scieuce
of mechanism. For instance, in describing such contrivances as
Hooke's joint, Watt's parallel motion, or Lord Stanhope's system
of levers for the printing-press, it would add to the iuterest
(and as we believe to the value) of the work to refer briefly
to the dates and circumstances of those inventions, the manner
in which they were published to the world, the degree of
improvement which they effected, and (where the case admits of
it) the nature of the successive developments of the inventions,
and their latest improvements. Another suggestion which we
offer for a new edition is the addition of a brief preliminary
account of what has been well called the science of "kinematics,"
which is an equivalent term for Mr. Goodeve's "geometry of
motion," and investigates the relative motions of different parts
of machinery due to their form, apart from physical considera
tions. It seems rather hard on the student to require him to
master investigations of the relative linear velocities of the parts
of a cam (Art. 17), or the relative angular velocities of the parts
of contrivance for converting circular into reciprocating motion
(Art. 46), without first defining linear velocity and angular
velocity.
It is one of the great merits of Mr. Goodeve's work that its
descriptions include mechanical inventions of all ages, from the
contrivance of the early Greek astronomers to represent the
moon's motion, to the latest improvements in the printing-press,
boring machine, spinning machinery, and steam-engine.
It
would be a charity to the numerous tribe of inventors who waste
their time and money in reinventing the same mechanical con
trivances over and over again, if they could be compelled to
study this work. They would learn that the science of mecha
nism, like other sciences, as it progresses becomes more and more
exact, and therefore that its development is continually less and
less dependent on the isolated efforts of inventors, however
ingenious, who are ignorant of the existing state of the science.
On Heat, in its relations to Water and Steam: embracing new
views of Vaporisation, Condensation, and Explosions.
By
Chas Wye Williams, A.I.C.E.—London: Longman. 1860.
[Second notice.]
The first section of this book treats of the three different states
of water. The author, in entering upon the interesting subject
of heat in its relation to water and steam, endeavours to define
briefly but clearly the chemical, physical, and dynamical pro
perties of those liquids. The conditions in which we find water
are three, viz —the solid, as ice; the liquid, as water; the gaseous,
or seriform, as vapour or steam. The chemical constituents of
water in these three different states are the same, with the excep
tion of the ingredient heat, which varies in quantity. This
equality however does not prevail with regard to their respective
physical and dynamical properties. In its solid state we observe
a close adherence and immobility of the particles with respect
to each other: in the liquid state, although the different particles
exercise a strong attraction towards each other, the cohesive
power is resolved, and immofnlity of the atoms with respect to
each other is changed to mobility. In both the above cases, the
particles as well as the whole mass is subject to the force of gra
vity. In the third or gaseous state, however, properties of quite
an opposite character to those of the former, make their appear
ance. The particles or atoms do no longer cohere nor attract
each other, but display a general tendency of repulsion or diver
gence. They no longer obey the power of gravity, but that of
elasticity, a force dependent on and originating with their change
to the state in question. This feature is peculiar to all elastic
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fluids, and in fact distinguishes them from liquids in any other
state. It forms the ground of inquiries of the most extensive
character, and has given rise to investigations of the properties
of the elastic fluid—Steam.
It is to the properties and changes attending the generation of
steam by the application of heat to water that Mr. Wye Williams
has devoted the greater share of those experimental researches
in which his book abounds, and which were undertaken by him
with the view of elucidating that which has hitherto been either
doubtful or inadmissable under the head of established laws.
To enable the reader to judge for himself of these valuable eluci
dations, we shall extract a few passages and experiments especi
ally interesting and original.
Mr. Williams, in directing his attention to the phenomena of
Vaporisation, raises the following questions, to which, as he says,
no writer as yet has given satisfactory answers:—
"1st, What is vapour? 2nd, How and where is it formed? 3rd,
What are its special properties 1 4th, In what does it differ physically
and dynamically from water? 5th, What are the relative proportions of
latent and sensible heat in either? 6th, What relation has it to elec
tricity ?
All assume that the statements of those who profess to have examined
the subject were based on well-defined and accurate experiments. The
various modes, however, in which the process, and even ik? tc-nn vapori
sation has been described, have in no small degree complicated the sub
ject, and manifestly suggest the necessity for further inquiry. Had writers
concurred in adopting any one theory of vaporisation there would have
been leas room for misgivings. When however we find scarcely any two
agreeing, even on elementary points, this alone is sufficient to raise
serious doubts as to whether any have given a true account of the
process.
Strictly speaking, vaporisation means the single process of converting
atoms of a liquid into those of vapour. Numerous instances might
here be given, not only of the misapplication, both of the term and the
process, but of the confounding it with others; in particular, with that
of evaporation. Turner says, ' Vaporisation is conveniently studied
under two heads— ebullition and evaporation. In the first, the produc
tion of vapour is so rapid that its escape gives rise to visible commotion
in the liquid; in the second, it passes off quietly.'
That vaporisation caimot be studied under either head is evident,
seeing that vapour may be formed without ebullition or any visible
commotion whatever; and as to rapidity—that .being solely determined
by the rate at which heat is absorbed by the liquid—as much vapour
will be generated, in any given "time, by the same quantity of heat,
whether with or without ebullition. In contradiction to this statement
then, it may, in limine, be broadly said, that neither ebullition nor eva
poration have any immediate connection with vaporisation.*'
Vaporisation of a mass of water by heat may be effected in
two ways. The one by bringing the heat in contact with the
surface, and the other by applying the heat at the bottom of the
body of water. In order to illustrate the process of vaporisation
in its simplest form, Mr. Williams gives the following illustrative
experiments:—
"Let a a, fig.l, represent the surface-stratum of the water in a glass beaker.
Fits. 1.

Fio. 2.

a \ y a
oc
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a1 «

a*

•%-.Here each atom is necessarily in absolute contact with the air above it,
and held in its position by the mere force of gravity and attraction to its
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fellow atoms. Let 6 represent one of these atoms, after having received
its complement of heat, and, becoming vapour, rising in the air as a
balloon from the ground. Its volume in this case will continue to be
enlarged as it ascends, and as the balloon would, in the ratio of the
diminishing density and pressure of the atmosphere in the upper regions.*
In fig. 2 let, a! a' represent the carpet-stratum of liquid atoms, and 6'
one of them, on becoming vapour rising to the surface as a cork would—
its volume being enlarged under the influence and in the inverse ratio of
the density and pressure of the liquid medium through which it had to
pass. It will now be seen that it could only be on reaching the surface
that it would be in a position corresponding with b in fig. 1, and be
enabled to develop its full volume.
The ratio of the enlargement of the atom b', fig. 2, while in the water,
may approximately be estimated by reference to the gross enlargement
of the mass. Dr. Ure estimates this at l-25th of its liquid volume.
Dalton's calculation gives a less increase.
Having considered the process as regards individual atoms, let us now
examine it in reference to the several succeeding strata, rising from the
bottom as they successively become vaporised. These carpet-strata
cannot rise in unbroken masses, as a carpet would from the floor, seeing
that no atom can rise, mero motu, but only as contiguous and heavier
atoms take their place, and force them upwards, as Dr. Ure expresses it.
The necessary result is that each of these lower strata breaks into sec
tions, and rises in detached portions and forms. This is fully corrobo
rated by their appearance as seen rising through the water, if looked at
across the light, or when a lighted taper is observed through the mass.
At first, wave-like forms will be perceived moving across the bottom,
and then rising through the body of the water with a cloud-like appear
ance, as in fig. 3. These will continue visible until the agitation, caused
by ebullition, disturbs the uniformity of their motion. They may, how
ever, be distinguished, even after 212° has been reached, if the process
be carried on gradually and without ebullition, or internal commotion, as
will hereafter be described.
It is here worthy of note, and in proof of the necessity of further
inquiry, that these movements, although so palpable and suggestive, do
not appear to have been recorded, or even noticed by any of the
numerous experimenters from Black or Leslie down to the present time.
Several other important but hitherto unnoticed movements will hereafter
be pointed out.
The first tangible proof we have of the formation and absolute exist
ence of vapour will be its appearance above the surface. The new-formed
vapour having passed upwards through the liquid mass, whatever may
be its depth, may be caught and condensed on a mirror or dial glass.
(A little cold water placed in the dial will prevent its becoming heated,
and thus favour the condensation.) ,
While the vapour continues to rise and escape into the air, we also
find the temperature in the mass increasing so uniformly as to justify the
inference of its diffusion under the Daltonian law.
Attempts were made, by the aid of an experienced optician, to have
those cloudy vaporous forms magnified and projected against a large
surface by the magic Ianthorn ; they were, however, found to be so
transparent that the object was defeated. Their visibility was a mere
optical effect arising from the different densities of the vaporous cloud
and that of the colder water, the rays of the light being refracted from
their upper convex surfaces."
As a proof of the rapid formation of vapour the author gives
the following illustration, which may be easily exemplified hy
actual experiment. If heat be applied to a glass beaker filled
with a certain quantity of water, vaporisation will be going for
ward. In order therefore to determine approximatively its ex
tent, Mr. Williams places a concave glass cup filled with cold
water upon the top of the beaker. As soon as vaporisation has
commenced the cloud-like vapours, as they disengage themselves
from the mass of water from which they are generated, will be
seen almost immediately to be condensed, and in the shape of
drops on the underside of the dish or cup, from which they will
finally again drop down into the water below. To illustrate still
further the effect of vaporisation and the homogeneous tempera
ture of its action, a second dish or cup, but of a lesser concavity,
may be placed over the first one, when a double process of vapo
risation, but with equal rapidity, will be observed. The cold
water in the lower cup will assume the same temperature as that
due to the vapours issuing from the larger body of water in the
beaker beneath it; and vaporisation will take place in a similar
way, which may be observed by the formation of condensed
vapours on the underside of the upper glass dish.
Before concluding the chapter on vaporisation, the author
Adduces further proofs that it is vapour, and not heated water,
that is seen rising through the water; and proves further by
a simple experiment the diffusion of vapours through a large
space, but generated in a short time. The next section treats of
* The circle b here represent*, not the atom Itaelf, but the range of the repellent
influence it exerts.
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The diffusion of vapour and other elastic fluids.—Before Mr.
Williams proceeds to any experiments explaining these properties
of vapour, he deems it necessary to give the student a correct
view of the principles which influence the different processes in
connection with the communication of heat to water, and its
results. He explains in an excellent manner how far we are
justified in calling the vapours of water an elastic fluid in the
ordinary acceptance of the term elasticity. The analogy between
vapours and other elastic fluids, their expansive properties, and
the mutual repulsion of their particles, is here at great length
discussed. While on these questions, and on the nature of mixed
gates, Mr. Williams does not omit to acquaint us with the views
of other experimentalists on the phenomena of the diffusion of
vapours—phenomena which have required the rigid inquiry of
the most gifted men for their solution. It was reserved for Dalton
to solve their true nature. Dr. Henry, his biographer, says:—
" It is impossible to peruse the essay on the constitution of mixed
gases, and especially to contemplate the plate by which it is illustrated,
without perceiving that meditation on the constitution of homogeneous
and mixed elastic fluids had impressed his mind with a distinct picture
of self-repellant particles or atoms. Thus he affirmed that homogeneous
elastic fluids are constructed of particles that repel each other with a
force decreasing directly as the distance of their centres from each other,
and as a necessary sequence that the distances of the centres of their
particles, or which is the same thing, the diameters of the spheres of
influence of each particle, are inversely as the cube roots of the density
of the fluids."
In these words, then, we find established the separate identities
of the vapour atoms, while in the water, which act but as a liquid
atmosphere for their diffusion. A right understanding on this
head is of the last importance as furnishing a key to the many
disputed and doubtful points which still embarrass the subject.
For the ocular demonstration of the repulsion and diffusion of
vapours, Mr. Williams gives a series of those diagrams descrip
tive of the self-repellant particles or atoms which have been so
ingeniously delineated by Dalton.
The heating and expanding of water is the next subject taken
under consideration. Is water incompressible ? The theory pro
mulgated by modern writers on the subject is, that water expands
by heat being communicated to it, and admits of a dilation of an
almost infinite degree, whilst the compression of which this liquid
is susceptible is eo little that water may be said to be incom
pressible. It is a well-known law of nature that all solid bodies
expand by an increase of heat being imparted to them, and con
tract as the heat is withdrawn or diminished. The force with
which this alteration in bulk takes place is inferred to be the
same, but of an opposite character, to that which is necessary to
destroy the relation between the different particles or atoms.
Thus, a solid would dilate by the influence of temperature with
the same force with which it would resist compression; and
again, the same body would contract with a force necessary to
tear it asunder by tension. On this Mr. Williams remarks:—
" This correspondence in force being a general law of nature must be
applicable to all bodies; and what are the elementary constituents of a
liquid but bodies subject to such general law ?
Dilatation and compression are treated as being reciprocal and pro
portionate. Yet see how a positive law in physics may be rendered
doubtful or negative when applied to liquids,—an arbitrary application
being resorted to in order to satisfy this theory of expansion, namely,
' The force with which liquids dilate is equivalent to that with which
they would resist compression; and as liquids ore nearly incompressible,
this force is very considerable.' But why not apply the same terms, and
draw the same conclusions in both cases, namely, that as liquids are
nearly incompressible they must necessarily be nearly inexpansible ?
Prof. Graham observes:— 'Regnault has recently determined the com
pressibility both of water and mercury with great core, and estimates
the compression of mercury for each atmosphere at 3'5-millionths of its
bulk, whilst he found that of water to be equal to 47-milUonths of its
bulk.'
By the above dictum it is sought to be inferred that the resistance to
expansion or dilatation, as regards liquids, is not commensurate to that
of compression; in a word, that action and reaction ore, in this case,
not equal and opposite. We shall, however, find more harmony in
nature's laws.
If these liquids then be incompressible, pari ratione, they must be inexpansible ; for if the resistance to compression cannot be overcome,
neither can the resistance to expansion or dilatation."
Mr. Williams next considers the influence of conduciibUity and
non-conductibility on the heating and expansion of water. He
points out with great clearness the oversights and errors com
mitted by writers on this question. He convinces us of the
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misinterpretation of the experiments undertaken by them with
the object of arriving at a conviction, and proves that diffusion
of heat in a liquid cannot be effected by circulation of the par
ticles, or descending currents, before ebullition has taken place,
as has been asserted by others, and sought to be established by
au experiment in which the motion of particles of a light and
insoluble powder, as amber, which had been deposited at the
bottom of a vessel filled with water, were supposed to indicate
the descending currents, or the circulation of the particles of the
water, by which the former were set in motion. That these
lighter particles of a solid substance, however, are merely made
to ascend by the vapours which move from the bottom of the
water upwards, ana to descend by their own gravitation, has
been fully shown by Mr. Williams.
With respect to the descending or downward action of vapours,
and the non-conductibility of water, and that the former, not the
latter property, is the only reason of its homogeneous temperatare, we quote the following experiment:—
" A largo blow pipe was applied to the flame of a gas burner by
Herapath's apparatus. The flame was projected against a beaker of
water, about two inches in diaFio. 8.
meter, and made to spread
against the glass, as shown in
fig. 3. Ebullition soon took
/
place, and the mixed vapour and
water were seen rolling over and
descending, as here shown. By
dipping a thermometer into the
water, the line of influence of the
hot stratum at a was clearly visi
ble. This line may also be seen,
in a wave-like form, descending
until it reaches the bottom. It
is here advisable to cover the vessel partially, to prevent the too rapid
escape of the vapour. This may be said to be the process by which
the water in marine boilers becomes influenced throughout, and circula
tion effected, until ebullition has commenced, the mechanical force of
which further promotes that circulation."
(To be concluded in our next.)
Colling1* Gothic Ornaments.
Colling3* Detail* of Gothic Archi
tecture. London : J. R. Jobbins.
We have before us the first numbers of the new editions of
these works, which we are glad to see are about to be reproduced
in their original serial form at short intervals. When they first
appeared, our pages on several occasions noticed their excellence
and utility, and as they are still unsurpassed, and will always be
valuable works of example and authority, we again recommend
them to the notice, as deserving of attentive study, of the younger
members of the architectural profession who may be unacquainted
with their contents, from their having been out of print for a
considerable period.
The whole of this encyclopaedic collection of ornament and
detail, and the beautiful coloured decoration given in the two
works, are delineated to a good scale and from actual measure
ment, which circumstance renders the plates, some 400 iu number,
especially valuable.
DISTURBANCES OF THE BABOMETRICAL COLUMN
AT CERTAIN SEASONS OF THE YEAB.
At a recent meeting of the Literary and Philosophical
Society Mr. Atkinson read a paper on Barometrical Distur
bances, in which he stated his conviction that all the move
ments In the atmosphere of our earth which have received the
designation of irregular are caused by the reflected or radiated
heat of the sun, and take place at a very moderate elevation,
eay within five or six miles of the general surface level; and
that these apparently irregular movements or shiftings from
place to place of lighter and heavier air, causing oscillations in
the barometric column, are mainly, if not wholly due to irregu
larities of the earth's surface. Had our earth been a globe
possessing a smooth surface of uniform texture and properties,
it seems clear that the atmosphere would have been acted upon
by the reflected and radiated heat of the sun, in a manner so
much in accordance with a uniform sequence of physical effects,
that the periodic movements of the gases composing it would
have been as regular as the planetary motions themselves. In
the northern parts of our hemisphere, it appears by Mr. Baxendell's paper, read before the Literary and Philosophical Society,
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on the 13th of October last, that the barometric oscillations are
least in amount when the sun is on or near the equator. This
fact points to the inference that if the plane of the earth's orbit
had coincided with the plane of its equator the disturbance of
the barometric column would have been comparatively small and
nearly uniform throughout the year. The coincidence of these
two planes not existing, it is found that as the sun retreats
from the equator towards the southern tropic, the sum of the
oscillations of the mercury gradually increases for a considerable
time, and then rapidly mounts up so fast as to form a prominence
in Mr. Baxendell's curves resembling a mountain peak. This
peak or summit of the " dynamical curve" occurs above different
points of its axis—that is, at different periods of time, according
to some peculiarity in the position different from the latitude or
the longitude of the locality from which the data for construct
ing the curves were derived.
Speaking of the northern hemisphere, as the sun withdraws
southward from the equator less or greater portions of the
northern part of the terraqueous surface becomes cooled down
gradually to the freezing point, according to various peculiarities
of substance—elevation above the sea-level, proximity to the
open ocean, or to far-inland mountain ranges, and to other
analogous causes. In similar latitudes, from the varying con
ditions just mentioned, there will exist, side by side, spots dif
fering, or having a tendency to differ very much in temperature,
and where consequently currents of different density—set iu
motion by the constant struggle going on in the air to attain a
state of equilibrium—will cause frequent fluctuations in the
barometer. These disturbing causes will, in any region, be much
increased at the setting in of winter and the commencement of
hard frost ; for at this crisis a large amount of latent heat will be
liberated, and will contribute its influence to disturb the equili
brium of the air. A similar crisis will occur at the end of
winter on the breaking up of the frost, and will necessarily be
attended with similar results. As the times of these crises
appear to correspond iu a remarkable manner with the times ol'
maximum disturbance of the barometrical column, it seems but
fair to infer that a relation exists between the causes here stated
to be in operation, at the critical periods just named, and the
periodical disturbance of the mercury in the barometer indicated
by Mr. Baxendell's " dynamical curves." The correctness of this
inference, or the contrary, can only be established by future
observation of phenomena, and the collection of facts, many of
them of a kind seldom thought of hitherto as constituting elements
for the solution of problems in meteorology.

METROPOLITAN INTERCOURSE.
It may be as well for the public that, through the City at
least, the omnibus tram-lines have been for a time postponed by
the passing of a resolution at Guildhall (Court of Sewers), on the
4th ult., to take the subject "into consideration that day six
months;" such project, for which the majority of the now crowded
thoroughfares are too narrow, would only take the attention from
the more legitimate modes of relieving them. Among these we
reckon — first, the Thames embankment, which we trust,
through the sensible and business-like report of the parlia
mentary committee, is likely to be put forward in a manner that,
besides greatly beautifying, must confer a benefit on the metro
polis and its inhabitants for ages to come.
The embankment could be executed down-stream, beginning
at Millbank; every length, then, inside one rauge of floated and
ballasted caissons or crib-coffers (as first used perhaps half a
century since) could be completed, the embankment, with the
esplanade drive upon it,—at least so far as roughing out the tide
docks, and taking advantage of the necessary junctions with the
streets forming headings to the docks, each length could be made
available to the public. The coffers made in lengths could be
joined by X terminals trenailed together, forming puddle-chambers
below low-water line, but above which they could be caulked: to
secure them iu their position, besides the permanent ballasting,
which, with the water to be admitted when duly ranged, would
sink them, they could be secured at certain distances by an occa
sional pile driven into the bed of the river on their line, with
counter or stream piles, outside which would act as "fenders,"
and to which struts or braces should be attached. These stream
piles aud the others could easily be drawn or cross-cut level
with the bed of the river on the removal of each coffer length,

32

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

and the trenails in the I junctions could be driven back from
the inside. Three working lengths of coffering should always be
in progress. The first formed to be in occupation by the masons,
the second to be nearly ready for them to come to work within,
and a third to occupy the pioneer hands, so that the whole work
should proceed with the strictest order, and yet be carried on
with all possible rapidity. While the embankment, esplanade,
and docks would be thus working down-stream, affording great
facility to the subsequent formation of the intercepting sewers,
the sewers themselves might progress up-stream from below
on both sides of the river, and thus not only the four terminals
might be kept approaching each other, but in sundry places, as
means and convenience might admit, other, even detached por
tions of the embankment and esplanade might be laid off and
proceeded with, should hands to press forward the work freely
offer. It is not likely however that more than one-half of the
future breadth of the esplanade, with a wide footway next the
river wall, could be made available at first on the down-stream
working, until the excavation by the intercepting sewers would
furnish the remainder of the solid filling required, between the
arched entrances into the docks, but the parts worked tin
from below against the stream should be completed off-hand
the full breadth, all deficiency of filling to be supplied by land
or water from such places as might then offer.
The second most important work of the kind, as nearest in
connection with the City, we may reckon " The Charing-cross
and Bank Junction," or twice across the Thames, which has been
called the T T Railway. The promoters of this line, availing
themselves of the facility for tying their rail with the heart of
the City, have taken the necessary measures for obtaining an act
i>f parliament, in the ensuing session, to enable them to make
their invaluable extension.
At the Surrey side there may be said to exist no difficulty that
cannot be easily got over. On the high level the railway, with
common prudence, must be run. The river might be advan
tageously crossed to or opposite Cousin's-lane Stairs; and by re
moving the block of stores of an inferior class standing between
that lane and Dowgate, an ample opening would be obtained, not
only for even a double line of railway, to be run on arches over
two stories of warehouses and places of business, but for an
excellent street, to be continued by the purchase of the west side
of Wal brook the whole way, and so widening opposite the St.
Stephen's Church of Sir Christopher Wren.
The rents of the lettings under the railway, with such an im
proved streetway in front of them, would probably pay the entire
purchase-money; and a considerable further sum might be ex
pected by a sale to the City, to render it free, of a toll-bridge for
carriages aud passengers, to be erected with, and be a part of, the
railway bridge, which would thus relieve London-bridge, and be of
immense advautage to the City, while the thoroughfare to
be thus created would alone secure the rents of the lettings
alluded to.
The project third in importance, but for which we believe no
step has been as yet taken to obtain au act of parliament, would
be, as talked of in the West-end, a line of railway to connect the
extreme north-west with the south-west of London, which might
be called the Paddington to Pimlico Railway.
Proceeding from Battersea railway-bridge on the high level,
it would probably pass at a convenient height over the streets
immediately south of Sloaue-square, near to Broiupton-creseeiit,
and at either side of the South Kensington Museum (with the
Brompton station there); but its there is a rise of 40 feet from the
Brompton-crescent to the Kensington-road, a deep cutting might
commence between, so as to pass the railway at a very easy
ascending inclination uuder the Kensington-road, Rotten-row,
and the Serpentine water, with probably a shaft carried up,
through a hollow and well-shrubbed island, for light and venti
lation. It might then pass under the Ring-road and Kensingtongarden fence, uuder the west side of Sussex-square to the Pad
dington Station, aud, passing up its east side, might form a
junction with the Metropolitan Railway now in progress from
Paddington, by Kiug's-cross, to Finsbury-circus. The only in
convenience or delay that could arise- would be but trivial, viz.,
the backing from Battersea-bridge of the down trains into the
Victoria (Westminster) Station, but which, from the peculiar
circumstances of level, the safety of the public would require,
as well as, perhaps, an improvement of that junction by au alte
ration in the old Grosvenor Canal-bridges, under which the line
runs, and raising of the rail so as to obviate the present inconve
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niently-sudden, if not dangerous, dip the railway takes to enable
the train to clear the soffits of the arches.
The last, and by no means the least important communication
to be considered, is that over Blackfriars-bridge, and the pro
priety of sanctioning any attempt to replace the failing arch of
that structure. As there is a rise of 16 feet in the roadway of
the bridge, rendering it inconveniently steep, the opportunity
might be taken of getting rid of half the rise, and so giving the
road an easy inclination.
THE NEW GRAVING SLIP, CRONSTADT.
A correspondent, writing from St. Petersburg, iuforms us
that the powerful graving slip erected at Cronstadt for the Rus
sian government, by Mr. H. Grissell, of the Eegent's Canal Iron
works, has just been brought to a successful completion.
The dock or slip has a rising incline of 1 in 24 from the mole
upwards, for a length of 800 feet. Six lines of rails, with a cen
tral rack for hauling, of immense solidity, are laid down to carry
the cradle, which contains 200 tons of oak and iron in its con
struction. The chains with which the cradle is hauled up with
its load, consisting, perhaps, of a ship of 2000 tons register (for
which it is calculated), consist of two distinct sets of alternate
long and short links of rectangular section, each link containing
in transverse section 10 inches of the best malleable iron. The
holes for the connecting links are all accurately bored to a gauge,
and the pins for the connection are of steel, turned expressly so
as to fit with the greatest precision. The hydraulic apparatus
patented some time since by Mr. Miller, of Glasgow, is employed
as the moving power; it has a working stroke of 15 feet, corres
ponding to the length of the winding-up chains, or traction bars.
The ram has a diameter of 14 inches.
The supply of water to the apparatus is obtained by three
pumps, worked by a 40 horse-power horizontal engine, which
also drives a horizontal capstan for the purpose of hauling up
the empty cradle at a greater speed than could be obtained by
the hydraulic apparatus.
On completion, the cradle and machinery were subjected to a
severe trial by way of proving their efficiency, a species of caisson
being erected upon the cradle, and loaded with 1200 tons of
ballast. This load was lowered into the dock with the greatest
facility, aud drawn up again as a navvie would wheel a barrow.
Our correspondent states that "not a screw was louse, aud the
links appeared to connect and disconnect themselves by some
automatic process." During the trial the cradle was brought to
a stand to a sixteenth part of au inch. A series of trials were
satisfactorily terminated by placing upon the cradle and hauling
up, through ice three inches in thickness, the Vladimir, the
well-known mail packet ruuuing between Cronstadt and Stettin,
an irou paddle vessel of large size.
The works have beeu carried out by Mr. Alfred Cooke,
A.I.C.E., formerly resident engineer for the Crystal Palace,
Sydenham, and who was also engineer, uuder Mr. Grissell, for
the lighthouse erected in the Baltic, on the island of Seskar.
Lubricator.—At a recent meeting of the Fraukliu Institute,
Mr. J. E. Wootten exhibited a model of Andrews and Carr's
patent lubricator for car journals or other end bearings. It con
sists in introducing the oil for lubrication into a chamber formed
by boring a cylindrical hole into the end of the axle, of a depth
about equal to the" length of the journal. A small hole is bored
from the surface of the journal to communicate with the chamber,
aud through this orifice the oil reaches the bearing. A tube for
containing oil fills the chaml<er. Upon the insertion of this tube
with its charge of oil, the chamber is closed by means of an
annular screw-plug, in which is inserted a disc of plate glass,
which serves the admirable purpose of affording an opportunity
of observing at a glauce what quantity of oil the chamber con
tains, and when the supply should be replenished. Experimental
tests which have been made with this lubricator, show it to be
very economical and efficient in its performance.
COMPETITIONS.
Design* are iuvitod, with estimates, for a commodious hntel, at Saltburo-by-the-Sea,
in Cleveland, for the Stockt'in aud Darliogton Railway Company. Premiums, ,£50 and
£30. A sketch of the ground may be obtained by application at the railway office,
Darlington. Designs to be sent in, with estimate, by the 31st hist.
Plans and estimates are required for the erection, at Bury St. Edmund's, of a new
corn exchange, with butchers' shambles. The materials to Is? irou and glass, as far as
may be considered practicable for such a building. A ground plan of the site may be
obtained on application to the town clerk. Plans to be sent to William £almou, town
clerk, by the 10th iust. Premiums, 25 guineas aud 10 guineas.
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HISTORY AND DESCRIPTION OF ELY PLACE,
HOLBORN.
(With Engraving*.)
Resuming the history of Ely Place, we note that Sir "William
Newport, Sir Christopher Hatton's nephew, and whose surname
he adopted, became, on his uncle's decease, possessor of the
estate; and after his death, his .widow, the historically wellknown Lady Elizabeth Hatton, after a lengthened rivalry
between her two suitors, Lord Bacon and Sir Edward Coke,
became the wife of the latter, for whom in time she enter
tained so deeply rooted an aversion that she finally refused
him admission to her house.
Howell, the author of ' Londiuopolis,' states in one of his letters, that Count Gondomar,
the Spanish ambassador, told the king that " My Lady Hatton
would not suffer her husband, Sir Edward Coke, to come iD at her
fore-door, nor him (the Count) to go out at her back-door;" this
strange woman having refused Gondomar, who was her imme
diate neighbour, a passage through her back-gate into the fields.
It was about this time, i. e., in the reign of James I., that the
last representation of a religious "mystery" in England took
place at Ely House, on the night of a Good Friday, the subject
being Christ's Passion; and thousands, it is said, were present.
In the succeeding reign of Charles I., the grand masque by the
four Inns of Court, in which Whitelock, Hyde, and Seldon took
part, was arranged at Ely House. This performance was a
species of preliminary rehearsal to its performance before the
king and queen at Whitehall, on Candlemas Day, 1634. The cost
of this magnificent pageant is said to have been £21,000.
Lady Elizabeth Hatton died on Jan. 3, 1646, having to the last
resisted any reconciliation with her husband, and every attempt
on the part of the Bishops of Ely to recover the property. During
the period, i.e. from 1609 to 1619, that the good Bishop Lancelot
Andrews, who was translated in 1619 to Winchester, held the see
of Ely, some efforts had been made to redeem the mortgage, and
the bishop expended £2000 in repairing the portion that still re
mained unalienated. Bishop Matthew Wren (uncle of the great
architect Sir Christopher Wren), who had been chaplain to
Bishop Andrews, made an offer of the money, and obtained
judgment against Lady Elizabeth Hatton, but this decision was
made in adverse and troubled times—the Long Parliament held
sway, and Bishop Wren, a man of unshaken loyalty to the king's
cause, who, with others of his episcopal brethren, had protested
against their ejection from the House of Lords, and all proceed
ings of the House during that exclusion, was in consequence
impeached, and subsequently confined in the Tower for upwards
of eighteen years. Meanwhile a resolution was passed which
set forth that the estate of Lady Hatton, being good in law, was
not redeemable in equity, nor subject to the said pretended
trust. During the bishop's imprisonment the palace was dis
mantled, a great part pulled down, and the well-known garden
became the site of the present Hatton-garden; part of the palace
and offices were used as a prison and hospital, so that on Bishop
Wren's reinstatement in 1662, not only was the habitation en
tirely desolate, but he had lost nearly all hope of ever being
able to restore the palace to its original purpose. A law-suit
was however commenced, which finally resulted in one of his
successors (Bishop Simon Patrick) consenting to accept a fee-farm
rent of the value of £100 per annum as a compromise.
Among the most noteworthy events that occurred at Ely
Place after the Restoration, we find that on November 14, 1668.
the then Dean of Ripon, Dr. Wilkins, was consecrated Bishop of
Chester in the chapel of the palace, when Dr. Tillotson, Arch
bishop of Canterbury, Dr. Cosin, Bishop of Durham, the Bishops
of Ely, Salisbury, and Rochester, officiated, the Archbishop
preaching the sermon.
Here also, Susanna, the daughter of
Evelyn the historian, was married, on the 27th April, 1693, to
"William Draper, Esq., by Dr. Tenison, then Bishop of Lincoln,
and afterwards Archbishop of Canterbury.
At the time of Prince Charles Edward's defeat by the Duke
of Cumberland, in 1746, an incident occurred in the chapel of
Ely Place, which has thus been mentioned by the poet Cowper
in the 'Task':—
" So in the chapel of old Ely House,
When wand'ring Charles, who meant to be the Third,
Had fled from William, and the news was fresh,
The simple clerk, but loyal, did announce
And eke did rear right merrily two staves,
Sung to the praise and glory of King George."
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Subsequently to the middle of the eighteenth century, whea
all hope of recovering the property that had been granted to Sir
Christopher Hatton was abandoned, the condition of the palace
became increasingly desolate,—the buildings were by degrees
pulled down, the chapel, the hall, the cloisters, and some other
portions excepted, and the chapel was subject to the grossest
desecration, the space underneath being used as a public drink
ing cellar, whence the sound of noisy and profane revellings
actually proceeded during the hours of divine worship. The
bishop's horses were brought through the hall, for want of a
better entrance, and the palace, which Stow had sometime
declared to be "large and commodious," was, reduced to a very
dark and incommodious habitation, the bishops being obliged to
enter the apartments reserved for their use by the back way.
Several cellars under their private apartments were let to other
tenants, and the windows and passages of these cellars opened
into the cloisters. Sir Thomas Gooch, D.D., who was Bishop of
Ely from 1747 to 1754, was the last who fitted up Ely House as a
residence. He died there on Feb. 14, 1754, and in 1762, on the death
of the last Lord Hatton, the entire property, which during the long
period of nearly 600 years had been a place of episcopal residence,
and the scene of the most magnificent displays,* was finally dis
posed of. An act of parliament was obtained in 1772, under the
episcopate of Bishop Keene, whereby, the bishop consenting, all
the rights and property connected with Ely Place were trans
ferred to the crown for the sum of £6500, with an annuity of
£200 to the bishop and his successors for ever. Out of this £6500
the sum of £5600 was appropriated to the purchase of Clarendon
or Albemarle House in Dover-street, Piccadilly, with other mes
suages and gardens, to be settled on the see, subject to a reserved
rent of £18 a year,—the remaining money, with £3600 due from
the executors of Dr. Mawson, Bishop Keene's predecessor, for
dilapidations, was applied to the erection of the house in Doverstreet, called Ely House, which was settled on the Bishops of Ely
for ever.t
For some time it was uncertain What would be done with Ely
Place. A convenient excise office was required, and the ground
on which the palace stood was suggested as eligible, but its situa
tion was objected to. The project of removing the Fleet prison
was also entertained, and again Ely Place was under considera
tion, in consequence of the amount of ground still attached to
it, but the inhabitants of Hatton-garden petitioned against
the erection of a prison on that spot, and the parishioners of St.
Andrew's, Holborn, and the Earl of Winchelsea (to whom estates
in Hatton-garden belonged, and who feared that thereby his pro
perty would be injured), also gave the scheme all the opposi
tion in their power; the bill brought into the House of Commons
did not in consequence succeed. A scheme was also set on foot
for converting it into a stamp office, but this also failed. The
estate was finally re-sold by the crown to Mr. Charles Cole,
crown surveyor, when the hall, cloister, &c. were removed, and
the present street, also called Ely Place, was built on the site.
The chapel however escaped demolition, and after passing
through various hands, having amang the rest been purchased
and presented to the National Society by Mr. Joshua Watson,
for the use of the children of the central school in Baldwin'sgardens, an arrangement which was afterwards given up, it has
been of late years a place of worship for Welsh episcopalians,
and divine service is celebrated every Sunday in the Welsh
language.
The foregoing particulars are a summary of the principal
historical facts connected with one of the most interesting fea
tures of Mediaeval London.
In this practical age—" the age of iron," as it may literally be
termed—an adequate conception of the dignity and magnificence
which distinguished the palaces of the clergy and nobles in
London can be with difficulty realised, a few scattered and
dilapidated remains being all that now attest the departed
glories of the ancient residences. Among the most distinguished
was Ely Place, but of its original aspect before Queen Elizabeth's
* Daring this time there had been forty-one Bishops of Ely, of whom six had died
within its walls.
t The originals of the plan and three views of Ely Palace as it stood in 1772, from
which the illustration-* given by Grose and other authors have been engraved, have
been kindly lent to the writer of this account of the palace, through Mr. IS. Kerrey,
architect, by the Kit. Edmund Keene, son of the munificent prelate of that name to
whom allusion has been already made, and regarding whose liberality Pennant writes
the following:—" It was the fortune of that munificent prelate, Edmund Keene, to build
or repair more ecclesiastical bouses than any churchman of modern days. He bestowed
most considerable repairs on the parsonage bouse of Stanhope, in the bishopric of
Durham,—be wholly rebuilt the palace at Chester, —he restored almost from ruin that
at Ely,—and finally, Ely House, Dover-street, London, was built under bis inspection."
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rsign, when, according to Strype, it had " grounds consisting of
an orchard and pasture, all inclosed within a wall," and, as
already stated, comprised within its boundaries an extent of
upwards of twenty acres, no accurate record, it may be feared,
remains. Towards the end of the last century, Grose, the his
torian and antiquary, describes the then existing buildings
(a.d. 1774) as follows:—
" This house stands on the north side of Holbourne, almost opposite
to St. Andrew's Church. The entrance is through a large gateway, or
porter's lodge, into a small paved court; on the right hand are some
offices supported by a colonnade, and on the left a small garden, sepa
rated from the court by a brick wall. In the front appears the venerable
old hall,* originally built with stone; its roof is covered with lead. Ad
joining to the west end are the chief lodging rooms, and other apart
ments. The inside of this hall is about 30 feet high, 32 broad, and 72
long. The timber of the roof forms a semi-dodecagon. It is lighted by
six. (Jothick. windows, four on the south, and two on the north side. The
floor is paved with tile*. At the lower end is an oaken screen, and near
the upper end there is an ascent of one step, for the high table, according
to the old English fashion. To the north-west of the hall is a quadran
gular cloister, its south side measuring 95, and its west 73 feet. In the
centre is a small garden. The east end is at present shut up, and has
been converted into a sort of lumber-room or cellar. Over these cloisters
are lodging-rooms and galleries, where are several antient windows, but
not above two small pieces of painted glass, and those neither beautiful
nor curious. Adjoining to the north side of the cloister, in a field con
taining about an acre of ground, stands the chapel. This field is planted
with trees, and surrounded by a wall; on the east Bide, next the hall, are
the kitchens. Here were several other offices, which have been taken
down within the memory of persons now living. The exact time when
this chapel was built is not known; it is dedicated to St. Etheldreda; and
is a right-angled parallelogram, in length 91 and breadth 39 feet, having
at each angle an octagonal buttress or turret, crowned with a conical cap
or pinnacle. The east window is large and handsome; on each side of
it, as well as of thoBe on the north front, are niches with pedestals for
statues. The ornaments seem to have been carefully finished, but the
whole building is at present greatly defaced by time and weather; the
inside is still very neat, and seems to have been lately repaired. The
floor is about 10 or 12 feet above the level of the ground, and is sup
ported by eight strong chestnut posts, running from east to west, under
the centre of the building. This forms a souterrein or crypt, the size of
the chapel, having six windows on the north, answering to as many
niches on the south side. At present several of the windows are stopped
up. The entrance into this place is through a small Gothick arch under
the east window. It does not appear that there ever were any burials in
or under the chapel.
The buildings of this house have undergone many alterations, repairs,
ami additions, as appears both by the different stiles of architecture, and
the various materials with which tney are patched. By whom these
were done is nowhere mentioned, except in the life of Bishop Launoelot
Andrews (in Bentham's ' H istory of Ely ' ), where it is said that bishop
laid out two thousand pounds in the repair of Ely House, Holbourne, Ely
Palace, Downham Hall, and Wisbeach Castle. This was between the
years 1609 and 1819."
It has sometimes been asserted that the chapel was erected
during Bishop Arundell's episcopate, viz., between the years
1374 and 1-114;+ but the most cursory inspection is sufficient to
show this is an error, the date of its architecture clearly belong
ing to tht; beginning, and not to the end of the fourteenth cen
tury. It is throughout of Geometrical Decorated character, and
a truly beautiful example it has been. In plan it is a parallelo
gram, measuring 80 ft. 3 in. long by 29 ft. 5 in. wide, and about 50ft.
high internally. The original entrance was at the south-west
angle, and in the jamb-mould of this doorway are three shafts,
with moulded capitals and bases, and intermediate smaller shafts;
and the arch above the springing has a series of exceedingly
beautiful mouldings. On the inside, the arch of the doorway is
segmental pointed, concentric with the outer arches, and the
jambs have shafts witli moulded caps and bases, the labelmoulding being carried on a moulded corbel at the level of the
springing of the arch. The whole of this doorway, with its
details to an enlarged scale, will be found on Plates V. and VI.
It is probable that at the western end was an ante-chapel, and
that a screen originally existed between it and the chapel. The
two westernmost compartments, instead of windows on the north
and south sides, had mural arches. The chapel had five 2-light
* According to the drawing of the hall of the palace, it would seem to have been
erected in the fourteenth century, and was probably coeval with the chape], the
wiudows being apparently of Geometrical Decorated character.
t Malcolm, in his'Londuiium Redivivum,' vol.it. p. 237, states—"Thomas A rundell
was the prelate who expended the greatest part of his revenues on the palace; and I
suppose we are indebted to him for the beautiful but folitary fragment now left for the
admiration of the antiquary and man of taste, the product of an architect familiar with
Die rich fancy of the Edwardian style, fully indulged in the grand east window,"
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windows on the north and south sides, the windows being con
nected by a wall arcadiug, which, above the springing of the
arches, had crocketed and ftnialed canopies slightly projecting
from the wall, and filled with geometrical tracery.
The east and west windows are of large dimensions. Each
has five lights; the west window being considerably the better
of the two in design. In the tracery of the east window the
sub-arcnation is not concentric with the outer arch, whereby a
species of spandril space is somewhat awkwardly obtained at the
top of the window; aud it has been attempted, but not very suc
cessfully, to obviate this defect by the introduction of a sexfoil
circle and other tracery in the space referred to. The original
ceiling of the chapel may probably have been the same form as at
present, viz. polygonal, in four bays; an inspection of the roof,
as far as it was practicable, above the ceiling indicating no signs
of moulded or ornamental work; while the quatrefoil openings in
the east and west gables present no appearances of having been
glazed, but were probably for the purposes of light and veutila-^
lion only, aud intended to be concealed from view from within
the chapel.
According to the drawings of the year 1772, the same arrange
ment of windows aud intervening arcadiug as that on the inside
appears to have existed exteriorly, but the lower portion of the
window openings appears to have been blanked up. The windows
on the north, east, and west sides, lighting the souterrein, were
of two lights, and, like the rest, of Geometrical Decorated date.
On the south side of the crypt, in the interior, were two recesses,
apparently aumbryes, and two single-light openings, formerly
looking into the cloisters adjoining; the north-west octagonal
turret in all probability contained a staircase, the door of which
was in the crypt.
The foregoing description of St. Etheldreda's chapel cannot well
be concluded without some notice of the existing state of the
building, for, since Grose wrote, great indeed has been the change:
the modern Ely Place has superseded even the remnant of the
palatial dwellings that existed in 1772. Hall, cloisters, dwellings,
gardens, have disappeared, and all that now remains is the once
magnificent Chapel of St. Etheldreda,—itself, too, changed in all.
respects, and now occupying a retiring position behind the front
age of the houses in the street. In the interior, the pewing and
galleries, "altar-piece," and pulpit (the portentous sounding-board
of which rears its elevated heaa in the very midst of the building)
presents a most incongruous and unsightly mass of carpentry antl
joinery. An upper gallery almost entirely obscures the design o£
the tracery in the west window, an accurate restoration of which
could only be obtained by access to the outside through the
houses in Hatton-garden. The tracery in the windows on the.
north and south sides has been entirely destroyed, the most
wretched modern wooden sashes being substituted, and no indica
tion of their original design existed until very recently, when one
of the window recesses at the north-east angle of the chapel was
opened, and the original tracery, built into the wall of the adjoin
ing house in Ely Place, was brought to light, the tracery indeed
in a state of considerable mutilation, but nevertheless sufficiently
perfect to indicate the design of the original two-light window.
The interior of the entrance door at the south-west angle of tho
chapel, close to which is a j articularly small and inconvenient
modern staircase leading to the organ gallery, is now entirely,
hidden from view by modern wood panelling and jamb linings,
with the exception of a portion of the label-mould. When the
writer of this account measured the building a short time since,
the application of a few tools sufficed to bring to light the interior
of the original doorway, which for more than seventy years had
remained concealed from view. The interior walls of the chapel
are encrusted with an admixture of yellow wash and dirt, and
on the outside, from neglect and the effects of a London atmo
sphere, the masonry is in a melancholy state of decay; the jamb
and arch mouldings of the windows are almost wholly obliterated,
and nought but a faint indication of the arcadiug connecting the
north and south windows exists. The west front looks upon a
small yard within a few feet of the rear of the houses in Hattongarden, and the east front, towards Ely Place, has been " beau
tified "and renovated with a facing of stucco, "neatly jointed",
with the most careful symmetry. Under the east window, two
literally " Gothic," quoad barbarous, doorways into the chapel
have been inserted. Both the octagon turrets at the east end
have disappeared, and those that remain at. the west end are mere
shapeless masses of masonry. The souterrein or crypt is merely
a place of lumber, and a receptacle for casks of all sorts and sizes.
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Such was—such is—St Etheldreda's Chapel. Contrasting its
past glories.with its present desolation, it is surely not too late
or quite in vain to plead with those who are interested in the
few remaining antiquities of our gigantic metropolis, for the faith
ful and thorough restoration of a building so historically interest
ing, and so architecturally valuable.

SUSPENSION GIKDER BRIDGES.
Pnor. Rankine's communications of November 24 (vol. xxiii.
p. 351) and December 26 {ante p. 4) were each received too near
the time of going to press to admit of our appending any com
ment or acknowledgment. It is satisfactory to find such a degree
of general correspondence between the results arrived at by the
Professor and those to which we were led in the inquiry published
iu our November and December numbers. The systems of in
vestigation pursued having been so distinct, this approximate
accordance of result possesses considerable interest and value.
Prof. Rankine has rightly given the conditions and the amount
of the maximum strain on the suspended girder, according to the
method adopted in our article, previous to the correction for the
at retching of the chain*. It will nevertheless be found that, after
this correction is made, the maximum strain will be that which
arises wheu the rolling laid covers half the bridge: or, at least,
that this supposition will be close enough to the truth for prac
tical purposes.
We shall be very glad to avail ourselves of the promised
opportunity of comparing the details of the investigation of which
Prof. Rankine has given the results with our own. In the mean
while, we confine ourselves to indicating the grounds of the con
clusion we have been led to adopt as to the conditions which
practically determine the maximum strain.
We will first give a brief sketch of the reasoning on which the
calculation of the maximum strain, irrespective of the stretching of
the chains, is based.
A load equally distributed between the points rs and r^s, at the
rate m per foot forward (amounting therefore to m[r„—r]s), will
impose the following strains on the suspended girder, at any
assigned point whose distance from the half-span (with its proper
sign) is denoted by x :—
Direct strain,

= m{(ri-r-rt*-r*)£ + (r.i+r-r2*+^j -~ } = (D)
Reflex strain,

= -&«*-» - 1 w-iw-"} (£ - f*)= w
The actual strain at x will therefore be the difference between
these direct and reflex strains, or will be equal to (D)— (R).
For given values of rt and r, the position of the maximum
strain is found by making

rt+r-rf+t*
X |=(X)
5

25

l-j9 (rt-r)+ ? (r,»-H)-rt-+r»
since this gives its greatest value to the expression (D)—(R).
The substitution of the value of x above determined leads us
to the following general expression for the amount of the
maximum stain on the suspended girder, loaded from rs to r^*:—•
f 7
1
5
Maximum stnrin=nW»|1-28 (r,—r)—- (r,*+l^+— (V-r3)
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The amount of load which will be thrown on the chains when
the rolling load reaches to within 0-08212* from the half-span, is
found (from the formula given, vol. xxiii. p. 353, col. 2) to be
equal to 0-373O7m*; and as the portion of the rolling load which
we have supposed to be brought upon the bridge will come to
0-41788m«, the chains will carry 0-89 of this load.
Thus far our results do not widely differ from those which
Prof. Rankine has educed from our theory. It now remains for
us to give our reasons for maintaining that it answers every
practical purpose to consider that the rolling load occasions the
greatest strain when it covers half the span : and that the suspended
girder may be made one-eighth as strong as a common girder for
the same rolling load; adding to this proportion of one-eighth
such an allowance as may be due to the stretching of the chains.
With this object in view we revert to the example adduced at
vol. xxiii. p. 354, col. 1. A bridge of 400 feet span was there
instanced, having a suspended girder of such rigidity, that with
out the assistance of the chains it would carry a distributed load
of 50 tons, with a deflection of 10 inches. It was also supposed
that the settlement of the chains due to a distributed load of
400 tons would be 4 inches; the rolling load being taken at 1 ton
per foot forward, or m being = 1.
The greatest strain which Buch a rolling load would throw on
a common girder bridge would be 0-125/iw2 or 0-125X1 X4002=
20,000. Call this strain S. The strain on the suspended girder
at the quarter-span, when the rolling load covers half the bridge,
is one-eighth of S, or 2500, before the allowance for the settlement
of the chains.

The load thrown on the chains is — = 200 tons.

and the consequent settlement will be 2 inches. This settlement
will reduce the reflex strain on the girder by the amount of 500
at the half-span, and 375 at the quarter-span. The net strain on
the girder at the quarter-span will therefore be
2500+375=2875 = 0-1437x8.
The theoretical maximum strain when the rolling load covers
a length of bridge = 0-41788*, or 167*152 feet measured from one
end, is equal to 01324X8 = 2648. The load thrown on the
chains is in this case 0-37307 X m*, or 149 228 tons. The conse
quent settlement will be nearly 1^ inch. This settlement will
reduce the reflex strain on the girder at the balf-span by 373,
and at the point of maximum strain (about 108 feet from the
half-span) by 264. The net strain on the girder at this point will
in this case be therefore equal to 2648+264=2912=0-1456 xS,
which is within l£ per cent, of the net strain in the former case;
and at seasons when the chains are expanded by summer heat,
the strain will be decidedly greater in the former case than in
the latter.
It would therefore seem that, provided there is no error in our
reasoning, it would be sufficiently safe and accurate, where a
bridge of one' span only is under considers tion, to assign to the
suspended girder such a degree of strength that it would by itself
carry one-eighth of the greatest rolling load, distributed over the
entire span, without undue strain; and to add to this proportion
ate strength such a further percentage as is found to be demanded
on account of the stretching of the chains. One word more as to
this percentage.
We have already given (vol. xxiii. p. 353, col. 2) a formula for
the settlement of the chains of a suspension girder bridge, conse
quent on an elongation at the rate 1 : 1+e. This formula is
— (- M~\

32 \4t> + 3 /

(rt+r-rj+r*?

-HvV-r'H-g-

= (M)

25

16 v*

' ' 2

!+r:

3-

This general expression for all maximum strains itself attains
its maximum value when >y=$ and r=(K)8212, or when about
-v'j of the girder is loaded, commencing at one end. The principal
maximum strain is therefore arrived at by substituting these
values of r.e and r in the expression (M), and will be found to be
(M) = 0-01 655 ms*.
The greatest strain to which the girder would be exposed if
not suspended, under a rolling load at the rate m per foot forward,
would De = 0-li/)»n.v-. In terms of this strain, the maximum
strain on the suspended girder is expressed by the fraction 0*1324.
The position where the principal maximum strain occurs is
found by substituting the above values of r, and r in the ex
pression (X), which gives, as the distance of the point where this
strain occurs from the half-span, a-=0"27025*.

« being the span and v being the rise of the chains. If s and v
are given in feet, this settlement is given in terms of a foot.
Having then determined on the proportions of a bridge, and the
section and elastic strength of the chains, it becomes an easy
matter to reckon the settlement which will take place when the
maximum rolling load covers the bridge. Call this settlement d.
We can also estimate the deflection of the unsupported girder
due to a distributed load equal to one-eighth the maximum
rolling load. Call this deflection D; D as well as d being in
terms of a foot. Then the flanges of the girder should be strength
ened in the ratio of 1 : 1+ j=-—— ; so that one-eighth the rolling
load would now deflect it, not D, but only D— %d.
Any further addition of strength to be given to the girder to
meet the strain that may occasionally arise from the thermometric expansion of the chains, will be determined by an expression

36

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

of a similar form to that just indicated. But in dealing with
this part of the question regard must be had to climate as well
as to the season in which the bridge is fixed, and to the degree
(if any) of forced camber given to the girder, after fixing, by tight
ening up the rods.
We should take an interest in seeing Prof. Bankine's examina
tion of Mr. E. A. Cowper's tension ribs. We have ourselves been
led to a consideration of the subject, and may take an early
opportunity of presenting to our readers an investigation of it,
based on the method we have ventured to originate in dealing
with the suspended girder.
CONTINENTAL PUBLICATIONS.
In the Encyclopedic for October of last year a short article
occurs, on the "Preservation of Stone," a translation of which,
together with quotations from a letter on the same subject sub
sequently published, will be found at page 40 of this month's
Journal, as it seemed desirable that all relating to so momen
tous a subject—one probably far more important to ourselves
than to our French neighbours—should be distinctly indicated
by a separate title.
Another and an interesting document is to be found in the
same part of the Encyclopedie. It is a report read before the
Academy of Fine Arts by M. Duban, one of its members, who
had been deputed to examine into the desirableness of establish
ing a museum of art and manufactures {dart et (findustrie) at
Lyons, the centre, as is well known, of the French silk manu
facturing district. Notwithstanding the necessarily local cha
racter of its object, this document is so interesting, as show
ing the view taken in France of the position now held by the
art manufactures of this country, and of the progress we are
making, that it is with some reluctance that we refrain from
transcribing the whole. The opening paragraphs are as follows:
" Gentlemen, —The commissioner appointed by you to examine the
report of M. Natalia Rondot, on the utility of forming a museum of art
and industry at Lyons, has the honour to lay before you the observations
suggested to him by the examination of this document.
During the Universal Exhibition of 1851, the English people, noticing
with an attentive eye the industrial movement roused by the competition
thus nobly opened to all the nations of the globe, was obliged to admit
its inferiority on certain points, especially those where art and taste exert
an influence upon industry. National feeling was roused throughout
England. That country, with the promptness she always displays in the
rectification of all mistakes having a bearing upon her commerce or her
supremacy, and with the practical good sense which is to her bo safe a
guide, immediately resolved to raise her art and taste to the level of her
industry; in other words, to place herself in a position to defy any com
petitive rivalry. A Department of Science and Art constituted with
this object, the creation of numerous public schools, a central museum
of art and of manufactures, nourishing by special and frequently renewed
contributions the museums established in the central towns of the different
manufacturing districts, an increase in the number of professors, and the
selection of them from the most accomplished men of the day,—such
were the first results of a resolve due to the initiative of Prince Albert,
and carried out with the characteristic perseverance of our neighbours.
The Universal Exposition of 1855, in Paris, revealed the progress made
under this energetic impulse. The spectacle then presented of French
manufactures, such as till that day had stood unrivalled, now equalled in
certain respects, and even surpassed in certain others, inspired men of
forethought with fears for the future of that supremacy which France
had so long swayed in these matters. These fears were set forth, along
with an indication of the proper mode of allaying them, in an original
document submitted for your consideration by the higher administrative
authorities.
A remarkable report prepared by your perpetual secretary relative to
this work, a competition which you opened on this important subject,
and a premium awarded, all testify that from the first this Academy had
taken into anxious consideration the future of our art industry.
The city of Lyons, watchful against everything that might threaten
that special manufacture which has raised her name to such high con
sideration throughout the world, was the first to point out this nascent
rivalry. Free from anxiety as to the present moment, but with fore
thought for the future, the Chamber of Commerce of this city, as early
as 1856, repeatedly deputed M. Natalis Rondot, its ordinary representa
tive in Paris, to visit England, there to study the institutions recently
founded by the Department of Science and Art, and especially the
organisation of industrial museums. The result of the observations suc
cessively made by M. Rondot, and condensed into the report which you
required should be examined—a report read before and adopted by the
Chamber of Commerce at Lyons—was a proposal to create a museum of
art and industry at Lyons, on the model of the South Kensington
Museum at Loudon."
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Here follows an account of the kind of museum proposed. It
is intended that it shall be a separate establishment, not affiliated
to either of the schools or colleges existing in the city, but dis
tinct from them and complementary to them, supplying that
information and instruction which it is not in the nature of the
other establishments to afford. And the object at heart, the im
provement of general taste and the advancement of general
progress, particularly in ornamental manufactures, will be best
promoted, it is considered, by an institution to be divided into
three leading departments of art, of industry, and of history.
The art museum is to have its specimens chronologically ar
ranged, and in separate rooms, with a common corridor. These
objects are to include all that will conduce to a complete under
standing of the character of ornament prevalent at each period
of the history of art. " A special library, and a room for the ex
hibition of flower-pictures of all schools," form part of this
division.
The second or industrial department is to comprehend three
subdivisions: the first for raw materials; the second for fabrics
of silk, and of silk mixed with woollen, cotton, linen, gold,
or silver; and the third for the machinery used in the manu
facture. The historical department is to give not only speci
mens showing the history of silk manufacture at Lyons, but
also illustrations of all the other manufactures which have at
any time flourished there. The list of these include casting,
chasing, pottery, coining, ecclesiastical goldsmiths' work, beaten
metal work, and printing.
The commissioner, while heartily approving the general plan,
adds a suggestion, for which it is gratifying to observe he con
siders himself as much indebted to England as for the whole
scheme. With a view of affording means for the study of colour
and of the forms of growth of the vegetable kingdom, he sug
gests that the innumerable varieties and glorious colouring of
exotic flowering plants and the gay plumage of birds, should to
some extent be brought within the reach of the students. To
quote again from the document—
"The commissioner ventures to suggest an idea whioh, if his infor
mation be correct, has been partially realised in one of the art mu
seums of England. This idea would be, first, to establish in the city
one or more hothouses for the cultivation of such foreign flowers as are
suitable to furnish models, and then to appropriate some sections of the
intended museum to collections of tropical birds and butterflies
It is easy to perceive that the composition of rich fabrics might gain in
freshness, brilliancy, and novelty of appearance by the constant exami
nation of the tones, sometimes blended and gentle, sometimes decided
and bright, but ever harmonious, the secret of which nature embodies.''
The scheme, with this one suggestion, is warmly recommended
to the approval of the Academy; and it will almost startle as well
as gratify those who read the entire document, to observe the
repeated references made to English progress, such as, for
example—
" Even if French industry had not been threatened by any serious
competition on the side of England, the art upon which it depends would
none the less require, for the maintenance of its rank, the realisation of
the projected scheme. But this threatening rivalry should cause all
hesitation to cease. Not only at Lyons, but equally at Limoges, at
Mulhause, at Rouen, at the centres of industrial districts, but, above all,
at Paris, ought the appeal to be heard and the example to be followed."
Again, referring to a free drawing school existing at Paris, it is
added, in a spirit not quite in accordance with the high tone just
before taken,
" But this school, enough for the requirements of an industry that
reigns uncontestedly and with no fears for its future, might be further
developed, and might to a greater extent fortify our intelligent Parisian
industry against the unheard-of efforts put forth (let efforts inouit tent/a)
in England."
We are the more gratified by the opportunity of bringing be
fore our readers this testimony to the progress being made in
this country in the cause of artistic manufacture, and to the
share in that progress due to the Prince Consort, because few
public acknowledgements of this sort have as yet appeared. Tbe
sins of the Department of Science and Art are most unsparingly
laid bare, and none can more heartily condemn their most serious
mistake, i. «. the choice of a bad situation for the central school,
than we do, but it seems to have been forgotten how much is
being aud has been done for our fine arts and our commercial
prosperity by this very department, including all the multiplied
schools of design that have almost exclusively trained the pre
sent race of designers. To the influence of the Prince Consort was
originally due the starting and the successful accomplishment

Feb. 1, 18C1]

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

of the Exhibition of 1861. That the results of this exhibition
have taken a permanent form, and are likely to be of lasting
value to our manufactures, and hence to our commerce, is mainly
■due to him also; and we are glad to see, and to join in, such an
acknowledgment of this fact as appears at the head of the report,
part of which we have just translated.
The length to which this subject has almost necessarily ex
tended renders it desirable to postpone a notice of some other
matters, which will be taken up in our next number, but it is
right before concluding to direct attention to the great competi
tion open in Paris for a new opera-house, and in which it is pro
posed in the first instance that only sketches shall be submitted;
the authors of a selected number of the best sketches being sublequently invited to elaborate their designs completely, in order
'hat from the limited number of complete designs thus procured,
? pre m iated ones may be selected.

THE PRESERVATION OF STONE.
A discussion being about to take place at the Institute of
British Architects* upon the preservation of stone, we are
desirous of calling the attention of our readers to a few of the
more prominent errore in existence relative to the application of
the soluble silicates of soda or potash.
In 1859, the Prince Consort communicated to the Society of
Arts two valuable papers, the one by Dr. Johann Nep Fuchs,
the second by F. Kuhlmann, Professor of Chemistry at Lille;
his Royal Highness further had these communications translated
and published, and the scientific world are much indebted to
him for these very luminous papers, written more as an analysis
of the past labours of the before-mentioned eminent men, and
suggestive of a wide field for inventive and persevering genius,
than as containing any abstract laws for operating and manipula
tive details. Antecedent to this period, little was known of these
researches, and that little so mystified that, coupled with the
slight knowledge, even in our laboratories, of the behaviour of
silicates, the subject was involved in comparative obscurity.
No sooner, however, had the Society of Arts published the useful
brochure alluded to, than another claimant to the reputation of
Fuchs and Kuhlmann sprang up, and, more for what he intended
to do than for what he really had done, claimed even a prece
dence over those celebrated men; and the scientific world have
been on the watch to see how far the theories advanced as supe
rior to those of Kuhlmann and Fuchs were reducible to practice.
The process of silicatisatiou only was repudiated, as likely to
accomplish in an imperfect manner the desired end, from the
perfect solubility of the silicate, until deposited in an insoluble
form by the carbonic acid of the atmosphere. This is evidently
a disadvantage, and one that we were told was to be removed in
the new theory by introducing a second solution to decompose
the first. If free from a viscid or gelatinous character, a solution
might, by parting with its aqueous particles, allow of the ingress
of a Becond solution; but we are certainly astonished at the cre
dence this theory has obtained, and can only account for it by
repeating our former remark, that the character of the silicate
is but little known, even in our laboratories; for with its peculiar
gelatinous character, it defies the ingress of another solution when
in that form itself, and, when dry, it is a glassy varnish, that
necessarily repels the approach of any liquid application.
If a glass be half filled with silicate of soda, and a solution of
the proposed decomposing agent (say chloride of calcium) be
poured upon the top of it, a thin film is formed of the silica in
combination with the lime; by degrees a thicker stratum is
formed, but it is the work of days, and even weeks, to decompose
the whole. The intimate contact brought about by stirring,
effects a mutual decomposition immediately; hence the fallacy
has gained ground that the two materials can be commingled in
the pores of the stone. Again, if silicate of soda or potash be
decomposed by chloride of calcium, a silicate of lime is un
doubtedly formed; but here another great error has arisen by
confounding the crystalline silicate of Time, formed by the slow
elaborations of nature, with the pulverulent substance formed by
the experiment just alluded to. So powdery is this mass, that it
will not cohere in its own particles. How then can it be ex
pected to combine other ingredients, or add to the strength of
loosely combined materials ?
* The diacuuion referred to was to take place on the 28th of January, befqre which
date the above article wiw in tjpe.
t See C. E. & A. Journal, vol. xxii. pp. 215, 2(34.
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But supposing all these difficulties overcome, and anomalies
accounted for, we are led to a far more serious discrepancy
between practical observation and these new theoretical conclu
sions. Most practical authorities are agreed that the sea air
is more destructive than that which is free from saline proper
ties, to both stone and brick. This is to be accounted for by the
action of the chlorine (common salt being chloride of sodium)
upon the lime or alumina forming a most soluble combination,
and severe disintegration is the result Now, in the new theory
chloride of sodium is one of the elements formed by the mutual
decomposition of the silicates and the chlorides; and instead of
being admitted in the small quantities of which the sea breeze
would be the conveyancer, it is thus produced in bulk in the
stone, tearing away its face in tatters by the alternations of
crystallisation and deliquescence. It is said, indeed, in support of
this new theory, that the first rain washes away the efflorescence.
This is a great error; a simple test will prove that, so far from
the salt being washed away by the first rain, the Bait retires into
the stone, to make its appearance again when atmospheric influ
ences favour its re-efflorescence.
We must not be misunderstood when we assert, first, that the
combination cannot take place in the stone; and then that, if it
does, it is destructive to it. We mean to say that, under all
ordinary circumstances, and with practicable means of appliance,
the stone cannot be saturated or charged with two solutions.
But under extraordinary circumstances, and with artificial (or not
ordinarily practicable) means of appliance, if the deposition of the
silicate of lime be effected, the results from its twin element are
those of the destructive character before named. The appear
ance of sq|ne samples of indurated stone is very likely to deceive,
but the extreme hardness is always a proof of the absence of the
new theory, and the presence solely of the silicate, the entrance
of the chlorides not having been effected.
It then remains for a system to be propounded by which the
deficiency of Messrs. Kuhlmann and Fuchs' system may be sup
plied. In all efforts in this direction we believe the publication
by the Society of Arts of the pamphlet before referred to will
prove to be the best basis of research, and will lead to its ulti
mate accomplishment, for accomplished it assuredly will be.
Very much has been done in relation to the preservation of wood,
a far more perishable material, and we shall certainly never
yield the point until our stone also shall be proportionately in
creased in durability, and premature decay be unknown.
We do not claim the exclusive right of judging or condemning
the various processes before the public, but we are supported in
our opinion that not one of them is worth adoption by the nega
tive opinion of Prof. Faraday and Sir Roderick Murchison; for
unquestionably, if these gentlemen had faith in any existing pro
cess, their valuable opinion, and the premises from which it was
deduced, would not be withheld from the public by men, the one
object of whose labours is the promotion of scientific knowledge,
and the good of their fellow countrymen and the world at large.
We shall be only too glad to assist in the development of any
invention or process for the accomplishment of so important
an object as the preservation of our national edifices, but Buch
must have tenable premises, with really scientific and truthful
deductions therefrom.
ARCHITECTURAL PHOTOGRAPHIC EXHIBITION.
Beyond a doubt the best architectural photographic exhibition
that has yet been offered to the public is that now on the walls
of the Conduit-street Galleries, and which was opened under very
favourable auspices by a conversazione on the 15th ult In pass
ing this general opinion, we do not so much allude to the number
of the works exhibited, though this is considerable, as to their
variety and novelty, selected as they have been, in the majority
of cases, with excellent judgment, and a due appreciation of pic
torial effect. Perhaps it would not be easy to mark any great
advance in the manipulations and processes of the art itself, as
distinguishing the present collection from previous ones, but it
is satisfactory to hope that some of the difficulties which have
hitherto beset the attempts to take interior views are gradually
vanishing, though, of course, the diminished influence of that allimportant agent, light, and the fact of its transmission through ■
glass, sometimes coloured, and generally not over-transparent,
must always more or less affect the brilliancy and distinctness
which give a peculiar value to external effects. We are glad to
observe, too, that many artists have taken subjects expressly for
10
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this exhibition ; and " it has been sought," as the committee
observe in their report, " by inviting suggestions for the works
which shall form the subjects of photographs, and by directing
the attention of photographers to these subjects, to advance as
much as possible the practical character of the subjects exhibited,"
One other point in the report we may also advert to, as giving
evidence of the diffusive character of the society's operations, it
having during the past year lent portions of the collection of
photographs to local art exhibitions in Birmingham and Devonport; while negociations are now pending with the same view
in other towns, which will tend to promote the interests of the
association, and thus confer a reciprocal benefit.
We observe from the catalogue (which, by-the-bye, is a model
as regards the classification of contents, and its general compila
tion,) that the present collection amounts to nearly 600 subjects,
including those of sculpture and bas-reliefs, which are to be taken
by subscribers " only in excess of current subscriptions," and a
few photographs culled from the exhibitions of former years, and
now again offered, under the same restrictions as the sculpture.
The general collection comprises gleanings from various parts
of the United Kingdom and the European continent, with a most
interesting series from India, and others from Egypt, Carthage,
&c. The largest and most exquisite specimens are the production
of Bisson (Jrerei), such, for instance, as the three from Notre
Dame, which are among the first enumerated. The portals from
Rheims, also (10, 11), with the four from Boueu (15, 16, 17, 18),
are delightfully perfect reproductions. Indeed, the number of
continental cathedral portals which have attracted the efforts of
the photographers would form an exhibition of itself; and by the
judicious way in which they have been arranged on tfie walls,
abundant opportunity is afforded for examining them either in
dividually or by comparison. In some cases additional value is.
imparted by some special part, to a larger scale, being superadded
to the general view. Among the other contributions of MM.
Bisson which demand attention, we may mention the " Tower
of St. Jacques de la Boucherie, Paris" (1), the three views from
the " Chateau of Blois" (26, 27, 28), and the fantastically designed
"Lantern" of the chateau at Chambord, the detail of which is
marvellously assimilated to our own Jacoboean work. Some
portions at large of " Antique Sculpture in the Palais des Beaux
Arts, Paris" (59, 60), show ingenious arrangements of Corinthian
capitals. M. Legrey exhibits but five subjects, four of which
illustrate the tympana of the portals at Notre Dame, and the
groups of sculpture which they respectively contain. We may
point to these as, among their class, especially meritorious.
The numerous picturesque scraps, as well as charming buildings
at Rouen, have not been overlooked; and artists appear to vie
with each other in showing them from all possible points of
view. The six French specimens, forwarded by Messrs. Cundall
and Downes (104—109), are all from Bouen, and comprise the
d6orway of S. Maclou, and several portions of the Palais de
Justice. The photographs taken in Spain by the same artists
(110— 115) will be found more interesting because their originals
are less known; though mostly only of "doorways," they furnish
an instructive lesson in the peculiar architecture of their respec
tive periods.
Egyptian architecture reasserts its severe majestic dignity in
the fragments from Denderah, Karnac, Philoe, and others, sup
plied by Mr. F. Frith, whose previous labours in this sphere are
well known and appreciated. The series before us is, however,
somewhat lacking in point df interest, owing either to the isola
tion of comparatively unimportant features, or to the small scale
in which the general views are usually rendered. This remark
does not refer, of course, to the large and very elegant capitals
which form the subjects of several sheets. In these we observe
the peculiarly sharp yet severe outline of their ornament, which
tells so well in the atmosphere for which they were designed.
Carthage! who knows anything whatever of its ruins save
through historical tradition? Yet Mr. Moens, with the aid of
the wonderful discovery whose results we are contemplating, has
contrived to bring before our eyes ancient aqueducts, large cis
terns, aud a temple, which will not fail to excite the inspection
of curiosity. Besides these, Mr. Moens sends some gleanings
from Athens, Sparta, Mycenre, Sevastopol, Inkerman, Palermo,
&c. (156—164).
India, too, as we hinted before, is not forgotten; and Dr. Murray
has proved a liberal contributor. Among the palaces, mosques,
forts, and tombs which here find a place, perhaps the most noted
is the far-famed Taj Mehal, at Agra, the peculiarities of which
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are readily discernible. The "Street View at Multra" (182) is
curious, and equally characteristic. On Screens Nos. 3 and 4 are
other scenes from India, photographed by Capt Dawson and
Capt. Dixon (453—488). The former sends some interesting
groups from Trichinopoly, and the latter, several representations
of those curious rock-cut caves peculiar to that country.
From Scotland (and especially lona) and Ireland there are
numerous photographs deserving of notice, but which we need not
enumerate, as they will commend themselves at once to the
observer; though we may just allude to the varieties of simple
early arches pourtrayed in the photographs from the monastery
and cathedral at lona, and the important series, by Mr. Church,
jun., from Glasgow Cathedral.
England, as may be expected, contributes by far the largest
proportion of illustrations; and the names of Boger Fenton, Bed
ford, Dolomore and Bullock, Cundall and Downes, and others,
are a guarantee for their excellence. In this department there
is a great accession of new subjects, interspersed among the old
familiar ones; which latter, nevertheless, not unfrequently appear,
on this occasion, under slightly different aspects. Our noble
cathedrals, especially, prove an inexhaustible field for photo
graphers as well as artists, as the walls of this exhibition testify;
and the glimpses of their interiors which occasionally meet the
eye, will be welcomed as more or less successful applications of
the art Among the general subjects we are at a loss to particu
larise, but would name with especial commendation the views
of Tewkesbury Abbey (79—84), and Shiffnal Church (85—89),
all photographed by Mr. Delamotte; also the Saltash Bridge
(91), by Messrs. Cundall and Downes; some interesting views
from the Isle of Wight, by Mr. Gordon (116— 122); numerous
views at Furness and Southwell' (202—223), by Mr. Fenton;
Messrs. Dolomore and Bullock's "Ely Cathedral" (296—308);
Capt. Austin's "Canterbury Cathedral" (351—366), and Mr.
Bedford's " Wells" and "Bristol" Cathedrals (251—260) (228—
233); also his beautiful specimens of carving and iron scroll-work,
frcfai St. Paul's Cathedral (237 —250). These are especially valu
able, as being among the best specimens of their style—the work
of Griuling Gibbons, aud others,—and as having never before
been taken; this being indeed rendered practicable now only in
consequence of the peculiar condition of the building at present
The exhibition will be open daily until the 14th of March, and
on Tuesday evenings from seven till ten, on which evenings lec
tures bearing upon the subject are in course of delivery. That
on the 22nd of last month was given by Mr. Joseph Bonomi, on
"The Egyptian Photographs;" and that on the 29th by Mr.
I'Anson, on " The Photographs of French Renaissance Archi
tecture;" while the remaining lectures are as follows:—Feb. 5,
by Mr. Ashpitel ; Feb. 12, Mr. Pullan, on " The Photographs
of French Gothic Architecture of the 13th Century;" Feb. 19,
Mr. Fergusson, on " The Collection of Indian Photographs;"
Feb. 26, Mr. E. B. Lamb, on "Architectural Progression;"
March 5, Mr. Seddon, on "The Grotesque in Art;" and March
12, Mr. B urges, on " The Collection of Photographs generally."

ON THE LARGE BLASTS AT HOLYHEAD*
By George Bobertson.
Blasting operations may be divided into three distinct classes,
according to the effect intended, and the intensity of the charge
of gunpowder—1st, Where rock has to be separated by weak
charges, with as little injury and fracture as possible, principally
for building purposes; 2nd, Blasting for engineering works, as
breakwaters, &c, where quantity and regularity of supply are of
more importance than size and regularity of fracture; 3rd, Mili
tary blasting, where total destruction is aimed at, and where an
excess of powder is little or no objection.
In the first class, the charges of gunpowder can hardly be too
weak, so long as the stone be separated, and small charges are
preferable to a large quantity at once—the object being to pro
cure stones fit for masonry, with as few cracks and shakes as
possible. In the third class, the charge can hardly be too strong,
the chief difficulties beiug those of carrying on operations under
an enemy's fire, with the speed and secresy consequent thereon.
It is to the second class, that of " engineering blasting," that the
following observations are directed.
After describing the system pursued in working the quarries
i
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by large blasts, the calculations will be given for regulating the
charges, and lastly the cost of "getting and filling" stone on the
large scale. In an engineering point of view the subject is one
of considerable importance.
The period more immediately referred to in the paper is from
1850 to 1853, when the large blasts were first introduced at
Holyhead—the late Mr. Rendel being at that time engineer-inchief. After his death in 1856, Mr. Hawkshaw was appointed
engineer. Mr. G. C. Dobson has been resident engineer since
the commencement of the works.
Since 1853 the large blasts have gone on regularly as matters
of every-day occurrence, exciting litue curiosity and giving little
trouble.
At first however they were the subjects of much
anxiety and experiment, both in a practical and an economic
point of view. The best method of working the quarry on the
large scale, and the calculations for the charges of powder, were
not determined upon without considerable expense, danger, and
even loss of life.
The rock of which the breakwater is composed is a very hard
quartzose and micaceous schist, slightly stratified; in some places
bearing marks of former flexibility, the strata being twisted and
contorted in a curious manner. It is intersected by vertical
joints, running in a north-east and south-west direction, present
ing faces fi-onting the north-west and south-east. As will be seen
hereafter, these joints were taken advantage of in fixing the posi
tion of mines, and in calculating the expected produce of a charge.'
To supply the great demand for the stone required for a bank
350 feet broad at the base in deep water, within a limited con
tract time, evidently necessitated the most vigorous efforts; and
accordingly an extensive system of small shots was at first ar
ranged, giving employment to above 1000 men. The holes for
these shots were of all sizes and depths, according to the judg
ment of the foremen of the quarries. For convenience sake the
quarries were divided into portions, consecutively numbered, or
were called by the names of the different foremen, as "Jones'
quarry," " Fisher's quarry," &c. The boundaries were however
ideal, as the face of the rock altered with each great blast.
To avoid the danger and delay of firing shots at all times of
the day, whenever the holes were ready and charged a general
grand firing took place, twice, or if necessary thrice a day. When
a large bell sounded the quarries were emptied of men, horses,
cranes, and all plant easily destroyed. The fuses were simulta
neously lighted, on a red barrel being hoisted to the top of a tall
mast. Each man as he lighted his fuse cried " fire," aud made
the best of his way by scrambling up ropes to a place of security,
or to one of the bomb-proof huts erected for the purpose. As
the face of the rock was often above 100 feet high, this was a
service of no small danger, and accidents frequently happened.
The average work done over the whole quarries, in drilling
holes for the small shots, was 14 inches per hour, by three men
using li-inch drills. The charges were regulated chiefly by the
" rule of thumb," or at most by the ordinary miner's rule of onethird of the hole, independent of the diameter—a rough rule,
Certainly, but better than so many " capfulls," the cap being a
very common measure. Indeed, where 100 or more shots went
off twice a day, it was impossible to be very particular. It is
unueccessary to go into further details regarding these small
shots. The system will be found fully described in Sir John
Burgoyne's treatise on " Blasting." Wherever it was possible,
powder was poured into cracks in the rock, and the reut tamped
as well as its form would admit. There was often a considerable
waste of powder, but the shots were very effectual in bringing
down large masses of rock. This system is pursued to great advan
tage at North Queensferry, in blasting columns of whinstone.
About the year 1850, the contractors for Holyhead break
water, Messrs. Joseph and Charles lligby, commenced ft system
of large mines, rightly conceiving that a quantity of powder
fired at once would in the end prove cheaper, and afford a greater
and steadier supply of stone, than a number of small shots.
Since then the supply has been over 3000 tons per diem—often
4000, weather permitting; 5000 tons a day was seldom if ever
reached, not from want of stone, but from the difficulty of de
positing such a quantity during working hours, even with five
lines of railway on the staging. To do this requires 125 wag
gons for each line of rails, or a total of 625, to be loaded, run
down from the quarries, tipped into the sea, and drawn up again
to the quarries, every day. The waggons held about eight tons
each, were made of wrought-iron, aud furnished with tipping
gear, which released the scoop when the trigger struck a catch

on the rail. The scoop was counterbalanced to return again to
its original position when the stone was discharged.
The first large shots tried were shafts sunk from the top of
the quarry. They were about 6 feet by 4 feet, of different depths
of course, according to the height of the rock; and were charged
with reference to the lines of least resistance, or the shortest
distance of the shaft from the face of the quarry.
As the danger of blowing out the tamping was greater than
in small shots, from the increased diameter of the hole, care had
to be taken that the depth of shaft was sufficient to allow the
weight of the tamping to resist the powder. The rule was that
the shaft should have one-third less grip (or distance from the
face) than depth as a maximum; and the depth was oftener twice
the line of least resistance, or even more. This is however not
so great a proportion as in small shots; but in the shafts the
chamber at the bottom for the powder was bent to one side, so
that the tamping was never in the direct upward line of fire
(see Fig. 1).
Fio. 2.

Fio. 1

Charge, 600 lb.; produce, 8000 tons.

Enlarged section of chamber.

The most favourable position for a shaft is in the centre of
a projecting column of rock, where (as in Fig. 1) the lines of
least resistance are nearly equal on all sides. This mine (one of
the first) was fired on Nov. 13, 1850, and was 42 feet deep, with
half that, or 21 feet of least resistance on all sides.
It was
charged with 600 lb. of powder, and yielded 3000 tons of stone;
one of the highest comparative results obtained, being 5 tons of
stone for each pound of powder. An enlarged section of the
chamber is given in Fig. 2. Had it not been for the remains
of a previous blast on one side the result would have been
even iiigher.
It is seldom that a shaft can be placed in so favourable a
position as this, and
Fio. 8.
Fig. 3 shows the
most common, and
the next best position
—viz. that of blow
ing off a corner. I
recorded this mine
chiefly because it was
an example of the
effect of inferior pow
der. The depth of
the shaft was 44 feet;
the line of least re
sistance 30 feet; and
Charge, 1800 lb.; produce, 3500 tons.
t]le charge 1800 1b.
of powder. This only prodnced 3500 tons, or less than 2 tons to
the pound of powder, in place of about 5000 tons, which good
r,0 4
powder would have given,
and generally did give in
so favourable a position.
Fig. 4 shows a very
common but very unfa
vourable position for a
shaft, where a straight
face of rock has to be
////,,,
broken up, and where the
Mti>m^ N:-^?> ^^m/////,///^, powder has to tear its
way out under disadvan
' Eootcr out." Charge, 900 lb. ; produce, 2000 tons.
tages. The miners call
this a " rooter out," and it was almost always placed so as to
have a joint on one side which determined the line of fracture.
The example shown (Fig. 4) had a depth of 44 feet, with a line
of least resistance of 21 feet. The charge was f)00 )b., aud the
produce 2000 tons, or 2£ tons per pound of powder.

40

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

[Feb. 1, 18M

successful examples of the nse of M. Dalemagne's invention is
the climate at all so injurious in its effects upon building stone
as that of London, and other large towns and cities in Great
Britain where large quantities of coal smoke mix with the atmos
phere and impregnate the rain-water with active chemical agents.
"On the Silicating of Stone, applied to the Preservation and Restoration
of Works of Antiquity.
It is long since we originally indicated to our brother architects (con
freres) the process, now universally known, by means of which M. Dale
magne has succeeded in arresting the decomposition of calcareous atones,
A
by means of, so to speak, infusing fresh blood into them.
We crave permission to quote some lines of an article on this subject
that appeared in the numlwr of the Enc\jclop4die for November 1853.
We then Baid, ' The experiments (of silicating) made in the courtyard of
the Louvre, and which we have carefully examined, have appeared to us
conclusive. At the base of Lescot's facade, parallel to the Seine, one
<wmmaM6i&6&tiMfiM&0&fc
course in a very bad state of preservation, which has been only partially
saturated, enables one at a glance to form an opinion how far the process
is efficacious. While the portion not operated upon remains pulverulent
and friable, that silicated has acquired great powers of resistance, and its
A blew the tamping oat ; B did not explode.
decomposition has been arrested.
The powder was not always in one spot, but was often divided
After a lapse of seven years we have again seen this piece of stone, and
into two or three charges, placed at the end of galleries driven
have with satisfaction noted the fact, that Time the great destroyer has
from the foot of the shaft, in directions determined by the neigh
not been able to penetrate the protecting surface formed by the silicate.
bouring joints or cracks. In Fig. 6 for example, the whole
It is with pleasure that we now find ourselves in a position again to pub
charge, 8000 lb., was divided into P, of 2800 lb., aud P- and P3,
lish this interesting result.
each of 2600 lb. The depth of the shaft was 67 feet," and the
Silicating is however too well known now for it to be other than super
line of least resistance 42 feet. This mine produced 23,000 tons fluous to recommend its employment to architects; and the works carried
out by M. Dalemagne on the cathedrals of Paris, Amiens, and C'hartres,
of stone, or nearly 3 tons of stone to the pound of powder.
at the Louvre, the Ecole des Beaux Arts, the palaces of the Luxembourg,
Fio. 6.
Versailles, Fontainebleau, &c.—these works, we repeat, are too decisive
for a single word to be needed in addition.
We have been induced to return to this subject in consequence of a
new application, also very interesting, of M. Dalemagne's process, which
consists in the use of a siliceous cement, not oidy intended to preserve
the stone, but in certain cases to replace it. This cement, composed of a
mixture of pure silica with silicate of potash, has been lately successfully
tried in the church of St. Denis, under the direction of M. Viollet-Leduc;
and has been made use of by M. Villeminot, a sculptor of much merit, in
the restoration of the statue of Charles Martel, in which instance it has
acted well, both in the restoration of portions missing, and in cementing
together others. A few days, even a few hours, sufficed to give it a
Charge, 8000 lb. ; produce, 23,000 tons.
Tt is to be noticed that in most cases it is better to spread the hardness exceeding that of stone; and the cohesion of the cemented por
tions appeared to us proof against any attack.
powder along the face of the rock in two or more charges, than
Another trial of this cement has been recently made by M. Baltard,
to have the whole in one spot with a greater Hue of least re
for the restoration of the sculptures of the Fontaine des Innocents. We
sistance. In the latter case the rock is thrown forward in larger have not so closely examined the results of this operation, but we are
masses, and is neither so well broken up, nor does the heap pre
assured that they are not less satisfactory than at St. Denis.
sent so many points of contact for the waggons to load at. It
We congratulate M. Dalemagne on having been able to place a mate
was found from experience that 30 feet was about the economic rial at the disposal of the architect which iB none the less valuable for us
limit for the line of least resistance, and the powder was seldom that its office is an humble one. We wish to this cement the same for
tune as has fallen to the lot of its elder brother the Bilicate; and we form
at a greater distance than that from the face of the quarry.
Occasionally two separate mines with their respective shafts this wish all the more heartily, because a new Buccess would be the due
were fired simultaneously side by side. There was some little recompense of the persevering efforts and conscientious exertions of the
inventor."
danger of the two shots (which were fired by a galvanic bat
tery) not going off together. This actually occurred on the 24th
In the December number of the same journal a letter from
Feb. 1851, when two contiguous shafts were to have been fired M. Dalemagne himself is inserted, disclaiming the credit of
at once; but owing to the accidental fracture of one of the bat
being the inventor of the silicating process, but giving the credit
tery wires by a previous small shot, B (Fig. 5) did not explode. of it to M. Fuchs, of Munich, whose name has also been brought
The mass of rock in front was too great to be moved by A forward in this country when the subject has been broached. It
without the assistance of B; and the whole tamping in A was appears however, that notwithstanding the modesty of this dis
blown out. An immense shower of stones was hurled into the claimer, M. Dalemagno really did first introduce that application
air to a great height, and fell amongst the spectators, who lined of the cementitious qualities of silicate which forms the cement
the side of the mountain. Strange to say, the only person alluded to. He observes, referring to Fuchs, that "he had written
seriously hurt was the gentleman who had planned and directed that silicate would form an excellent mineral glue, and I have
the mine, Capt. Hutchinson, of the Royal Engineers. He was fonud that by combining with it silica reduced to an impalpable
struck down with a broken thigh, and died the same night. His powder, in proportions varied to suit the nature and composition
wife and several ladies, who were talking to me at the time, had of different stones, together with the powder of the stones them
their clothes torn by great stones falling on them, but escaped selves, a cement is obtainable the strength of which will stand
with some trifling injuries. Capt. Hutchinson had had great ex
any tests."
perience iu blasting, having been engaged both at Gibraltar and
The letter refers to a further invention of Fuchs, called Stereochromy, or monumental painting in silicate, probably a variety
at Dover, when the Round Down Cliff was blasted in 1845.
of fresco. This plan, it is said, has been practised by Kaulbacn
and Eichter, at the Berlin museum, and a description of the mode
of procedure is in course of publication. It seems to us, that if
THE PRESERVATION OF STONE AND FRESCOthis process can be depended upon to afford a good and permanent
PAINTING.
vehicle for fresco-painting, it will be well worth attention in tbiB
The attention which this subject has lately received, and the country; for our attempts to introduce this style, unquestionably
full discussion which from its importance it merits, will give an the noblest manner of painting, and one almost inseparable from
interest to the article which we reproduce from a recent number the highest class of pictorial art, have been rendered almost nu
of the Enq/clopedie. It may not be out of place to remind our gatory by the difficulty experienced in getting a plaster that
readers that in none of the localities enumerated as possessing would entirely withstand the action of time and moisture.

The very worst position for a shaft is at a re-entering angle,
or nearly so, as in Fig. 5, where the rock binds it in on all sides.
The ratio of powder for a mine like this had to be greatly in
creased according to circumstances.
Fig. 6.

Feb. 1, 1861]

41

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

because the building itself, independently of its furniture, gives
ON THE ARRANGEMENT OF CHURCHES*
expression to every part and detail of our services. I do not
mean broadly to assert that none of our modern churches do give
By A. W. Blomfield, MA.
My object in the paper I am about to read will be to take a such expression, though as a rule they certainly do not; but I
mean to say, that when such an exceptional church is met with,
Sradical common-sense view of this deeply interesting question,
oth with reference to the ritual of the Church of England as it people do not appear really to know why they like it: they think
now exists, as also to the peculiar exigencies and requirements of it original and clever, but they cannot exactly say why it inte
our own times, and the means at our command for meeting them rests and satisfies them more than larger and costlier buildings,
in the most natural and straightforward, and therefore in the or why, without any copyism, the architect seems to have suc
best manner. In following out this plan, time would fail me to ceeded in catching the true spirit of Mediaeval architecture. Now
enter into any detailed description of mediaeval or earlier church I think, that unless we discover the element of his success, anil
recognise it as a principle not lightly to be infringed, we shall
Arrangements, or even to allude to them, except so far as I find
it necessary to do so in illustration or support of my views. If not make much progress in church building beyond the point to
which the revival has already carried us. Do not suppose that
my remarks therefore fail to take the interesting line of archaeo
I am presumptuous enough to speak disparagingly of what has
logical research which might have been expected, it is not that I
been done and is now doing, nor to imagine that I can tell you
at all underrate the high importance of this line of study in all
anything new and startling on the subject of church arrange
its branches, but that I take it for granted every one who aspires
ments; but I cannot help thinking that there is a good deal of
to the honour of being a church architect habitually pays especial
misapprehension and false feeling afloat on this question, and the
attention to it; and we are therefore at liberty this evening to
more we can work together and mutually assist each other to
devote ourselves to the present and future rather than to the
past Thus also I have avoided a very interesting branch of the recognise true principles, and sift them from unfounded preju
dices, the better prospect have we of that onward progress with
subject which was open to me—viz. the symbolism of church
out which art must decline and die.
arrangements; not because I slight the study of it, but because I
I suppose we have all felt, in comparing old and new churches,
think it involves questions scarcely practical enough for our
evening's discussion, and because I think a system of mystic that there is often a deep sense of interest and continued satis
symbolism (beyond that which explains itself at once by familiar faction in exploring an old church, although it may be very plain
use, or as distinctly scriptural) when it is merely based on human and simple, which is totally wanting when we visit a neighbour
fancy and ingenuity, is in this age as much a toy and dead letter ing modern church, apparently its superior in all the usual archi
tectural features. This is generally attributed to the charm of
as the science of heraldry is amongst the sciences.
What I propose to consider then is—First, the influence which antiquity and the sentiment of association; and these feelings no
doubt have their due weight. But there is something beyond
our ritual as it at present exists ought to have on the architec
tural features and character of our churches; in what manner it this, which I believe to be the existence in the old building of a
ought, in other words, to make itself felt in the building; and principle, apparently instinctive in the mediaeval architect, which
whether we are in the habit of paying sufficient attention to this is too often, I cannot but think, overlooked by us. The principle
point. Secondly, the customs, wants, and requirements of modern I allude to may sound absurdly trite and hackneyed, but it can
congregations as compared with those in the former ages of the not be too often repeated until it is better attended to : it is
church. Whether those customs, wants, and requirements are simply, that a building should exactly express its purpose, or in
to be ignored and slighted, or whether they ought to be met; other words, in the case of a church, that the bare walls or actual
and if so, whether we ought boldly to acknowledge the means skeleton, before a bit of furniture is introduced into it, should
we employ, and make the most of them, or to conceal them, and bear the distinct impress of every part of the ritual existing at
the time of its erection, and should give expression to all cere
as far as we can apparently dispense with them altogether, be
cause they do not fall in with preconceived notions as to what is monies and forms of worship about to be celebrated in it. Thus,
it may well be regretted in a purely architectural point of view
" ecclesiastical." It will be observed that I place first the ques
that we are forbidden to erect stone altars: they were removed
tion of the influence our ritual ought to exercise on church archi
tecture, because, if that can be determined we may, I suppose, in 1550 to make room for communion tables, and though we may
safely say that what has nothing to do with our ritual is not deplore we can scarcely wonder at the measure. Mosheim in his
absolutely necessary to give due expression to a church, or, in ' Ecclesiastical History,' remarks, " Posterity may regret this
change as needless in itself, and an injudicious sacrifice of a vene
other words, is not intrinsically ecclesiastical.
The first reformed Euglish liturgy was produced in 1549, and rable decoration; but contemporaries alone can adequately judge
was followed in 1552 by a second, which is nearly identical with of such questions, and they (the Reformers) had undoubtedly a
our present Book of Common Prayer. Since that time it has degree of difficulty in weaning the people from inveterate super
undergone several authorised examinations, and some few changes stitions, which rendered all incentives to them obnoxious." But
of importance have been made in consequence, but in all essential though our altars may not be of stone, we still may, and no doubt
points it continues the same. Thus it will be seen that precisely ought always, to mark by some constructive feature the exact
position of the holy table,—not necessarily elaborately and expen
at the time of the great change in our church services the know
ledge and practice of the true principles of architecture had sively where funds will not allow it, but at any rate distinctly
passed through their last phase, and died out, so that the only and thoughtfully; and let us always remember that, on no higher
than artistic grounds, a little extra cost here at the expense of
object of the Reformers naturally was to obliterate as far as pos
sible all traces of the Romish rites and ceremonies in their the body of the church will have far more value than the same
churches, without any thought of what might be preserved or amount expended in a sprinkling of meagre and uniform decora
adapted as expressive of the new liturgy. Since that time church tion over the whole building. I do not wish in a paper of this
building has gone through many curious changes, and remained kind to say too much upon the higher grounds for making this
for a long time at a very low ebb; and although no one can the point of attraction in the church, nor to insist at too great
doubt that we are in the right road now, how few churches have length on the credence table, piscina, and sedilia as architectural
features, seeing that these are, after all, only adjuncts depending
as yet been built that can at all bear comparison in point of inte
rest and a certain instinctive sense of complete fitness, even with on particular forms and methods of celebration, the propriety of
which this is neither the time nor place to discuss. But the
the plainest churches of the best mediaeval periods ! Let us con
principle of always expressing the position of the altar by a solid
sider what is the cause of this.
When we hear a new church discussed, the points usually reredos depends simply on a question of fact,—" Is the most
touched upon are the accommodation, the cost, and the quality of sacred and solemn portion of our ritual celebrated there, or not?"
the design. We hear, perhaps, that sittings are provided for 800 If it is, the building itself should bespeak the fact
To proceed next to the Font Although the orthodox, tradi
or 1000 persons, and that it cost so much,—very cheap, or very
expensive, as the case may be. Then we hear the particular tional, and symbolical position of the font near to the western
style adopted, the height and treatment of the roof, the richness entrance is now very generally adhered to, I have heard a great
of the decoration, and the originality, if there be any, of some many different opinions amongst the clergy as to its convenience.
part of the design, with numerous other details; but we seldom Amongst others Mr. Pettit remarks, " Where the font is suffered
—I think I may almost say, never—hear a church commended to retain its original position it is generally found near the
western entrance, and this without doubt is the most appro
priate spot for a ceremony denoting admission into the church ;
* Paper read before the Architectural Association.
11
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yet there may often exist sufficient reasons for placing it else
where. And it is of far more importance that we should regard,
both in position and design and the actual size of the font, the
great solemnity of the rite which is administered in it, than that
we restrict its locality to any particular part of the building."
Wherever it is placed, its position should at any rate be well
defined and expressed by some modification or exceptional fea
ture in the architecture, so that there may be a perpetual and
ineffaceable protest against any future removal by a reforming
churchwarden or a new incumbent.
I know an instance, by the way, of a font in a large modern
church, which has been moved from east to west and back again,
three times in as many years; and in this case, as far as the build
ing goes, one place is as appropriate as the other. It would of
course be inconsistent with the custom which prevails of ad
ministering baptism during divine service, to place the font in a
distant baptistery where it could not be seen by the congregation;
but if a little thought be bestowed on it, we shall generally find
that some distinctive feature may be introduced which will add
interest and beauty to the church and fulfil the purpose I speak
of, without cutting off the congregation from participation in
the service. Mr. Pettit, a little further on in the passage I
quoted just now, supports the principle of making the font as
for as possible a part of the building, and not an appendage.
He uses this last term in speaking of the font, and then imme
diately adds—" An appendage indeed I should not call it, as in
old times it was considered the very heart and nucleus of the
church, erected often long before the walls and roof which
were to cover it. The well-known font of St. Martin's at Can
terbury, is evidently much older than any part of the present
building, and it is not improbable that it even preceded former
ones. In Norbury Church the font is decidedly Early English,
none of the building being earlier than late Decorated—most of
it of the latest Perpendicular.
There are of course numerous examples in churches built of
late years in which the font is given its proper importance, and
has a well-defined and yet prominent and open position given
to it An arrangement of the kind has been admirably managed
in a small church in Suffolk, lately built by Mr. Scott, where a
round tower (after the fashion of the peculiar round towers of
that county) is placed at the west end. It is vaulted with stone
internally, and forms an appropriate baptistery. But having
noticed the principle, I will not take up time by multiplying
examples.
Let us pass next to the consideration of the Reading-desk and
Pulpit. Now, although these two play, if not the most import
ant, certainly the largest part in our services, it is not often
that we find one or the other treated as part of the building,
or influencing its constructive details in any way. They are
usually pieces of furniture which give no more impress of cha
racter to the building than the seats of the congregation. The
exact position of each, and even the design, are generally not
settled until the church is nearly completed; perhaps indeed
it is fortunate sometimes in the case of the pulpit, as instances
might be found where, through inattention to acoustic require
ments in the first instance, a change in its position is absolutely
necessary. But supposing the pulpit is of stone and the readingdesk on a stone plinth, this is not all that is required to meet
the principle we started with, unless they form part of the build
ing.
You may have stone furniture as independent of it as
wooden furniture; and with regard to the reading-desks, archi
tects unfortunately find a great difference of opinion among the
clergy: one wants a large desk looking north and west; another
wishes the whole desk to face the west; and a third wishes per
haps to read prayers from a small desk in the chancel seats,
and the lessons from a movable lectern. Without venturing to
express .111 opinion as to what is absolutely the right form of
reading-desk in a ritualistic point of view, I feel a strong con
viction that, architecturally speaking, wherever prayers are
habitually read by the minister, the building should give some
indication of the fact. We have before us the well-known exam
ples of the arrangement of the early Christian basilica, where
we find this principle carried out in every point as completely
as could be done in adapting a building originally designed for
secular purposes to the requirements of public worship: such
parte of the building as could be still used in Christian wor
ship were adapted, and what wa3 wanting was added architec
turally, and incorporated in the building as far as possible.
Thus, the bishop and presbyters, as you know, took the places of
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the prsetor and his assessors, the Roman altar became the Chris
tian holy table, and a quire was thrown out into the nave,
inclosed on three sides by low walls. The ambos, from which
the gospel and epistle were read, were actually built into these
inclosing walls, and thus made part of the church. The church
of San Clemente, at Rome, as you all know, shows in the most
perfect manner the arrangement of the early basilica. Although
rebuilt in 790, it was exactly on the original plan, and it is
owing to the fact of all the ritualistic arrangements being abso
lutely solid and architectural, and not merely movable furniture,
that we are able at this time to understand fully the allusions and
descriptions of early writers Those who have not seen the church
itself to judge of the eloquent manner in which the building speaks
its purposes, will find it illustrated and described in Gaily Knight,
and in Fergusson's ' Handbook.'
Now, although the ambos do not exactly answer to our read
ing-desk, yet their uses were sufficiently similar to justify the
analogy, and I think we may well take a hint from them. There
is a good reason for the lectern to be movable in the fact that a
layman sometimes reads the lessons, as is the custom in collegechapels, and not unfrequently in village churches, but I think
we ought certainly to make the prayer-desk an architectural
feature.
Next as to the pulpit At least two sermons are preached
from it every Sunday in most cases, so that I suppose the
preaching of sermons may be considered a fixed and essential
part of our services, and if so it ought undoubtedly to find ex
pression in the architecture of the church. Now here, where we
are at perfect liberty to look for assistance to the best times of
art (seeing that the conditions for addressing a congregation
must be much the same in all ages and for all creeds)—here,
where we should find plenty of assistance if we did look for it,
we seem to neglect it in an unaccountable manner. I will just
read a short extract from Viollet-Leduc's ' Dictionary ' on this
point, which exactly illustrates my remarks. In the article oa
'Pulpits' he says—"In France "none of our ancient churches
have, as far as we know, preserved any pulpits of an earlier data
than the fifteenth century. It was customary from the com
mencement of the twelfth century in our northern churches to
arrange a rood-loft at the entrance of the choir, from the top of
which the epistle and gospel were read, and exhortations ad
dressed to the faithful when occasion served. In every case
these sermons, before the institution of preaching friars, only
took place occasionally. It is probable that in particular cases
sermons were preached from a movable pulpit, arranged in some
part of the church for that occasion. The pulpit was then only
a little wooden stage, closed on three sides, and covered in front
with a hanging.
But in the thirteenth century, when the
preaching orders had been established, to combat heresy and to
explain to the people the truths of Christianity, preaching be
came a necessity which the architectural arrangements of re
ligious edifices were compelled to obey. Exactly to fulfil these
conditions the Dominicans and the Jacobins, amongst others,
built churches with two naves, one being reserved for the monks
and divine service, and the other for preaching; then the pulpits
became fixed, and entered into the construction. They formed,
as it were, a balcony projecting into the interior of the church,
carried on corbelling, accompanied by a niche taken out of the
wall, and generally lit by little windows. Access was gained by
a little staircase contrived in the thickness of the wall." Thus
we see the thirteenth-century architect at once felt instinctively,
that when a sermon became a thing of fixed and regular recur
rence instead of an occasional address, he must express the fact
in his building. It was no longer sufficient to provide a little
movable wooden stage closed on three sides, but he must con
trive a balcony, or some architectural feature that should dis
tinctly proclaim its original use as long as the building should
stand. There is an instance of such a pulpit in the south of the
nave of the great church of the Jacobin convent at Toulouse.
It has long been disused, the balcony and corbelling shaved off,
and the niche blocked up, but still there are evident remains,
and you must pull down the building before you can obliterate
the traces of what it has once been. As I said just now, a par
ticular form of pulpit can have no more to do with creed or doc
trine than a particular kind of brick or stone in a building
(although I have heard a stone pulpit objected to on principle),
and if this method of treating a pulpit was right in the thir
teenth century, it is right now. We ought to feel as instinc
tively as the architect of that day that " a wooden stage closed
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on three sides," in fact any sort of pulpit not entering into the
construction of the church, does not thoroughly satisfy a prin
ciple we all acknowledge in the abstract
The examples of ancient pulpits treated in this thoroughly
common-sense manner are very numerous, but we must not
confine our search after the earliest and best examples to the
interior of churches; we shall fiud some of the best in the refec
tories of monasteries, used for reading to the monks during
their meals. A very fine example of this kind of pulpit exists
in a building (formerly the refectory) attached to the cloisters at
Chester, and now used as a school. It is well worthy of careful
study, and gives a peculiar character and interest to the building.
The woodcut in Viollet-Leduc of the beautiful pulpit in the refec
tory of St Martin des Champs is, I presume, familiar to all.
We find a great variety of later examples, both in the interiors
of churches and exteriorly in the cloisters and elsewhere, Buch
as the well-known examples at Beaulieu, Magdalen College, Ox
ford, and St Lo, in Normandy. There is one peculiarity about
nearly all ancient pulpits which, although belonging more
strictly to the second part of the subject, I will allude to now
as forming part of their construction,—it is that they nearly in
variably have what the French call au abat-voix, or voice-reflector
(to avoid the obnoxious term of "sounding-board"). Where
part of the pulpit was formed by a Diche or recess, the roof of
the recess of course acted as one; but if attached to a wall or
pier, some covering was almost always added. "For pulpits,"
says Viollet-Leduc, " erected in the open air] or in churches, the
necessity was soon felt of suspending a ceiling over the preacher,
to prevent the voice from losing itself in space." This is actually
now done in the large churches in Italy, with exceedingly pictu
resque effect, by suspending a large cloth or awning by the four
corners over the pulpit. I only mention these facts because
there seems to be an unfounded prejudice now against soundingboards altogether. This is probably owing to the monstrous
erections of the last century, which seem by some suspension of
the laws of nature to be balancing themselves on one corner,
and to be ready at a moment's notice to shut down on the
preacher like the lid of a trap. Although apparently of enor
mous weight, they are generally in fact made of thin wood, and
comparatively light, and are altogether shams and abomina
tions; but because they are bad in design, I see no reason why
the use of sounding-boards Bhould be condemned altogether.
Those of you who heard our president's admirable paper on
"Acoustics," * lately read, will have heard that they have a
decidedly beneficial effect in many instances; and I think that,
though in most cases it may be unnecessary, where there is any
reason to suppose it may serve a useful purpose it would be much
better for the architect to incorporate it with his design, and put
it up at once with the pulpit, than to run the risk of his work
being disfigured hereafter by its addition. In a church with
which I am well acquainted, a fine building only lately finished,
a sounding-board has been added to the pulpit within the last
few mouths with exceedingly bad effect, cutting as it does into a
beautifully carved capital; but the acoustic improvement is so
great that we have to overlook its ugliness. I do not know
whether the architect of the church was called upon to mar
his own desigu in this instance, but I think it is a case where a
sounding-board originally designed by him as part of the pulpit
might have been made not an unpleasing feature.
There is still another part of our services which requires notice,
and that is the musical portion. The only point about it which
I wish to enforce in this division of the subject is this: as an
organ is now au almost invariable appendage to a church, and
is generally considered necessary to the proper and decent cele
bration of our service, it should impart a distinctive character
to that part of the building which is destined to receive it. I
am aware that this is frequently attended to in modern churches,
and always I think with a satisfactory effect; I could name in
stances of churches where such an arrangement has always ap
peared to me to give the chief interest and charm to the building.
In small village churches where an harmonium takes the place of
an organ, a recess iu the thickness of the wall may be contrived
with very good effect, at a small cost, and with unmistakable
fitness of purpose.
I have thus briefly and imperfectly noticed some of the points
to which we should all give especial attention in order to make
our churches what they ought to be— the architectural expres
sion of the ritual of the Church of England. Let us now take
* See Journal antr, page 2.
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a very cursory view of the other branch of the subject, namely,
the customs, wants, and requirements of modern congregations,
and the effect they ought to have on the architecture of our
churches.
To begin with, I think that (arguing from the analogy of for
mer ages) we may lay down the principle that respect for pre
cedent and sentiments of association should not prevent us from
discarding any peculiarity of construction or arrangement that
is found distinctly inconvenient or unsuitable, and which does
not express any part of our ritual. As a simple illustration of
this principle, we find that the questionable associations which
must still have clung to the heathen basilicas, did not prevent
the early Christian congregations from transferring their re
ligious services to them from the baptisteries, which are now
believed to have been the original ritual churches.
This, of
course, could only have been done because the hall of the basilica,
with its side aisles, was found to be much more convenient
for the decent celebration of their services than the circular and
octagonal baptisteries. In the same way, I think that in any
point where convenience is at stake we ought not to be too much
confined by the precedent of Mediaeval architecture. Neither
our ritual nor our congregations are the same as those for
which our ancient churches were built, and it is scarcely to be
expected that if they were exactly suited to one that they would
be equally so to the other. We have seen that at the Eeformation, Gothic architecture had arrived at its last stage. King's
College Chapel, its last great effort, commenced a century before,
had been finished about twenty years; and there can be little
doubt that had it been possible for a new and true architec
ture to have sprung up with the Beformation from the ashes
of the old, we should have had churches as beautiful but as dif
ferent from the Mediaeval buildings, as they in their turn were
from the early Christian basilicas.
Beyond the absolutely essential division of nave and chancel,
I do not wish to occupy your time by saying much about con
venience of plan. This is a question which must depend so
much on peculiarities of site and the number of the congrega
tion, as well as other points, that it would form a long paper
iu itself. Those eccentric varieties in the form of theatres and
lecture-halls I need only allude to, as I hope we are all agreed
that turning a church into a great auditorium is not only sub
versive of all j roper ritual expression in arrangement, but ren
ders it almost impossible to conduct the service in a decent and
reverent manner.
At this point however it will be as well to take some notice
of the vexatious question of galleries. We all know the num
berless objections to them, and I suppose no one would employ
them by choice, but where they become actually a necessity—
which is often the case—they should certainly be located as part
of the construction, and their presence should be expressed ex
ternally. Great care should of course be taken as to their height
aud the steppings of the seats, so that they may neither over
power the church by being too high, nor oppress the occupants
of the aisles by being too low. A flat ceiling under the galleries
will be found to be much better for acoustic purposes, and
more satisfactory to the eye than an inclined one. There is one
position however for a gallery which is, in some churches,
almost unobjectionable, from its answering two good purposes—
one, that of breaking up and dissipating the sounds from the
east end, and preventing echo; the other, that of clothing the
conspicuous bareness of the west wall, which in many churches
is far from agreeable.
To return from this digression: let us Btart with the acknow
ledged necessity of a nave for the congregation, and a chancel
(not too deep) for the clergy and choir; and let us take a modern
congregation of, say 1000 persons, and consider the wants and
requirements we have to meet. The first thing to be noticed is,
that according to received notions the seats must be fixed; and
if we may judge from the serious inconveniences which attend
the use of chairs where they have been tried, they are not likely
to come into general use, except as a temporary expedient. The
next requirement is, that all the congregation should have an
uninterruped view and hearing of the officiating minister. It
may not seem at first evident that au uninterrupted view is ne
cessary, but in point of fact nothing is so difficult or irksome as
to keep up one's attention to a speaker who is unseen. This
applies of course chiefly to preaching.
The next requirement, whether right or wrong, is that no
one should feel too cold or too hot, and that there should be
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do draughts in the church. It may seem to many beneath the
dignity of this subject to notice so trivial a detail, but as a
matter of fact it will be found to be considered a most important
thing, and it is not for us to decide whether it is right or
■wrong. If the the age demands warming and ventilation, we
must give it them.
Now let us compare with this mediteval and earlier congre
gations. The warming of churches may be considered, I suppose,
in the first place, quite a modern luxury; next, as to seats, in the
basilicas there were certainly no fixed seats except for the clergy
—the congregation, whether standing or kneeling, arranged
themselves round three sides of the choir. No one would then
place himself by choice immediately behind a column, a defect
unfortunately unavoidable in a modern aisled church with fixed
seats. In our mediaeval churches, on the other hand, distinct
hearing of the services was a matter of no particular moment,
as the los3 of a syllable or so of an unknown tongue could not
interfere with the devotions of the faithful, and sermons did not
form a regular part of the services, as they do with us. I am far
from wishing in large churches to abandon aisles, and substitute
a large nave under one roof, being of opinion that the form of
nave and aisles, which is hallowed by so many centuries' use in the
Christian church, is also the most convenient for the decent and
reverent celebration of our services, for hearing and for economy
of space, or rather cubic content. There is however one defect
in our system of aisles which we are bound to remedy as far as
we can, namely, the obstruction of view caused by the columns.
I am aware that many architects think this practically nothing,
but I have tried the experiment many times myself, and can
therefore assert that in an ordinary aisled church there must
always be a large proportion of sittings cut off from the view of
either altar, reading-desk, or pulpit. The effect is practically
very disagreeable, and, to my mind, inconsistent with the con
scientious carrying out of the principles we profess. It appears
to me that there are only two ways of overcoming the defect—
one by no longer employing fixed seats, the other by diminish
ing the columns to such a diameter that the slightest movement
of the head of anyone placed behind it will bring the minister
into full view. The largest diameter which can be employed to
effect this is from 9 to 10 or 11 inches. Now it is obvious that
such columns can only be safely obtained by the employment of
a material which has long been used without scruple for similar
work in every modern building except a church,—1 allude of
course to iron.
There seems to be an extraordinary feeling
afloat against an iron column, as unecclesiastical and ugly. Now
to say it is unecclesiastical is nothing more or less than narrowminded prejudice; and to say it is ugly is only to acknowledge
our own shortcomings in having left it so so long. In defiance
of art critics, the civil engineer has long decided that it is good
construction, and it is high time for the architect to take it in
hand and make it good art. I believe a check has been given to
progress in this really grand and almost new field of design,
artistically speaking, by the solemn denunciations levelled against
the use of iron in architecture (except as a tie) by an eminent
authority a few years ago. The argument gravely advanced in
support of his views—namely, that we find no mention of iron
architecture in the Bible—might as well be used against stained
glass in decoration. Whatever may have been the cause, it is a
fact that church architects, until quite lately, have appeared
to be ashamed of the use of iron as a constructive material.
In cases where it has been used for columns, it has usually been
from motives of economy, and instances are not wanting (happily
no recent ones) where it has been neatly painted and sanded in
imitation of stone. If used at all, the material should of course
be treated as what it is, and I cannot doubt that, if properly
handled and elaborated, iron columns may be made beautiful nnd
attractive features in church architecture. It may be thought
a very great innovation to gain but a small advantage, but there
is a true principle involved in it. I do not see why an iron
column (which cannot have less to do with our ritual than a
stone one) should be thought unecclesiastical, nor why it need
be ugly; nor do I like to hear distinctly useful and convenient
materials and modes of construction objected to simply on
grounds of precedent and association. One objection I have
heard raised against them is the bad proportion they would bear
to the superincumbent walls, but this again I believe to be,
according to true principles, simply a question of association.
In using a new material in a new position we must create new
feelings of association for ourselves. If a few good examples were
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erected, people would soon begin to get used to the proportion, and
to like the thing, as undoubtedly right and full of purpose.
Before leaving the question of association I have a few words
to say about church warming. As I just now remarked, we find
that this is a most important point, and nothing disgusts a con
gregation so much as finding themselves in a cold, draughty, or
ill-ventilated church, where the ladies cough all the winter, and
faint all the summer. You need not fear that I am now going
to enter upon any discussion of the best means of warming and
ventilating. I merely wish to point out that we perhaps oftener
than necessary increase our difficulties, and impair the perfectness of the system adopted, by thinking it right to hide away as
much as possible all the paraphernalia of chimneys, &c. For in
stance, I want a chimney for the vestry and one for the warming
apparatus, but I am afraid of making a good stack, and carrying
them to the proper height, lest anyone should tell me I have
given my church too domestic a character. Ought I not rather
to consider, that when we insist on introducing domestic com
forts into our churches, that fact must, under an intelligent
architect, come out distinctly in the character of the building?
Our congregations cannot be provided properly and truthfully
with the comforts and luxuries of home without paying for it
by the disfigurement—if it be a disfigurement—of their churches
by domestic features.
The next consideration, convenience of hearing, has just been
so fully discussed by our president in his admirable paper that
there is little left for me to say. I fully agree with his re
marks on the acoustics of churches, and I was particularly
struck with the opinion he expressed as to open roofs and lofty
naves, contrasted with a low proportion and boarded ceilings, as
completely coinciding with my own conviction on the subject,
based on observation and comparison of many buildings. We
must recollect that, in making observations on the acoustic
qualities of churches, it is not sufficient to go yourself once and
try how you can hear at any particular part, as there may be
many disturbing causes acting at different times; one of the best
tests is, whether it is what the clergy call an "easy church."
Inquire of a few clergymen who have doDe duty there what
they think of it in this respect, and you will form a far truer
estimate of its qualities than if you ask half the congregation.
I believe it is little known how many clergymen's health is
seriously impaired by having to do duty, day after day, in a
difficult church. It therefore becomes not only a question of
convenience to the congregation, but of health and comfort in
many cases to the clergyman.
It now only remains for me to touch upon our requirements
as to the musical arrangements of a church,—and here let me say,
that though it can scarcely perhaps be expected of a church
architect that he should be a musician, yet he should make it his
business to understand something of the construction of the
instruments used in a church. An organ, the most beautiful
of instruments when in tune, is one of the most disagreeable
when neglected, and everyone should know how sensitive it is
to damp and draughts, in order to guard against this in his ar
rangements for the reception of the instrument. If there is a
choir the organ should always be placed close to them, and the
proper place for it is either in a side aisle of the chancel, or in
an organ-chamber built expressly for it, which is better. The
effect of the instrument will be much enhanced, and it will be
kept in better tune, if the walls are lined with boarding on bat
tens, and if not in a gallery it should always be raised on a
platform some feet from the floor. The worst place for the
organ on every account is the west gallery, if there is one, and
I believe organs are never now placed there in new churches.
Of course I do not contemplate the possibility in these days of an
organ appearing over the altar. In small village churches, where
an organ can seldom be tuned, I think myself that an harmonium
is preferable; it has the advantage of not getting out oftune,
and though it has always something more or less wanting in the
tone as compared to an organ, it is quite sufficient to lead the
singers.
I have now taken a slight and hasty survey of our modern
wants and requirements, and the influence they should and must
ultimately exercise on our church architecture; and I must beg
you to excuse me if I seem to have expressed any opinion too
strongly, or if I have dwelt too long on any points which may
appear trite, commonplace, or trivial. I feel that I have omitted,
much that might well and appropriately have been brought to
bear on the subject.
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DESCRIPTION OF A NEW PORTABLE COFFER-DAM*
By Capt. E. B. Hont, U.S. Engineers.
The use of the coffer-dam in laying foundations under water is
among the best established and most reliable sources of the engi
neering profession, and its application in several classes of cases
is well settled. Iu making studies for certain contemplated con
structions at Fort Taylor, Key West, a new style of coffer
occurred to me, which I hope soon to apply, and which gives
riition.il promise of success.
The first case considered was one of founding wharf and bridge
piers on a rock bottom, over which a thin stratum of sand is
spread. A set of piers 10 feet square, of solid masonry from the
bottom, was first contemplated. For these the style of coffer
planned was a strong square frame, with four corner posts, and a
sufficient number of wale-courses across the four sides and
framed into these corner posts, to give the stiffness of side-wall
necessary for supporting the whole water-pressure. The length
of the corner pieces would be such as to give an excess of a foot
or more at the top in the deepest water at high tide. The size
in plan would have to be such as to give the requisite work
ing space, and might be reduced to 15 feet square. This frame
work being put together, and stayed by a set of diagonal rope
tie braces, could be launched and taken to its position, where it
would be placed erect and adjusted to be level, using if necessary
uprights in one or more angles, to bear on the bottom or to
be driven to the rock, and then lashed or bolted to the levelled
frame. These angle posts can be sufficiently driven to give secu
rity against the force of tides and currents when needed, and
also to sustain the weights required to be rested on the top of the
frame. The coffer frame being thus fixed in position, a row of
sheet piling of souud 3-inch hard pine plank remains to be driven
to the rock in contact with the wales, and guided either by two
outside timber guides, made to be removable, or by fixed flat iron
bar guides, with the angles smoothed.
Now comes the feature which I suppose to be entirely novel,
and which gives a peculiar character to this portable coffer-dam.
Take strong canvas, and proceed to make up a case or covering for
the entire coffer, usiug two thicknesses of canvas, and interposing a
complete coating of mineral or coal tar, so as not only to cause the
two canvas layers to adhere to each other thoroughly, but to make
a perfectly impervious sheathing. Along the bottom edge of the
coffer sheathing a similar double canvas flap is joined around the
whole bottom line, which will lie spread, out over the bottom as
far as is judged necessary. The breadth of flap will depend
essentially on the nature of the bottom. The surface to be thus
covered should first be raked clear of sticks, stones, &c. to prevent
tearing holes through the flat. The case and flap, water-tight
through their whole extent, and having much positive strength
to resist pressure, beiug put on the coffer and surrounding bot
tom, it only remains to proceed with the pumping, which being
actively pushed will rapidly reduce the small inclosed water
column. As this goes on the exterior pressure comes first on the
canvas coating, and this in turn rests against the sheeting piles, and
along the entire surface of the bottom. As the sheeting should
be of even thickness with straight edges, the joints will be close
and narrow; hence there will be no danger of ruptures from the
bridging strain across them. The submerged exterior guides
being either removed, or formed of iron bars with bevelled edges,
would create no dangerous strains. To bring the flap more
closely to the bottom, a sprinkling of sand or any clean earth
might be thrown over it when iu place, or the outer edge might
be weighted if needful. In case the water should penetrate
through the bottom covering layer, even from the outer boundary
of the flap, it Is only required to scoop out the inclosed sand, and
fill in the bottom with a layer of concrete, as is usual in the
common coffer, using the tramis, a plain wooden trough, or a box
with a trip bottom.
It only remains to proceed in building the piers, using the top
of the coffer as a platform, and to support the derrick or traveller,
the materials being lightered alongside. Should a steam-pump be
found necessary, this could be worked on board a lighter, by using
a flexible pipe, led through the side at the top, or it could be
carried through the case and sheathing near the bottom. A
series of lashings along the top of the case could be used for
fastening it, and buoyed cords attached to the edge of the flap
would serve for its manoeuvre.
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Another mode of treating this case might be preferred for
great depths. This is by using a circular coffer, made by trim
ming to the required arc sweeps of 3-inch planks, combining
them in full circle ribs so as to break joints, and fastening with
screw bolts. This is merely turning an arch centre into the
vertical. Launching one rib, a set of upright struts with drawbolts would be placed on it, aud the second rib built on them, &c.
In some cases this might be superior to the square coffer. The
modification of the case aud flap would offer no serious difficulty.
Various other timber and iron coffer frames might be advantage
ously used in treating this case.
In the instance first considered it was desirable not to ob
struct the water-way more than was necessary to get the solidity
required by a permanent wharf for heavy vessels. A series of
these piers giving the requisite support for the wharf and bridge
platforms answered these conditions, and it was supposed that
this plan could be used in water of over 20 feet.
The facility with which this portable coffer can be struck and
established is its great recommendation. Admit the water,
hoist the case, draw the sheeting, and float the frame to its next
station, buoying if necessary, and then all becomes simple repe
tition. It is a question of judgment or calculation in each case
to give the framework the stability required for resisting the
pressures, currents, and wave actions; as also to decide where
the probable violence of waves would make the plan impracti
cable or injudicious. Judgment must also be used in deciding
whether the ruggedness of the bottom makes this plan inap
plicable. Sometimes this difficulty would bo fully met by
throwing around the coffer a covering sheet of fine clay or marl,
which will either make the bottom tight, or so cushion it that
the flap can be used successfully. When we contrast the sim
plicity of this coffer and the facility with which it can be estab
lished and transferred, with the complex character of the
ordinary fixed coffers, or with Stevenson's portable coffer, so
limited comparatively in its application and so troublesome in
erection, it will need but little consideration to perceive the
utility of this device in numerous cases of bridge piers and other
structures. To extend the above system to larger piers requires
only the application of simple well established principles, which
every competent engineer would easily make, and which need
not be here dwelt upon.
It is likely to find its first application in a sea wall, which
will probably be built at Fort Taylor next winter. It is pro
posed to use in this case a portable coffer of 50 by 12 feet, in five
compartments of framing, the intermediate submerged cross
bars being made movable. The building of the first section of
wall will not much differ from the building of a pier, except that
the masonry bond at each end must be arranged to provide for
the adjoining sections. Iu walls but little exposed to the sea,
the sections can be brought above low water independently by
building plain heads and leaving a clear joint Of course this
would not do where the foundation is bad and the load irregular.
To build this second section, the coffer would be re-established
as before, except that the end should be arranged to embrace the
walls already carried up, and the sheeting should' be shaped to
close in neatly on its front and rear faces. The case aud flap
will have to be so altered at this end as to fit the section of the
wall, and extend along its front and rear faces for some dis
tance. In the proposed wall, the use of dove-tailed header and
stretcher courses of granite is contemplated for the face, and a
massive concrete filling for the back. The box planking for the
concrete can rest against the main uprights and can be re
covered on striking, thus leaving all the spare space in the coffer
for face work.
The simplicity of this coffer, and the facility with which it can
be shifted from section to section of a sea-wall, lead me to believe
that it would be a great source of economy in constructing the
walls of wharfs, basins, docks, &c, when the shelter from waves
aud character of bottom make it available. In many cases the
flap could be nearly omitted, and in some rough bottoms the
simple coffer case would be used, and a slight foot slope of puddle
or earth, which works tight, could be thrown in so as to serve
the purpose.
This device not having yet been tried, I should scarcely bring
it before the public, except that I am willing by publication at
once to prevent patents, and to give to engineers the benefits it
offers, which can be seen beforehand with almost absolute cer
tainty.

* From Uw ' Journal of the Franklin Institute.'
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ON ACOUSTICS.
By T. Roger Smith, Architect.
(Concluded from page 4.)
Vert bright lights remain longer impressed on the eye than
the image of ordinary objects, and similarly very intense sounds
remain longer in the ear, and consequently fewer repetitions of
them in a second are required to produce a continuous note; so
that though it is impossible to hear sounds from an ordinary
cord making fewer than thirty vibrations in a second; yet Savart
has succeeded in making audible a sound composed of only four
teen pulses, or seven complete vibrations, in a second, and at the
other extremity of the scale, in rendering audible sounds up to
24,000 vibrations, or 48,000 pulses per second. The greater or
less frequency of the vibrations occasions the sound to be more
or less sharp, and the actual correspondence between the num
ber of vibrations in two notes determines their concord or discord
when sounded together.
For example, the lowest C on a grand piano is said by Brewer*
to require 32 pulses in a second for its production; the sound
most accordant with that is its octave, the number of whose
vibrations always bears the relation of two to one to those
of the original sound. Thus, in the instance just selected, 64
vibrations in a second are required to produce the C an octave
above the one we started from. When a note and its octavo
are sounded together, every vibration of the fundamental note
coincides with a vibration of the higher one. If G, the fifth
above this C, had been substituted for the octave we should have
struck a note containing 48 pulses in a second, along with the C
containing 32 such pulses; that is to say three pulsations of the
higher note to every two of the lower one; and, only every other
pulse of the fundamental note would have coincided with one of
the upper ones. This is the next most accordant interval.
The relation between a note and its major third is expressed
by that of 4 to 5 or 32 to 40, so that this interval is less perfectly
consonant.
Two notes, the pulses of which hardly ever coincide, sounded
together produce a discord. For instance, the seventh above
any note bears the relation to it of 15 to 8, and this is conse
quently a very imperfectly consonant interval.
Beyond just stating that all natural sustained sounds are pro
duced by the vibrations of elastic substances, it is impossible to
enter upon the very complicated and very interesting investiga
tions that Chladni, Savart, Wheatstone, and others, have con
ducted upon undulation and vibration in all its forms, or to
describe to you the elegant experiments by which the motions of
vibrating bodies are rendered visible.
The transmission of these vibrations through the air is, how
ever, a matter of some moment to our subject. Each impulse of
the vibrating body makes an impression on the air immediately
adjoining it, which impression immediately passes onwards and
outwards, leaving the atmosphere behind in a state of quiescence.
A wave of sound is in fact a Btate of momentary compression
travelling with the speed of the wind away from its exciting
cause into space; and it is accompanied by a displacement of
particles, slight indeed, but still actual, and in fact when the
impulse has lost the power of moving the air at all it ceases to
exist. Should this wave meet with an obstacle that reflects it,
it will travel back through the atmosphere to any point to which
it may be directed by the reflecting body. Any agitation of the
air which from circumstances, such as reflection for example, is
made to take the form of regular pulses, will, if these are but
frequent enough, become an audible sound. Take a familiar
instance.
Suppose we have a pipe, of any length shorter than about
35 feet, closed at one end, and make an agitation in the air at
the open end. As long as the separate movements are so far
apart that the impulses leave long intervals between them, no
sound is heard; but as soon as the movement is brisk enough for
a pulse, the moment it has travelled to the bottom of the pipe
and back, to be followed at once by another, an audible sound
will result, the pitch of which depends on the length of the
journey each pulse has to make down the pipe and back again.
If we go on making the agitation more brisk for a time, no
alteration except in loudness will be audible, the pipe seeming,
so to speak, to keep the agitation that wants to enter it waiting
till the one that is there emerges. But suddenly the sound
" Whose numbers do not precisely correspond with those given by some of the
French writers.
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heard will jump an octave, and we shall find, if we take the
proper means of investigating, that the air in the pipe has
divided itself into two vibrating lengths. Increase the agitation,
and soon another jump takes places, the air in the tube dividing
itself into three portions, and so on,—the points of division being
termed nodes.
Thus for example, by blowing more or less
violently into an organ-pipe we can produce either its funda
mental, or the octave above that note (which is the sound proper
to a pipe of half the length, or to the original pipe divided into
two portions by one node), or the twelfth above (which 13 the sound
proper to a pipe of one-third the length, or to the original pipe
divided into three portions by two nodes), and so on. These
divisions equally occur in vibrating strings, and it is remarkable
that even where a string or a pipe is sounding the gravest note
it can emit, a second set of vibrations almost invariably coexists
along with the primary ones, giving out the octave, twelfth, &c.
These sounds are called harmonies of the principal sound, and
au acute ear can detect their presence constantly, perhaps no
where so readily as in the note of a large bell.
It becomes of importance to us to know all these circum
stances, if we reflect that any room may be regarded as nothing
else than a great organ-pipe, in which if a suitable agitation be
roused, sounds no doubt will be emitted by the air. Nor is
there any safeguard in the size of the room; for although a room
be too large for what would be its primary note to be audible,
the harmonies of that note—some of them—will be quite appre
ciable; and it is the presence of these that causes what is known
as the note proper to a room. As this note cannot ordinarily be
avoided, the only thing to be done In relation to it is to see that
the dimensions of the room each way bear some simple nume
rical relation to one another, so that if undulations are roused
that travel from end to end, and others that travel from side to
side, the sounds due to the two may blend harmoniously, and
not clash discordantly.
The last point to which I have to draw your attention is the
sympathetic vibrations that sounds can excite in sonorous bodies.
If a tuning-fork is sounded in the air its note is extremely
feeble, but if it be rested on a pianoforte or a table, a marked
alteration in sound is audible. Half-a-dozen tuning-forks of
different pitch, tried in succession, will all rouse the same pheno
menon, and the truth is, that small as they are, each one has set
the entire material of the pianoforte or the table in vibration,
and that too in accordance with its own rate of motion, so that
the whole table or the whole piano has become for the moment
a part of the tuning-fork, and is emitting sound in unison with
it. If we now vary the experiment, and hold our different
tuniug-forks near the open end of an organ-pipe or flute, we shall
not get the same uniform result. Those forks which emit the
sound the pipe or flute would emit if blown into, or one of its
harmonies, will be found to set the air in the tube into sonorous
agitation, and the note they emit will be greatly reinforced; but
the other tuning-forks, whose note is not related to that of the
pipe in question, will be found to have only a trifling influence,
\( any, over the air in the tube, and their sound will not be per
ceptibly reinforced. Thus we arrive at a fact of the greatest
importance, namely, that some vibratory bodies will move in
unison with almost any sound, while others voiced to emit a par
ticular note will reinforce that note, or those related to it, but
will be useless or almost useless as regards other notes.
IT.

It now becomes desirable, having considered some points
relating to the nature of sound and its transmission, to ask, What
means have we of influencing sound in a building?—and what
obstacles is it likely to encounter there compared with what it
would meet with in the open air ? There are two familiar in
struments in everyday use, and a third some forms of which
are also well known, which supply a sufficient answer almost
without words to the first question, namely, What means hav«
we of influencing sound in a building ? The two instruments I
first alluded to are the violin and the speaking-trumpet; the
third is any common reflector, say the sound-board of a pulpit.
If we take any familiar sounding object, such for instance as a
watch, and note to how great a distance its beat can be heard in
a room, and then place it successively in the mouthpiece of a
speaking-trumpet, in the focus of a parabolic reflector, or against
the body of a violin, we shall find that in each case we have
influenced the sound; and, so far as I know, we have no possible
means of influencing the sounds emitted iu buildings except
such as bear an analogy to one of these three.
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There will be something to be said by-and-by about impedi
ments and the avoidance of them; for after all, except in extra
ordinary cases, the whole secret of success in building for
sound lies in simply doing as little harm as possible; but as far
as assistance to sound goes, I repeat, we cannot get beyond the
teaching of the mirror, the speaking-trumpet, or the violin.
To return to the watch; we shall find that both the reflector
and the speaking-trumpet cause its tick to be heard much more
loudly at the same distance, or to be audible to a much greater
distance than when uninfluenced, but only in one direction. The
person to whom the trumpet is pointed, or towards whom the
mirror faces, gets more sound, but a person at the side gets less.
Were the sound of such a nature as to be capable of being closely
examined, it would be found in both cases to be deteriorated in
quality of tone ; and I am inclined to think more so by the
reflector than by the speaking-trumpet; and in each case, if
articulate or otherwise very sharp and defined, it will have lost
a little of its distinctness.
If now we take the violin and place upon it the watch, we
shall find that the sound will be audible at a greater distance
than when the watch is by itself; but will not be (as in other
eases) confined to one direction only. It will not probably ex
tend iu any direction so far as the trumpet would throw it, but
will be much more equally heard; while—and this is the great
point—whatever change takes place in its character is entirely
for the better. None of its distinctness is lost, but its tone is
improved; and should the violin be a very fine one, and some
thing with musical sounds be substituted for a watch, the effect
on the quality of the sound will be very marked. A string, for
example stretched to sound a certain note, and excited by a
violin bow, will give out its proper note indeed, but its voice will
be poor, thin, and weak. Transfer the string to the instrument,
draw the same bow across it in the same way, and the note of
the string, reinforced by the vibrations of the body of the
instrument, will be something totally different, incomparably
finer, and yet identical in pitch and sharpness.
We ought then, in building for sound, to take a lesson from
each of these instruments. What are their peculiarities I In
the reflector and the speaking-trumpet the influence upon sound
is almost wholly a matter of form. In the violin it is also no
doubt a matter of form, but as much if not more a matter of
materials combined with form.
We gather then that we may, as in the speaking-trumpet,
impress an initial direction on sound as emitted, and guide
it forward, or that we may aid its progress by reflectors behind
or above the speaker, but that if we want to support or improve
it we must have recourse to the resonance, or sympathetic
vibrations of some sonorous body, capable of lending itself to all
the varieties of sound produced near it
The common sounding-board often fixed over pulpits acts as a
reflector, but usually (being made of thin wood) as a resonant
reflector, a much less dangerous neighbour than a hard smooth
surface of plaster or stone, which has the disadvantage that it
reflects a sharp and somewhat spoiled echo that travels in the
same direction indeed as the primary sound, but is a little behind
it and seems often to mar its distinctness.
It will be readily understood that a slanting reflector over
head, to beat downwards and forward rays of sound that would
otherwise escape towards the ceiling and be lost, is likely always
to do good, and can in no case be so injurious as one behind the
speaker; and it need scarcely I think be added, that the only
reflectors that can be of advantage are those that throw the
sound forward in the same direction as that in which the
speaker is speaking. An echo reflected down from a high ceiling,
or worst of all back from an opposite wall, will always be dis
agreeable.
It may be more appropriate here than afterwards to notice a
curious application of the reflector to pulpits, which was some
years ago rather extensively made use of, and is illustrated in the
model before you. It appears from a pamphlet published by
Rivington in 1829, entitled, ' Description of a Parabolic Sounding
Board erected in Attercliff Church, by the Rev. John Black
burn,' that this church is a parallelogram, 95 feet by 72 feet, and
56 feet high, with an elliptical recess 32 feet wide by 10 feet deep
for chancel, and the pulpit placed in the centre of the centre
aisle in front of the chancel. There is no clerestory, but there
are pillars supporting a gallery. In this church it was impos
sible for the preacher to make himself heard, and after shifting
about the pulpit in various directions with no marked advantage,
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he determined to erect behind the pulpit a sounding-board like
a hood—parabolic in section, with his head in about the focus of
the parabola. He relied upon the property of that curve to re
flect as parallel a series of rays diverging from the focus, and he
adds that the results exceeded his most sanguine expectations.
The congregration were now able to hear the preacher, and the
remote seats of the church became some of the best The in
ventor of this expedient was Mr. Blackburn himself, and he
brought it before the public in this pamphlet, which is admirably
and scientifically written, and also laid it before the Royal
Society and the Society of Arts. With the last-named society he
deposited a model, which has since passed into the possession of
the London University College, and it is by the courtesy of the
secretary of that college, and of Professor Potter, that this model,
which is the one before you, is intrusted to me for this evening's
paper.
To proceed, however. In the Society of Arts Transactions I
find two letters from Mr. Parish, then Jacksonian Professor at
Cambridge, who had had one of these reflectors put up in his
church. He reports most favourably both upon Mr. Blackburn's
reflector and his own, saying that the sound is improved in every
part of the church, and especially the more distant parts; but
ho alludes casually to inconveniences that had been supposed
to exist, and says they are of no consequence. This seemed
like a flaw in the case; and as the point appeared of great prac
tical interest, I obtained, through the kindness of Mr. Holland,
of Sheffield, full particulars of the subsequent history of the
reflectors; and, not to trouble you with all the details, found the
main facts relating to them to be these:—
First, I find the reflector has been pulled down from Attercliff
Church, partly because it was unsightly, partly because the
present incumbent can do without it, and partly because the
inconveniences attending it were felt very trying by most
preachers; though the inventor either was not annoyed by them
or endured them cheerfully for the sake of the real benefit he
derived from the reflector, but some of the casual occupants of
the pulpit found them so trying that they used to prefer preach
ing from the reading-desk. The disadvantages were—first, that
the speaker heard every word uttered in every part of the
church; and secondly, what was worse, had every word he him
self uttered dinned into his own ears; and lastly, that to do any
good with the reflector he was obliged to keep still, with his head
in or near the focus of the parabola. One of the neighbouring
clergy preaching in the Cambridge church states that he was
at once amazed and amused at the distinctness with which he
heard the whisperings of the charity children in the remotest
part of the west gallery; and the converse of this transmission
was true, for a watch placed at the focus of the parabola could
be heard to the very end of the church, j^ .
As regards the general application of 'these instruments I find
that the carpenter who made the original o^e himself made and
fixed no fewer than twenty-nine of them, including two at
Oxford, one at Cambridge, one at Trinity Church, Hudderstield,
one at Duckinfield, near Manchester, and one at St. Sepulchre's
Church, Smithfield; perhaps members can inform us of the
fate of some of these. Also I find that at Darnall, near Atter
cliff, the end of the church was built in a parabolic shape, .and
the pulpit fixed in the focus. The preacher in this church is
satisfied with the effect, but occasional preachers, some of them,
dislike it. Lastly, I got information of one other church at
Sheffield where the reflector had been put up and made use of,
and satisfied the clergyman and those persons who sat in the
centre, and at the end of the church, but the people at the sides
heard worse than before and complained accordingly; so much so
that it had to be removed.
From these facts—which I hope I have not unduly extended
—we may gather that the parabolic reflector possesses such dis
advantages that it would never be safe to build the end of a
room of that shape, and that in most instances it will be in
admissible even as a palliative iu bad cases; but that on the
other hand it does enable persons remote from the speaker to
hear well, and therefore in a church or room that was long aud
not wide, it might be valuable if the speaker is not nervous,
and does not employ much action. I need not add that it can
hardly fail always to be frightfully ugly.
We pass now to consider the speaking-trumpet and the
analogy it may bear to a room. The action of the speakingtrumpet was for long attempted to be explained by the theory
that the sounds were reflected across and across from side to side
1U*
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of the tube, and somehow got ejected nearly or quite parallel in
the direction from its mouth. But tliis theory fails in many
ways to account for the phenomena of the speaking-trumpet, and
M. Hassenfratz, the great authority on that instrument, declares
that all his experiments led him to the conclusion that the effects
on sound produced by the speaking-trumpet are due to a diffe
rent cause. The air contained in the interior of the instrument,
he maintains, being inclosed by its walls is compressed by the
vibration of the sonorous body in a more vigorous manner than
would be the case if the walla had no resistance; consequently
each individual particle of this air contracts a greater amplitude
of vibration, and is capable of transmitting that action to a
greater distance before it becomes entirely lost than it would in
the open air.
Now all this applies, mutatis mutandis, to a public speaker in
a room. If you set him up in a spot where a great height over
his head swallows up the sound above him, and vast spaces open
on either side of him and behind him, the power of his voice is
wasted in communicating vibratory motion to these masses of air
as well as to that mass which lies iu the direction where the
auditors are.
If now, avoiding the extreme of cramping and confining the
space too much, you set your speaker under a low roof which
rises as it goes away from him, and in a recess that widens as
it joins the main building, you procure him the advantages of a
speaking-trumpet, and throw his voice forward by preventing
it from losing itself above or behind him. And it must further
be remarked that if you want your speaker to be able to address
a very numerous audience indeed, you must effect it, not by
enlarging the building very greatly in every direction, but by
extending it in the direction towards which speech is directed
—namely, forwards—with only such additions of height and
breadth as are necessary to prevent the structure from failing
through disproportion.
Turning now to the violin, we find its peculiar effects are due
to resonance. As to the methods of procuring resonance we
have seen that a body of air in a room will reciprocate certain
sounds, and we find in certain buildings that the air will recipro
cate any musical sounds emitted, but with the disadvantage that
it continues to sound them for some time after the original
musical notes have ceased. Canterbury Cathedral is the finest
instance of this sort of resonance I have heard of. Westminster
shows it also. Beautiful as is the blending of sounds and rich
ness of tone due to this cause, it is of more advantage to church
music than to reading or speaking, as you may readily notice at
Westminster.
In ordinary public buildings a large mass of
empty space is to be avoided, not only because the air in it
absorbs part of the power of the voice, but also because it may
be resonant in an undesirable way. The employment of thin
plunks of wood for procuring resonance is not open to the same
objection, and nearly all the most celebrated acoustic buildings
known will have been found to be fitted up to a great extent
with wooden lining.
A floor on columns, with a hollow space under it, and a ceiling
with a hollow space above it, are both adjuncts to resonance. It
is to be remarked, that the presence of auditors in a room
deadens the sound so much that if a building be such as to
afford, when full, the greatest possible assistance to music and to
the human voice, it is more than likely to have a very decided
reverberation when empty.
ill.
Let us now for a moment ask what harm we can do to sound;
what impediments a building may present to its propagation;
and how far in a new building we may avoid those impediments,
or in one where they already exist, may neutralise or remove
them 1 The principal causes that will have an unfavourable
influence on sound in buildings are echo, reverberation, obstacles,
and unshapeliness or bad proportions.
Echo is, where it exists, one of the most formidable blemishes
possible in a room, for it asserts its unweloome presence with
every word that is spoken. The presence of a flat surface at a
considerable distance from the speaker or musician and facing
him, is very much to be avoided, as apt to echo, and consequently
in almost all good public rooms the end farthest from the plat
form is curved or recessed, or otherwise broken up, or has a
gallery thrown across it, the front of that gallery being carefully
arranged so that either it shall not echo or shall reflect the sound
to where there is no auditory. In case of an existing echo the best
remedy no doubt is to break up the surface of the reflecting wall
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in some such way as this. Where expense or other difficulties
prevent this remedy being applicable, to hang up draperies
which may mask and break up the offending surface is goon. In
over-lofty rooms an echo is often perceived from the ceiling
downwards.
Such a one exists very decidedly in the new
reading-room at the British Museum. Should the echo however
be indistinct or very much broken up, or should there indeed be
a noise but not amounting to a regular echo, the disturbance is
called reverberation.
The excess of resonance in an empty room often causes rever
beration, and may be generally cured by covering those surfaces
which reflect sound with soft substances. The audience fre
quently do it, but if not, the gradual addition of carpets or
matting, or hanging up drapery, will proportionately deaden the
excess of sonority in the room until a proper pitch of distinctness
is gained. Iu a church in the north, where the reverberation
was unpleasant even when there was a full congregation, the
desired quiet was I am told quite gained by laying down mat
ting over the aisles and other open spaces. Open skylights are
very apt to reverberate, so are deep and square window recesses,
and both ought to be avoided where sound is of great impor
tance. Lastly, damp walls reverberate much more than dry
ones, and in a new building it may often be as well to hang up a
little drapery for a few months, which can be safely taken down
when all gets quite dry.
The next unfavourable agency named was that of obstacles.
Sometimes in buildings of some size obstacles in the shape of
columns not only may be tolerated, but will bring beneficial
results after them, on account of the good they do in breaking
up or cutting off vacant spaces. This is particularly the case
with the columns in churches, which, obstacles though they may
be to direct sight and hearing, often help to prevent reverbera
tion, and always are essential to that system of construction,
with a nave and side aisles, which is not only ennobled by
ancient tradition, but also found to suit well with modern re
quirements. The most serious obstacle to comfort in hearing is
the interference of some one's head between the auditors aud
the speaker. Where the speaker is not very high up indeed,
and the audience occupy a level floor of any great extent, the
inconvenience from this cause is much felt, aud some partial
elevation of the back of such floor is often attempted.
The method of securing an undisturbed ray of sound and line
of sight for each auditor was first published by Mr. Scott Russell,*
and has since been re-described and illustrated by Lachez, though
it appears to have been practised more or less perfectly by the
.Romans. It consists in a system for setting out the height of
the seats by which they fall into a curve, called by Mr. Scott
Russell the isacoustic, or equal-hearing curve. The mode of pro
cedure is as follows:—Having a section of the room, and having
determined the position of the speaker and the seats, you pro
ceed to determine the height at which you will place the speaker
above the first auditor; this settled, draw a line from the
speaker's mouth, and let it touch the point where the top of the
head of the first auditor ought to be. This will fall on the line
marking the position of the second auditor, and you fix the
height for his seat so that this visual line will come below his
eye or ear, for this allowing some average dimeusion. From the
point thus obtained set up a height which will give the top of
the head of this second auditor, aud so on. The dimensions that
Lachez advises to be followed are—
Metres.
Ft. In.
Ft. In.
Back to back of seats
0*60(0 076 =
1 114 to 2 64
Height of seat
0'45
•=
1 6J
Mean height from top of
seat to eye
0'75
=
2 54
Mean height from eye to
top of head, not less than 0'15
=
0 5-fosayO 6
Better as much as
0-30
=10
Mr. Scott Russell recommends for face-room, or the height
from the mark for the supposed position of the eye to the top of
the head, an allowance of 18 inches. The nearer to the front
seat the object to be seen or person to be heard is placed, and the
lower it is, the more steep will be the inclination of the seats.
The further removed and the higher elevated the object is, the
less steep will be the curve, which even dips down in such cases
at the commencement of its course. The seats in the Handel
Orchestra at the Crystal Palace will give a good idea of the
incline of this isacoustic curve.
* In the ' Ediuburgk New Philosophical Journal,' vol. ixvii. for 1889.
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There is a great advantage beside the direct radiation of
sound to auditors thus placed, and it is that they are almost of
necessity free from the effects of echo. To make a stepped ar
rangement of seats perfect they should be arranged on a sweep
on plan, and thus every auditor will have his face directed
towards the speaker, will have an uninterrupted sight and hear
ing, and will be free from echo at his back, for if any such echo
exists it must pass over the heads of every one but those in
the very back row of all.
The remaining obstacle is unshapeliness and bad proportion.
That a disproportionate room is bad for sound is a fact long since
admitted, and holds good whether that room be large or small;
but when this has been said, and experience has been appealed
to for confirmation of the fact, there is very little that in the
preseut imperfect state of architectural acoustics can be added.
The subject has been alluded to before, and the most probable
explanation of what is an admitted truth was then given,
namely, that if all the dimensions are not in proportion to one
another, the note of the room will not be good and pure. It is
very possible that in time we shall know this for certain, and
shall know too what precise series of numbers are best for
dimensions, so that a room may be "voiced" beforehand like a
bell, or an organ-pipe, by calculation, but we have not reached
sqch knowledge yet.
mi connection with proportion however, I ought to draw your
attention to the great division which seems to obtain between
buildings for sound. There are no doubt two maiu divisions of
speaking places, in the one (of which an ancient theatre is the
type) sound is directly radiated from the speaker to the hearer
much as in the open air. These should approach a circular or
semicircular shape, and an equal dimension in every way. The
second sort are those where the form of the building combines
with the initial direction of the sound, or imparts such an im
pulse' to it, and conducts it onward in oue direction. The majority
of large rooms are of this class.
Probably, therefore, oue or
other set of forms and proportions must prevail. If the building
is to be on the radiating principle it must be constructed so as
to avoid reflection of sounds, and may be lofty, but must ap
proach a semicircle or circle on plan. If conduction is to assist,
then there must be one dimension decidedly predominating over
the others, and that dimension should be the length away from
the speaker, and should regulate the width aud height, with the
proviso that in these buildings the proportions should be rather
long than short, aud rather low thau high.
With one example of an influence upon sound in galleries
and long rooms, which is unquestionably due to the proportions
of the room, and will be modified by every modification of those
proportions, we shall have done with the topic. It must have often
occurred to persons listening to music in a tolerably long hall
or gallery, to notice that there are portions where the sound
appears more distinct than in others. This was very noticeable
in the Floral Hall at the time concerts were given there, and
may, I understand, be detected in St. James's Hall. This phe
nomenon coincides with an interesting iuvestigation of Savart,
published by him in the ' Annates de Chimie.' He invented au
apparatus for showing visibly the actual condition of the air in
a room during the time that a continuous sound of great inten
sity was kept up, and I mention this investigation not as having
been pushed so far by him as to lead to any practical result,
but rather as showing that methods exist by which we may,
perhaps, be able to arrive at information as to the acoustic con
dition of the air in rooms to a degree hitherto unattempted.
The sound employed in this investigation was that of a bell
fixed in front of an open cylinder of such dimensions as to be
suitable to reinforce powerfully the note of the bell, and a sound
was obtained by this apparatus of such intensity as to be haidly
bearable.
The effects of this sound upon the air was made
visible by a sort of artificial ear formed of a thin membrane
stretched tightly over a small woodeu frame, and sprinkled
lightly with sand. This membrane when near the bell became
excited, so that the sand on its surface was thrown into an
agitation, but on moving it to and fro along the room places
were found where the agitatiou varied—in some parts it became
very intense, in others very moderate, and in exploring every
part of the room it was established that the points of greatest
intensity formed a spiral line, making .several revolutions during
the length of the apartment. Ou opening an end window this
spiral could be traced as continued into the air beyond for a con
siderable distance. The distance from one turn of this spiral to

another was not equal to the length of the undulation proper to
the note sounded; it became greater the larger the apartment,
and in a long gallery approached the length of the sound-wave.
When the windows in a chamber were opened the position of
this line of loudest sound —which by-the-by was distinctly per
ceptible to the ear, as well as visibly demonstrated by the
moving sand—was altered, but moving about the sounding appa
ratus from one part of the apartment to another did not cause
any such alteration, which seems to show that this property of a
room, if once decidedly manifested, cannot be altered by moving
the position of the speaker, but will only be affected by changes
in the room itself.
IV.

We have now got together some few materials for the design
of au acoustic bnilding. Let ns for a little consider how they
have been applied or can be applied to various descriptions of
structure, commencing with an inquiry how far the simple con
sideration of size ought to modify the treatment. The safe limit
of direct radiation can only be very approximative^ ascertained;
but comparing the results obtained by Saunders' experiments
with observations of that accomplished philosopher as well as
architect, Sir Christopher Wren, we may say approximately that
if we were to inclose a space not exceeding 70 feet in length by
a somewhat smaller breadth, we should be quite safe in pre
suming that the natural radiation of a human voice of ordinary
power would reach all the audience without any assistance, when
the speaker was placed in the best position for being well heard,
provided always that we were able to insure that no echo from
any part of the walls should interrupt. Should onr building
be much larger than this size it will become desirable to assist
if practicable the voice of the speaker. If we apprehend a con
siderable interference of any obstacle with the sound, this may
be too great a dimension to be safe. If, ou the other hand, cir
cumstances are all favourable it may perhaps be exceeded.

sw
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fc. Passages.
c. Covered portico.
a. Scats.
d. Thymelt, or altar of Dionpus, lu ceutre of orchestra, which was open to the sky.
«. Broad passage, urtnlug part of orchestra.
/. Stage.

The conditions under which a single speaker can best address
an auditory depending upon direct radiation have been already
referred to. The building should have a circular outline, and be
in extent something more thau a semicircle. The seats should
rise one above the other, and the speaker should be pretty well
forward among his auditors, and the remotest auditor should
not be beyond the limits of direct radiation. The most perfect
type of these buildings seems to have been an ancient Greek
theatre, especially if we bear in mind that the chorus, which occu
pied the most forward part of the stage, was the most prominent
feature in the earlier Greek plays. In modern buildings this
form has unhappily gone out of fashion, except for scientific lec
ture theatres; but there is one fine example in the great Handei
Orchestra at the Crystal Palace, the appearance of which when
full will convey some idea of what the auditorium of an ancient
Greek or Roman theatre must have been when crowded with
people. Roman theatres differed from the Greek ones in the
auditorium not exceeding a semicircle in extent, and in being
constructed, even down to a late period and when of large size, of
wood, the resonance of which material was, as Vitruvius tells us,
relied upon to reinforce the sound; consequently the echeia, or
brazen reinforcing jars introduced into Greek theatres, were not

50

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

adopted in Eome. There has been much controversy about these
echeia, and those who wish to know all about them will do well
to consult the Dictionary of the Architectural Publication So
ciety. It may be sufficient to observe that though in all proba
bility the resonance from them would not have flexibility enough
to reinforce speaking, it would be admirably suited to strengthen
the effect of slow, sustained declamation, especially if that decla
mation were of the character of a musical recitative or chant; and
if, as seems probable, the principal parts of a Greek drama par
took of this character, we cannot doubt that the vases would be
a real assistance.
Among English lecture theatres that of the Royal Institution
in Albemarle-street has always been deemed famous. It resem
bles the Roman theatres in being constructed of wood; its seats
are arranged on a curve similar to the isacoiistic curve, and its
dimensions are very nearly indeed in the relation to one another
of 2, 3, and 4. Its outliue presents a semicircle of 30 feet radius,
with the ends prolonged 15 feet, and the ceiling is flat, the wall
behind the speaker being flat also. One great advantage in this
building is the comparatively small volume of air it contains;
the favourable form aud proportions help it, but it no doubt
draws much of its excellence from the resonance of the wood
employed in its construction.
Lachez, in his pamphlet, gives views of all the principal
lecture theatres in Paris, and points out that most of them are
defective through having too vast a space above and behind the
speaker, and he shows that if we wish greatly to extend the
space of such an auditory, the walls should radiate from a point
behind the speaker's head, and the ceiliug should also be lower
where he is than elsewhere.

a. Seats.

PiAS or Thratri at Parma.
'•. Corridor.
c. Space for processions, 4c.

d. Stage.

All modern theatres for dramatic performances depend mainly,
though not exclusively, upon direct radiation. In one of the
most celebrated and most frequently quoted examples however—
that at Parma, the form was such as to favour conduction as
well as radiation, while the resonance of material, constructed as
it was internally of nothing but boards even to the ceiling, no
doubt helped the sound very much. The Parma Theatre is con
nected with the Ducal Palace, was built in 1618, and so far back
as 1790 was in a state of decay. It must not be confounded
with the modern Teatro Ducale at the same city. The dimen
sions of this building were considerable; its length from the
front of the stage to the back of the gallery above the stage was
130 feet, and the width 102 feet, the general form being an
oblong, rounded off opposite the stage, and the seats being ar
ranged amphitheatre-wise in steps. Notwithstanding the great
size of this house a low voice could be heard in every part, even
if the speaker were as much as 10 feet back, making the dis
tance from speaker to hearer 140 feet.
Of more modern theatres perhaps not one is so famous for
acoustic effect as the Opera-house in the Haymarket, which was
brought to its present form internally about 1790. Here again
we have considerable dimensions, though not at all equal to
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those at Parma; but we have the entire interior constructed of
wood, the ceiling of wood, and the stage brought so far forward
that a singer may be almost in the middle of the auditory, and
may be heard by all of them directly; the orchestra of course is
even more among the auditors. The stage is, behind the cur
tain, extremely shallow, and the auditory is a little more than a
semicircle prolonged by two almost straight sides, which ap
proach each other as they reach the proscenium. The ceiling is
an extremely flat curve over the pit, brought down above the
stage to throw the voice forward, and there is a hollow, unoc
cupied space above it. Altogether the form is undoubtedly fa
vourable to sound in a high degree, the space above, behind,
and at the sides of the singers is restricted as much as possible,
and gradually swells out in the part where the sound is wanted
to expand, while the division of the boxes, which do not radiate
from the stage, would prevent any echo from the back wall, and
break up any wave of conducted sound. More important how
ever than the form, in all probability, is the use of resonant
materials and resonant cavities, and the entire absence of plas
tered surfaces.
There is one other group of public buildings which peculiarly
require to be treated on the araphitheatrical plan, but which
hitherto have always exhibited a sort of unsuccessful compro
mise on their arrangement. I allude to courts of justice. It is
very desirable that the general public should hear well, and they
have therefore usually been ranged on steeply-inclined benches,
but this has ordinarily been done in a square and often a cubical
room, so that all the disadvantages of the square corners and of
undue height above the very persons to whom perfect hearing is
essential, are retained. In most old law-courts various contri
vances for contracting the space above the bench are visible, but
it would be a much better construction if the court were from
the commencement arranged so that there would be a fair pro
spect that those who mutt hear would hear perfectly, and that all
others present would hear well. The moderate size of our lawcourts points to the principle of direct radiation of sound as
the one on which they must be constructed. The basilica on
the other hand, the form anciently employed for the same pur
pose, introduces us to the consideration of the second great divi
sion of buildings, namely, those where the transmission of sonnd
is assisted, and whose peculiarity is that they are oblong,
These divide themselves naturally into buildings with a nave
and aisles, and simple large or small rooms.
It will be perhaps desirable to consider first those buildings
with nave and aisles, of which the basilica may serve as a type,
and afterwards to notice large rooms ceiled in one span, and
small rooms. In the large cathedral churches of medieval
times, where the object was not simply to build a church just as
large as a single speaker might fill with his voice, but to raise
a monumental pile for ceremonials, it was of no moment that
the resonance of the air contained in the building should be
great, so long as it did not destroy the effect of music; and these
buildings afford accordingly a wonderful illustration of the sono
rity of a large body of air, but very few of them are easy to fill
with a distinct spoken utterance.
In Protestant churches of more moderate dimensions the main
object is that read and spoken words, delivered from the readingdesk, the pulpit, or the altar, should be perfectly audible to the
congregation. How far does the ordinary arrangement of nave
and aisles effect this ? There is no question that the columns
inseparable from such an arrangement interfere with direct
sight, and partly with direct hearing; but I believe it will be
generally admitted that the advantages attendant upon their
use more than counterbalance this disadvantage. I have stum
bled upon a passage on this subject in Mr. Denison's lectures on
church building, in which I think you will be able for once to
concur with that gentleman. " It is at last discovered," says he,
" that so far from the pillars, and aisles, and broken roofs of
Gothic churches, built after the fashion of the old ones, being
worse for hearing in, they are generally better than the wide
spread buildings, all under one spau like a railway-station,
which it was the fashion to erect in large towns a few years ago.
This fact is noticed in two recent reports of the Church Build
ing Society, and I had observed the same thing myself in
several instances, even in small churches, though without know
ing that it was general before I read it there. Certainly some
of the worst places for hearing in that I know are buildings all
under one roof, and of far less capacity than many churches,
both old aud new, of the nave and aisle construction, in which
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a large congregation can hear perfectly well; so that in this as
in many other things, the old Gothic builders knew what they
were about a great deal better than we do."
The system of open roofs of a high pitch, so as to accord
somewhat with the Gothic character, and carried from wall to
wall in a single span, had been some years ago employed a good
deal for dissenting chapels, and many instances have occurred
where these places are bad for hearing—in some instances to a
serious extent. The English Chapel Building Society is now
employing its efforts to promote the erection of buildings divided
by columus of small diameter into a nave and aisles, even where
the size of the place of worship is but small.
The position of the pulpit in churches and chapels with nave
and aisles is of considerable importance. In chapels for dis
senters it is usually placed in the centre of the end of the build
ing, with the communion-table in front of it. In churches it
is almost necessarily placed at the side, principally that it may
not intercept the sight of the chancel and hearing of the com
munion service. There is however another quite as good reason
for this position, which is that a centre aisle is almost essential
to the decent arrangement of a church, and it is in the highest
degree unpleasant to a speaker to have the empty bareness
of the aisle in front of him whenever he lifts his eyes, while
it is equally unsatisfactory to the congregation to see their
minister as nothing better than a dusky shadow, projected on
the light of the east window, before which he necessarily is
fixed if his pulpit be central. Is this position acoustically bad
for the pulpit? and (whether at the centre or the sides) should
the pulpit be far forward or not?
In answer to these inquiries it seems clear that if the build
ing be thoroughly good to speak in, it will not be so very
material where the pulpit stands; but I have no doubt that in
doubtful or bad case-, especially where there is echo, the side
position of the pulpit is much more likely to prove advantageous
than the central one, and on that ground is to be recommended
even for dissenting places of worship, for the voice being natu
rally directed towards the main mass of the congregation will
be sent, not straight against the end wall, but obliquely against a
side wall.
It is, I believe, always bad to place a pulpit directly against a
wall. The practice of Sir Christopher Wren, followed by many
good architects, is to put it forward some distance into the nave.
Others withdrew it into the chancel, or uuder the chancel arch.
The choice between these two positions must depend rather
upon the shape of the church. If it be nearly square, so that
the hearers can be grouped round the preacher on the direct
radiation principle, I would put the pulpit forward among
them, and place it against a column, as is done in the great
Continental churches. If the church be long, and the hearers
must be reached rather on the speaking-trumpet or conduction
principle, the pulpit will probably answer best drawn back
under the chancel arch. If there are transepts, and a difficulty
is found in making people in the nave hear (and this often hap
pens with transepts), it will be quite worth while to try drawing
the pulpit back a little into the chancel, for it generally happens
in these cases that the communion service read from the altar is
better heard down the nave than either the prayers or the
sermon, owing to the initial direction which the parallel walls
of the chancel impress on the sound.
Wren's churches, it seems to me, may be studied as models of
arrangement for church-building in large towns; the more so
because, while Classic in style, they follow the forms of Gothic
churches in plan and section. It is remarkable that, notwith
standing his unrivalled constructive skill gave him every induce
ment to erect a wide roof, he has not, so far as I know, left a
single church without columns in the interior, except only the
very smallest. In almost all cases he has placed the pulpit some
way down the nave; and all the proportions of the cross-section,
while they avoid the vice of being cramped, present a certain
general impression of lowness when seen in a drawing.
It seems agreed that except in excess, the timber trusses of
open timber roofs are advantageous, on account of breaking up
echoing surfaces; but I fancy that so far as it goes the sharp
angle the two sides of such a roof make at the ridge forms a
noisy sort of trench, and that a better effect is obtained where a
wooden ceiling is thrown across at the level of the collar, or
higher.
This will partly depend on the proportion of the
church. Galleries are, if properly inclined, not bad places to hear
in, but the spaces under them are, unless the galleries are shal
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low; this especially applies to Bide galleries, an end gallery may
safely be deeper. Such a gallery sometimes helps to prevent'
an echo, or the introduction of one will often check an existing
echo.
On church building, finally, we have among old authorities,
not only the practice of Sir Christopher Wren, but his recorded
opinions, embodied in a letter, from which had time permitted
I would have made an extract The document iu question is to
be found in the ' Pareutalia,' and expresses Wren's conviction that
2000 was about the extreme number that could be accommodated
in one church, which he prescribes ought not to exceed 90 feet
long by 60 feet broad.
He observes further—"A moderate
voice may be heard 50 feet distant before the preacher, 30 feet
on each side, and 20 feet behind, and not this unless the pro
nunciation be distinct and equal," and from this starting point
he seems to have regulated his practice. As to modern practice,
the members of this Institute out to be able to furnish full
information on church building considering the great activity
that has lately prevailed in that branch of practice.
The last topic on which I have to trouble you relates to build
ings without any columns internally, in fact large rooms. The
most difficult subjects for the architect to treat would seem to
be rectangular rooms; perhaps those of moderate's! zo being worse
to encounter than larger or smaller ones. Among these 1 would
include great and small halls, lecture rooms and concert-rooms,
and also the majority of dissenting chapels, together with such
churches as are not built with a nave and aisles. A rectangular
room of considerable size is the commonest form for apartments
destined for great assemblies, and is so simple and has become
so customary that it will probably never cease to be usual for
northern nations, and yet it lies open to nearly all the obstacles
which we have decribed as besettiug buildings of one or another
class. Its flat floor renders it liable to the obstruction of the
direct lines of hearing; its straight ends almost preclude any ar
rangement of auditors on a semicircular or segmental curve. Its
flat sides and square angles are very apt to reverberate. Its flat
ends coupled with its considerable dimensions expose it to echo.
The mass of air in its height, and at the back wall, tends to
swallow the speaker's voice, and even its very dimensions allow
space for the voice to decay, while it is very possible that its
windows or its skylights may afford opportunities for sound to
be generated of a disturbing character. I am not prepared to
bring forward a siugle instance that unites all these disadvan
tages, though Exeter Hall before the alterations might have been
instanced as exhibiting a good many of them. 1 am however
better pleased to invite your attention to one or two cases
where these obstacles have been all successfully surmounted,
and from the consideration of these we shall be able to form
some tolerably definite ideas of what a great hall ought to be.
We will first consider the case of the Free Trade Hall at Man
chester, the work of Mr. Walters, who has most obligingly fur
nished full information respecting it. The requirements here, as
in most great rooms, embraced fitness for both musical enter
tainments and public speaking, with accommodation for a very
large audience, and good architectural effect. All this has been
successfully accomplished. The dimensions of this hall are very
considerable; they are, as measured from the contract plans:—the
internal width, 104 feet; length, 176 feet; height, 70 feet; thus
bearing very nearly the simple arithmetical relations to one
another of 2, 3, 5. The plan is a parallelogram with a semicir
cular sweep at the end opposite the orchestra. The orchestra ispartly in a recess, with a roof curved upwards, but advances into
the body of the hall. The side walls are low, the ceiling coming
down on to them, with a cove of unusual height The side walls
are plaiu below the gallery, the upper part of them being broken
only by engaged pilasters, so that they offer no obstacle to passing
undulation, and what reflecting power they exercise will be
favourable; but at the remote end where conduction along the
walls would commence, and at the semicircular end, the surface is
so broken up as to dissipate or destroy the conducted wave of
sound. Columns here take the place of pilasters. Deep open
recesses used as private boxes are formed, and balconies thrown
out on corbels, while the gallery, which at the sides is shallow,
becomes here deeper, so as more effectually to check the sound
that might reach the back wall and be echoed. The doors of.
entrance are here too, covered with cloth, and lastly the front of
the gallery itself has a section of compouud curvature, so that
it cannot echo. These precautious, coupled with the curved end
of the room, are successful and there is no echo. When full,
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this hall is very successful either for music or for speaking, hut
when empty the resonance in it amounts to reverberation.
The good result here, it will be remarked, iB mainly due to
form and proportions: resonant material is not present in an ex
traordinary quantity, for the walls are plastered, and so is the
ceiling; the floor however has a space underneath it, and there
is a large space above the ceiling. I believe there is a good deal
of woodwork about the orchestra—the most important part—
and there is a large organ there, which I cannot help believing is
likely, even when not played upon, to be an auxiliary to sound.
Another example of great tame in the North of England is
the Philharmonic Hall in Liverpool. I have hastily visited it,
but am not in a position to speak of its good qualities from
personal experience, or to lay before you any authorised infor
mation except what appeared in the Builder at the time the hall
■was erected. The architect was Mr. Cunningham, and the
dimensions given in the Builder are:—extreme length, 135 feet;
extreme width, 102 feet; extreme height, 68 feet; open part of
hall clear of boxes, 106 feet by 68 feet. Calculated accommoda
tion, 2300 persons. The appearance of the hall on entering is
most peculiar. Two elliptic arches of vast span extend along
the two sides, while smaller ones cross the ends, and by these
the very considerable dimensions of the hall between the walls
are masked, and it is brought to appear a moderate-sized apart
ment, with a domed ceiling, and having four recesses opening
out of it. These recesses are occupied, one of them by the or
chestra, and the other three by two galleries, one above the other,
and receding back. The orchestra is the only place where re
sonant material appears to have been employed. It is built of
wood, and contains hollow cavities of considerable size; in all
other parts the architect seems to have dreaded resonance as
much as echo. The surfaces likely to echo are curtained over
and divided with great care; the boxes into which the galleries
are divided are hung with draperies, and on nights of concerts
the floor is covered with a carpet, and all the seats are cushioned.
I have beeu given to understand that the effect upon music is
exactly what might have been expected—namely, that it is heard
most distinctly and quite free from reverberation or echo, but
that the room affords no support or assistance to the voice or
instruments. It is perhaps not right to conclude a reference to
this building without observing that in arrangement for ingress
and egress, for the comfort of its occupants, and so far as one
could judge for ventilation, it is one of the best and most liberally
planned structures we have.
Coming nearer home we may refer to the very large and
very successful music hall in the Surrey Gardens; for authentic
information respecting which I am indebted to the architect,
Mr. Horace Jones. In this large building enormous audiences
have been assembled to hear music and to hear preaching,
and in either case they have done so without difficulty. The
general form of this building is well known. It is an elongated
octagon, or a parallelogram with octagonal ends, and into
which the walls of octagonal staircases project. At the end
opposite the orchestra and up the two long sides, are built three
tiers of galleries with fronts of curved section, and supported on
iron columns. The roof over two of these galleries is hori
zontal, that over the third one inclined, and that over the central
space is very similar to the one at Liverpool, both being domed
rather like the bottom of a ship. The dimensions of this hall
are very considerable, the extreme height and extreme width are
within a foot the same, the width is 68 ft 6 in., the height, 69 ft.
6 in., the length is 153 ft. 6 in., or two and a quarter times the
width, another instance of simple proportions. The form is well
chosen, and the galleries act extremely well to prevent echo and
reverberation, while yet they are not so near together but that
they can be well reached in every part by the voice. The
principal reliance of the architect for musical beauty of tone
was however placed upon the use of resonant "materials. The
walls are lined with match-boarding on battens, and it was at
one time intended to form the ceiling also of wood. The or
chestra is constructed of thin well-seasoned planks, and there is
a sounding-board over it in a slightly inclined position, the
action of which is believed to be very beneficial. This is not only
of wood, but it was specially required to be of old materials.
That these various precautious have been successful is a matter
of notoriety, and in fact they have answered so well that this
hall has been pointed out to me by a professional musician as
one of the best in London, not ouly relatively to its vast size,
but absolutely.
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Very many other rooms might be brought forward and analysed,
even of those in London alone. To refer to only two others, we
will take the ball-room at Buckingham Palace, and St. Martin's
Hall. The ball-room was built by Mr. Pennethorne; the dimen
sions are 1 10 feet by 60 feet by 45 feet, bearing to one another
very nearly the relations of 3, 4, and 8. The angles of the room
are rounded, the ceiling slightly roughened with ornament, and
brought on to the walls by a cove. The cornice has very little
projection, and the lower part of the room is lined with hoarding
covered with silk. There is a recess at the end opposite the place
for the music, broken np with pilasters, &c. so as to dissipate
echo. This room is admirable for music.
St. Martin's Hall was mainly designed, so far as its adaptation
for acoustic purposes goes, by Mr. Hullah himself. It measured,
according to the account published at the time it was opened,
121 ft. 6 in. long, 55 ft. 5 in. wide, and 40 feet high. The dimen
sions cannot be exactly reduced to any very simple relation,
though they are not very far from 2, 3, and 6: the nearest to
them are 5, 7, and 15. The height and length however are very
exactly proportionate, the height being one-third the length.
This room had no recess for orchestra or organ, but the orchestra
—probably the most perfect one in London—was built up of
wf>od against one wall. There was a gallery, rather deep across
the opposite end, and shallow at the sides, with the front carefully
reduced to the minimum of surface. Facing the orchestra waa a
recess, partly breaking up the end wall. The windows were all
high up, and were slightly recessed. The distiuguishing feature of
this room was its great wooden ceiling, flat in the centre—which
occupied about one-half the entire width—and sloped down at
the sides to meet the walls. This was panelled, aud there were
hollow spaces above it, and under the floor. The room when full
answered to perfection for music, but it was when partly filled
subject to reverberation, owing, no doubt, to its extreme reso
nance.
Among the smaller public rooms there are a great number of
examples of a class for the acoustic constructions of which I would
earnestly bespeak more care than has ordinarily been bestowed
upon them. I refer to the small public rooms in suburban
villages and country towns, the failure of which is as great a
calamity for the community to which they belong as the nonsuccess of the most important structures would be in great cities.
These rooms are, perhaps more frequently than not, imperfect,
and consequently fail of their end, which is to afford to the inha
bitants of the place where they are built a good meeting-place on
public occasions. Ordinarily, I think, the small means at disposal
lead to the walls being built bare and unbroken, but plastered.
The ceiling is often too high for the other dimensions of the
room, and if there is any semblance of an open roof, it is so thin
and slight as to offer little or no obstacle to reverberation. Very
frequently too circumstances render it advantageous to light these
places from the roof, and skylights that act as sound-traps are
formed; or, if not, at least the walls are left quite devoid of any
breaks. It would be desirable in building such a room to pay
regard to good proportion, and where practicable to light fromside windows. If this is not admissible, perhaps it will be advisa
ble to break the line of the walls by piers and arches of moderate
projection, and, above all, to form some description of break, or
recess, or cant, or curve in one or both of the end walls, and to
make the ceiling drop down at the ends. It would be wise par
tially to line the walls with wood, or form a wooden ceiling; and
if it is necessary to keep the surfaces plain, not to plaster them
internally; also to curve or cant off the angles on plan, and to
cove or cant the ceiling in section.
In existing rooms that are bad the best remedy must be usually
left to the judgment of the architect, as the circumstances of the
case will vary, but the most generally useful and inexpensive
palliative for reverberation, the usual vice of these small halls, is
to hang up curtains in various parts. Matting or carpet on the
floor might often be of use, and a soundiug-board, or even a sheet
of canvas so stretched as to cut off part of the air above and
behind the speaker, might often be advantageous.
The subject is now before you, gentlemen. We have con
sidered (1) the general laws of sound, and (2) the mode of in
fluencing sound in a building, namely—reflection, as in a sound
ing-board, referring especially to the parabolic sounding-board;
conduction, as in the speaking-trumpet; and reinforcement by
resonance, as in the violin. The subject (3) of impediments next
required attention; and we have considered echo, reverberation,
obstacles, with the isacoustic curve as a means of escaping them,
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and bad proportion. Lastly (4) we have referred to the applica
tion of these general principles to particular cases, dividing them,
according to size and shape, into buildings for direct radiation of
sound, or square and round buildings; and buildings for conduc
tion of sound, or oblong buildings. Amongst the former we have
noticed theatres ancient and modern, lecture theatres, and courts
of justice. Amongst the .latter, basilicas and other places with a
nave and aisles, and large rooms.

BEVIEWS.
An Analysis of Ancient Domestic Architecture in Great Britain.
Nob. 1 to 14. By F. T. Doiaman and J. B. Jobbins.—London:
Joseph Masters.
{With Engravings.)
Since the first number of this work appeared (some twelve
months since), we have twice taken occasion to call our readers'
attention to it; and now, having reached the 14th Number, are
enabled, by its greater development, to speak more distinctly of
its merits. The subject—the Ancient Domestic Architecture of
Great Britain—is one that every day becomes more interesting
to architects and archaeologists. It is well known that of those
early and important structures which were once the hold and
home of our sturdy nobles, and the place of safety for their re
tainers, the relics are fast departing, and that but little remains
perfect from which we can gather their architectural beauty and
domestic arrangement, and that little is scattered far and wide
throughout the island, either in a state of crumbling decay, or
changed from the eminent position it once held, to become a
barn or stable.
Cathedral and church architecture, as well as castellated, for
years past have been well examined, and their antiquities deve
loped with zeal and care; but that which was strictly confined
to domestic use has received but little investigation, and a pic
torial rather than a professional mode of treatment has been
adopted. It is for the latter purpose that the authors of the
present work have entered upon their task, and if we may judge
from what they have done, there is every reason we should be
satisfied with their labours, and receive the present instalment
thankfully. At preseut it illustrates portions of several monastic
buildings, hitherto, we believe, unrepresented, with their details
shown to accurate measurement. Among these we have the
Guesteu Hall—once part of the priory—at Worcester, and the Commandery, a building in the same city, so called from the tradition
that it once was the habitation of some of the brotherhood of the
Knights of St. John of Jerusalem. This statement appears to be
doubtful. The refectory of Great Malvern Priory, half-timbered,
with its wiudows having oaken tracery and mullions, is also
given,—a most interesting structure, all record of which might
have been entirely lost, from the circumstance of its having
ceased to exist for more than twenty years; and the venerable
remains of Dunfermline Abbey, the last resting-place of the hero
of Bauuockburn. Of ancient hospitals we have several, with their
plans, showing the arrangements of the inmates' dwellings. Most
conspicuous among these is Holy Cross, near Winchester, shown
in detail on several plates; and Ford's Hospital at Coventry. If
such structures are not to be copied in our days, they are at least
highly suggestive. The palace of Linlithgow—the birthplace of
the ill-fated Scottish queen—as it at preseut stands, is also repre
sented in ten plates; it has many remarkable features deserving
of notice, especially the window-heads and fireplace, and is accomgnied by the interesting memoir which we noticed recently.
ere are also some choice examples of windows from Oakham
Castle and Battle Abbey, and many hooded and other fireplaces
of noteworthy design. An assemblage of ancient ironwork, em
bracing knockers, closing rings, latches, a sliding candlestick, and
several keys with elaborately ornamented bows, occupy several
plates; others are devoted to some strikingly picturesque halftimbered dwellings, of some centuries' standing, from Kent and
Sussex, with quaint gables, pendants, and barge-boards. We
think, from our enumeration of the published illustrations in this
analysis, it will be seen that as far as the work has gone it is one
that will command a prominent place in every professional
library, if finished with the same care and judgment as at present
bestowed upon it by the painstaking authors.
It was our intention to have dwelt at greater length upon the
execution of the plates, and the clearness and conciseness of the
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accompanying descriptions; but as a specimen of both would be
preferable to any eulogy of our own, we have obtained permis
sion to insert an example of the plates. The subject is the view
and plan of frontage and details of an ancient timber-home at
Mayfield, in Sussex; these plates accompany the following
particulars:—
" The village of Mayfield—or, as anciently spelt, Mayghfeld or Maghfeld—has for its boundaries, Frant on the north, Heathfield on the south,
Burwash on the east, and Botherfield and Buxted on the west. It is
situated on the summit of a hill, whence the view is extensive, and in
some parts richly wooded; and in general has too local characteristics
peculiar to Kent and Sussex. The village has one principal street or
road traversing it from east to west, and on the south side stands the
house of which the accompanying engraving is an illustration. No
especial historical interest is attached to the house, which is merely an
ordinary residence ; but the picturesque or quaint expression which it
possesses is its chief distinguishing characteristic. The chief features in
the front elevation consist of two wings, projecting slightly in front of the
centre portion of the house. The two barge- boards in the gables differ
in their design, the ornaments in one of them bearing some resemblance
to examples at Abbeville, in France. The gable wall projects about 18
inches from the wall below, the bay window also projecting the same
from the wall. The ornamental boarding which connects the feet of the
gables with the bay window gives considerable character to them in its
mode of treatment. Between the wings there is no projection, except
one bay window, and the entrance porch. The timbers forming the
framing on the upper floor are curved similarly to many of the examples
in Shropshire end Cheshire; but on the ground floor the framing is plain,
the tout ensemble being quaint and picturesque. The ground floor bay
window in the western wing is modern, as is also the gl zing of the win
dows generally. The date 1575 appears in each of the gables. The
interior of the house has been modernised throughout, with the exception
of two fire-dogs, apparently of French design and manufacture, in the
entrance hall. The view given is taken from the north-east."

Observations on the Niagara Railway Suspension Bridge. By
Peter W. Barlow, C.K, F.R.S.—London: Weale. 1860. 8vo.
40 pp.
Are tubular bridges costly blunders ? This is in effect the
question raised by Mr. Barlow's pamphlet On a recent visit to
America he has inspected the railway suspension bridge which
crosses the Niagara river near its Falls, and has satisfied him
self that the structure is sufficient for its purposes, und that the
best mode of constructing railway bridges of large span is by
ordinary suspension chains supporting horizontal girders.
In order to make clear the tenor of the few remarks which we
have to offer upon this pamphlet, we may at the outset state
our assent to the conclusion of Mr. Barlow, that tubular bridges
are not the best forms of railway structures of large span, though
we most materially differ from him as to the accuracy of his
comparison of the various kinds of bridges. In a former volume
of this Journal, during the progress of the experiments which
were conducted for the purpose of determining the form and
dimensions of the Menai Tubular Bridge, we published a series
of investigations showing that a sacrifice of economy of materials
was occasioned by the omission of the suspension chains which
it was at one time proposed to attach to that bridge; and, if our
recollection be accurate, Mr. Hodgkinson—not the least eminent
of those who took part in conducting the experiments in ques
tion—publicly expressed his regret that the auxiliary suspension
chains were abandoned. More recently, in the numbers of this
Journal for November and December 1860, appeared two papers
—which we take leave to regard as very valuable contributions
to the science of engineering—showing the great economy which
results from combining suspension chains with girders. Whether
the combination there considered be the most economical that
can be devised,—whether greater economy would not result from
a suspension of girders by tension bars radiating from the
points of suspension, or some other mode of. suspension, we do
not now decide. But from these two papers it is at least obvious,
that in comparing suspended and unsuspended girders the former
have greatly the advantage in point of economy. And this con
clusion is supported by a very high authority on thia subject,
Prof. Macquorn Kankiue, in two letters in our numbers of Decem
ber and January last. In the latter of these letters Prof. Bankine
arrives at the conclusion that a suspended girder need have only
about one-seventh of the strength of an unsuspended girder of
the same span and required to sustain the same travelling load.
It is notorious that tubular bridges, of which that over Menai
Straits and the Victoria Bridge in Canada are the most con
II
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The same result arises in a cable ACB, suspended from two fixed point*
spicuous examples, are enormously expensive. It is notorious
that the cost of those two bridges has been ruinous to the A and B, Fig. 3.
Fio. 3.
companies which constructed them. There is not much diffi
culty in arriving at the reasons of this result. In the first
place, tubular bridges are extremely complicated structures,
consisting of a vast number of parts which have to be fitted
together with extreme accuracy. In order to prevent the top
of the tube from bulging or " buckling " from the compression
to which it is subject, the expedient of a cellular structure of
If the back chains are removed, and a compression-tube, A B, substi
that part of the tube is adopted, and it consists of numerous tuted, the metal is doubled, and you have a structure of only half the
cells formed of iron plates, with an immense number of joints rigidity. The Chepstow Bridge on the South Wales Railway is an oxample of this arrangement.
and rivets. Now all this difficulty of counteracting the ten
The mechanical combination in the Saltash Bridge is represented by
dency to distortion is avoided in suspension bridges, for in them
substituting the arch ADB for the tie AB, Fig. 4, forming a combina
the strains, being tensile instead of compressive, tend to counter
act instead of tending to cause distortion. Again, in suspension tion of a suspension chain and an arch.
Fio. i.
chains the material is so disposed as to more directly sustain
the travelling load than is the case in girders or tubular bridges.
a.
In the latter the source of strength is rigidity,—that is, the
a
a a
ff^v.
moment of the elastic forces of tension and compression; and
a
a
this moment of forces is limited by the depth of the structure; so
that, to speak in popular language, the elastic forces can never
have a greater leverage than the distance between the top and
a,
a.
bottom of the tube. But in suspension bridges the similar lever
a
a^^
age is far greater. For the equilibrium of the half-span, the
a
a
amoment of the weight upon it about the abutment is equal to
c
the moment about the same axis of the tension, which acts at
The arch ADC will not perform the duty of compression unless it is
the summit of the chain. But it is obvious that the tension at connected with the chain by the ties, aa, act. When thus connected,
the lofty summit of a suspension tower has far greater leverage both the cables and the arch assist in supporting the weight of the load.
about the abutment than the compressive forces of a tube of far
The points A and B now become fixed points, and as both the arch
and the chains assist in supporting the weight, the deflection will only be
less altitude would have about the same axis.
It seems quite certain from Mr. Barlow's observations on the half that of the simple suspension cable, with double the weight of
metal.
Niagara Suspension Bridge that, notwithstanding certain de
It therefore appears— 1st. To convert an arch supported on two fixed
fects in its construction, it is in a great degree successful. The
span of that bridge is 821 feet, exceeding, as it is stated, by abutments into a bow-strung girder, four times the metal is required to
361 feet the longest girder yet constructed. " It is composed of support the same weight with the same deflection.
2nd. To convert a cable suspended from two fixed points into a Chepwire cables, to which longitudinal stiffness is given by timber
Btow girder, four times the metal is also required to support the same
trussing, and contains between the towers 600 tous of wood, and weight with the same deflection.
400 tons of iron. The Britannia Bridge, the next largest railway
3rd. To convert the same cable into a Saltash combination (which con
span in existence, has 3000 tons in each span of 460 feet." The sists of a bow-string and Chepstow girder combined, bo that the hori
Niagara Bridge has been in use for five years and a half, and is zontal tie in one case neutralises the compression-tube in the other, by
subject to a heavy goods traffic.
During the passage of an which they are both avoided), the deflection is reduced one-half, with
ordinary passenger-train, estimated to weigh 80 tons, Mr. Barlow double the weight of material, or the same weight of metal will produce
observed the deflection to be '41 of a foot, of which he estimated the same deflection with the same load, as in the case of the simple arch
the deflection due to actual elongation of the cable to be "182 of or cable. But this is obtained at the expense of double the depth; and
if the arch or suspension-cable was of the same depth as the Saltash, only
a foot. The pamphlet before us gives several interesting par
ticulars respecting the bridge, and an estimate of its merits and one-quarter of the metal would produce the same stiffness."
defects, which seems to us to be in general judicious and
Every one of these conclusions appear to us to be incorrect.
Take first the comparison of the structures, represented by Figs.
accurate.
But at this point our accordance with Mr. Barlow's views
1 and 2. The author says that in the second case the deflection
ceases. His subsequent investigations of "the mechanism of will be twice as great as in the first, "because the tie AB will
bridge construction," in which he estimates quantitatively the extend as much as the arch ACB will compress." This seems to
comparative strength of different kinds of railway bridges, are to assume that the arch ACB will suffer compression only, which
our apprehension erroneous from beginning to end. He says,—
is certainly not the case. The arch, if loaded only at its summit,
" My object is now to endeavour to explain why these differences are will be subject to transverse strains which will alter its radius
consistent with understood mechanical laws, and the peculiar properties of curvature at every point; the total amount of displacement
of any part of the structure duo to that alteration of curvature,
of the material employed.
could be estimated only by a very difficult investigation, and the
Fio. 1.
result probably would be very complicated. But of none of these
difficulties does Mr. Barlow take the slightest notice.
Let us however take a case in which the difficulty arising from
the variation of curvature is avoided. Even there Mr. Barlow's
conclusion will be found to be not near the truth.
Let ACB, Fig. 1, represent an arch supported on abutments, A and
B; and let tie deflection produced by a given weight, loaded equally, be
represented by unity.
Now, let us consider the effect of making this arch into a self-sup
porting structure, or bow-string girder, by removing the abutments and
substituting a tie, AB, Fig. 2.
Fis. J.
O

Assuming the same weight, W, to be placed equally all over, the de
flection will be 2, the points A and B being no longer rigid, because the
tie AB will extend as much as the arch ACB will compress. Therefore,
to produce the same rigidity in a bow-string girder, four times the metal
is required as compared with an arch.

Suppose instead of the arch ACB we have two straight bars
ac, be, connected by a joint at a, and resting on abutments a and
6, and there connected by a tie ab. Mr. Barlow's conclusion, if
accurate, ought to apply to this structure as well as to the arch,
because his proposition does not take the curvature or rigidity of
the-arch into account. Therefore, in this structure also the de
flection ought to be twice as great when points a and 6 are
connected by a tie-rod as when they are immovably fixed. But
is it not obvious that the relative amounts of compression and
extension must depend (inter alia) on the relative compressibility
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of the oblique bars and the tie? For instance, the latter might
be so thick and of metal so inextensible, and the former so weak
and of material so compressible, that the weight compressed the
latter greatly, and extended the former scarcely at all: in this
case the deflection would be the same as if, instead of tie-rods,
the points o and b were fixed. To put this to the test of simple
analysis, let ae = r, cd = x, ad = y. Suppose the variations of
these quantities after deflection to be Sr, Sx, Sy, respectively; then
since x3 + if = r2, we have xtx + yty = rtr, nearly. If how
ever the distance from a to b be invariable, as where the points
a and b are immovable, Sy is zero, and we have xtx = r8r.
Therefore the deflection ix is in the former case

—, and in
x

the latter case ■— . Therefore — is the difference of the deflecx
x
tions in the two cases. Also it may be easily shown that the ten
sion of the tie due to a weight 2W at the vertex is W —, and if
x
H be the compression of a unit of the length of the tie by a unit of

v*
tension ly = y. W — .

v3
Consequently pW ^ is the difference of

deflection in the cases in question. So that instead of the de
flection being simply doubled, as Mr. Barlow states, it depends on
the cube of the span and the square of the altitude of the
structure.
Similar objections apply to each of the other conclusions above
quoted. We have no hesitation in affirming that they ignore all
the real difficulties of the subjects to which they relate, and are
wholly incorrect.
In his theoretical comparison of the deflections of suspended
and unsuspended girders our author is equally unfortunate. He
says:—
"It has been assumed that the degree of longitudinal strength or
girder-power, to cure the wave from railway traffic, would require to be
bo great that the girder would carry the traffic without the cable, and
thus the failure of the Niagara Bridge was predicted; but a brief con
sideration of the subject satisfied me that such an assumption was far
from the truth.
The formula Vw
-—■ = a constant quantity, 8 denoting the deflection,
and I, b, d, the length, breadth, and depth of a beam, is fully established;
or in other words, the deflection of a beam with a given weight diminish
ing as the cube of the length. If the beam AB, Fig. 5, be divided into
Vi'i. 6.

k

a

—

=3

two beams by being supported at C, the two half beams AC and BC, will
deflect one-eighth of the amount of the entire beam AB, with the same
weight. Let us assume this to be a girder attached to a chain and a
load placed at D, the effect will be to distort it into the shape shown in
Fig. 6.
^
Flo. 8.

The deflection by the weight at D will cause a corresponding elevation
at the point E, and the girder will assume the shape represented by
dotted lines in the figure, to produce which a force equal to double that
for a given deflection on half the beam is required, from which it is
evident that the wave produced by a given weight at D, will only
amount to one-sixteenth of the deflection the same weight will produce
on the entire beam resting on its two ends."
It is here assumed that the deflection of the girder ACB will
be the same as if C were a fixed point, and that that point in the
centre of the suspension supports the beam in the same way as
the fixed point C in Fig. 6. But, in truth, the resistance of the
point C is not nearly the same in the two cases. A characteristic
of simple suspension chains is their mobility. In a railway
bridge, properly constructed, the deflections would always be so
small that a force inconsiderably small, compared with the actual
deflecting load, would suffice to maintain any such small deflec
tion at the centre of the chain alone; that is, unassisted by the
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girder. Consequently, so far from the point C offering the same
resistance to depression as if it were a fixed point, it would in
practical cases offer a resistance almost inappreciable; and there
fore, instead of the deflection of the beam AB being reduced to
one-sixteenth of what it would be if not connected with the point
C, it would be almost precisely the same as if the beam were not
connected with that point It may be added, that Mr. Barlow's
conclusion that the deflection is reduced to one-sixteenth, is in
correct, even if we admit his assumption that C is a fixed point.
As, however, that assumption is erroneous, it is not necessary to
demonstrate the error founded on it.
Mr. Barlow has curiously enough selected, as an instance of
the efficiency of catenary chains to reduce the deflection of
girders, the one instance in which such chains are ineffective.
The chain connected with the girder at its middle point only
would be simply useless; it is only where the connection is a't
numerous points that the suspension chain is a valuable auxiliary.
In that case the chain, if deflected at one point, tends to rise at
others. If those other points be connected by inextensible ver
tical rods with the girder, the tendency in question is resisted,
and the upward pull of the vertical rods is the real cause of the
efficiency of the chain to resist the deflection of the girder. For
the reasons just mentioned, the elevation of the girder at E, and
the contrary flexure referred to by the author, will occur only
when the girder is attached to the chain at several points. The
statical effect of that contrary flexure of the beam, cannot however
be ascertained by any " brief consideration;" and, after perusing
the recent papers in this Journal on Suspension Girder Bridges,
the reader will probably be of opinion that the subject cannotTbe
satisfactorily disposed of without recourse to the differential
calculus.
The question of the comparative economy of different kinds of
railway structures is one of the very highest importance to engi
neers, and it would therefore have been unjust to our readers to
pass over in silence what appeared to us erroneous in the pub
lished theories on the subject. We most readily acknowledge
the merit due to Mr. Barlow for his raising the question as he
has done, for his very useful experiments on model suspended
girders mentioned in this pamphlet, and for his careful exami
nation of the Niagara Bridge. But while acknowledging these
merits, we deem ourselves free to dissent from his theories,
and certainly consider that it would be most prejudicial to the
progress of engineering if crude doctrines such as those here
noticed were allowed to take the place of matured and demon
strable conclusions. It may be added that Mr. Barlow seems to
place entire reliance on his own views, as he proposes to connect
Liverpool and Birkenhead by an enormous suspension girder
bridge, of the principal parts of which he assigns what he deems
to be the proper dimensions. The span of this bridge is proposed
to be 3000 feet, and its cost is estimated by him at j> 1,000,000.

An Essay on the Thermo-Dynamics of Elastic Fluids.
By Josei-h Gill.—London: John Weale. 1860-1.
It is but a short time since we introduced to our readers the
recent discoveries of Mr. Wye Williams respecting the properties
of heat, and the relation it bears to water and steam: relations
which were however more of a chemical and physical character,
viewed in connection with the various phenomena of heat in its
different conditions, than of a nature purely mechanical. This
latter consideration forms the sole subject of 'the book before us,
which, as its title imports, treats of the chemical action of heat
in the production of mechanical work from the development 'of
expansion of elastic fluids. In other words, Mr. Williams tells
ns what heat is as far as it is related to water and steam; while
the author of the present essay informs us what heat does. This
book cannot fail therefore to be of especial interest, inasmuch as
—although a good deal has been written on the cause and nature
of heat—little or nothing deserving acceptance has been advanced
respecting the mechanical theory of heat. It was principally
through Messrs. Joule and Mayer that we were first made
familiar with the conclusions that heat and mechanical work are
mutually and reciprocally convertible; indeed, that they bear a
definite relation to each other—namely, that the mechanical work
developed from a unit of heat (that quantity of heat which is
necessary to raise the temperature of 1 lb. of water one degree of
the Fahrenheit scale) is exactly equivalent to the work expended
in raising a load of 772 lb. one foot high, or, what is the same, in
raising one pound 772 feet high. How far this conclusion is cor-
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rect, and from what direction we have to view it, has been very
clearly pointed out by the author. The principles on which the
above deductions are based, as Mr. Gill observes, no doubt appear
to be in accord with the general law of the conservation of force,
which maintains an unchangeability of force in the universe (as
far as quantity is concerned) as well as an unchangeability in the
quantity of matter, —which asserts that there is no loss nor
deduction, no production nor addition, bnt that in every case we
meet only with transfer, change of form, condition, or direction.
It is therefore the question whether this law would be equally
applicable to heat or caloric as the work-producing medium.
The fact that steam, after having passed through the steamengine and developed a certain quantity of mechanical work,
still contains (assuming it suffered no diminution of heat by radia
tion) the same quantity of heal, must at once deter the inquirer
from forming a definite conclusion as to such an analogy, were
the production of mechanical work by the steam not accompanied
by a change in the condition of heat owned by the elastic fluid.
It is therefore to this change that we mnst look for the solution
of the problem. In considering this question, Mr. Gill maintains
that it is necessary to distinguish between statical force and
dynamical force of elastic fluids, in order to form a clear concep
tion of the thermo-dynamical phenomena of machines. It is the
pressure or tension of a constant volume of steam—like that con
fined in a boiler—which is here meant by the author to convey
the idea of a statical force of this elastic fluid. This force, like
other statical forces, is characterised by an immobility of the
energy exerted, and is therefore a question of equilibrium. The
heat or temperature in this instance is sensible, whilst the corelative mechanical equivalent is latent or undeveloped. On the
other hand, dynamical force of elastic fluids is exhibited by energy
in motion, as is observed in the phenomena of expansion of a
definite volume of steam. In the latter case sensible heat is con
verted into latent heat, and the issue is sensible work, which is
invariably accompanied by a fall in temperature.
After having dwelt at some length upon the nature of heat,
its source as a mechanical agent, its two states, and the transfor
mation from one to the other, viewed in relation with their
mechanical equivalents, the author proceeds to consider the
analogy between the thermo-dynamic phenomena of the steamengine and those of the air-engine. The general conclusions
arrived at in these inquiries may be enumerated as follows:—
"1. I assume that heat, in its general signification as used in treating
of thcrmo-dynaniics, is molecular motion of ponderable matter.
2. That the conversion of sensible heat into latent heat, in the develop
ment of vapours and the expansion of elastic fluids, is either the approxi
mate cause of dynamical force mechanical work; or that such conversion
and mechanical work are co-existent and inseparable consequences of
some common cause.
3. That the energy or work-producing principle of heat in elastic
fluids is proportional to the amount of sensible heat they contain,—thenlatent heat being indicative of work already performed, and incapable
of performing more work directly in an engine. That consequently there
is not a definite equivalence of heat and mechanical work, as the propor
tion varies with the condition of the heat in the elastic medium; and that
Carnot's hypothesis, which attributes the dynamical force of elastic fluids
to their expansion with fall of temperature but without loss of heat,
seems so far to agree with the actual phenomena.
4. That as elastic fluids may receive heat indefinitely, and any heat
communicated to them under constant volume exists in them as sensible
heat, the higher the temperature the greater the quantity of mechanical
work produced by a given quantity of thermoinetric heat:—that therefore
instead of an equivalence of heat and mechanical work, we should assume
an equivalence of calorific energy and mechanical work.
5. That the specific heat of gases and dry vapours increases as their
density decreases, while in saturated vapours the specific heat is a con
stant quantity; consequently, while saturated vapour in expanding per
forms work merely by change in -the quality or condition of the heat in
possession, progressing in a constant ratio to the work done, gases and
dry vapours, to perform work in proportion, require a quantity of he t
to be communicated to them while expanding equal to their increase of
capacity for heat under the circumstances: this heat must be communi
cated as sensible heat, and becomes latent in the expanding fluid; the
amount of heat so converted being the measure of the work performed.
6. That as nothing but the equivalent and correlative dynamical force
can re-convert this latent heat into sensible, the heat representing the
mechanical work performed by an air or steam engine cannot be directly
recovered, and (excepting in cases of a repetition of the process at lower
temperature, as in Du Trembley's plan) we must get rid of it from the
engine at once. I may add,
7. That in elastic fluids an equalisation of temperature with contiguous
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substances takes place at a rate depending on the tension of the heat
irrespective of its condition of latent or sensible. Thus the heat of
vapour or of hot air would equally be absorbed by a mass of wire-gauze of
lower temperature; the former as latent heat which assumes the sensible
condition in entering the metal, but at a lower tension which cannot re
convert into vapour the water of condensation under constant circum
stances; the latter as sensible heat which might be given back to the
air, theoretically without loss.''
The application of the theory of transformation of heat to
thermo-dynamical engines is next treated of. The relation be
tween the steam consumed and the work performed is here
questioned with respect to the ideas entertained by Seguin of
the advantages to be derived from working steam expansively.
While on this subject the author compares the efficiency of the
steam-engine and various other engines depending in their ac
tion on the conversion of heat into mechanical work. To the
latter class belongs the air-engine, the advantages of which—
realised in its application on virtue of the extensive range of
temperature this engine may be made to work with — were
pointed out several years ago by Prof. Thomson.
With respect to the economy of fuel to be effected by the use
of dry or superheated steam, Mr. Gill says:—
" From the result of original experiment, corroborated by recent prac
tical experience in several marine engines, I am convinced of the advan
tage of dry or super-heated steam as far as economy of fuel is concerned,
provided the slides and pistons keep in good working order. We have
seen that, under constant volume, any quantity of heat communicated to
Bteam out of contact with water will continue to exist in it as a sensible
heat, which in this case appears to be the true cause of work, or source
of mechanical effect. We have also assumed that the specific heat of
dry steam, like a gas, decreases as its density increases, and hence
another source of economy from its use as a dynamical agent. Moreover
the well-known loss of heat from internal evaporation and condensation in
the cylinder is also avoided with dry steam. The heat recovered from
the flues or uptake in superheating systems, and the increased volume of
the steam from increase of temperature, are also additional sources of
economy of fuel, but of minor importance. On the whole we perceive
that superheated steam offers so many theoretical points of advantage,
that every effort should be made to obviate or correct the serious prac
tical and mechanical difficulties which the method of superheating
involves."
After having stated his opinion of the advantages of the use of
superheated steam, and the disadvantages which have in many
respects still opposed its general introduction, and hinted how
such disadvantages may be obviated, the author adverts to the
danger of boiler explosions which attend the method of super
heating the steam. The views generally entertained of such
accidents are, that the temperature of steam may be conside
rably increased by imparting to it additional heat after its dis
engagement from the water, without increasing the pressure to
a proportionate degree,—in fact that steam under these circum
stances assumes the nature of ordinary gases. It is therefore
supposed that steam, when it has been overcharged with a con
siderable and excessive amount of heat, and happens to come by
any sudden disturbance or priming of the water in the boiler in
contact with the latter, it unites with it, forms spontaneously a
superabundant quantity of steam, which, not finding vent in time
proportionate to its generation either through the safety valve or
the steam engine, and being of a pressure greater than that
which can be resisted by the boiler, acts with such a momentum
that a violent explosion is the consequence. The author how
ever dissents from this view, inasmuch as the heat necessary to
convert the water in the boiler to a certain volume of low pres
sure steam would equal the heat which is necessary to surcharge
several such volumes of steam 400 or 500 degrees. From this it
would follow (if the supposition of the abstraction of heat from
the superheated steam for the spontaneous formation of new
steam were true) that the volume of superheated steam would
contract to a far greater extent than the increase of volume
resulting from spontaneous formation of new steam. The con
sequence resulting from such operation would therefore be a
pressure below instead of above the normal pressure.
In conclusion, the author does not omit to notice the failures
which up to the present time have rendered a more general
introduction of caloric and regenerative engines impracticable,
and suggests the application of moist air as a motive fluid. Of
the practicability of the latter he offers a lengthy explanation,
which will especially interest the reader in perusing his book.
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EXAMINATIONS FOR THE ARCHITECTURAL
PROFESSION.
We have from time to time made our readers acquainted with
the progress of this subject, and are now able to announce that a
further step has been taken. The council of the Royal Institute
of British Architects, who originally brought the subject before
their members, having towards the end of last year elicited an
expression of opinion from the general body of fellows that a
voluntary architectural examination was desirable, proceeded to
invite the other architectural societies throughout England to
express an opinion on the subject. Accordingly, in reply, several
series of resolutions, differing pretty widely in their scope, were
forwarded by the various societies as the results of their delibe
rations, and were read to the members of the Institute at a
recent meeting.
That meeting wan held specially with a view to discuss the
subject, and ended by affirming that, as the decision had been
come to that an examination was desirable, the Institute takes
upon itself the labour of constituting one. The idea of a diploma
seems to have been almost universally condemned, and the inten
tion of establishing a sort of standard of knowledge, with.a view
to promoting the better education of the rising architect, is the
only object just now aimed at. It was further decided to open
this examination to all British subjects making a satisfactory
declaration of their intention to practise as architects, and that
the council shall, with the assistance of a committee, elaborate a
scheme to be discussed at a future day.
The most important points yet settled are—that an examina
tion will be instituted, and that its aim is to be educational only.
We shall look with interest for the details of the scheme, and of
the proposed certificate to those who may pass. Upon these
points a good deal of discussion is anticipated.

A NEW PROCESS OF OPEN COKING*
By Samuel H. Blackwell, of Dudley.
All coals divide themselves into one of two classes, bitu
minous and anthracitic. The first class is again subdivided into
caking and non-caking coal. It is only these two varieties of
bituminous coal which are ever submitted to the process of
coking; in anthracitic coal there is not a sufficient quantity of
gaseous matter present to render the process of coking neces
sary or practicable.
The means employed for coking bituminous coal depend upon
whether the coal to be coked is of a caking or non-caking
quality. For coking the caking coal ovens are almost always
used. From two to four tons are usually coked at each operation.
In the best ovens the great objects aimed at are:— first, as high
a temperature as possible, by heating the air required for the
combustion of the gases previous to its admission into the oven;
secondly, the utilisation of the heat produced by carrying the
ignited gases under and round the oven before allowing them to
pass off; and thirdly, the admission of the smallest quantity of
air necessary for combustion at such a point in the oven as will
best prevent any cutting or wasting action upon the coal, either
during the process of coking or afterwards, before the charge is
drawn.
In South Staffordshire and elsewhere, where the coal is of a
non-caking quality, open coke fires only have hitherto been used.
These consist in their simplest form of a brick chimney or open
flue, abut -Ik to 5 feet high and about 2 feet diameter inside at
the base and 18 inches at the top, around which the coal to be
coked is carefully arranged, air holes being left in the sides of
the chimney. The largest and longest pieces of coal are first
piled up against the central chimney; against and upon these
other large coals are piled until they reach up as high as the
chimney itself, and outside these again other coals of smaller
size, the outside of the coke heap being carefully rounded
off with smaller coal or cobbles. The quantity of coal coked
in open circular coke heaps varies from 10 to 30 tons, accord
ing to the quality of the coal and the purpose for which the
coke is requiied. When the heap has been thoroughly rounded
off, fine coke-ilust is mixed with water into a sort of paste,
called " blacking," and with this the whole of the heap is care
fully covered excepting about 6 inches height at the bottom,
* From a paper read at the Institution of Mechanical Engineers.

which is left open to admit the necessary amonnt of air for the
combustion of the coal. Fire is then applied to the top of the
coke heap close to the chimney; it gradually spreads along the
line of draught down the chimney, and when it has attained
sufficient strength it bursts out at the foot of the heap. As soon
as this is the case, and the lowest portion of the heap is suffi
ciently coked, the bottom of the heap is gradually covered up
with dry coke-dust, so as to exclude the air, and prevent the
waste which would otherwise occur. As the fire extends up
wards the blacking gradually burns off higher and higher; and
as this takes place the fresh covering of dry coke-dust is also
extended upwards, but so as always to leave space enough be
tween it and the unburnt portion of the blacking for allowing
a sufficient quantity of air to enter to complete the coking pro
cess, and avoid smothering the coal. When the blacking has
burnt off entirely the covering of new coke-dust is made com
plete to prevent any further admission of air; the whole is
damped down and allowed to cool gradually, and water is then
poured into the fire to complete the cooling, and to act to some
extent as a desulpherising agent, aqueous vapour always acting
more or less in that way when in contact with red-hot coke. The
process is now complete, and the coke is drawn for use. Besides
the round coke heap with one main central chimney or flue,
long heaps with one or more chimneys or flues are frequently
used; but in every modification of size or shape the same general
principles are invariably carried out The air to support combus
tion always enters the fire from the surrounding atmosphere, and
the products of combustion in the shape of dense masses of smoke
or flame pass off from the chimneys; there is also always a greater
or less extent of surface of burning coal exposed to the air. In
fact, no one of the various processes connected with the manufac
ture of iron has so great an effect in destroying the general ap
pearance of an iron-making district and filling the atmosphere
with smoke as the open coke hearths; and hitherto it has seemed
as if it were precisely in this department of the manufacture that
it is the least possible to get rid of this nuisance.
In consequence of having largely employed the pitch produced
in the distillation of coal tar for the purpose of giving a binding
or caking property to the non-caking small coal or slack of the
South Staffordshire district, the writer's attention was directed
to the possibility of collecting the products of combustion from the
open coke heaps. It is well known that all bituminous coals give
off in combustion gaseous products, which yield by condensation
certain quantities of gas tar and ammoniacal liquor. The quan
tities of both vary greatly according to the character of the
coals themselves, the more or less perfect condensation of the
gases, and the temperature at which the coking process is
effected. As a general rule Cannel coals yield the largest per
centage; and with all coals, the lower the temperature during the
distilling or coking process, the greater is the quantity of gas
tar obtained. A few simple experiments showed the possibility
of collecting some of these products from the open coke heaps. A
pipe was inserted into the coke heap near the top of the central
flue, and its other end brought down into a bucket filled with
water. A portion of the products of combustion was at once
condensed, and ammoniacal liquor and some small quantity of
gas tar were obtained. This experiment was followed by more
careful ones, which led at last to the process of Open Coking
now to be described.
In the new arrangement a central chimney or flue is built
precisely in the ordinary way for coke heaps. Froni the bottom
of the chimney a cast-iron bend leads off into a pipe laid about
2 feet below the surface of the ground, which delivers into the
main, running at right angles to it and passing to the con
densers; the condensers communicate at one side with the re
ceiver, and at the other with the stack. Two dampers are pro
vided for each coke heap, one to close the top of the chimney, and
the other to close the bend pipe at the bottom. The coals are
arranged round the central chimney exactly as in the ordinary
coke neaps, and the heap when rounded off on the outside is
covered with the ordinary blacking. This blacking however is
spread over the entire heap, and no margin left open for draught
at the bottom, as is generally the case in the open coke heaps.
Fire is now set to the heap at the top; the top of the chimney is
closed by its damper, thus shutting off all direct communication
between the open air and the chimney; and the damper closing
the bend pipe is lifted up, so as to open a free passage into the
~ ipe which communicates with the main and so to the condensers.
" the stack connected with the condensers be powerful enough,
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sufficient air for the combustion of the coal passes through the
coating of blacking to the fire; and as combustion goes on in the
heap, the gaseous products given off pass into the central
chimney, and thence through the bend pipe and main to the
condensers. The main is laid with a slight fall towards the
condensers, and kept cool by a current of water passing over
its entire surface; and the condensers are also cooled by jets of
water allowed to flow over them.
As soon as the fire is at all advanced, gas tar and ammoniacal
liquor begin to flow from the lower end of the main into the
receiver. The gases after leaving the main pass into the first
large condenser and thence into the second, in both of which
condensation goes on; and finally the nncondensed portions of
gas pass off into the stack. From both the condensers ammonia
cal liquor and gas tar are collected and flow into the receiver.
Condensation in these condensers is facilitated by a series of iron
plates placed in them, against which the uncondensed gases
strike as they pass onwards towards the stack. These means of
condensation are very imperfect, and are capable of great im
provement, but were adopted as being at the time the most con
venient. If the draught of the stack be sufficiently powerful,
and if the bend pipes and main are of sufficient area, combustion
goes on somewhat more rapidly than in the ordinary coke fire.
No smoke properly so called is ever visible, except from the top
of the stack. No open burning surface is ever allowed to exist,
and consequently even at night no flame whatever is visible; the
blacking never burns off entirely, but as it dries and becomes
partially consumed on its under surface where resting upon the
hot coke, it is renewed from time to time, thus preventing any
unnecessary waste in the coke heap, and consequently the yield
of coke is larger than in the ordinary method of open coking.
No greater care is required in attending to the fires than in the
ordinary coking, and thus no extra expense is incurred.
In the arrangement of the pipes and main three points require
attention. First, the area of the pipes and main must bo sufficient
for the free passage of the products of combustion. The cast-iron
bends and the pipes leading into the mains hitherto employed
are 12 inches diameter from the chimney to the main, and the
main itself is 18 inches diameter; but the first should he at least
15 inches and the latter 24 inches diameter. Second, the amount
of fall, both in the pipes leading into the main and also in the
main itself, must be sufficient to carry off the condensed products
as rapidly as they are formed. If this be not the case the result
is, that the gases being partially condensed the moment they
leave the chimney of the coke heap, gas tar is produced, which,
if it does not pass off at once, is again distilled by the great heat
of the pipe where it passes underneath the coke fire, and solid
pitch is produced, which gradually accumulates and chokes up
the pipe. It is therefore desirable to have manholes or lids to
these pipes, so that they may be examined and cleared out from
time to time. Third, the cooling of the main by a stream of
water flowing over it. To effect this the main is laid in an open
brick culvert, which is kept filled with a current of water. It is
desirable to have manholes on the main also, so as to be able to
examine it at any time; but if properly cooled by water, and
laid with sufficient fall, it will keep clear without any attention.
The water reduces the temperature below that at which re-distil
lation of the liquid products of condensation can take place, and
consequently no solid products can be formed to block up the
main itself; but this depends altogether upon the main being
kept properly cooled.
The quantity of liquid products obtainable by the condensation
of the gaseous products of coking is very remarkable. It is
known that in the process of coking in closed retorts the gaseous
products given off produce on an average, by their partial con
densation alone, 20 gallons of gas tar and ammoniacal liquor per
ton of coal ; and by the imperfect method of condensation from open
coke fires, as now described, even a larger quantity of liquid pro
ducts is obtained. Every ton of coal coked in this manner yields
from 30 to 40 gallons of ammoniacal liquor and gas tar; so that in
works where 100 tons of coal per day are coked, at least 3000 to
4000 gallons are given off into the atmosphere daily in the shape
of smoke and invisible vapour. How important must be the che
mical changes which are constantly being produced in the atmo
sphere by the great manufacturing processes, but of the extent of
which, in consequence of their being invisible, we are under ordi
nary circumstances utterly unaware. The results obtained and the
chemical changes produced in a visible form by the new method
of coking illustrate this remarkably: a continuous stream of
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liquid matter runs into the receiver, which but for this simple
arrangement would have been all thrown away into the atmo
sphere. The excess of products condensed in this mode of coking,
in comparison with those obtained by the condensation of gas
made by distilling coal in closed retorts, is easily explained. In
the open coking the coal is in wet weather saturated with mois
ture; the blacking used must of necessity be so; and in watering
the fires, although the damper is closed at the bottom of the
chimney, yet no doubt some aqueous vapour will pass by it into
the main. But probably the greatest source of this excess is to
be fouud in the water actually produced by the combustion of
the hydrogen of the coal and the oxygen of the atmosphere.
In reference to the value of the products obtained, ammoniacal
liquor and gas tar, the first is of course, from the excess of aque
ous vapcur just alluded to, weaker than the ammoniacal liquor
of gas works: 750 gallons of the liquor saturate 72 lb. of sulphuric
acid, and produce 1121b. of sulphate of ammonia, a quantity
which, though small in itself, is yet sufficient to be worth extract
ing commercially. The value of the second product, gas tar, has
not as yet been fully ascertained: the analyses made of it however
show that its constituents are very different from those of ordi
nary gas tar, and apparently more valuable. It does not contain
so much naphtha, but a much larger quantity of the light photo
genic oils now so extensively consumed in lamps, and a large
quantity of paraffine.
The great variety of hydro-carbon products existing in gas tar,
and their great and daily increasing value, owing to the nume
rous purposes to which they are now being applied, render any
new means of obtaining them upon a large scale a subject of
much interest. From them are now obtained naphtha, creosote,
photogenic oils of light specific gravity admirably adapted for
consumption in lamps, heavier oils for lubricating purposes, and
paraffine, which is used as a substitute for wax in the manufac
ture of the best candles. Besides these, benzole and other com
pounds have recently been obtained, and are now employed
largely in the production of the beautiful colours mauve and
magenta, which have been so much used in dyeing during the
last two or three years. So rapidly have the purposes to which
these hydro-carbon products are applied been extended, that
pitch, which was previously considered worthless for chemical
Eurposes, and had accumulated at chemical works as refuse waste,
as during the last two years become so much in demand, that
it was its advancing price and the increasing difficulty of obtain
ing it that led to the experiments for collecting the products of
combustion from open coke fires. The results show how bound
less are nature's resources, when science discloses the means of
utilising them. In the smoke which pollutes the atmosphere
and destroys the beauty of the district, large stores of. valuable
matter are being wasted, which science shows may be employed
not merely for the ordinary purposes of daily life, but also for
those of decoration and ornament. Surely the time will come
when science and manufactures will be brought into such close
alliance with each other, that all that is now distasteful and un
sightly in manufacturing processes, which is almost always con
nected with waste, shall disappear.

COMPETITIONS.
Designs are invited for a new building for the ABhton-under-Lvne and Dukinfield
Mechanics' Institution, cost not to exceed £2500, exclusive of land. The building to
comprise in two stories, a lecture-room to seat 600 persons, with ante-room contiguous,
news room, conversation room, board room, secretary's room, library, four class rooms,
rooms for keeper, and all necessary conveniences. Booms to be heated with hot water,
also Sues provided for fireplaces in the various rooms, and a separate entrance to class
rooms. Premium £26. 5s. Flans to a uniform scale of 8 feet to an inch, accompanied
by a specification, —to be forwarded with letter containing motto and author's name, to
G. Hegiubottom, Esq. president, Aahton-under-Lyne, by the 26th inst.
The Committee of the Dalhousie institute, Calcutta, invite architects to furnish
designs and estimate for a building to be erected on the site on the Maidan. Copies
of conditions of the competition furnished to applicants by It. C. Lepage and Co.,
No. 1, Whitefriars-street, London, E.C. First prize, 8000 rupees. Second prize,
1000 rupees. Designs will be received to March 81.
Plansareinvitedforlayiugoutforbuildingfouracresoflandin Plymouth. Premiums,
£50, £26, and £10. Plans to be test to Mr. William Deny, Houndiacombe House,
Plymouth, by 1st March next.

THE STATICS OF BRIDGES.

Errata.
rage 1, col. 2, line 16 from top, for " remaining " read " reasoning.'
„ 2, col. 2, line 15, for M present ** read "presented."
Id., line 4J, for "to" read "so to."
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ARCHITECTS' CHARGES.

A law report has been forwarded to us, which contains matter
of some importance, relative to a claim made by an architect at
Liverpool for payment for plans and a specification of a building
not erected. As condensed a statement of the case as can be
made will no doubt suffice to point out its bearing upon future
cases of the same nature, and upon architectural practice in
general.
The plaintiff, Mr. Wylie, an architect of Liverpool, brought
this action against the defendant, Mr. Willmer, under the fol
lowing circumstances. The defendant had proposed to erect a
large building, and it was admitted that a sum of £-2000 was
originally named, and subsequently a sum of ,£2500, aa the cost
of the intended structure. Numerous alterations were however
introduced by the employer's wish; and ultimately tenders
were obtained upon a bill of quantities prepared by another
surveyor (who now by-the-by has the work in hand). The
lowest tender was over £6000, upon which the client returned
the plans, and told the architect he would have nothing
more to do with him. The architect upon this sent in a bill
for -h per cent, commission on the amount of this lowest
tender. The employer declining to recognise any claim at all,
the action was brought, and resulted in a verdict for the de
fendant; or in other words, in the jury deciding that the archi
tect's claim for remuneration was unfounded.
The principal points of law and custom seem to have been
these:—First, the rate of remuneration was not contested. Mr.
Cunningham, an architect of good standing and practice, was
called to prove that 2£ per cent, on the amount of the lowest
tender (which was claimed) was the fair remuneration; but the
counsel for the defendant observed, "We do not dispute the
2J per cent," while the assessor before whom the case was tried
—Mr. Edward James, Q.C.—narrowed the issue, by informing
the jury, that in his opinion they had no right to award any
lets sum. The next point is the footing upon which the relation
of architect and client was held to stand. The assessor, in his
charge, observes of the architect, ''That his right to recover
depends upon the question of what the contract was between the
plaintiff and the defendant."
"If the architect is instructed to prepare plans and specifications for a
building, the cost of which is not to exceed .£2500 or thereabouts, a
little more or a little leas, he cannot expect to be paid if he prepares
plans and specifications which are not applicable for such a building as
that, but require the outlay of a sum considerably exceeding the limits
of £2500, because his employment was to do a certain work. He has not
done that work, but other work. He can therefore only recover in case
he proximates to the contract which he has entered into with his employer
—that is to do the work specified by the employer. Now the plaintiff's
case is, that there were no such limits at all given to him—that he was
employed to prepare plans and specifications."
In fact, the question at issue narrowed itself to this, whether
the repeated modifications of plan had been constantly accom
panied by a renewal of the instruction to abide by the original
amount, or at least by an altered amount, of .£2500, which was
stated by the defendant to have been fixed by him at a later
occasion as his limit; or whether they amounted to instructions
to do a certain building regardless of cost. The architect's case
is thus put on the summing up of evidence:—
"'But,' says he, 'the defendant came from time to time, brought
rough sketches of plans, and altered the building, which originally was
to consist of two stories only and a cellar, to four stories and a cellar;
and made a totally different description of building from what was origi
nally couteniplated; and he never specified to me anything about a limi
tation of money, but went on making these alterations, which would
necessarily from time to time increase the expense. I obeyed him—what
I did was by his direction —1 did nothing without him; and therefore I
am entitled to recover.' And he ,is quite correct in that; because if it
were as he puts it—if, although originally the party contemplated a build
ing to cost £1500 or £2000 only, and afterwards Mr. Willmer, without
placing any limit on the amount to be spent, gave directions to the
architect from time to time to alter his plans, to increase and expand
them in such a way aa that ultimately the plans and specifications
required the outlay of £6350 at the very lowest, Mr. Willmer must pay
for that, because it was his own fault in not limiting Mr. Wylie in the
way in which he ought to have done. He cannot therefore turn round,
and say, ' I won't pay for it, beoause it is -not what I wish to have.'
But on the other hand, if the case is as put by Mr. Willmer, and Mr.
Fraser, who ia with him— 'that originally I contemplated £2000 to be
spent, and distinctly told Mr. Wylie that that was my limit; and that
afterwirdd, when I wanted alterations to be made, I invariably (and in
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that you have the evidence of Mr. Willmer and Mr. Fraaer both to the
same effect) told him that if the alteration would exceed, or render a
greater expenditure of money necessary than my limit, I would not have
it done"— then it is a very different matter. Upon one occasion Mr.
Wylie said— 'But it cannot be done for £2000.'
Then Baid Mr.
Willmer, ' Well, I will increase my limit to £2500, but within those
limits you must keep.' And Mr. Fraaer corroborates him; and they
both Bay that, over and over again— Mr. Willmer nays, twenty times at
least—they told him he must not exceed £2500. Well, gentlemen,
although it may be said, you cannot arrive accurately at what would be
the coat of erecting buildings according to certain plans and specifica
tions until the quantities are taken out, yet it ia obvious that an architect
of skill and experience would have some general knowledge which
will keep him within certain limits, and certainly he ought to know the
limits between £2500 and £6350. One of the witnesses called for the
plaintiff, Mr. Culshaw, said it is obvious he must have done so. Mr.
Cunningham said, of course they cannot know it accurately, but they
must know to a certain extent. Well, if Mr. Willmer and Mr. Fraser
are correct in what they say, undoubtedly there were limits beyond
which Mr. Wylie was not to go: Mr. Wylie did go beyond them; he
prepared plans and specifications which are not of any use at all to Mr.
Willmer; and Mr. Willmer is not bound to pay for them."
The jury, as we have already stated, must have come to the
conclusion that the instructions to adhere to the sum of £2500
had been repeated whenever alterations had been commissioned
(and this seems to have occurred daily); for they, after inquiring
if they could award a smaller amount, and being told they could
not, returned a verdict against the claim.
It is difficult to see how they could have done otherwise, con
sidering the charge they received, though the result cannot be
considered as altogether satisfactory. There is no question that
the professional man did work and spent time at the commission
of his client, and that he is not to be paid for it. There is .
no question also that he, in every point «ave the question of
amount, carried out the instructions of his employer, who
daily superintended the progress of the drawings; aud it is selfevident that if he received instructions to adhere to one amount,
and at the same time instructions to go to an extent which
reached more than double that amount, his instructions were
contradictory. He probably followed the most peremptory, and
in his evidence states that he disclaimed any responsibility as
to cost
" Mr. Willmer once asked him if he thought the building could be
erected for £3500. That would be, he thought, about the latter end of
September. He replied, ' Mr. Willmer, you are continually making alte
rations, and until those alterations are completed it is impossible to know
what the building will coat.' "
It seems to us far from clear that the architect ought to
have gone entirely without remuneration, notwithstanding that
the discrepancy was so great between the proposed estimate and
the actual lowest builder's tender; but it is very clear that, to
carry out the principle to cases where such a discrepancy is
small, would introduce great injustice.
It is again to be regretted that in the architect's case the dif
ferent series of instructions given him, and their effect in adding
to cost, were not traced from first to last, one by one. Had
materials for this existed, and hod this course been followed, the
plaintiff could have probably shown that alterations were pro
posed to him which manifest on the face of them that they must
have been accompanied by an addition of cost. Any jury can
understand that, if a building covering a certain space costs a
thousand pounds when forty feet high, it must cost something
more to make it fifty feet high. We presume this was not possible,
for had it been it would have probably established the plaintiffs
case. An architect who anticipates many alterations on any
work, had better keep a little journal of the orders received and
modifications made,—to be preserved along with the papers re
lating to that work, and to contain memoranda of all orders
involving alterations as they are given, whether to him by his
client, or by himself to the builder.
These instructions are in truth the feature in the case that
causes us to hesitate as to the propriety of the settlement; under
other circumstauces there could be no doubt. Where an archi
tect has works left to a great extent in his hands, it is hrs duty,
if he receives instructions as to expense at all, to abide by them.
It is not always the duty of an architect to know the cost of
proposed works— it is not always in his power; but it is always
both his duty aud in his power to be straightforward. Unforfortuuately, instances frequently occur even in plain aud ordi
nary works (where there is no difficulty about forming an
15
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approximate estimate, and where the coat is a matter of impor
tance to the employer), that a certain class of architects will send
in with their plans estimates which they either know or ought to
know are fallacious in the extreme; and as the actnal cost is not
discovered either till the work is done, or at any rate until
all preliminaries are completed, it sometimes happens that the
proprietor is obliged to go on at a rate of expenditure that he
did not contemplate, and leaves off with no very kindly feelings
towards architects. It ia to be hoped that the present decision
will check this sort of thing, and that the architects who, either
from carelessness or wilful neglect, have failed to give to their
estimates the attention they require, will, now that their own
remuneration is shown to be endangered, pay a litttle more
regard to this very essential part of their professional duties.
So much for law. As for desirableness or expediency, no one
can question that the occurrence of such contretemps is most
undesirable. Architects should early come to an understanding
with their employers as to the question of cost; they should ac
quaint themselves with all the usual methods of approximate
estimating, and should employ them: but where working for
private clients it is especially desirable to have the approximate
estimates prepared by a third person. It is also well to have
estimates made of every important modification; and it is espe
cially to be recommended as prudent, if the architect and client
have an important conversation in which the basis of future
operations is settled, that the architect should sit down, while
the recollection of all that has passed is fresh on his mind, and
write his impressions of the arrangement come to—send a copy
of them to* his employer, ask if they are correct, get an answer,
and keep it. Above all, it is due to himself for the architect to
stand out for a liberal estimate in the first instance: it will save
him a world of trouble, and the client a world of disappointment.
Little of this however can take place when the work is
gained by public competition. In nineteen cases out of twenty,
the selected plan, if not chosen because it is the work of a
friend, is selected because its author, notwithstanding that it is
among the most ornamental submitted, declares that it can be
carried out for a sum which any man of judgment wonld know
to be absurdly below even a probable amount. From so auspi
cious a commencement flow results which there is no reason to
question have damaged the standing of the profession, and have
deteriorated the moral character of many of its members. It is
therefore to be earnestly desired, that in all cases where clients
treat their architect with that confidence without which no pro
fessional man can act comfortably, he should do them justice.
No client can expect to be well served, either by his lawyer, his
doctor, or his architect, unless he makes the professional adviser
understand that he is at perfect liberty safely to tell him an un
pleasant truth if it be necessary. If the architect is not made to
feel that this confidence is reposed in him, the client must expect
to suffer. If however such confidence is bestowed, the architect
ought to be both skilful enough and honest enough to repay it,
by knowing within a moderate limit what can nnd what cannot
be done for a given sum of money; and by unreservedly and
frankly laying the state of the case before his client.

THE STATICS OF BRIDGES.
(Continued from page 2.)
II.—The Duty of a Bridge, and the Theory of Moments.
In the inquiry which we have proposed to lay before our
readers we may at once disclaim all pretension to having any
new truths to impart on a subject which has been so long, so
profoundly and variously studied by many able men. It will be
our sole endeavour to exhibit known, and generally speaking
very old truths; putting them in their simplest form, and ar
ranging them in such order as may best guide us in the in
vestigation upon which we are about to enter. But familiar
and even trite as the subject of our study may be, no prescription
is imposed upon us as to the method of examining it: in this
respect, while novelty is not to be sought for its own sake, we
are not to be deterred from striking out a new path, so it enable
us to follow more closely the simplicity of truth. It will be an
ample recompense to our labours if, without discovering a single
novel fact, we are enabledto reflect any light on those which are
generally admitted;—so far to map out what is self-evident or
well known as to define the limits of what is obscure;—or to dis
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cern a unity of principle under every diversity of form and action.
But thin issne is only to be sought with the patience and
humility proper to learners. We must endure to begin with
very obvious truths; to proceed slowly and circumspectly at the
outset; and scrupulously to examine those cases especially in
which it has most been our habit to take things for granted.
To look at a bridge in the most general way, we have rather to
consider the task which is imposed upon it than the peculiarities
of its construction. The duty of a bridge is to sustain a load
between points of support which are separated by a considerable
horizontal interval. The downward pressure of the load has
thus to be transmitted along the structure of the bridge towards
these points, whero it meets with the upward reactions that fur
nish its ultimate, as the bridge has furnished its immediate,
support. In discharging this duty the bridge is exposed to forces
that tend to make its parts rotate in opposite directions. Thus,
if a bridge of one span were divided at any point, the direct
pressure of the load would operate to make either part turn
downwards on its point of support as on a fulcrum, the directions
of rotation of the two parts being contrary. A bridge is so con
trived, that these ten
Fia. 1.
dencies of its parts to
rotate in opposite direc
tions under the action
of the load give rise to
reactions which insure
the equilibrium of the
iB whole. A little further
'
consideration will ren
der this sufficiently ob
vious.
If a load W rests on a
beam AB, which again
rests on a pier P verti
cally under the load,
as in Fig. 1, the whole
arrangement will of course be stable. But if, as in Fig. 2, the pier
P is not vertically under the load W, the beam will turn over.
The downward pressure of W where it rests on the beam may be
represented in magnitude and direction by the arrow D. An
equal downward pressure is transmitted by the beam to the
pier, where it is met by a vertical reaction, which may be repre
sented by the arrow C, of the same length as D, and in the oppo
site direction.
In Fig. 1, the arrow C being immediately under the arrow D,
the reaction neutralises the action, and uo motion takes place.
Fio. 2.

12.

But in Fig. 2 the vertical directions of these arrows are separated
by the horizontal distance CD. In this case the action of the
weight and the reaction of the pier cause the beam AB to turn
round, in the same way that the power applied to a lever and the
reaction of the fulcrum turn a lever. The leverage in the present
case is the horizontal distance CD; and the number of cwts. or
tons in the weight W, multiplied by the number of feet in CD,
is the moment, or in other words the rotatory force tending to
turn the beam AB in the direction of the curved arrow.
Now suppose W, instead of resting on one beam, to be placed
on two beams, AB and BE, at the point B where their ends
meet; their other ends resting on the piers P, Q (Fig. 3): W will
turn both these beams down, and it is evident that the rotations
of AB and BE will be in opposite directions, as shown by the
curved arrows.
Let us now suppose the beams AB, BE to be put slanting up
against each other at B, as in Fig. 4, and recesses or skewbacks
to be cut in the piers for the lower ends A, E, of the beams to
abut against The load \V being placed at B, AB and BE have
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a tendency to tarn downwards, towards the position, say, shown
by the dotted beams A F and FE. Bat AF and FK are shorter
than AB and BE, so that the beams could not reach this position
without being compressed or crushed so as to shorten their
original lengths; unless the piers F, Q, were thrust apart, so as to
lengthen the distances from A to F and from £ to F. li then
Fio.

61

ened. This small depression or deflection is commonly known in
an arch as " settlement." In order to the stability of ABE under
the load W, a certain amount of thrust must be exerted against
the piers. This can only take place through certain compressive
forces being brought into play; iu order to which result, AB and
BE must be actually compressed or shortened to some definite
extent by the settlement of the apex B. This settlement will
therefore begin as soon as the load is placed on the arch, and
increase until AB and BE are sufficiently compressed to produce
the requisite thrust: as soon as this takes place the loaded arch
will be in a state of equilibrium, and any further deflection will
be arrested.
In the same way, in Fig. 5, the amount of tension caused by
the load W will stretch the links to a certain degree, so as to
cause deflection. As soon as the necessary amount of deflection
Fio. S.

the piera are sufficiently firm to maintain their position, and the
beams strong enough to resist compression, the structure ABE
will preserve its form and carry the load W. Thus the opposite
moments of AB and BE are brought to counteract each other by
means of compression or thrust, so as to secure the equilibrium
of the whole. This exhibits the principle of the arch in its
simplest form.
Again, suppose some such arrangement as in Fig. 5, AB and BE
being links, connected by a hook and eye at B, where the weight
W is hung, and the ends A and E being supported by hooks
fastened to the piers P, Q. In this case the pressure of the load
gives rise to moments in the two links tending to depress them
into the position AF, FE. But AF and FE are longer than AB
and BE; so that if the piers are firm enough to resist being
i-io. 1

drawn inwnrdB, and the links AB and BE strong enough to
resist stretching or rending, no change of form will take place,
and equilibrium will ensue. Here we may recognise the suspen
sion chain reduced to its simplest form.
Fig. 6 shows a third, and that the most obvious, arrangement
for securing stability. This is simply to unite the beams AB
and BE into one continuous beam. The weight W tends to turn
AB and BE different ways as before, but this tendency will now
be effectually checked unless its operation is powerful enough to
break the beam at B: and depression will take place so far only
as the opposing moments are sufficient to cause the beam to bend
at B (and elsewhere). Equilibrium here results from the trans
verse strength of the beam and its inflexibility; or, more strictly
speaking, from the elastic forces brought into play by flexure.
In this consists the stability of the girder.
While then the girder sustains a transverse strain, and con
veys merely a vertical pressure to the piers, the simple forms of
arch and chain shown in Figs. 4 and 5 are exempt from trans
verse strain, and derive their stability from a horizontal reaction
at the piers: the arch being altogether in compression, and exert
ing an outward thrust against the piers; while the chain is entirely
in tension, and exerts a force tending to draw the piers inwards.
Since no material is absolutely incompressible, it follows (to
revert to Fig. 4) that the lengths of AB and BE will in some
small degree become reduced through the thrust they undergo in
supporting the load W; and the apex B must therefore sink to
such an extent as to keep their ends in contact when thus short

is produced, the loaded chain will have attained a condition of
equilibrium. And in the girder, Fig. 6, a certain amount of
bending, and consequent deflection, must take place before the
beam can put forth the requisite transverse strength. On this
deflection being reached, a stop is put to the further change of
form which the opposite ponderating moments of the parts AB
and BE have a tendency to produce.
In any bridge, therefore, no matter of what form, the load
must cause a certain degree of deflection, in order to bring those
forces of reaction into play on which equilibrium depends. With
these forces of reaction and their different modes of operation we
do not propose, however, at present to concern ourselves. The
matter to be first considered is the nature and the amount of
those ponderating moments of rotation with which, as we have
already seen, the load affects the various parts of the bridge. As
this question is dependent on the theory of couples, it becomes
necessary to ascertain the principles by which in accordance with
that theory our calculations should be governed. This we will
endeavour to do in three propositions.
Fio. 6.

*r*"*-p
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Proposition 1.—Any two systems of parallel pressures, equal
in amount and diametrically opposite in direction, will either
hold each other in equilibrium, or have a definite moment of
rotation, the amount of which is independent of the position
assigned to the centre of rotation*
If the resultants of the two systems are in the same straight
line, the result will be equilibrium; if not in the same straight
line, rotation. Take the latter case (see Fig. 7).
l*t PvPftPst and °v Q& ?s> 7o be two sets of parallel but oppo
site pressures in one plane, having equal resultants represented
* Algebraically speaking, if the sum of a system of parallel pressures Is nothing, the
moment of the system Is a constant independent of the position of the centre of
rotation.
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in position and amount by the arrows P and Q. The product of
oue of these resultants and the perpendicular distance mn be
tween tbem represents the moment of rotation of the combiued
system of pressures about any centre in the common plane.
Suppose .r is the centre of rotation, and draw the line xah parallel
to mn and meeting the directions of the resultants in a and b.
Fio. f.

V

)k \

r
'I'

tr

*p

The pressures p will have a resultant downward moment about
x equal to Pxit; and the pressures q will have a resultant
upward moment equal to QXax, or = Pxoj?, since Q— P. The
common moment of all the pressures about x will therefore be
equal to PX6jt— PXa.r=PXoA, =PXm», because ab—mn.
Proposition 2.—If there be two pairs of sets of equal and
opposite parallel pressures, the common moment of the whole
system will be equal to the Bum of the moments of the two seta
if both are in the same direction of rotation, or to their difference
if they are in opposite directions.*
In Fig. 8, let Pt and Q[ be the resultants of the first pair of
sets of parallel
Fro. 8.
pressures, at a
common distancem,;!,; and
let P2 and Q2 at
a distance mjii
•be the result
ants of the se
cond pair. The
moment of the
first pair being
TlX.m1 fi„ and
the moment of
the second be
ing PjXm2nj,
the sum ofthese
moments is the common moment of the whole system.
This becomes evident on assuming a common centre of rotation
x, and drawing xl equal and parallel to rtjitij, and x2 equal and
parallel to ntmv For the first pair cause the same moment of
rotation about .r as if P: were applied at 1, and Qt supplied the
reaction of the centre at x. And in the same way, the second
pair cause the same moment about x as if P2 were applied at 2,
and Qj at x. It is therefore plain that the common moment
about x is the sum of these moments, their directions of rotation
being the same; and would have been their difference, had they
been in opposite directions.
Proposition 3.—If any set of pressures in one plane are in
a state of equilibrium, the sum of moments tending to cause
rotation in one direction must be equal to the sum of moments
in the opposite direction.t
If the pressures are not all parallel, they can by the parallelo
gram of pressures be resolved into pressures parallel to two
straight lines; and these pressures can again be reduced to pairs
of opposite resultants: this proposition will then evidently follow
from Prop. 2.
Let us now consider the moments of the load carried between
the points a and 6 (Fig. 9).J
The distance ab is divided at the points 1, 2, 3, &c. into equal
intervals, each = d; the load being divided into corresponding
portions, represented by the rectangles £,, l2, 1$, &c, the sum of
which is equal to L, the entire load. A is the vertical reaction
at the point of support a, and B is the reaction of the support
at b. As the whole load is supported by the reactions at these
two points, it is plain that A-r-B— L. If therefore A equal the
• Algebraically speaking, tho moment of the whole system is equal to the sum of
.moments of the parte, with their proper signs.
t Algebraically expressed by saying, that if a Bystem of pressures is in a state of
equilibrium, the sum of their nioinonts is equal to nothing.
J The span between the points of support in Fig. 9 is supposed to be 40 feet, the
equal intervals, 2 feet each. The weight in cwts. of each portion of the load is given,
and the position of the centre of gravity figured, to enable the- reader, if so disposed,
10 go into the question arithmetically.
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portion of the load from a to 8, B must equal the remainder from
8 to b. It will be sufficient to consider the moments from a to 8,
as the same method will be applicable to those from 8 to b.
The upward pressure arising from the reaction at A is trans
mitted, through the structure that carries the load, from a to 8,
but at. the same time successively reduced by the action of the
portions i„ lv &c. of the load. Thus,
At a the reaction = A ={",+£,+£,+
lt
Atl
„
=A-J, =l,+l3+
lg
At 2
,,
= A tj L, =t3+
(g
and so on. At 8, reaction = 0.
The portion ls of the load is subject to the action of its own
weight acting at its centre of gravity j8>* and the vertical reaction
=rL at 7. These opposing pressures create in ls a moment equal
to f«fx;g. The pressures acting on /7 are—
A downward pressure = lH at the point 7;
Its own weight = l7, acting at its centre of gravity g7 ; and,
The upward reaction = l7-\-l& at the point 6.
These pressures are resolvable into two pairs,—viz.
/8 downwards and /s upwards, at a distance d; and
d
lj downwards and l7 upwards, at a distance — .
The sum of these moments is the moment of l:; or, moment of lT
is equal to hdx(l7+2lj.
Iu the same way, l0 is subjected to the following forces:—
Action =l7-j-ls, at the point 6;
Action =/c, at the centre of gravity gt ; and
Reaction=i„+/7+/8, at the point 5;
and the moment of le is equal to ^dx(le-\-2lj-\-2l^).
By similar reasoning, the ' other moments are obtained, as
follow:—

Moment of l6 — *rfx('a+2/0-T-2/7+24).
lt = Ux{li+2l3+2li+2li+2l6+2l7+2lt).
I, = |</x(/1+2/2-r2/3-r2/4-t-2/6+2/(I+2/r+2/8).
Thus, the moment of any section l% is of the form ^dx.mn of
which the first factor is constant and equal to half the common
interval d between the points of section, and the second factor
follows the simple law that m« = m.+i +/.+:+/..
Thus, m8 (with which we start) being =
2,
To find tnj, add to ntg, /8 and l7
'r + 'g
Which gives m7
To find »»<» add I, and /6

=

I, +2/8
/„ + L,

"Which gives m„
= lt +2lj +2ls
and so on.
,
We have thus divided the portion a8 of the load, equal to the
pressure of reaction A, at equal intervals into the sections
lult
28; and seen how by simple additions to determine the
factors t»[,ffl,
ms, which, when multiplied by half the common
interval, will give the respective moments of these sections.
Fig. 8.

VlVr'rVrH

I

1
Since all these moments tend to rotation in the same direction,
it follows from Prop. 2, that if we take two or more adjacent
sections together, the common moment of the portion of the load
which they compose will be equal to the sum of their several
moments.
Thus, the moment of the portion of load from a to 2 (or /, and
y will beequal to £dx»n1+2<iX»n2=£dx(mi+'n2). The moment
of the portion of load from a to 3 = \dy. (m.+mf+m^) ; and the
entire moment of a8 is equal to the sum of all the moments, or
=jdx(mi+»n2-tms). The same process is equally applicable
* The centres of gravity g.t g„ &c, are supposed to be midway between the points
%, 7, <j, &c, but are not marked in the diagram, to avoid confusion.

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

Mar. 1, 1861]

63

sistent with the nature of masonry. Therefore c must be the
point of Greatest Moments, the load dividing there, so that the
vertical reaction A is equal to the load (including masonry)
from a to c, and B is equal to the load from c to It: and this
even if the two sides of the arch are very unequally loaded; in
which case the weight of the load, acting at its centre of gravity,

to the other portion of the load (from 8 to 6), the moment of
which will be in the opposite direction.
By the method just explained, a process of continued addition
twice gone through;—the first time from 8 to a, the second time
from a to 8;—yields a series of factors, which when multiplied by
Jrf give the moments of the section a8 and of all lesser sections;
the section aS being supposed to comprise such a portion of the
load ad will be just equal to the reaction A. To apply this
method, it is necessary to know the reaction A, in order to find
the point 8, where the vertical reaction vanishes and the load
naturally divides into two portions having opposite moments.
When the pressure of the entire load L, acting at its centre of
gravity G, is in equilibrium with the vertical reactions at a and b,
(which will be the case when the load is carried by a girder
bavin? its ends at a and b perfectly free; or by a chain having
its ends fixed at the same level; or when the load is symmetri
cally disposed over a symmetrical arch); it is easy to determine
A and B after fixing the position of G.
To fix G, take once lv twice lv thrice l3, and so on from a up
to 6; divide the sum by L; multiply the quotient by the common
interval d; the result, less hd, will be the distance of G from a.
Or,
l.1 + 2l,+
(up
. .. = A
.._,
* 3l„+4l.+
3
*—
i_C to b)/ xd—\d
the distance
aG.
Li
Since the pressure L, (=A+B), of the load, acting at G, is in
equilibrium with the reactions A and B at a and ft; and since
these pressures can be resolved into the couple A and A, at the
distance aG, tending to rotation one way, and the couple B and B,
at the distance G6, tending to rotation the opposite way; these
opposing moments must (Prop. 3) be equal; or, AxaG=BxoG;
from which it follows that

Fio. 10.

A = LX^-, andB = LX?5.
an
ab
In this case, the moment of the section of the load (a8) is equal
to the opposite moment of the remaining section (68). In any
Fio.

will no longer be in equilibrium with the vertical reactions at
the points of support How this is met will be seen when dis
cussing the theory of the arch.
The method of computing the moments by addition will be
made plainer by taking an example. Fig. 11 represents a load
carried by a girder between abutments at a and b, the ends of
the girder being free. The span of the girder is 64 feet: of this
length one half, or 32 feet (from a to c), is loaded uniformly at
the rate of half a ton per foot forward; the other half is uniformly
loaded at the rate of 2 tons per foot forward. The load is sub
divided into 32 sections at equal intervals of 2 feet. Thus the
16 sections from a to c will each weigh 1 ton, and the 16 sections
from r. to ft will weigh 4 tons each; and the total load will be
80 tons.
The first step is to determine the position of the centre of
gravity G. This is found by the formula,
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case, the point where the load naturally divides, as at 8, is that
of Greatest Moments, the opposing moments each reaching a
maximum at that point.
The point of Greatest Moments is also (as we have seen) that
at which the vertical reaction transmitted from either point of
support vanishes. If the structure which carries the load is inca
pable of transmitting vertical reaction from either support beyond
a certain point, that point will consequently be the point of
Greatest Moments.
Take for instance a masonry arch (Fig. 10). No part of the
vertical reaction from a can be transmitted beyond the crown at
c; for this could not be conceived without supposing some of the
voussoirs beyond c to hang from the keystone, which is not con-

400

500

CO"
_J

1+2+3+44-

"00 Tom.
-J

.

Weights asd Momests.

16+17X4+18X4+
80

32x4 x 2- 1 = oG •

?Xl7+(fx33-L6Xl7)x4
X 2 - 1 = aG.
80

Therefore aG=41'-6, and G6=22'4.
Having the position of G, we can now find the values of A
and B, the reactions at a and 6.
6G
22 " 4
A = LX ,- = 80 X h— = 28 tons; which leaves B= 52 tons.
A being 28 tons, to fiid the point of greatest moment we must
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take such a portion of the load, reckoning from a, as will amount
Table L shows the mode of computing the moments of ihe load
to 28 tons. This fixes the point of greatest moment at M, 6 feet from a to M by simple addition. The first line, marked " No."
from e, and 38 feet from the abutment a. It will prove conve- gives the numbers of the respective lines of subdivision. The
nient to call this point zero, and to number the points of sub- second line, marked " W," gives the weight in tons o Jeach secdivision from it towards the abutments on either side. This will tion. The fifth line, marked " M," gives the respective values of
give Nos. 0 to 19 from M to o, and 0 to 13 from M to 6.
the factor m for each section.
Tabls I.
To chock the work in the line M, observe that the latt number (55), added to the last weiglU (1) gives twice the total load from 0 to the abutment,
(56 =; 2 X 28). To check the work in the line S, observe the last total (676) ia the sum of the numbers in the line M.
19

18

16

17

13

1

1

1

1

1

a

«

53

51

11'.'

L 45

55

-108

151'

-208 |-25l

li)8

65

14

1

51

:'.".

15

159

J 208 J:255 J 300

12

11

1

1

1

1

1

1

1

1

1

•II
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:n

89

I- li 1- I
I
4:;

-800 .-343 |-384
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37

*- 39

0

w

1
4

2

8

J 384 J 423 J 460

4

4

9
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4

4

4

4

4

4

4

4

4 12 20 28

36

44

52

60

68

76

84

12
4

8

4

92 100

(576 672 060 640 612 576 532 480 420 852 276 192 100

Table II. shows the steps of the process for finding the moments
from M to 6; the lines to, m, and » being omitted, as no longer
necessary for explanation. The first process of addition, for find
ing the figures in the line M, is in this table from left to right,
0 being at the left band: the second addition, for finding S, is
from right to left. Each step may be easily performed in the
head. Thus, in the line M : for section (1, 2)—" 4 and 4 are 8,
and 4 are 12;" for section (2, 3)—" 12 and 4 are 16, and 4, 20;'*
and so on. The simplicity of this process is extreme as compared
with the usual method of finding the units of strain on a beam,
on the assumption that every part of the load derives support
from both abutments. The results are identical, the essential
principle involved, that of the lever, being the same in both
cases.
Suppose, for example, it is required to find the units of strain
at c (or the moment of the load ac) on the hypothesis usually
adopted in the case of girders. The section (18, 19) weighs 1 ton:
its centre of gravity is distant 1 foot from a and 63 feet from ft.
The portions of its weight transmitted to the abutments a and ft
1X63
must be inversely as these distances: bo that
tons will be
64
1X1
transmitted to a, and
tons transmitted to ft.
64

Thus, (18, 19) causes two opposite moments in ac. The first,

64

-

V

1

4

25 . 20

117

33

L 9.0 1.27
27

31

w
m

4

1'J

I" Is

L 25 L 20
20

M

-640 ,-660 -672
588 ,-615 ,-640

558

I 816 J run J 660
660 J 672

55!
559

j

676

1X1
tons and an equal reaction at c, at the
64
1X1X31
The difference of
distance of 31 feet, will be equal to
64
1X1X31
1X1X32 . x,
1X1X63
these moments, =
64
—
64
64
, is the

to the remainder of

moment which, on the whole, (18, 19) causes in ac; and this gives
the amount of strain produced at c, since an equal and opposite
1X1X32
which is created in be.
momeut

64
By similar reasoning, (17, 18), also weighing 1 ton, having its
centre of gravity distant 3 feet from a, creates at c a strain equal
1X3X32 na ,_, .„
. .
1X5X32
,
to
; (16, 17) will cause a strain = ——
; and so on.
64
64
The strain at c, arising from that part of the load which lies
between a and c will thus be=

1X1X32 , 1X3X32 , 1X5X32 , 1x7x32
1x9x32
+ —77T~
+—-*
+
„,
+
irj—
+
64
64
64
64
64
1X15X32
1X17X32
1X19X32
1X13X32
1X11X32
64
T
64
"■"
64
+
64
64
1X23X32 . 1X25X32 . 1X27X32 ,
1X21X32
64
64
64
64
256X32
1X31X32
1X29X32

+

+

64
T
64
—
64 = 128 tons.
To this has to be added the strain due to the further moment
created in ac by the rest of the load, which extends from c to ft.
(2, 3) weighs 4 tons, and has its centre of gravity 33 feet distant
from a, and 31 feet from 6. The portion

of its weight will
64
be transmitted to a. This will cause ah action at c and a reaction
at a, each equal to 4X31 ; and the distance ac being 32 feet, the
64
4X31 X32
moment created will be = —-,
In the same way, (1, 2)
64
4X29X32
; and so on, down to (12, 13),
creates a strain at c =
64
4X1X32
which causes a strain =
64
4X31X32 , 4X29X32
The sum of all these strains sa
64
64
4X19X32
4X27X32 4X25X32
4X23X32 , 4X21X32

64
'T
+
4X17X32
i

tons and an equal reaction at a, at the

64
distance of 1 foot, will be equal to 1X1X63

•i

I I 1-as 1

'J 8
495 J 5.128

1 X fil

due to the portion

1

13

—
M

35

1

495 -528
423 -460 .-495

The weight of (0, 1) is 4: and the value of m for this section is
4; its moment being half the common interval multiplied by 4.
The weight of (1, 2) is 4: to this weight we add, on line to, the
weight of preceding section (=4), and, on line m, the moment of
preceding section (=4); the sum (=12) is the value of m for (1, 2).
The same process is continued, as shown by the diagonal lines,
to find the successive values of m up to 55 for the section (18, 19).
Then, by continual addition backwards,—the last sum being
brought forward on the line *, as indicated by the diagonal lines,
—the numbers on the line S are obtained. Thus, for the portion
of load from 19 to 13, S=3O0; and 300 multiplied by 1 (the half
of 2, the common interval) is the moment of (19, 13), and the
transverse strain in tons on the girder at 13. So again, the
moment of (19, 12) is 343X1; the moment of (19, 11) is 384X1;
and the greatest moment, or that of the load from 19 to 0, is
676X1.
Tablb II.
No.

No.

S

10

+
The second, due

BJ.
64
4x7x32

64

64
T
fid
+
4X15X32
i

r±
64
4X6X32

641
e
4x13x32

64
T
64
HA
+
4x11X32 4x9x32

T

ra.
fil
64
64 ~~ i
4X3X32
4X1X32

"■"
+ 64:!-+T — 64 +"r

64

T

64
4X256X32

—

64

=512 tons, and this is the strain at c due to the load from c to 6.
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The total strain at c is therefore=128+512 = 640 tons, which
is the same result as was arrived at by the method of continued
additions at the point 3, which is the same as c. To find the
strain at any other point by the ordinary method, a similar pro
cess would have to be gone through again, as the work done in
finding the strain at 3, for instance, is of no assistance towards
finding the strain at 2. And three or four such trials would
be necessary to find the point of greatest strain.
By the method of continued additions, on the contrary, one
process determines both the greatest strain and the strains at
all other points.
In effect, when we know the point (M) of
Greatest Moments, we may consider the load as dividing itself
at that point into two parts; of which one («M) derives its sup
port eutirely from the abutment a, and the other (M6) entirely
from the abutment b. The conclusions to which this assumption
leads us are equally true whether the structure carrying the load
is an arch, a chain, a girder, or a combination of these forms. The
moments of the load, which are the same as the units of strain
on a girder, are capable of being determined by two simple
processes of continued addition, easily checked, which give at
once the greatest moment and all lesser moments; without
having recourse either to multiplication by fractions or to the
successive finding of centres of gravity for the different parts of
the load. This method may be generalised by the use of algebra,
so as to lead to some useful deductions.
Reverting to page 62 and Fig. 9, let I be taken to denote the
variable load, measured from the point of Greatest Moments (8)
to any assigned point between 8 and a; and let x stand for the
corresponding horizontal distance measured from 8, as an origin,
towards a. Then Ax will denote d, and lt, i,, &c will be the
various values of Al.
The momeut of J5=r£rfx(/5+2/„+2/7+2/8)=<*X(K-fk+h+h)Of this expression the first factor is = Ax, and the second factor
equals the amount of load from the origin to a poiut half-way
between 4 and 5 (or to the centre of gravity of l^j. The equa
tion may therefore be thus expressed:—moment of Al = lx Ax,
an equation which applies equally to all the other moments, .-is
will be evident on looking at the expressions previously given for
them.
Now the collective moment of any number of consecutive sec
tions, as /8, 1-, /„ is the sum of their respective moments. Therefore,
if m denote the moment of the variable load I, m will be the sum
of the moments of /8, I,, &c up to x : so that Am = moment of A/.
Consequently, Am = fxAx. If the number of points of subdivi
sion be increased without limit, so that d (that is Ax) is dimi
nished without limit, this equation will assume the following
form: dm = l.dx; whence it results that m-=Jldx. This is
the algebraic expression for the moment of a given load at any
assigned point

It also follows that -.— = I, that is to say,

that the differential coefficient of the moment with respect to x
is equal at any point to the load from the origin (or poiut of
greatest moments) to that point. Differentiating again, we find
dhn
dt
that -—r
; or, the second differential coefficient of the
dxdx
moment at any point is equal to the rate of loading.
EOS in Fig. 11 is a curve of which the vertical ordinates
represent the moments of the load carried by the beam acb,
plotted to an arbitrary vertical scale of weights and moments.
Thus, the moment of (0, 8) is proportional to the corresponding
ordinate TV, measured from the curve to POQ, the horizontal
line passing through its apex: the supplementary moment of
(8, 19) is proportional to the distance VU between the curve and
the horizontal line passing through its extremity R. The first
of these moments is that which we have denoted by m in the
preceding algebraic formula;: the latter moment is that which
determines the strain on the girder, and answers to the numbers
on the line 8 in the two tables previously given.
Since the ordinates of the curve of moments ROS are propor
tional to m, and since -— = I, it follows, that if the tangent VW
be drawn to the curve at V, the tangent of the angle (VWU)
which VW makes with the horizontal line is proportional to the
load from 0 to 8, or to what may be termed the superincumbent
load on the point 8.
To put this more plainly. From W, the extremity of the
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tangent line VW, measure off WX, equal to 10 feet by the hori
zontal scale, and through X draw an ordinate meeting the
tangent line in Y. This ordinate XY will therefore be equal to
the tangent of the angle VWU for the radius 10. Apply the
length XY to the arbitrary vertical scale of tons by which the
curve of moments has been plotted, and the reading will be
found to be 170 tons, ». e., ten times the amount of load from
0 to 8. The apex or crown of the curve of moments will of
course be at O, in the same vertical line with M, where the
elementary moments vanish. Here the tangent will be horizontal,
there being no superincumbent load at 0. When the rate of
d*m
will be a constant, and the curve of
loading is uniform,
dx2
moments will therefore be a parabola.

COLOUR AS APPLIED TO ARCHITECTURE*
By Stdnet Smirke. RA.
In a former lecture I addressed to you some observations on
the application of colour to the purposes of internal decoration.
I propose now to pursue the subject of colour as applied to
architecture, confining, however, my views on the present occa
sion to its use on the exterior of buildings.
It is very obvious that there is, in many respects, so wide a differ
ence between the requirements and capabilities of external and in
ternal decorative architecture, that very different rules must guide
us, and very different circumstances have to be taken into con
sideration. Within the four walls of a room we can generally
command our colours; we need introduce no inconvenient or
discordant combinations; and although there may be, and un
doubtedly are, various difficulties to contend with, it may be said
that they are not insurmountable, inasmuch as the room is at
our own command; and if we introduce discords, or otherwise
unpleasing effects, it is generally speaking our own fault. But it
is not so inihe case of exterior architecture,—there the difficulties
are real: we have to design the colouring of our building with re
ference to circumstances over which we have no control whatever.
Our building may be required to be placed in juxtaposition with
other buildings, or objects already existiug, which we may not
disturb; or it may be surrounded by natural objects, to which our
building must per force, to some extent, be in subjection, or at
least on terms of amity and co-operation. Moreover, colour is
closely allied to light. Within a room the light is strictly under
our control; we can subdue it to any extent; we can render its
influence as partial as we may think proper, and cause it to
enter the room in whatever direction it may be expedient that
it should enter. Quite otherwise it is out of doors. The exte
rior of our building is exposed to the searching light of day, and
the sun's rays will come in whatever way, and with whatever
intensity they please, upon the surface of our work.
Hence,
therefore, it is that we find ourselves compelled to be guided by
very different principles in the two cases. It was on this ac
count that the observations which I had the honour to make to
you two years ago were expressly, and almost exclusively, con
fined to the application of colour to the interior of buildings.
I have said that colour is nearly allied to light: hence bright
colours seem to harmonise especially with a bright light, and
brilliant colours have ever been regarded as congenial to bril
liant climates. This remark is no doubt trite; it must have
occurred to almost every observant person that most of the pro
ductions of nature in those climates where the sun is powerful,
are distinguished by more intense colouring than elsewhere, lu
an ornithological collection we are almost always able to pro
nounce with some precision whether a bird is a native of an
arctic, temperate, or intertropical climate, by applying to it the
test afforded by the relative brilliancy of its plumage; and the
same would seem to apply to the furs of other animals. We see
how colour graduates, from the intense markings on the tiger's
back, to the dingy, or even colourless, coverings of the animals
living in polar regions. No doubt there are exceptions, but
the general prevalence of this apparently fundamental law can
not escape our observation, or be attributable to mere caprice or
accident. I would not dwell upon this law of nature did it not
appear to mo to be well calculated to throw light on the special
subject of my present observations.
* Lecture delivered at the Royal Academy.
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In the regions of the East men's eyes are early educated to
the appreciation of colour, by having natural colours constantly
before them; whilst amid the grey mists of the North we may,
it is true, learn to appreciate colour, but the education must be
artificial; and hence perhaps it is, that when we do indulge in
colour, we are apt to run into some preternatural, and even
painful excesses; and, prompted rather by fashion than by instinc
tive or natural feeling, our fancy becomes capricious and illregulated, rushing from whitewash to polychromatic ebriety.
This is not as it should be. If we are not by nature endowed
with a delicate perception of the niceties of colour, wo should at
least learn to understand the principles which regulate it; for
colour, like a sharp weapon, needs to be used with that caution
and dexterity which knowledge and experience alone can give.
But I am, perhaps, prematurely entering into my subject,
before urging on your attention those principles which, I think,
should regulate us in our attempts to avail ourselves of those
beauties which our art can certainly derive from a judicious and
well understood use of colours. Before, I say, we descend into a
detailed consideration of those principles, we should, I think,
look back cursorily over the works of our predecessors; review
the progress of the art of applying colour as a means of exte
rior architectural decoration, and take a glance at the experience
and practice of other times and climates.
In Egypt, the cradle of art, it is beyond dispute that brilliant
colouring pervaded their architecture. Egyptian artists used
profusely a few positive colours, for they had not learnt to derive
pleasure from those niceties which more advanced art delighted
in. The uneducated eye, like the eye of a child, is sure to be
ciiptivated by brilliant colouring. Hence we might fairly ex
pect, d priori, that such would be the character of the colouring
adopted among those earlier pioneers of art who peopled the
East. I do not think that it will be a profitable or an appro
priate topic of inquiry here, to investigate the principles which
guided the Egyptian and Assyrian builders, if, indeed, principles
they really had to guide them. It seems probable that motives
of taste regulated their choice of colours less than certain con
siderations of a religious character, and these involv% archaeolo
gical inquiries which are quite foreign to our business here.
When, however, we advance to the period of Greek art, we
are bound to believe that art (although no doubt still influenced
by the traditions of their predecessors in civilisation,) was al
lowed more freedom, and that the Greek artist sought to gratify
the natural good taste of his countrymen, liberated from mere
conventional forms, and disregarding prescribed dogmas in the
adoption of colour. Unfortunately, time has spared us so few
indications of original colour actually existing, that modern
artists and art-writers have been tempted by the paucity of
ascertained facts to indulge in theories of colour not based on
any sound authority, and the somewhat vague and accidental
expressions of ancient authors have been called in aid to supply
the place of the more exact and satisfactory information to be
derived from actual observation.
Without embarrassing ourselves with the very discordant
views of the different archaeologists who have written on this
subject—and the subject of ancient polychromy has indeed been
most fruitful of controversy—I will content myself with simply
stating the convictions which I have myself arrived at. My
own belief is, that the external architecture of the Greeks was
enlivened by a considerable amount of strong colour in the de
tails, and that even the broad surfaces were occasionally, per
haps often, stained with fainter tints. That the details were so
enlivened we have the undeniable evidence of surviving frag
ments: and we need go no further than our own national Museum
for such evidence. In the Xanthian examples, the late Sir Charles
Fellowes has satisfied us that the tombs of early Greek work
manship were profusely painted. Colour was traceable wheu
those remains were first explored, although the climate of this
country has perhaps effaced in most cases the indications of it.
Nor can it be with truth in all cases asserted that the colours
observed might have been the daubing of later and degenerate
days; for an example occurs in the British Museum where the
soffit panelling has had its enrichments marked in preparatory
outline, to be filled in at a future time with colouring, of which
some accident seems to have occurred to prevent the completion.
That the general surfaces were stained occasionally, perhaps
often, we may infer from certain expressions that have been
detected in ancient writers, and from the fact that many of the
mo1-' -'lthentic, and some even of the purest examples of Greek
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architecture, were executed in a coarse limestone, coated over
with a thin covering of stucco, the crude whiteness of which
would not havo been tolerable, and which, therefore, we may
very reasonably and safely assume to have been subdued by at
least a certain amount of colour. But it by no means neces
sarily follows that, because colour was in such cases always
resorted to, it was therefore habitually applied to all architec
ture, and that the beautiful crystalline Parian marbles, so highly
prized by the Greeks themselves for their purity and trans
parency, were thus habitually discoloured. Although we know
well that early Greek art was greatly influenced by Egyptian
and Assyrian practices, leading to what we may now regard as
an excessive use of colour, I can with difficulty bring myself to
believe that the fine aesthetic sensibility of the Greeks could ever
have been reconciled, by any amount of respect for their prede
cessors in art, to the destruction of the pure translucency, and to
the obliteration of the delicate natural tints of their marbles, by
painting over the columns and broad surfaces of their buildings
with strong opaque reds or blues, as some would wish us to
believe. Upon the whole, I should say that the wide diversity
of opinion among the writers who have discussed the difficult
subject of Greek polychromy, is somewhat disheai-tening to those
who are simply in search of the truth; but perhaps encouiaging
to those who, whilst reverencing Greek artists, are shocked at
the rank colouring attributed to them, and would fain disbelieve
that such outrages were ever committed, and hope that they
were in their best days more temperate in the use of colour than
some of the able advocates of glyptochromatism* are wont to
represent them to have been.
So destructible and evanescent as all artificial and superficial
colouring is, it is not to be wondered at that we are as much at a
loss for surviving Roman examples of exterior colouring as we
are of Greek; but we may very safely assume that the love of
ornament and splendour, which especially distinguished Roman
imperial art, is more likely to have led to an increased than to
a diminished resort to colour on the exterior of their buildings.
It was at this period that the use of marbles of various natural
colours dispensed with artificial pigments. Even as early as the
date of the Greek remains at Halicarnassus there is strong evi
dence that the natural diversities of colour in the material were
resorted to as a means of giving variety to exterior architecture.
That such was the case may be inferred from the fact, that the
blocks of marble recently obtained in great abundance by Mr.
Newton, from the ruins of Halicarnassus, differ considerably in
colour; some are as pure and as white as the Parian itself, other
blocks are of a dark slate colour, and there are various in
termediate hues. How these variously-coloured marbles were
arranged with reference to each other it may now be very diffi
cult to ascertain, but the effect that would unavoidably result
from using them indiscriminately would be so bad, that it is not
to be supposed that any Greek artists could have so employed
them; and we are thus inevitably led to the conclusion that the
arrangement of these light and dark coloured marbles was pro
bably made in conformity with some principle or method adapted
to impart variety of effect to the architecture.
At Rome, so great became the passion for coloured marbles,
that Ovid says, " Decrescunt effosso marmore moutes;" and arti
ficial processes therefore for staining marbles were adopted for
the sake of giving them a more ornamental character, processes
which lapidaries of the present day are known to practise. In
deed, the use of coloured marbles became so universal, that Pliny
seems to hint that the known available sources of ornamental
marble were becoming exhausted; and to this he attributes the
invention of marbling, although it seems more likely that this
fictitious splendour was one of the significant signs of the decay
of taste in the empire. It was at this period also that the prac
tice of veneering stone and brick with thin lamina: of marble
took its rise. In the portico of Octavia, in Borne, I observed
the exterior face of the brickwork lined with slabs of marble,
scarcely two iuches thick; but at the great theatre in Taormina,
iu Sicily, I found marble veneering executed with really won
derful dexterity, the thickness being scarcely more than that of
ordinary card. The dexterity, indeed, which this veneering re
quired in its execution affords strong ground of presumption that
the practice was common.
* I havo lwen reprimanded educe the delivery of the lecture, by a very distinguished
art-eeholar, for roiniue this word. I m.ny pi-rliaps have been' misled by Bavarian
authority into using this term, for which (in deferenco to him) I would subaiitutocryaA/urruxpwris, or " statue-colouring."—S. 8.
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In what way and to what extent the architecture of the later the eastern counties, and by which a pleasing variety of tone, if
Roman empire was affected by the contemporary style of design not of colour, is often produced. There is no reason to believe
prevalent in the East, is a question of undoubted interest, but it that external colouring, whether by the use of naturally coloured
is one upon -which those who have treated on the subject seem materials or by superficial painting, was ever extensively prac
to entertain by no means clear views, a difficulty arising perhaps tised in this country during the best periods of Mediaeval art.
in a great measure from the uncertainty that bangs over the Perhaps the most usual application of the practice was in the
dates of early Eastern buildings. But it would hardly be ger
shafts of columns; a blank spandril or gable was occasionally
mane to the subject of these lectures to enter into inquiries so relieved by a coloured panel, but this occurs rarely, sculpture
exclusively historical. It may suffice to say that, either through being ever considered as the readiest resource whenever a blank
the fusion of the decaying Classic style with some other style space is to be lightened or an enhancement of the effect is
that may have pre-existed, owing its origin to Oriental artists, desired. But probably in no country on the Continent has the
or through the direct changes effected in the Roman manner, mode of producing a rich effect of colour by the use of bricks and
when the task of building fell into the hands of the predomi
stone intermixed been better understood, or more effectively
nant races of the East, even without assuming the influence of any earned out, than in England during the Tudor period. In the
pre-existing style, certain it is, that a very readily distinguish
wide alluvial tracts of Germany, where the use of bricks was earlier
able change took place: and one of the most marked character
introduced than in England, quite as widely disseminated, and
istics of that change was the extended application of colour to as generally practised, I have not myself seen, nor have 1 been
architecture. Tho use of mosiac work is especially a marked fea
able to ascertain that others have met with, that regular and sys
ture in this new phase of art. Although this work was the inven
tematic use of the interlaced courses of dark bricks on a red
tion of an earlier age, and was very largely used by the Roman brick ground with which we in England are so familiar, and
architects in pavemeuts, I am .not aware of any evidence of the which so admirably attains the object of relieving a plain sur
application of this species of work being applied as a mural face of wall without labour or effort, at the same time lowering
decoration in any building of positively Classic date, and I pre
and qualifying the general tone of colour in a highly picturesque
sume that this latter use of it may be confidently regarded as manner.
originating in the Byzantine school. The practice of inlaying
It is not unworthy of note that at a period when in England
and panelling marbles as an incrustation on the surface of walls is we were thus struggling to relieve the monotony of red bricks,
also another very prevalent mode of ornamentation marking the our more advanced and ingenious contemporaries in Italy were
the period ; much resorted to, no doubt, by the Romans even in the stuccoing the surfaces of their palaces to receive fresco paintings,
best periods of the empire, but received in the Byzantine school and often employing the very highest available art upon the
with particular favour, from the facilities it afforded of coloured plain surfaces so obtained.
Vasari relates many instances of
enrichment, in which that school, as we have seen, so greatly this employment of the painter's art; and it seems highly illus
excelled.
trative of the universal prevalence of a taste for painting in
that country when we find men like Perino del Vaga, Garofolo,
I need not remind you that Byzantium, during the least culti
vated periods of European history, was the sole asylum of the Gherardi, Bramaute, and very many others I might name, zea
arts, and it was thence that the earliest rays of a revival dawned lously engaged in painting historical subjects on a colossal scale
on Western Europe. Italy, Sicily, and Spain, were the first upon the exterior surfaces of ordinary street architecture. They
countries to catch these rays. Hence it is that we there find the could not but have been perfectly conscious of the perishable
earliest developments of this new feature of architectural orna
nature of their workmanship, but it was enough for them that
ment. The new buildings of Venice and Pisa became resplen
the all-prevailing admiration for art was gratified, whilst they
dent with coloured marbles, both internally and externally found a wide scope for the exercise of their fertile invention and
applied. Then, too, arose that parti-coloured system of decora
for the display of their admirable powers.
tion which, in our ceaseless aspirations after some new beauty, has
You are no doubt well aware of the great efforts that have for
of late found some favour in our eyes. The Duomo at Venice is some time past been made in Germany to revive this mode of
a very early and remarkable adaptation of coloured materials to exterior decoration. The whole facade of the newly erected
external architecture. The shafts of the small pillars are of picture gallery at Munich is converted into one vast historical
various coloured marbles, whilst incrustation of porphyry and picture; the figures are so colossal that in order to appreciate
other precious materials 'of like nature enrich the surface of them one needs to retire to the remotest distance that the sur
many parts of the building. Florence affords many notable rounding buildings will admit of. That veracious geographer,
examples; and in Giotto's celebrated campanile the practice of Leno Gulliver tells us of a book he met with in his travels so
panelling and otherwise intermixing variously-coloured stones was large that he had to erect a scaffold in front of it to read its
extensively adopted, and treated with admirable taste and skill. pages. So in this truly great work at Munich, we have to take a
Indeed, throughout this period of Mediaeval architecture in Italy considerable walk in order to examine the opposite limits of the
the practice prevailed of building in courses of coloured masonry, picture.
and it became, in truth, a characteristic feature in the buildings
But without reference to such extreme cases, I leave it for those
of that age in Italy. Doubtless, these alternating courses of who practise the sister art to determine how far historical paint
coloured stones came to Italy from the East, for they have there ing is rightly applied as a mural decoration in the open air. I am
been a passion, originating perhaps in the deep-seated love of colour disposed to think that the practice will not spread very widely. It
which marks Oriental taste. There is no denying the extremely seems to me calculated to lead to the degradation of art, for what
pleasing effect of many of the Mohammedan buildings so orna
artist is there—at least in these degenerate days, and in the in
mented, and it affords a striking instance of the simple means by clement atmosphere of Northern Europe—who would not feel the
which beauty may be attained. Whether the motive was purely warmth of his genius chilled by the reflection that his works could
aesthetic, or whether the occasional course of coloured stonework expect only an ephemeral celebrity. Exposed to the vicissitudes
had their origin to any extent in some constructive requirements, of climate, such work could hardly live to be fully appreciated
we have, perhaps, now no means of determining. The latter before it must perish. Such certainly has been the fate of nearly
supposition seems not altogether improbable, at least in Italy. all, if not of all, the external frescoes of the great masters of
The green marble from Polcevera, in the north of Italy, is an the fifteenth and sixteenth centuries. But so great was the
extremely hard substance, and the occasional introduction of wealth of genius in the palmy days of Italian art, that painters
courses of it, properly cramped together, would no doubt form a were willing to waste their brightest thoughts, and bestow the
useful tie, and contribute much to the stability of a wall. It is exquisite products of their art, on the mere pageants of a day.
however to be remarked, that even in Italy this mode of con
But Bomewhat before the bright period I have referred to, the
struction was only of local prevalence. It is far more frequent love of coloured architecture in Italy had found another and more
in the north and middle of that peninsula than in the south. legitimate development. In the fifteenth century was introduced,
Instances in other parts of Europe are comparatively more rare; originally derived no doubt from the East, a new manufacture,
and as far as my knowledge extends, very few instances of by which a far greater permanency could be imparted to colours.
regularly banded or striped masonry, where different coloured In the alluvial plains of Italy arose a passion for glazed terra
stones are used in alternating courses, occur in onr own country.
cotta work, and in this instance also the most gifted artists did
The nearest approach to external rolychromy in England, is not disdain to impart the Promethean touch of their genius to
perhaps the intermixture of ashlared stone and square flints, these fictile productions. Passero, a learned historian of this art,
which occurs so frequently in the ecclesiastical architecture of gives 1393 as the date of its introduction, and the eminent
16
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names of Delia Bobbia, and even Baffaelle, are identified with
its cultivation. Though limited at first to small fictile works,
such as tazziB, ewers, aud the like, it was not long before artists
found that the art was applicable to the nobler purposes of archi
tecture. Friezes, panels, and many of the minor features of
architectural composition, were thus enriched by colours of the
most durable nature. There are, in fact, few substances less
perishable and less liable to injury from chemical and atmo
spheric action than the vitreous glaze on this terra-cotta work.
There are many interesting specimens of glazed Fayence ware of
a green colour among the Assyrian remains in the' British Mu
seum. Those from the north-west palace at Nimrud, aud from
Konyunjik, date, according to the trustworthy authority of Mr.
Birch, as far back as the year 750 B.C. There are also many
examples of glazed ware from Babylonia: especially I would name
the glazed coffins from Warku; these Mr. Birch is inclined to
assign to the days of Nebuchadnezzar. You will find none of
these specimens materially affected, except by external violence.
The Italian artists of the Quatro-cento period highly appreciated
this material, and used it in their buildings with admirable effect, .
as at Alberti's Church, at Rimini, and elsewhere. Its application
however declined in the sixteenth century; a fact perhaps mainly
attributable to the more general and closer adherence to Classical
forms, which did not lend themselves so readily to terra-cotta as
to stone. Much also may be ascribed to the introduction at that
period of external stucco-work.
Coloured terra-cotta never attained to much favour in this
country. We see some few examples of glazed earthenware in
heraldic shields aud other details on the exterior of Wolsey's
portion of Hampton Court Palace, and a few other scattered
examples may be met with; but it would appear that the gloomi
ness of our English climate, and the noxious influence of our
smoke, are not favourable to the cultivation of taste for external
coloured decorations, and cause timidity in its application. I
would by no means advocate an extravagant use of this
vitreous manufacture: Buch excess would be as little in keeping
with the grave and sober character of the English on the sub
ject of art, as it would be unsuitable to our climate; yet glazed
and coloured terra-cotta work deserves the attention of every
English architect. Its remarkable permanence ia a most valuable
quality, and its capability of resisting the disfiguring effects of soot
seems strongly to recommend it to favour in our larger towns.
Reverting now to the brilliant Quatro-ceuto period of Italy,
from whence I had deviated in order to sketch the progress of
terra-cotta as a building material, I should remiud you that it
was not only in the use of this artificial material that the love
of colour in architecture showed itself in Italy. The use in the
time of Giotto, and still earlier, of coloured marbles in the en
richments of external architecture, to which I have already ad
verted, seems to have revived in the fifteenth century, and espe
cially in the north of Italy. In Venice we find few buildings of
that period which are not characterised by a profusion of coloured
marble panels, friezes, medallions, and the like. Neglect and ex
posure have contributed seriously to efface these beautiful decora
tions, but enough remains to enable us to form some conception
of the gorgeous effect of the Canal Grande and of the Piazza
di St. Marco in the fifteenth century, adorned as they were
by the fresh glow of colours in the stately structures then newly
erected, as well as by the more subdued embellishments of the
rich marbles, mosaics, aud tessellations of the earlier buildings
of that city. Wheu we recall to our imagination those gorgeous
buildings, enlivened as they were by the rich costumes which
figure in the paintings of Giorgione and Veronese, the brocaded
hangings, the gay standards, and gilded metal-work which must
have then everywhere met the eye,—I believe that we shall all
admit, without a doubt, that no city in the world, at any period
of its history, ever offered such a sumptuous feast of colour as
Venice in those her palmiest days.
No doubt many of these marble insertions were the spoils of
war in the East; for specimens of the deep red granite and
other precious materials may be found among them, which are
not known to occur in any European locality; so that, as in
ancient Borne, the pride of conquest mixed with the aesthetic pre
dilections of Venetian artists, conduced to promote the use of
colour in their architecture. These panellings, however, gradu
ally fell into disuse in the progress of art. More strictly
architectual forms came to prevail, and columnar architecture
becoming almost universal, the opportunities for the use of
coloured marbles became necessarily restricted to the friezes of
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entablatures and shafts of columns; even this soon ceased to be
common in exterior works.
It caunot be denied that there is in the nature of most
coloured marbles an inherent defect, which may have largely
contributed to bring it iuto disuse in situations exposed to the
external atmosphere. The colours of most marbles depend for
their depth of tone and richness of effect on their polish; and
that polish is sure, sooner or later, to be destroyed by exposure
to damp air. This is not the case with respect to granite, of
■which silex forms so large a component part, nor perhaps to ser
pentine; but the polished surface of probably no limestone, however compact and however crystallised, will long resist the
effects of exposure.
I have now, in a slight, hasty, and somewhat disjointed man
ner, sketched the history of the use of coloured materials in
exterior architecture. It remains for me now to consider the
principles which I think should guide us in their use. This
consideration is an important one at the present day, for a
fashion—I might almost say a passion—is growing up among us
for indulging in this kind of embellishment.
Of all novelties, especially in matters that come within the
dominion of taste, the tendency is to degenerate into extrava
gance and excess. A speculative chemist or an inventive manu
facturer has no sooner devised some new modification of colour,
than the world of fashion becomes steeped in the favourite dye,
till our eyes are tired of the novelty. The leaders of ton in the
fourteenth century bethought them to prolong the toes of their
shoes to an inordinate length: the servile crowd of imitators
followed: the passion grew with the growth of this superfluous
appendage, till we find that by the middle of that century the
toes of any well-dressed gentleman were tied up to his waist
band. Again, some unsightly excrescence is supposed to have
suggested to the coiffeur of Louis XIV. a structure of artificial
locks, and not many years had elapsed after its adoption before
the heads and shoulders of all Christendom were oppressed by
the superabundant load of adscititious hair.
It seems an instinct of the human mind wheu a new enjoy
ment or fresh object of admiration is fouud, to exceed the limits
of moderation in the indulgence of it. Whitewashing was
once a passion, especially among churchwardens: and the rigid
saints and painted purgatories with which it had pleased our
ancestors before the Beformation to cover their walls, for the
moral improvement of a staring but uureading generation, all
became obliterated by the clerical wash of lime-white; and the
facility with which that dazzling production could be yearly
renewed, and the economical cleanliness which it introduced,
seemed to favour its perpetuation; but whitewash had its long
day, and lost its hold on the public favour: and there is every
prospect that we are now about to euter upon the reign of
intense polychromatism.
It behoves us, therefore, to be very careful that this newfledged zeal shall be kept, more especially in the exterior of our
buildings, within a just and reasonable restraint. Let us not lose
sight of the principles that should guide us, and let us be
guarded in the application of those principles: remembeiiug well
how often the worst of all things is the corruption of the best, and
that the idol of yesterday is the laughing-stock of to-day. I
will not say with the ancients, that nothing is permauent but
mediocrity, but I am convinced that the most lastiug praise is
reserved for those only, whether architects or artists generally,
who will not risk their reputation by extravagant flights of
fancy, either in design, composition, or decoration.
(To be concluded in our ncct.)

THE PPvESERVATION OP STONE.
Siitce the article was written upon the preservation of stone
which appeared in our number for February, several evenings
have been devoted by the Royal Institute of British Architects to
a discussion on this important subject, in which discussion some
of our most eminent architects and chemists took part, and a
digest of which will be found in another part of this month's
number. We find the opinions we have already advanced mainly
corroborated and proved by the experiences of those who assisted
at this discussion, not one of whom (although they might enter
tain an opinion more in favour of one process than another)
would recommend, on their own responsibility, any particular one
for adoption, with the least hope of its proving permanently sue-
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cessful. The processes at present known as preservative pro
cesses are to be divided into three classes; each of these had their
representative at the discussion.
The first, the Bituminous, may be said to have received its
coHp-de-tite from all, more or less, on account of its colour. We
agree with the verdict, though we differ in the judge's charge to
the jury, since bituminous matters have learned to put off their
universal mourning under some important circumstances.
The second, the Oleaginous, may equally be said to have re
ceived its coupde-grace; and from the fact having been fully
proved that all such substances fall victims to the decomposing
effect of oxidation by the atmospheric air, materially increased
by sun and rain, we trust no one will attempt its resuscitation.
There then remains the Siliceous, under which head, differing
from Mr. Tite, we must class both M. Szerelmey's and Mr. Raneome's, with a few words of explanation for so doing. Pene
trating the halo of romance enveloping M. Szerelmey's secret,
we learn sufficient for our purpose to know that the specification
read by Mr. Tite, which caused (from the details of its extraor
dinary and sanguinary composition) so much merriment amongst
the audience, is by no means the exponent of the system used
on the Houses of Parliament, which system is as follows (leaving
the secret of the materials, so far as the inventor's choice of them,
in his own hands):—A soluble silicate is first applied to the
■tone to be preserved; this is followed by a coating of calcareous
matter, bound by some animal gtue or size. This second coating
it is intended shall, in process of time, form a hard and insoluble
coating by combining with the first on the stone; but in order
to fix it there for the neriod necessary to this change, it must
have a protective medium of an oleaginous or bituminous cha
racter.
The outcry against all substances of the first-named
class evidently induced M. Szerelmey to make a change, and
thus the difference between his first and later specimeus to
be seen at the Houses of Parliament, and which are so un
successful. The first specimens retained a considerable amount
of hardness until the protective coating of oily matter became
oxidized, when not only the protector, but that which was to have
been protected, became easily removable in clouds of dust. The
later specimens are and have been more or less soluble from
the first, as may be proved by attrition with the aid of water,
and therefore are still more uustable than those preceding them.
Still, failure as it has proved, we agree entirely with Prof. Hofmann that there is more truth iu this theory than the silicate of
lime process of Mr. Rausome. That eminent cheuiist remarks,
that if Mr. Ransome deposits a silicate of lime in the pores of
the stone, or upon the stone, it has no affinity for, or power of
combining with the silicate of lime or magnesia of which the
stone consists, but is indeed an inert mass, filling up the outer
interstices of the stone with a powdery substance, easily removed
by time or attrition. Much has been said about the crystal
lising properties of the precipitate formed by the calcium and
silicate; but we would suggest that the precipitate is not crys
talline itself, and would never become such, from the fact of its
consisting largely of free lime very loosely held, indeed forming
to a great extent a mere agglomeration of substances with little
or no chemical union. Let anyone doubting our assertion, and
believing this precipitate to be a chemical union of silica and
lime, treat the precipitate with acetic acid, dissolving out the
lime in the form of acetate of lime, the presence of which lime
in large bulk in the solution may be detected by a drop or two
of sulphuric acid throwing down a bulky precipitate of the
sulphate of lime, better known as gypsum.
Thus then, after all that has been said about this silicate of
lime and its crystalline and crystallising properties, we find it to
be in effect a loosely combined mechanical mixture of silica (or
at the most a double silicate) and lime. This however does not
account for the extraordinarily rapid decay exhibited by the
specimens in the Houses of Parliament or the Institution of
Civil Engineers at Westmiuster, which we think may arise from
an acidity in the chloride of calcium used. An impure chloride
of calcium may be obtained at about 2d. per gallon, as made from
a waste product consisting of the lime scrubbers that collect the
chlorine evolved in the manufacture of soda, which lump of lime
(or scrubbers) also collects a large amount of hydrochloric acid,
the caustic properties of which are well known to be most disin
tegrating. The purer kinds of fused calcium, not to speak of the
pure chloride, are so much more expensive that there may be au
inducement to avoid the extra cost. The waste product has
however the great drawback we have named to set off against
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its extreme cheapness, which certainly promised well in a com
mercial point of viow. Prof. Hofmanu has made a most scientific
and ingenious suggestion in proposing the use of silicic ether.
We much fear the cost of this material will preclude its adoption
on anything like a utilitarian scale; for we must not forget the
thousands of edifices that are in the same need as our Houses of
Legislature, and whose owners only await the result of this
important precedent.
One fact has however been unquestionably proved, viz., that
no existing process is worthy of adoption. The next point
for consideration is how far any of them may, from the experi
ence we have gained, and the extra consideration we have
been led to bestow upon the subject, influence our success in
directing us in future research. To some extent the discussion
has already shown a favourable influence; and the remarks we
have made are not to be taken merely as condemnatory of systems
fully proved abortive, but rather for the purpose of rendering
them and the causes of failure better understood.

THE PHOTOGRAPHIC SOCIETY'S EXHIBITION,
PALL MALL EAST.
Ant well-selected collection of photographs possesses intrinsic
materials which must attract notice, but beyond this, in respect
to the art itself, we have now arrived at a stage from which
greater things can hardly at present be anticipated. Viewed in
this light, the eighth exhibition of the Photographic Society is a
good one, perhaps beyond the the mark of previous years, but
yet presenting no very striking novelty or fresh development of
science that we can detect. The most important picture is (30)
a view of the Coliseum at Rome, produced by collodion, the pho
tographer being P. Dovizielli, who also exhibits the " Aurora,"
after Guido (40), and St. Peter's at Rome (52). There are some
exquisite landscapes by Fenton, Lyte, Pumphrey, and others,
including F. Bedford, whose architectural gems, as usual, bear
the palm. His "Excavations at Wroxeter" (Uriconium), (41, 43)
will be examined with great interest. Mr. Dixon Piper, whose
excellent photographs of Suffolk buildings we have on former
occasions referred to, contributes several of these to the present
exhibition, as do Messrs. Bisson of Continental subjects. Mr.
Baynham Jones has two views of Raglan Castle (32, 34) which
may be examined in comparison with those by Mr. Bedford, Mr.
Mudd, and Mr. Dunn. Capt. Verschoyle has a frame (137) con
taining nine interesting subjects, including Glastonbury, Wells,
and Liuincestou Church. Messrs. Cnndall and Downes send
some good architectural hits—such as (234), Bishop Fox's tomb,
Winchester Cathedral; (248) the Hospital of St. Cross, near
Winchester, and several others from the same neighbourhood.
Several Indian structures, which have been well photographed
by Capt. H. Dixon, will be found on the first screen (309—410),
while on the third screen will be observed some charming land
scape groups from the Cheddar Cliffs (475) by Bedford, and two
from North Devon (481) by the same artist. There are iu all
upwards of 600 pictures.

ON FELLAH ARAB ARCHITECTURE IN EGYPT*
By Professor Donaldson.
It will be remembered that when Champollion and the other
investigators of the hieroglyphic inscription on the famous
Rosetta stone, had their inquiries so materially aided by the
Greek translation of the edict on that trilingual slab, they
had still to find the elements of a language embodied in the
hieroglyphic and demotic character, so as to afford a clue to the
hidden meaning. With much ingenuity reference was made to
the tongue of the people who had constantly inhabited the
country, and among whom tradition might still have retained
the like language, buccess attended this reference to the Coptic,
which was found to contain the key of the ancient Egyptian
language.
As I was travelling in Lower Egypt I was struck with the
fact that almost all the villages are built on artificial mounds,
rising from 20 feet to even 100 feet and more, above the
general flat and level of the natural soil. These niouuds
abound in the neighbourhood of Alexandria and Cairo, and iu
* From a paper read at the Bojral Institute of British Architect*.
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the valley of the Nile; and, in fact, throughout Lower Egypt;
consisting of accumulations of the Nile mad, mixed up with
large quantities of fragments of pottery. If for any reason por
tions are cut through or removed, all sorts of antiquities,—as
for instance, bronzes, terra-cottns, scarabei, and even tombs with
mummies—are occasionally found, as also sarcophagi. At length
1 found them to be the sites of ancient towns and villages of the
remotest periods of known history,—accumulations of a succes
sion of generations, which had had their frail tenements built
one over the other, thus raising the mass still higher. They
were thus more and more above the influence of the annual
risings of the Nile waters, and protected from ravages that
were caused thereby; and the more healthy as they were higher
above the occasional miasma arising from the vegetable de
composition, the natural result of the stagnation of the waters,
nntil the Nile retired within the limits of its natural bed.
Having to go to Ras-el-Wadi, in the valley of Goshen, I saw
the grand and extensive mound of Bubastis, of high note in
ancient times, and situate near Zagasik: it rose trorn the plain
like the mounds of Nineveh, Nimrud, and other Assyrian cities
described by Layard, and with which these Egyptian mounds
have a remarkable analogy. I was detained for some hours on
two occasions at Benha-el-Assal, on the Damietta branch of the
Nile, close to the mound of the ancient Atbribis, where a friend
of mine has found a great variety of antiquities. I was struck
with the rude form of the mud-built huts and houses of the
fellahs, or people of the country. The walls consisted of sundried bricks, of a dusky brown colour; the faces inclined back
wards, like the ancient Egyptian temples; flat terraces formed
the roofs, on which the Arabs stow their fuel, and perform many
of their domestic operations. The apertures for light or air are
of rare occurrence, and small, seldom appear on the outside, and
are more generally next the court, to insure privacy aud shade.
While I was detained at the railway station of Benha I made it a
point of thoroughly examining its adjoining village; and calling to
mind the representations of domestic buildings which we have upon
the hieroglyphics and frescoes of antique Egyptian monuments,
and ns given by Sir Gardner Wilkinson, Champollion, Rosellini,
Lepsius, and in the work of 'L'Egypte,' I recognised the analogy
at once between ancient and modern usages, and found that the
buildings, like the language of the people, are a tradition of
bygone times of remote antiquity; and that the one explained
the other, like the modern cottages of Lycia, which present
the same features of timber construction as the tombs of Zanthus, carved 2000 years ago. The bricks are nearly about the
same size as ours: they are simply made of the Nile mud by
boys, who perform all the operation, assisted by girls and other
boys, who carry the material to the modellers, each of whom
makes 900 per diem in winter, and 1200 in summer. They are
placed with two courses of stretchers to one of headers. The
wider openings have timber lintels of the date-wood. To pro
duce an ornamental appearance, they lay a line of bricks herring
bone fashion, so as to present a sharp edge on the face. At
others, every alternate header recedes from the face 2 or 3 inches.
They have tile-formed bricks, about 12 inches long by some
2 inches thick, to form pointed tops to small apertures, or ranged
in a row to give a zigzag appearance. Vertical channels are some
times introduced, like those in the face of the ancient propylcea,
for the banner-masts, and they are formed either by receding
bricks one over the other, or by vertical bricks placed edge on
one over the other. Over the doorway I observed that they
always had a bit of crockery, as a plate, inserted into the face of
the brickwork: one of those I saw was a plate or dish with the
willow pattern on it. Frequently the doors are painted in bril
liant colours, especially green, red, and yellow, with white, in
patterns; and I should observe that at Cairo, every hadji who
had been to Medina or Mecca immediately had his doorway be
dizened with colour, to mark the important event. The general
tone of the houses and villages is a dirty mud, now and then, yet
very rarely, enlivened with a little whitewash on the strings and
other features. But the mosques are always white.
The streets of the villages are very narrow, varying from
4 or 5 feet to 7 or 8 feet, except perhaps one or two streets for
the bazaar, which may be 10 feet wide. This is for the purpose
of shade, and keeping the streets cool—a necessary precaution in
hot climates, and very prevalent in the East. The huts are
only one story high, and rise 7 or 8 feet Some houses have two
stories, and a courtyard, with an outer staircase leading to the
upper rooms. At the village of Saccara, the treads or steps of
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a house at which I slept consisted of blocks of Thorah stone,
brought from the ruins of the adjoining tombs and' pyramids,
carved with hieroglyphic inscriptions on the upper face, and
which were being gradually worn away. The floors and roofs
are formed of rough lengths of the palm-tree wood, some
12 inches apart, covered with reeds and a thick coating of
mud, which cracks easily, and admits the rain whenever there
is a storm; this, however, is of rare occurrence above Alexandria,
though frequent enough in that town.
The Arabs pay great attention to ventilation, and have aper
tures expressly for the purpose over the doors and windows,
and under the ceilings in other parts, and occasionally just above
the floor. These apertures they close with a mat stuffed in,
which they remove whenever they wish to produce circulation of
air in their cabins or rooms. Their sanitary precautions extend
no further, for they have no drains, aud all their dwellings are
very dirty, and abound in fleas, not to mention other insects and
vermin.
As I passed along the Egyptiau plains and valleys, and saw
these mounds, one after the other, with flat-roofed buildings and
of pyramidal shape, I could not but feel impressed with the con
viction that these modern constructions recall the features of the
towns and villages of antiquity erected on the very site of olden
cities,—inhabited by a like race, ruled by like laws of supreme
power in their chiefs, following the like customs, but destitute of
that civilisation and grandeur of conception in their priesthood
and dynasties which once produced those wondrous fabrics which
have employed the highest genius and most profound learning of
modern times to investigate their ruins, and read the hidden
mysteries of their records still preserved.

CHURCH OF ST. JOHN THE EVANGELIST,
HOUSHAM, YORKSHIRE.
(With an Engraving.)
This church, of which we give an exterior view, has recently
been completed. The arrangement of the plan is excellent and
novel, and admits of great internal comfort in the nave, and of
good architectural effect externally. The plan comprises a chancel
29 feet by 15 feet, with a round-ended apsidal sanctuary, having a
vestry in its north-west side, the organ being placed under the
archway leading thereto. The nave is 41 feet by 21 feet, with a
porch and turret at the west end, as shown in our illustration. A
iow stone screen separates the nave from the chancel. The altar
is p'aced at the extreme east end of the apse. The pulpit,
which is inlaid with various coloured marbles, is situated at the
north-east end of the nave. The font is at the west end. The
window tracery, of Geometrical Middle Pointed design, is ex
cellent.
The masonry is of white stone with red bands at intervals,
and the internal face of the walls is finished precisely in the
same manner as the outside, having also red bands. The roof is
of the circular-cradle form. The floors are tiled throughout;
and the seats in the nave are all movable. The chancel arch,
which is continuous at the impost, is cinque-foliated. The apse
windows are combined by a foliated arcade of hood-mouldings,
sustained on detached marble shafts. The reredos is composed
of three circles, the centre one being filled by a cross; the side
ones are foliated, and all are inlaid with marble; a rich band of
foliage running around the upper parts of the circles, which are
separated by small marble shafts. The sacrarium is boarded on
the underside of the rafters, and is very richly painted. Some
of the windows are filled with stained glass of excellent design,
by Messrs. Clayton and Bell. The following are among the
subjects:—
In the chancel.—North-east window—1. The Last Supper: 2.
The Agony in the Garden. Centre window—1. The Crucifixion;
2. The Descent from the Cross. South east window—1. The En
tombment; 2. The Resurrection. In the south window—The
Six Acts of Mercy.
In the western sexfoil—Our Lord surrounded by Angels.
In a three-light window on south side of nave are the following
—1. Naaman washed in the Jordan; 2. The Baptism of Our Lord.
3. St. Philip Baptizing the Eunuch.
The church was erected at the Bole expense of Mrs. Cholmely,
of Housham Hall, from the designs and under the superintend
ence of Mr. George Edmnnd Street, architect, London.
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ON THE PRESENT CONDITION OF THE "WATER
SUPPLY OF LONDON*
By George R Burnell, C.E., F.G.S., F.S.A,
A few years since public attention was called, in a very pro
minent manner, to the numerous questions connected with the
quality and the mode of distribution of water in the metropolis,
and a very expensive parliamentary contest was waged between
the advocates of the existing companies on the one side, and the
General Board of Health on the other, which for a time clothed
the whole subject with interest. After the excitement of the con
test had passed away, the public interest seemed to have sub
sided; and at the present day the London population is contented
to enjoy the advantages of the water supply it possesses, with
out much inquiry into the means and agencies employed in
securing that blessing. Nevertheless the subject is one of suffi
cient importance to merit an occasional review; and as some very
able persons connected with the administration of the laws af
fecting the public health have felt called upon to make what
may be considered to be accusations agaiust the quality of the
London water supply, it has seemed to me desirable to bring
about, if possible, an open discussion as to the merits and de
merits of the present water supply, and as to the feasibility of
some of the schemes proposed to remedy its defects. In some
cases the operations of the waterworks companies, subsequently
to the passing of the act of 1852, have also raised questions of
tho highest interest with respect to the subterranean geology of
Iiondon, which I think merit more attention than they have yet
received, and it will be my object briefly to allude to the con
clusions fairly to be drawn from the facts observed with respect
to them.
London, as is well known, is built in the centre of a large
basin of the tertiary formations, composed mainly of stiff blue
clays, underlying occasional patches of sands and gravels, and
consisting at its base of permeable sand and mottled clays. The
basement beds rest upon a depressed surface of chalk; and if,
for the present, we limit our survey to the superficial geology,
we find that around the lower margin of the chalk the subcretaceous formations outcrop in the valley of the Thames, to be
succeeded by tl>e oolites, and that noue of the affluents of that
river flow from any of the strata older than the oolites. All
these formations, it is important to observe, are more or less ofa movable character, and their materials can easily be disturbed
by heavy rains; moreover, nearly the whole of the surface of the
valleys of the Thames and of its affluents is under cultivation, and
is therefore the more susceptible of such disturbing actions. Lechlade, the first point where the navigation of the small head-streams
of the Thames commences, is situated at about 146 miles from
London, and at an el vatiou of 258 feet above low-water mark of
Loudon-bridge. From thence the river, called in this part of its
course the Isis, receives the Evenlode and the Churwefl, flowing
from the oolite and lias groups; then below Oxford it receives
the Thame, also from the oolite, and Oxford clay; the Windrush
and the Ock, from the chalk or from the subcretaceous deposits;
at Reading it receives the Kennet, from the chalk; at Maiden
head, the Lodden, from the London clay; at Staines, the Colne,
from the chalk; at Ham, the Wey, from the green sand under
the chalk and the chalk itself; and shortly beyond the junction
of the Mole, the tide is shut out by means of the Teddiugton
locks. There are a few insignificant streams supplied to the
Thames by the Bagshot sands, and, as we have seen, a few
screams are derived from the lower green sands; but nearly all
the affluents and the main stream are supplied by the forma
tions which are likely to communicate to water the bi-carbouate
of lime; and from their high state of cultivation, and the num
ber of inhabitants on their banks, it is fair to suppose that they
also contain a rather large portion of organic matter. These
remarks might be extended to the water of the Lea and of the
Ravensbourne, for they are both fed principally from the chalk
springs of their respective valleys, and from the surface drainage
of their water-sheas, which are, as in the case of the valley of
the Thames, highly cultivated. The only geological formations
of a nature to supply pure soft water, in sufficient quantities
for the consumption and the waste of a town like London, are
situated at a very great distance from it The Bala Lake, to
which it has been proposed to resort, is, in fact, situated at about
170 miles as the crow flies; nor are there any large bodies of
• Paper read before the Socletj of Arte.
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water of a similar character to it to be met with Dearer the me
tropolis, Dor are any of the primary or plutonic rocks to be found
within a reasonable distance.
Jn addition to the sources of water supply provided by the
river and its affluents, the inhabitants of London were able for
merly to derive a large quantity of water from shallow wells,
sunk in the superficial gravels, or from the deep wells sunk into
the sand beds of the London clay, or into the subjacent chalk.
For all municipal purposes, the wells in the gravel have long
since become useless, and both on the score of the quantity and
the quality of their water, they may be here passed over, espe
cially as the recent inquiries with respect to the effect of their
water upon the diffusion of the cholera have raised so strong a
feeling against their use, that no one would dare now to recom
mend those fluids for any other purpose than for filling such
pieces of ornamental water as the Serpentine, or St. James'spark.
The deep wells in the basement bed still yield large
quantities of water in some parts of London, and they are
of great local value to manufacturers; but in other parts of
the hydrographical basin of the metropolis, in consequence of
the existence of a series of upheavals and displacements, the
supply to the underground beds is so intercepted, and at the
same time so great is the demand upon them, that even in the
most favourable places they are gradually becoming exhausted.
In the works of Messrs. Prestwich, Mylne, Braithwaite, Clutterbuck, &c, will be found a great mass of information on the sub
ject of the gradual exhaustion of the subterranean water-bearing
Btrata of Loudon; and the permanent depression of the waterlevel in them has actually become an evil of serious practical
magnitude to the factories which rely on this source of supply.
It seems, however, that as much as 20,000,000 gallons per day
are still drawn from the various wells about London, but now
principally from the chalk. After the incessant rains we have
had for the last eighteen months, it is possible that the level
of the water in these wells may have risen, but the first drought
will cause it again to fall, and every improvement which
takes place in the land drainage of the exposed surfaces of the
water-bearing strata must tend to increase the exhaustion of
their lower basin.
Although the exhaustion of the chalk, and of the basement
bed of the London clay, has been thus markedly ascertained, it is
curious that the Kent Waterworks Company should lately have
succeeded in bringing to the surface a very large quantity of water
by means of some wells sunk in the valley of the Ravensbourne,
just before it falls into the Thames, and in the chalk itself. The
yield of these wells is sufficiently great to enable the company
to dispense almost entirely with its supplies from the Ravens
bourne, and the water is bright, clear, and singularly wholesome
and pleasant. It seems to me that the explanation of this ano
malous flow of water is to be accounted for by the interference
with the flow of the subterranean currents in the lower beds of
the chalk: firstly, by the great line of fault which has given
rise to the valleys of the Lea and of the Ravensbourne ou their
respective sides of the Thames; and secondly, by the upheaval
in an east and west direction which is known to exist between
Windsor, Brentford, Deptford, Shooter's-hill, Grays, and the
extreme north-westerly point of the embouchure of the Medway.
In all probability, also, the same upheaval has thrown to the
surface the spring which has lately been shown to exist ou the
north bank of the Thames, opposite to Gravesend; and I should
be much disposed to believe that for many years to come large
quantities of water would be obtainable from both the wells of
the Kent Waterworks Company and from the newly-discovered
spring, without producing any sensible depression of the waterline. At Woolwich, it is true, the Plumstead Company was
obliged to sink, or to bore, to a maximum depth of 525 feet
before it could obtain even a small supply; but the works were
placed on the lower side, in the direction of the dip of the
north and south fault of the Ravensbourne valley, and between
the latter and the valley of Cray and Darent; so that the con
tributing area was forcedly a limited one, especially as the boring
was not carried down to the more permeable and more highlycharged strata at the base of the chalk. I have heard of Arte
sian borings having lately been successfully made in the chalk
at Bermondsey; and I have little doubt but that similar results
would be obtained by sinking down to the chalk marl near the
margins of any of the lines of fault already noticed: the effect of
pumping liberally from such wells would however only be to ex
haust the supply; and in time it would be found that the phenc
17
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niena already observed in the upper chalk would be reproduced
in the lower beds. It would be long, no doubt, before this effect
would really take place; and in the meantime we may dwell with
satisfaction on the discovery of the new sources of supply at
Deptford and at Grays.
The history of the wells in the Deptford valley is the more
interesting, from the fact of the failure of the attempt to secure
a large supply of water from a deep well at Highgate; aDd it
seems to me also to point a moral, which might be very useful
to all connected with well-sinking. The Highgate well was com
menced with the belief that by passing through the Loudon clay
and its subordinate beds—the chalk, the upper green sand, aud
the gault—a supply would be obtained from the lower green sand,
in the same manner as at the Artesian well of Grenelle. It was
known that the lower green sand outcropped on the margin of
the gault all round the northern, western, and southern sides of
the London basin; and certainly there was no a priori reason for
doubting the continuity of the stratum beneath London. But
after passing the various strata, including the gault, iu the pre
cise order anticipated, and of a total thickuess of 1113 ft. 6 in,
the boring tools, instead of entering upon the lower green sand,
as was then anticipated, passed into a series of beds of sands,
sandstones, red clays, &&, which have been considered by geolo
gists to belong to the new red sandstone series. From the re
sults of some other borings recently made near London, I am
disposed to believe that these beds are members of the Wealden
series rather than of the new red sandstone, notwithstanding
the apparent confirmation of the latter theory by the results
of the borings at Calais, Ostend, and Harwich, to which I hope
to be, able to call your attention on a future occasion; but to
whatever portion of the geological series they belong, the effect
of their intrusion has been entirely to intercept the flow of the
water of the lower green sand under London. Under such cir
cumstances it was manifestly impossible that water should be
obtained at the Highgate well from that formation; and as the
chalk, the chalk marl, and the upper green sand yielded com
paratively no water, the prosecution of the works was abandoned.
It may be added that the Hampstead Company, at whose ex
pense they had been carried on, was shortly afterwards com
pelled to part with its district to the New Eiver Company.
-Now the lesson which may be learnt from this story seems to
me to be, that there is little chance of finding water in any deep
well in formations like the chalk, if that wea should be sunk in
the intermediate zone between two great lines of fissures, such as
have given rise to the outbursts of the springs in the valleys of
the Colne and the Lea; and it is to be observed that the indica
tions of these lines of disturbance are to be traced on the south
side of the Thames, respectively in the valleys of the Wey aud of
the Bavensbourne. It would seem as though the subterranean
waters accumulated near the edge of the fault, and were there
forced to the surface: and it is worthy of notice that the springs
which supply the four rivers above mentioned almost all rise on
their western banks; that is to say, on the bank corresponding
with the upper edge of the dip of the strata. In such case the
water might even be forced up a free open passage between the
disrupted faces, more easily than it would rise in a well sunk
through the superincumbent strata: aud a current once estab
lished iu such a direction, a well sunk near the apex of the inter
mediate district would not receive a larger supply than would
arise from the precise area itself had laid bare. The water
flowing in the intercepted stratum for a width equal to the
dimensions of the well would flow into the latter, but no more;
and the only way of increasing the yield of such a well would be
by driving a heading across the line of dip, at the level of the
water-bearing zone. This at least is certain, viz., that at Highgate and at Woolwich the wells were sunk below the natural
water-line of the valleys of the Lea and of the Ravensboume, aud
no considerable volume of water was obtained in either of them.
Now to revert to the condition of the actual water supply
of Loudon, you must be aware that, subsequently to the passiug
of the Metropolis Water Act of 1852, all the companies have
been obliged to remove their sources of supply from posi
tions where the waters were likely to be effected by the tidal
action, or by the emanations of large manufacturing districts.
The West Middlesex, Grand Juuction, and Southwark Com
panies take their water from the same spot on the banks of the
Thames, above the village of Hampton, and above the second
lock on the navigation; the Lambeth and Chelsea Companies
take their water from Kingston, above the Teddington lock; the
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East London and New River Companies take their water from
the Lea, the first from a lateral branch from the main stream
given off above Clapton, and the latter from the river above
Ware; whilst the North Kent Company takes its water princi
pally from its wells, and partially from the Bavensbourne. In
all cases the companies are bound to filter the water, and the
arrangements /or that purpose are of the most elaborate descrip
tion, and are, moreover, very conscientiously carried into effect.
All the storeage reservoirs are covered, and in fact every pre
caution has been taken to insure the purity and the good quality
of the water supplied to the inhabitants of London. Whatever
can be effected by skill and science for those purposes has been
done; and yet, month after month, the Registrar-General has
thought it to be his duty to make comparisons between the
water supplies of London and some other towns, which appear
to lead to the conclusion that the London water companies
supply a fluid of a very objectionable quality, even if they do not
point to the necessity of a radical change of the whole system
here adopted.
Without carrying you back into the Registrar-General's weekly
returns of the public health, I would refer to those published at
the beginning of October, November, and December last, in
which the following tables appear:—
1860.

Ot'TOBU.

«"£•§

8npply.

IfoVIMllI.

DRCKMFtaa.

K4

i-8

fi-g
lit I'll all
•§js.

.s£-§

Distilled water ...
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0-00 0-00
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3-16 0-96
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4-32 0-64
20-96 3-04
Great Yarmouth.Well, Great Titohfield-st.
140-68 16-68
..«
Ditto, Bexley -street. Cam...
...
berwell
Thames Companies.
21-40 1-88 21-12 1-12
Chelsea
21-20 2-08 21-88 l-ssr
Lambeth...
20-40 1-12 19-64 1-08
Southwark
20-16 1 24 20-68 1-68
West Middlesex
20-28 0-84 20-96 1-36
Grand Junction ...
Other Companies.
East London
23-40 2-04 22-44 1-48
20-08 1 12 20 32 1-12
New River
24-64 1-60 23-78 2-68
Kent

]...

u Z? 3

3I« at?
SMI -8. «J|L
0 00 0-00
8-16 0-96
4-82 0-64

214-00 12-80
20-84
20-28
21-60
20-04
21-88

2-08
1-24
1-80
1-84
1-60

21-48 1-40
22-30 0-84
22-40 0-56

Now the value of official analyses of this description depends
on the extreme care taken with them, and the precautions ob
served to secure correct results; yet we have this singular fact
upon the face of the above table—viz., that the analyses of
the supply from the Glasgow and from the Manchester water
works for the three last winter months—during which heavy
rains and suow fell, and the trees and shrubs upon the respective
gathering grounds must have furnished a number of dead leaves
able to affect the quantity of organic matter in the waters flow
ing from those grounds—the analyses have been identical. The
comparison between the fixed quantity of organic matter as
signed to the Glasgow and the Manchester water supplies on the
one side, and the variable quantities asserted to be found in the
London water supplies, goes for nothing under these circum
stances. Again, in none of these cases has any public statement
been made of the nature of the organic matter said to be con
tained in the waters, although it is universally admitted that the
injurious effects of the organic matters in question depend upon
the quantities of the nitrogenous elements they may contain in
a state able to undergo decomposition. The nitrogen of the orfanic elements which have undergone decomposition is stated by
lofmann and Blyth to be innocuous, but in the tables above
given it is included with the other "organic" matters; and it is
by no means impossible that the actively dangerous elements
may exist in the greatest proportions precisely in those waters
which contain the smallest numerical quantities of the class here
grouped under the same name. But be this as it may, it is
worthy of especial remark, that on several occasions the London
waters have presented quantities of organic matter which are
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personal inspection of the district, know that not only was the
actually less than those permanently assigned to the waters con
• quantity of water said to be obtainable from it seriously exagge
sidered to be the "types of wholesome town supplies."
As to the inorganic impurities in a town supply, there is still rated, but that the estimated expense of the works was as seri
so great a variety of opinion as to their influence, that it would ously below what it really would have been. Even if both these
catchwater schemes for securing a soft water supply were exe
be presumption in any one man, or even in any one body of pro
fessors, to pass a decided opinion on the subject. From the cuted at any cost, they could not furnish the quantity required
earliest periods to the present day it has been held by the most for the enormous population of London. At the rate of the
Liverpool and the Manchester waterworks, where the rain-fall is
competent inquirers into this branch of pathology, such as Hippo
greatly in excess of that of London, it would require gatheringcrates, Chossat, Dupasquier, Levy, Dumas, &c, that waters con
taining a small quantity of the bi-carbonate of lime in solution are grounds in the proportion of about 25 acres per 100 individuals;
those which are the most advantageous for human consumption. or for the supply of the metropolis it would require not less than
It is precisely the bi-carbonate of lime which constitutes the bulk 1000 square miles, or about one-sixth of the total estimated
of the inorganic impurity of the water flowing from the various water-shed of the Thames; and it is preposterous to suppose
formations of the valley of the Thames; and it appears from the that under any conditions of springs fed from other sources the
results of experiments on water obtained directly from the chalk, districts it has been proposed to resort to could yield anything
that there is a larger proportion of that ingredient present in approaching the volume which wonld be required. As it is, the
them than there is in the waters originally derived from chalk abstraction of fresh water from the Thames is in dry seasons
springs, but which have flowed for some time in the open air. becoming an evil of serious magnitude to the navigation, even
The wholesomeness of chalk water, when clear and free from when the New Elver, the East London, and the Kent Water
mechanical impurities, is too well known to require more than works Companies derive their supplies from other sources than
What would be the case if the whole of the
a partial allusion; and it must therefore be a matter of surprise the Thames.
100,000,000 of gallons now supplied to be consumed every
to those who reason upon these matters to find that the confi
day in London were withdrawn from the basin of the Up
dential advisers of the central administration should thus per
sistently dwell upon the amount of impurity supplied to London, per Thames ? It must indeed be observed, that if there be
when it is by no means proved that the so-called impurities are any real value in the opinion as to the hygienic superiority of
not positively advantageous under many conditions of a town the pure soft water, the whole of the town supply must be of
that description, unless the new source be resorted to simply as
supply. No details of the nature of the officially branded im
purities of the London water are given; but from analogy, and the basis of a scheme in opposition to the companies already in
from isolated experiments, it is fair to suppose that out of the possession of the supply. Far be it from me to pre-judge the
21 38 grains of impurity per gallon there are, in addition to the question as to the necessity of any such opposition. AH I seek
average quantity of organic impurity, or 1'395 per gallon, about at present to show is, that so far as regards the quality of the
16 grains of the carbonate of lime, with variable proportions of water supplied to Loudon, there is no immediate reason for a
change, and that there are as many objections to be raised to the
the salts of potash, sodium, magnesia, and calcium. These inor
ganic substances may even be supposed to play some useful part qualities of the model municipal supplies, as there are to the
in the strange chemistry of life; and it is notorious that the unjustly attacked waters distributed by the London water
water which does not contain them is often exposed to chemical companies.
reactions of a dangerous nature. Thus, for instance, in the case
In the year 1856, a series of articles under the head of
of the Woolwich and Plumstead Waterworks Company, the very "Visits to the London waterworks," appeared in the Journal of
beautiful system invented by Dr. Clark for softening the chalk Gat Lighting and Water Supply; and in the same year a report
well water, was applied under the very able management of Mr. to Mr. Cowper, president of the General Board of Health, was
Homersham, and the impurity was reduced from 23 grains to published; in both of which an account was given of the works
7 grains per gallon. Bnt at the same time it is to be observed, executed by the metropolitan waterworks in compliance with the
that the water so softened acted very rapidly indeed upon the Metropolis Water Act, 1852. At the date of the publication of
lead cisterns and services exposed to it; so much so, I have been those documents nearly all that had been contemplated for the
informed, as to entail a very heavy loss on the waterworks com
alteration and improvement of the existing system of supply had
pany. Again, the water of that "type of a town supply," Man
been completed, and since then little else nas been done beyond
chester, is now stated to be able—nay more, to be exposed—to the extension of the distribution into the continually extending
take up lead in sufficient quantities to be deleterious to health; suburbs of our marvellous agglomeration of houses, and some
and the story of the lead poisoning of the family of the late ex- trifling modifications cf the machinery required to meet the
king of the French, through the use of soft water which had been wants of some outlying districts. Perhaps the most remarkable
stored in a lead cistern, must be in the memory of all my readers. events which have taken place since 1856 in the history of the
I am myself disposed to suspect that there is some degree of ex
London water supply, have been the completion of the works on
aggeration in the opinion held by those who have written on the the New Biver at Hornsey; the sinking of the new wells at the
deleterious action of soft water on lead; but the point to which Kent Waterworks; and the utter failure of the Woolwich and
I am anxious to draw attention is this, that until the abso Plumstead Company, from a combination of circumstances into
lute importance of the actions of various classes of water are which it is not my province to enter. The results of the very
known, it is dangerous to cite any one of them as the type of a costly, and very equivocally successful experiments at Orangetown water supply, and thus by implication to create a prejudice street and Duck Island, have in no wise affected the question of
against other sources of supply. The fact is, that the human the metropolitan water supply; and the schemes for supplying
constitution is a far more delicate test of the value of water for the extreme east of London from Grays, or the extreme south
this particular purpose than any chemical analysis can be; and east from the Cray or the Darent, remain still in the state of
as the health of our London population is by no means inferior projects; the Hampstead Company, as was before said, has been
to that of the population of Manchester, or even of Glasgow or merged into the New River Company. At the present day,
Aberdeen, whilst its moral habits are no better than those of the then, the companies which supply the metropolis are:—1. New
towns cited as having a more comparatively pure and soft water Biver; 2. East London; 3. Southwark and Vauxhall; 4. Lambeth;
supply, it seems to me that there is something at least injudi 5. West Middlesex; 6. Chelsea; 7. Grand Junction; and, 8. Kent.
cious in the tone of the monthly criticisms upon the quality of The capital embarked in these undertakings is enormous. From
the water distributed by the London waterworks.
the returns to the General Board of Health it seems that the
There is moreover a very serious consideration, which, to my total cost, up to 1856, had been not less than £7,102,823; and at
mind at least, overrides the whole of this discussion upon the the present day it cannot be much below 7i millions. In 1856 the
quality of the London water supply, viz., that if medical and aggregate nominal steam-power employed was not less than 7254
chemical authorities should agree that the present source of horses, and the quantity of water pumped was 81,025,842 gallons
supply ought to be abandoned, there is positively no other source per day, on the average of the year. Nor would it be unfair to
to which we could resort. The notion of forming gathering- suppose that, in consequence of the increase of population since
grounds and catchwater reservoirs on Bagshot-heath was too the date of these returns, that the present rate of supply must be
absurd for even the late General Board of Health to support nearly 100,000,000 gallons per day, or at the rate of about
after it had been exposed to adverse criticisms for a few weeks. 40 gallons per head of the inhabitants. A service of this cha
racter cannot be lightly disturbed, and it behoves our rulers to
The scheme for collecting the waters from the Hind Head dis
trict also fell to the ground on examination; and I myself, from observe especial caution in the manner in which they allow their
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agenta to create feelings of dissatisfaction with a class of public
contractors who have risked so much, and laboured so earnestly
to discharge the duty they have undertaken. Perhaps the best
proof of the earnestness with which the London companies have
entered upon their task is to be found in the fact that they have
spent no less than 2\ millions sterling for the removal of their
sources of supply, for the filtration of their water, and for the
improvement of their distribution since the year 1852.
Before closing these remarks I cannot refrain from saying that
the inhabitants of London have been very far from seconding
either the intentions of the legislature in passing the act of 1852,
or the water companies in their attempts to improve the quality
of the supply. The legislature unquestionably intended (whether
rightly or wrongly) to facilitate the introduction of the constant
service, as it is called, into London; and the companies have
executed all the works incumbent upon them for that purpose.
For jny own part, I believe that the provisions in the act of
1852 on this subject must always remain a dead letter; because
the substitution of the machinery required for a distribution on
the constant supply for one upon the present intermittent supply,
would involve an outlay on the part of the public equivalent to
between £5 and .£10 per house. Moreover, the waste of water
upon the constant supply in a town like London—if it attained
anything like the proportions it has done at New York and Bos
ton—would instantly compel the adoption of measures to limit
the rate of supply. Practically, I believe that the distribution of
water in London must continue to take place as it does at the
present day; but so long as this is the case, so long does it be
hove the London public to exercise a rigid superintendence over
the machinery of distribution which is under their own control.
It is in vain to change the sources of supply for the purpose of
avoiding organic impurity; it is useless to filter the water aud
store it in covered reservoirs, if, directly that water enters the
houses it is intended to serve, it is poured into cisterns which
are not cleaned out from yearns end to year's end, or into butts
teeming with every description of organic and inorganic impu
rities. In this matter, as m many others connected with social
and hygienic science, the public requires to be taught that the
remedy for the most pressing of their evils lies in their own hands;
and if the householders of London would only clean out their cis
terns once a month—at least once every three months—we should
hear very little of the "total impurity per gallon" of the London
water. As it is, people who are not accustomed to think on these
matters are apt to forget the real proportions of the impurity
said to be present in the water referred to, and the public requires
to be reminded that 22 grains per gallon only mean 1 grain in
about 3182 grains, and that 1'4 grain of organic impurity of all
kinds, only mean 1 grain in 50,000. If these impurities be
poisons, they may be suspected to be slow poisons, of the kind
Foutenelle could, at the age of eighty, afford to jest about, as he
had taken them every day of his life; and we Londoners have an
unfortunate habit of " persevering in living" under their effects.
It may be worth while to add that the average cost of the
London water supply does not exceed five per cent, on the
rental, for a distribution so copious as to attain the rate of
40 gallons per head per day, or nearly seveu times as much as it
ought to be, for, in fact, no one really uses much more than 6 gal
lons per day. They only who take the water pay for it, and the
trading companies who supply the public are obliged to suffer all
risks, and to contribute largely to all public burdens in the shape
of rates and taxes; for instance, the assessments of the water
companies to the poor rates vary between 9 and 32j per cent, of
their total rentals; and, moreover, they are by the very necessities
of their position compelled to adopt every improvement in me
chanical or chemical science as it rises. A very long discussion
might be raised upon this part of the political economy of the dis
charge of municipal services, but it may suffice here to Bay that
the experience furnished by the management of the Manchester
Gasworks, and of the Southampton Waterworks, shows that
wherever municipal bodies take upon themselves the discharge
of functions which must be paid for in some way or other,
there is great danger—firstly, that there will be injustice in the
assessment of the payment; and secondly, that in the mode of
working there may be extravagance, even if not abuse. The
modern system of paying for the deficiencies in municipal budgets,
occasioned by the inadequate charges for gas and water rents, by
means of general and district rates, is, after all, only a disguised
method of making the community at large pay a portion of the
burden the consumers alone should bear. The system adopted in
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London, where they only who receive a benefit pay for it, is cer
tainly the fairest one, and in the end past experience has proved
that it is the cheapest.
The conclusions I am induced to draw from a careful study of
the question of the present condition of the London water supply
are as follows:—
1st. I think that the quality of the water is on the whole ex- ,
extremely good, and that the companies take every precaution in
their power to maintain its character.
,
2nd. I am convinced that it is utterly impossible to secure a
supply which should attain the supposed ideal type, even if that
were desirable, which I do not believe.
3rd. I think that the greatest present improvement in the
quality of the London waters would be effected by rendering it
impossible for the population on the banks of the Upper Thames
and its affluents to use the river as their outfall sewer. With
all the local impurities thus cast into the Thames, the quantity
of organic matter its water contains does not however exceed in
any notable quantity those contained in deep-seated chalk springs
which cannot possibly receive sewage.
4th. It seems to me that any extension of our present supplies
should be sought for rather on the east than on the west of
London, and on the edges of some of the great lines of disturb
ance there existing.
5th. It seems to me also that it would be a mere waste of money
to attempt to execute any system of catchwater supply.
6th, and lastly. I think that there is both great injustice and
great want of a true spirit of philosophy in the insinuations which
are now constantly urged by the Registrar-General on the sub
ject of the impurity of the London water. Pure water does not
exist in nature, for even rain-water contains appreciable quan
tities of ammonia: thus, Barral states that the rain-water of
Paris contains about 3 in 100,000 of organic impurity; and the
well of Crenelle yields a water containing about 15 in 100,000 of
impurity of every kind: but even if pure water could be obtained,
it would be necessary to ascertain the precise nature aud effects
of the extraneous matters in any other definite water supply,
before applying to those matters the term impurities. The
Registrar-General's monthly reports, moreover, not being drawn
up with the assistance of the officers of the companies, can only
be regarded as ex parte statements by one who evidently has
a strong bias against the companies or their sources of supply.

DISENGAGING CATCH FOR THE MINER'S SAFETY
CAGE, &c*
By Robert Aytoun.
All previous disengaging catches with which I am acquainted
are subject to the serious defect of disengaging sometimes when
it is not wanted, or of not disengaging when it is wanted; and
the means taken to remedy the one defect only make the other
more imminent.
The catch which I have invented (Figs. 1, 2, and 3) is entirely
free from these faults. It may be described as a species of claspknife, which it resembles both in form and the duty it has to
perform—namely, that of cutting through an iron bolt, so as to
allow the cage being disengaged from the winding-rope, as aftermeutioned. Its handle, ABC, Fig. 1, and blade, ADE, consist
almost entirely of three steel plates closely touching each other.
The handle is formed of the two outer plates, which are sepa
rated, as usual in knife handles, by a spring along the back, and
which is marked off by dotted lines in the figures. The mid
plate represents the blade of the knife, which is not kept shut
by its spring as in ordinary knives, but is slightly open. The
pin A, on which the blade turns, serves as the bolt of the
shackle, by which it is attached to the winding-rope.
The
shackle end of the catch is no wider than is necessary for strength.
But the lower ends, both of handle and blade, BC and DE, are
made somewhat wider, to admit of slots being cut into them, to
serve as hooks for suspending the cage. The slots are made thus:
having shut the catch, by pushing the blade home into the
handle, as in Fig. 2, a vertical slot FG is to be cut from the
middle of the lower end, right through both handle aud blade,
of a size sufficient to admit the link Dy which the cage is to be
attached to it. The length of the slot may be twice its width.
The blade being now opened, as in Fig. 1, the slots of both
* Read before the Royal Scottish Society of Arts.
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handle and blade are to be extended from their upper ends in
the direction of each other, that is to II and I respectively.
The length of these extensions need not exceed their width.
The action of the slots is as follows:—the catch or knife is first
shut, which brings the vertical slots both of the handle and of
the blade together, so as to form only a single opening, as in
Fio. 1.

Fia. 3.

Fig. 2. The link by which the cage is to be fastened to the
catch is then pushed up to the top of the vertical slot Next,
the blade is allowed to open by the operation of its spring, by
which means the vertical slots, both of the handle and the
blade, are moved away from under the link, which now finds
itself at the extremities of the side extensions of the slots,
resting on their lower sides, as in Fig. 3. In this situation,
the junction of the cage to the rope is perfect But its secu
rity depends entirely upon the spring; for if it were to allow
the blade to shut, the two vertical slots would be brought
together, and allow the link to escape, and the cage to drop.
To prevent the occurrence of this mishap, to which all previous
disengaging catches are liable, a strong bolt of soft iron, whose
head is shown at K, Fig. 3, is passed through both handle and
blade, and strongly rivetted. Thi3 secures the catch beyond
the possibility of accident, and gives as
much security as any link or shackle
Fio. 8.
could do. At the same time the bolt may
be cut, and the blade shut so as to liberate
the cage, by the application of sufficient
EDwer. For this purpose, a strong iron ring
M, Fig. 3, within which the windingrope travels, is secured close below the
pit-head pulley. Its diameter is just suffi
cient to admit of the catch passing through
it when closed. In the case of over-wind
ing, when the catch, impelled with the
whole force of the steam-engine and the
momentum of the fly-wheel, reaches the
iron-ring, the blade is at once shut, and
the bolt sheared cleanly through, and the
cage released. This is shown in the model,
in which a bolt of copper is cut through
at each experiment. The bolt is not
broken, in which case it might be feared
that sometimes it would stand the shock
and not liberate the cage; on tiie contrary,
it is as cleanly cut as if done with shears
provided for the purpose. The reason is
obvious; the handle and blade of the
catch are composed, as was stated before,
of three plates of steel, fitted closely together, and drawn still
closer by the rivetted bolt, which will not let them part till
the cutting of the latter is completed.
I shall have thus, I hope, established my two positions, that
the catch cannot be disengaged by accident, and that it cannot
fail being disengaged in a case of over-winding. I am happy to
be able to add that I have not secured the disengaging catch
by patent.
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ON THE LARGE BLASTS AT HOLYHEAD.
By George Bohertson.
(Concluded from page 40.)

The objections to shafts are as follows:—
The miners not only work in a confined space, but to great
disadvantage, as their work is below their feet.
The materials and men have all to be drawn to the top by a
windlass; and the ventilation is bad, so much so, that after
a small shot in the shaft was fired the men could not return to
their work for some time, notwithstanding the windsails, watertubs, and other contrivances that were used to remove the foul air.
Any water also which may collect in a shaft, either from rain or
wet joints, has to be removed, and will not drain out of itself.
Shafts have some advantages, however, over headings. They
weaken the whole column of rock from the top to the bottom,
greatly helping the powder, and determining the line of fracture.
They are also very quickly tamped, as the debris which comes out
in sinking the shaft has merely to be thrown down again. This
is of some advantage in wet situations, where the powder should
be fired off as soon as possible. It is obvious that the same
point in the rock may be reached as well from the face as from
the top of the quarry, and often by a shorter route.
Headings, or galleries at right angles or nearly so to the face,
are evidently in some points preferable to shafts sunk from the
top. They are of a more convenient form to work in, the men
having the rock in front of them, instead of below their feet;
the clippings can be easily wheeled out; the ventilation is better;
no rain falls into the mouth as in a shaft, and any water from
joints drains itself out A heading also forms a convenient
Fio. 1.

Fio. 2.

mmzm

Charge, 2340 lb.; produce,
5500 tons.

Charge, 2800 lb. ; produce,
5500 tons.

place of safety for the miners while neighbouring shots are
being fired. The usual size for a heading was 5 feet to 5 ft. 6 in. in
height, by 3 ft. 6 in. Wherever it was possible headings were driven
by the side of joints, and were generally placed so as to blow
away a corner, as in Figs. 1, 2, 3, 4. When it was desirable to
clear the bottom of the quarry well, the powder was placed
several feet below the level of the rails.
Headings are more nearly in the direction of the line of
least resistance than shafts are, and the tamping is in conse
quence more liable to be blown out. They have therefore to be
filled with greater care, and the direction of the gallery changed
and sunk at parts, as shown in the diagrams.
Fig. 1 had a line of least resistance of 28 feet, with a height
of face of 70 feet. The charge was 2340 lb., placed 3 feet below
the rails, and the produce 5500 tons, or 2J tons for each pound
of powder. Fig. 2 is a very simple form of heading run along
a joint not at right angles to the face. The line of least resis
tance was a foot more than in Fig. 1, but the charge of powder
was rather less, viz. 2300 lb., as the face was but 60 feet high;
and in Fig. 1 there was also a heap of loose stones at one side,
which gave the powder more to do. The produce of Fig. 2 was
5500 tons, or nearly the same proportion to the pound of pow
der as in the last example. Fig. 3 was also driven along a joint,
with a line of least resistance of 28 feet, and 85 feet height of
face. The charge was 2500 lb. (1 ft 6 in. below the rails), and the
produce 6000 tons, or 2J tons to the pound of powder. As in
shafts, the powder was often divided into several charges. An
instance of a double charge is given in Fig. 4, where the gallery
follows the direction of one joint, and the principal charge of
powder is placed at another joint. The sinkage in this heading
was not, as usual, at the turn of the gallery, but in the centre
of the straight portion: Pt was 2400 lb., Ps 1800 lb.; the line of
18
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least resistance 33 feet, and the produce 2$ tons to the pound of
powder, or 10,000 tons in all.
A double heading, with three sinkages, is shown in Fig. 5,
where the face averaged 60 feet in height, and the lines of least
resistance 29 feet. The produce was 12,000 tons, with a charge
of 61 00 lb.
During the period referred to in this paper the largest mine
tired was one of 5 tons of powder, producing about 40,000 tons
Fio. s.
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^ \Sun

4^r
Charge, 2500 lb.; produce,
6000 tons.

Charge, 4200 lb.; produce,
10,000 ton».

of stone; but since then there have been others larger. One of
the most successful ever fired at Holyhead was a heading with
four charges, in which the joints of the rock were very favourably
situated, as is seen in Fig. 6. The height of face was 146 feet,
the length 140 feet, and the grip of heading 35 feet. The total
charge was 13,000 lb. of powder, or 6$ tons (2000 pounds of
powder going to the ton), Pi = 4500, P2 = 4000, Pa = 3000,
P4 = 1500 lb. The produce was stated in the newspapers to be
70,000 tons of stone, or fully 5$ tons to the pound of powder.
Unless the rock was very overhanging this quantity appears
rather full. It may give a more popular notion of the enormous
supply of stone brought down by these large blasts, when it is
stated that Fig. 6 furnished an ample quantity to build the divi
sion of George-street (Edinburgh) in which this hall stands, with
enough over probably for half of the opposite side; or there
would be sufficient to macadamise the road from Edinburgh to
Linlithgow.
Larger charges were required for headings than for shafts, as
the superincumbent rock was not weakened by the shaft column,
and the height of face was generally great where headings were
most advantageously used. It will be seen therefore that shafts
and headings nave each their peculiar merits and defects, and
that a judicious mixture of both is the only proper way of work
ing a quarry on the large scale. On the whole, headings pre
ponderated, especially after the first two years' experience.
The usual method, when the face of the rock was not per
pendicular, was to remove the upper half by a shaft, and the
lower by a heading. When the face was nearly upright the
heading alone was sufficient, as the top fell in when the root
was blown out. A heading and a shaft fired together left a clean
perpendicular face for the next mine. A good deal of fore
thought had to be exercised in placing the shafts so that they
might be ready in rotation to keep up a steady supply of pro
perly broken stone. They took many weeks to sink; headings,
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of 180 feet. The different qualities of powder were sometimes
mixed, to bring the strength near this effective standard. It was
delivered at Holyhead for about £55 the ton.
There is an idea amongst quarrymen that it is an advantage to
mix powder with sawdust or quicklime; the former to divide
the particles and cause them to ignite slowly, the latter to absorb
any moisture. Both are erroneous notions; true economy is to
use good powder, though for blasting it may be coarse grained.
In the shafts a space was sometimes left round the charge.
Theoretically, I believe, this is of use in permitting the expand
ing gases to acquire momentum; but the space was so small in
comparison with the quantity of gas evolved from such large
charges, that it was practically of little use. The 50-lb. barrels
were poured into a deal box of the calculated size for the charge.
A box 3 ft. 4 in. cube would hold a ton. Bags were at first
used, but were discontinued, and the powder lay loose in the
box. There was little fear from damp, as a mine was never
charged till the day it was tamped and fired. Inside the heap of
powder was the bursting charge, which was a small bag of fine
sporting powder inclosing a piece of wood, in two nicks of which
the wires from the battery lay, with a piece of platinum wire
between them. When the circuit was completed in the batteryhouse this grew red-hot, and fired the mine.
The battery wires in the shafts had to be protected from the
tamping falling on them, and they were therefore laid in a
groove cut in a batten placed up one angle of the shaft. At first
a length of Bickford's fuse was also placed in this groove, in case
of the wires missing fire. This occurred so seldom that the fuse
was discontinued, it being cheaper to run the risk of now and
then having to untamp a mine than to supply them all with
fuses.
The wires from the battery-house were of copper covered with
cotton-yam or gutta-percha; these were unrolled from a drum
Fio. 6.

Charge, 15,000 lb. ; produce, 70,000 tons.

to the required length. A considerable portion was recovered
from the heap of stone after the blast was over. The batteries
were placed sometimes in a heading, sometimes in a bombproof
hut, according to circumstances. They consisted of earthenware
cells, with plates in pairs of zinc and platinum, moistened with
sand damped with sulphuric acid. The acid was thus economised,
and kept from being spilt when the batteries were shifted over
the rocks from one mine to another.
Tamping a shaft gave little trouble; quarry debris, clay, and
stones, were thrown down promiscuously. Headings required to
be tamped with greater care. The charge was generally built in
for some feet with a dry rubble wall, and the remainder of the
Fig. 5.
gallery rammed with a red clay found in parts of the quarry.
The great shots were always fired after the usual small ones
had gone off, on the hoisting of a red flag on the battery-house.
Sv**5-° Sv^-6sunti5-0
If successful, there was little or no noise; the column of rock
was seen to heave slowly forward, and crumble to pieces amidst
a cloud of dust and smoke.
The " rooters out" were apt to
make a good deal of noise; and sometimes, in spite of every pre
caution and care in the calculations, the whole mass was blown
across the quarry, tearing up rails and stopping the traffic for
days. Very large lumps of rock were at times thrown a con
Charge, 6100 lb. ; produce, 12,000 tons.
siderable distance, and these had to be reblasted aud treated as
separate rocks before they could be used. I have known a piece
on the other hand, were driven in a much shorter time, and in
of 1000 tons thrown forward over the lines of rails.
this respect had the advantage.
The blasting powder was kept in strong vaulted magazines,
At the bottom of nearly every blast there was a "core" of
and was landed from the hoys while the men were at dinner, and solid rock in the heart of the heap, which had to be removed by
small shots to prepare a fresh face for the next mine.
This
the locomotives out of the way. It was delivered in small bar
rels holding 50 pounds each, or half a hundred-weight (100 lb. core prevented any very accurate estimate of the quantity of
being the hundred-weight of powder). One pound of powder =
stone yielded by a blast. This could only be told exactly by
thirty cubic inches. The strength was tried in two ways; either counting the number of waggons which were loaded at that
heap. The waggons were all weighed as they went to the break
by a gun, in which the recoil was measured on a graduated arc,
or by a small mortar elevated at an angle of 45°. One ounce of water, and the contractor paid accordingly. The percentage of
dirt varied, according to the part of the quarry and the height of
good powder ought to throw a ball of 68 lb. weight to a distance
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the face of the rock, from one-sixth to one-twentieth. The first
6 feet below the surface was usually earth and rotten stone.
All small stones and chippings were allowed to be deposited at
a spot on the shore of the harbour, to form a beaching ground
for vessels; but clay and earth were run to spoil. For a short
time after a blast there was some dancer in approaching the
heap, owing to the foul air which hung about the stones.
In entering upon the calculations upon which the charges of
powder were based, it must be premised that they were not to
be relied on as mathematically correct, but were the nearest
obtainable in practice. An unforeseen joint or crack, or some
weak part of the rock arising either from texture or cleavage,
would upset the best of calculations. But still, in the generality
of cases the charges could be regulated with very great nicety.
Sir John Burgoyne's general rule for small shots is as fol
lows:—one-half of the cube of the line of least resistance in
feet = charge in ounces; or what is the same thing, the charge in
pounds = A of the cube in feet. This rule is sufficient for
ordinary mining operations; but at Holyhead the desideratum
was not only to move the mass, but to bring it down thoroughly
broken up, and fit for loading the waggons at once. This the
,\i- of the cube would not do, unless under the most favour
able circumstances. After much experience, the general rules
determined upon for Holyhead were as follows:—for ordinary
shafts, from ^ to Jg the cube of the line of least resistance
in feet = charge in pounds. For ordinary headings, ^ of the
same line cubed. In "rooters out" it was found necessary
to increase these quantities to -fa of .the cube of the line of
least resistance. But it will be easily seen, that with the same
line of least resistance, the contour of the rock, the position of
the mine, or the height of the quarry, might very considerably
alter the work the powder has to do. With the same distance
also from the face, the depth of the shaft, or distance from the
top of the heading, might be 30 feet, or it might be 130.
It would be unreasonable, therefore, to base calculations for
mines of the size we are treating of upon the line of least resis
tance alone. In small shots it alone may be considered, because
these objections do not apply in the same degree as in large
mines, and here the powder is generally in excess of what it has
to do; but in operations where tons of powder are in question the
case is different.
After a number of mines were recorded, with their charges and
produce, a check upon the general rule was obtained.
The
quantity of rock upon which the powder would operate, and
which the mine might be expected to produce, was determined
beforehand. By a careful examination of the neighbouring joints
this could be ascertained very closely. For a lower heading,
where the powder does extra duty (being generally below the
rails), 1 lb. of powder to every 2 tons of stone expected was
allowed. When a top shaft was in question 1 lb. of powder
ought to produce 3 tons of stone; the average over the quarries
of both shafts and headings being 1 lb. of powder to 2j tons of
stone. The difference between the quantity of powder calculated
in this way, and the quantity obtained with reference to the
line of least resistance cubed, was the variable quautity, which
was altered according to the position of the joints, &c Half
the difference was taken in ordinary cases. For example, in a
lower heading, let the line of least resistance = 30 feet; the
height of rock = 60 feet; the average width of the column
= 50 feet; then taking this last check rule we obtain
30+50+60
_
Say 12 (the number of cubic feet to the ton)
7500 tons of expected stone.
And —5- = 3750 lb. in the charge.
Now, had we taken the line of least resistance as the only
element in the calculation, applying the general rule for head
ings, we have—
303
— =s 2250 lb. in the charge;
a difference of 1500 lb. less than by the other method. In prac
tice about one-half this difference, or 750 lb., would be added to
the quantity obtained by the -fa °i the line of least resistance9,
to enable the powder to do the work required by the position
of the heading. The charge would therefore be 3000 lb., instead
of 3750 by the one method, or 2250 by the other.
The only remaining point now to be noticed is the cost of
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quarrying on the large scale. This I am enabled to give from a
very accurate estimate which was made in November 1855, from
the pay-sheets for a week, during which the quantity quarried
was 23,095 tons, of which 1165 tons was debris, not deposited in
the breakwater. This estimate includes quarrying, tilling the
waggons, aud moving them clear of the face of the quarry.
1.— Quarrying.
Fence
per ton.
Powder for headings and shafts .
.
.£2(59 8 10
2'80
Driving ditto
168 0 0
174
Superintendence
4 0 0
0 04
Total cost of quarrying 23,095 tons .
. £441 8 10
2.—Filling.
Wages of fillers and gangers
.
.
.
202 15 4
Quarrymen blasting large Btones .
.
.
75 10 0
Powder used by ditto
.
.
.
.
11 8 1
Wages of carpenters, smiths, strikers, pointboys, toolboya, brakesmen, drivers of horses,
platelayers, and general labourers
.
. 122 9 2
Foremen's wages
.
.
.
.
.
10 4 0

458
2-ll
0'78
0'12
1"27
Oil

Cost of filling waggons
422 6 7
489
Total cost of stone quarried and filled, per ton
897
The miners' wages varied with the kind of work; in soma
Earts of the quarry they got 25*. per foot run for driving a
cading, in others only 14*.; out of which they had to pay about
2*. for the powder, fuses, &c. used in blasting. One man could
drive fully l£ foot per week; the average over the quarries being
5 feet of heading for four men. In one case four men only drove
3 feet in a week, in another case as much as 10 feet; alow
average therefore is 5 feet.
It is more than six years since I was at Holyhead, but I
have no reason to suppose that the system of blasting has varied
materially from what is recorded in this paper.

DESCRIPTION OF M. MARIETTE'S EXCAVATIONS
AT GHIZEH AND SACCARA.*
By Professor Donaldson.
The lecturer commenced by observing that he thought some
account of a two days' excursion from Cairo to the monuments
of Ghizeh and Saccara might not be uninteresting to the mem
bers of the Institute. He visited Egypt very recently, for a more
serious subject than merely making architectural notes—he went
upon a practical one for the government; and therefore he could
only employ a few days of leisure in the pleasure of visiting
some of the ancient monuments of Egypt, of which he had read
much, on which he had lectured much, and on which of course
he had thought much. If they would allow him, therefore, he
would give a brief description of a two days' journey which he
had in going from Cairo to Ghizeh and Saccara. Many present,
who had not been in the country to which he referred, might
perhaps not be aware that the donkey was a very useful animal,
and that the journeys of travellers in that country were gene
rally made on the backs of donkeys, which were exceedingly
intelligent and docile, aud took great care of their burden. They
went about the pace of five miles an hour, and he had been in
the saddle on a donkey's back for ten hours a day, without
experiencing any very great fatigue; indeed he should have
experienced more fatigue had he been on horseback for that
length of time. Sometimes travellers availed themselves of the
aid of dromedaries; aud he knew a gentleman, who was educated
at the Roman Catholic College in Lancashire, who went into
the desert with a dromedary, possessed of ouly a few dates, in
pursuit of botanical aud other scientific studies. On leaving
Cairo, travellers took their donkeys, drivers, aud dragoman, and
off they started from Modern to Old Cairo, which was situated
at the distance of about a league. He was in the country in the
month of December, and it was then as fine as the early summer
in Englaud. The traveller went through Odd Cairo, dismounted,
got to the place for embarkation, went into the boat and crossed
the Nile to Ghizeh, passing the Nilometer, indicating whether
the Nile rose to a certain height at a particular time, which had
great effect upon the prospects of the harvest of the country.
Near the Nilometer were some monuments of very great inte• Bead, at toe Boj&l Institute of British Architect!, on the 18th nit.
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rest. The traveller passed over the river arjd got to Ghizeh, from
which was derived the name of the pyramids in the neighbour
hood. Having crossed the Nile, the traveller got out of the
boat or barge, again mounted his donkey, passed through various
Arab villages, and through groves of date-trees. All the while,
after getting to Old Cairo, the traveller saw the pyramids before
him, and as he advanced they developed themselves gradually,
over-topping all other objects. The traveller passed through
fields and through groves of date-trees, and then arrived at the
plateau of the rising bank of the rock on which rose the three
great pyramids of Ghizeh. (The lecturer then referred to and ex
plained a uumber of sketches he had made on the spot, represent
ing the appearance of the pyramids from a variety of points of
view.) The pyramids rose up above every other object near, and
for twenty-five miles approaching from Alexandria' towards
Cairo they were always seen. The first moment he saw the
pyramids it seemed to realise the whole history of a vast period,
and to form an epoch in his life. They could easily imagine
the emotions that arose in the bosom when first the traveller
saw the pyramids. As the plateau of the pyramids was ap
proached it was found that the villages were distributed to the
right and left As the traveller got close to the nearest village,
or even before, the Arabs came to him offering to be his guides,
and of course he had likewise his dragoman along with him.
And he does not grudge the money he pays (sometimes too
much) to the guides who soon haul him up to the top of the great
pyramid. The great pyramid, as most of them might be aware,
was cut out of the Bolid rock.—The Professor then proceeded
with his account of the
Excavations at Ghizeh and Saccara.
M. Mariette, so well known for his researches among the anti
quities of Egypt, has for some years conducted excavations for his
Excellency Said Pasha, the Viceroy, and has had the control of
all the antiquities of this country. No diggings are allowed with
out a permission granted through him. None of the fellahs can
sell the smallest object, under pain of a severe punishment, ex
tending, it is said by the Bedouin Arabs themselves, to death, if
any article be offered for sale without having been first brought
to him, to buy it if he choose for the Pasha's collection. He is
now carrying on excavations at the Ghizeh platform, Saccara,
and Thebes, where gangs of Arabs are at work, under the direc
tion of their sheiks, with the slightest tool, and even with their
hands, casting the sand, the dirt, and rubbish, into small baskets,
carrying it out of the trench, and depositing it at a short distance,
blear of the Bpot This is a forced labour; each village in turn
being obliged, as for other public works, to furnish and maintain
its contingent without remuneration from the government. I
observed that there were few grown-up people, the mass consist
ing of young boys and girls, who appeared very merry at their
work, one or two of them singing a kind of couplet, constantly
repeating the same words, the rest joining in chorus at the
end.
M. Mariette is very stringent with respect to any strangers
taking memoranda, sketches, or dimensions, and it was as it were
only by stealth, and as though I were doing something else, to avoid
observation, that I could put together a few notes of what I saw.
In the illustrations, therefore, that accompany my remarks, these
difficulties must be borne in mind, and except when I give posi
tive dimensions, very precise accuracy must not be expected. It
is to be regretted that M. Mariette does not supersede such im
perfect data, by himself giving accurate descriptions of his most
important discoveries, fie has full knowledge of his subject,
aptitude and felicity in knowing where to direct his researches,
and gre^it success has attended his labours, for the collection in
the Museum at Boulak contains many objects of the highest value,
particularly those found in the tombs. He ought himself to reap
the full benefit and credit of his investigations. But his delays
are unjust to himself and injurious to the study of Egyptian
archaeology; and he must not feel either displeased or surprised
that a passing traveller like myself should seek to make known
to his colleagues, however imperfectly, some of the discoveries
brought to light from time to time, and in which all Europe feel
interested.
I regret that I had not the advantage of seeing M. Mariette
while I was at Cairo. I called twice upon him at Boulak. He
was out both times; the first he had gone to Ghizeh with M.
de Les8eps, the second time he had just started on the Nile to pay
a visit of inspection to the operations carrying on at Thebes.
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Tomb near the Great Sphinx.—M. Mariette has for some years
been engaged in excavating a tomb upon the Ghizeh (platform,
within 100 yards of the Sphinx. This tomb, like that of Camp
bell, is sunk in the solid rock, out of which it has been excavated
30 or 40 feet deep. It assumes very much the form of a church,
with a central aisle and an aisle on each side, separated by square
pillars, with a transept at one end having a central line of
pillars. There is a wide door at the end, leading into a kind of
vestibule parallel with the transept, nearly as long, but only half
as wide. In the vestibule there is a well of considerable depth,
with water in it from the Nile. At each end of this vestibule are
doorways, one leading into a gallery still filled with sand, the
other into a wide passage running at right angles to it, the end
also blocked up with sand. I should state that the whole of
these parts have no roofing now, and are open to the sky. From
the transept there are openings; that on the one side leads into
three cells parallel with the aisles I have just described; they are
about 10 feet high, and over them was a much larger chamber.
The opening from the other end of the transept leads into a nar
row passage, also running parallel with the nave and side aisles,
rising in an inclined direction, and being apparently the passage
of entrance. On one side of this passage, in the thickness of the
rock between the passage and side aisle, is a chamber; on the
other side of the passage an inclined passage leading to an upper
story, probably over the entrance passage and the chamber last
noticed. The inclined passage is lined half its height with large
blocks of granite, and the other or upper half and the ceiling are
lined with slabs of Egyptian alabaster 12 to 15 inches thick. A
specimen of this alabaster I brought away with me, and it lies
on the table.
The piers dividing the nave and aisles are monoliths, 4 ft. 9 in.
by 3 ft. 4 in., and 14 feet high, upon which rested longitudinal
beams or architraves about 3 feet high; most probably on those
rested the transverse beams forming the roof or ceiling. The
walls were lined with blocks of granite of different tints, some of
deep red, others approaching to grey. I measured some of these
as memoranda of the gigantic character of their construction, 15
feet long by 5 feet high; 11 feet long by 3 ft. 6 in. by 5 feet; and
others 3 ft. 4 in. square on the face. The blocks in the angles had
no joints there, but returned on the other face 2 or 3 inches, of
course alternately breaking joint with the blocks above and
below. This must necessarily have caused great waste of mate
rial and considerable additional labour. In the upper part, near
the surface, I perceived some constructed walling formed of huge
blocks of the rock itself, laid in regular courses. As I did not
meet with M. Mariette at Cairo, I was unable to ascertain what
had been found in this tomb, if any sarcophagus had been dis
covered, and the nature of any other particulars brought to light.
Before quitting the platform of the pyramids, I will venture to
mention two or three other points with which I was struck. In
front of the smallest of the three great pyramids there was origi
nally a considerable court, with a dromos or avenue which led up
to it. The walls are thick, and consist of blocks of the full depth
of 6 feet, and in courses 6 feet high. I measured as the average
length blocks 16 ft. 11 in., 16 ft. 9 in., 16 ft. 6 in., and 11 ft. 5 in.
long,
When the bases of the pyramids were clear of the sand, debris,
and blocks, which now encumber them, they must have had
large platforms, the rock having been cut away to form the level.
Consequently, at 100 or 150 feet behind the pyramids to the west
the face of the rock gave a perpendicular height of 10 or 15 feet
In the body of the rock tombs were cut, having doorways opening
upon the platform.
I found, on the lower part of the third pyramid, courses of red
granite, several blocks remaining in their orginal position, and
having the appearance of bossed blocks, 3 ft. 8 in. high, 3 It 6 in.
deep from front to rear on the upper bed, and from 2 ft. 10 in. to
4 feet wide; they were wedge-shaped in plan, so as to form a key,
and there was a curious angle-shaped channel on the face of some
of the blocks lying about. The second pyramid was faced with a
granite revetment in the same manner as the first.
(The lecturer exhibited specimens of alabaster, mortar, and ba
salt which he found in Egypt. He next proceeded to give some
account of his journey to Saccara. Departing from Ghizeh, the
traveller passed over the desert, with his donkey, donkey driver,
and dragoman, passed by a lake, got to a kind of mound on which
was a monument, advanced onwards and found other lakes, which
were frequented by wild ducks, snipes, and other fowl, which
sometimes afforded good sport and were found very convenient
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for supper. The traveller rose tip in the desert ascent, and then
he found a wild sequestered scene, having fragments of mummies
and bones, and thus he passed on for miles to the village of Saecara. The next morning he was up before daylight, had the
donkey got ready, and off they proceeded to examine the monu
ments which he was about to describe.)
Serapeion of Memphis.—The Bedouin village of Laxara, Saceara, is in a direct line about a mile or a mile and a half to the
west from the site of Memphis. Up above the village, on the
Lybian range of hills, are several pyramids, with an immense
quantity of tombs, proving that this must have been the prin
cipal cemetery of ancient Memphis. The pyramids are crumbling
away, still, however, retaining gigantic proportions; the nume
rous mounds by which they are surrounded indicate constructions
beneath, or the excavations of Arabs or travellers in search of
antiquities; and for miles the surface of the sands, which have
accumulated to the height of tens of feet above the rocky level,
are strewed with fragments of mummies, blanched bones, and
other worthless fruits of the diggings of the curious; inspiring
feelings of horror and disgust at the ruthless spoliation of these
resting-places of the dead. Strabo mentions as at Memphis, of
which this plateau must have been considered to have formed a
suburb or part, "a Temple of Serapis, in a spot," he says, "so
sandy that the winds fill it up ;" and in it he saw sphinxes
embedded, some half-way, others up to the head. It would,
therefore, appear that in ancient times the same agencies existed,
and it could have been by constant attention alone that the
areas and dronio of the temples could have been kept free from
the accumulation of sand. Mons. Mariette had seen a dozen
sphinxes at Alexandria, and many at Cairo, brought from this
part ; and felt convinced that in this locality must exist the
burial place of Apis, or Serapeion, alluded to by ancient authors.
He was engaged four years in his researches through the sand,
in many parts 80 feet deep, and discovered the dromo, or sacred
avenue, leading from the Serapeion of the Grecian times to that
of the old Egyptian dynasties. The ceremonies connected with
the god Apis were very peculiar. He was a white bull, marked
with black spots; great care was used in the selection of the
individual animal, that he might fulfil all the conditions required
by traditional usage. He was kept in his sanctuary with scru
pulous devotion, and not allowed to have food of too nourishing
a quality, lest be should become too fat. He was occasionally,
but rarely, brought out and exhibited to the worshippers. He
was not allowed to live beyond twenty-five years; arrived at that
period he was slain, and his successor selected. They usually
died at an earlier agq; one is recorded whose death occurred
when he was 17 years 6 months and 5 days old. It is said that
•£20,000 were expended for funeral rites, which were of the most
sumptuous character.
The Serapeion which I visited had its connection with the
temple of Apis, and is situate on the slope of the hill, about
half a mile to the north of the great pyramid, and the descent
to the present entrance is to the depth of some 30 feet or so below
the general surface of the sand. We first passed along a narrow
gallery about 45 paces long, then turned to the left some 25
paces, which led into the main gallery, 4 paces wide, and pernaps 15 or 18 feet high. The whole excavation is in the natural
rock, which consists of a soft, friable grey stone, like indurated
clay, with seams of striated or fibrous alabaster, from half an inch
to an inch deep, and about 12 or 15 inches apart. The roofing
of this gallery is semicircular in form, but the sides, up to the
springing of the circle, are lined with courses of soft Thorah
stone, in courses 14 inches high and 18 inches thick. Turning
to the right down this wide gallery, sepulchral chambers pre
sent themselves on each side. Nothing can be more imposing.
In the dark gloom of the excavations, lighted only by the glim
mering flare of a wax candle or two, or by a few pieces of burning
resinous wood, producing a doubtful gleam, these mortuary
chapels—on a lower level than the gallery, and into which the
eye intently gazed to catch sight of whatever might be withinpresented a gigantic sarcophagus in the centre, 11 feet high,
12 ft. 9 in. long by 7 ft. 8 in. wide. Such at least was the size of
the one I measured, although M. Mariette records others from
15 feet to 18 feet long, and 13 feet high. These enormous pro
portions have a very impressive effect. They are of porphyry,
grey and rose granite, and basalt. The body of the one I drew
was 7 ft 8 in. high, hollowed out to receive the mummy and
case, the sides and ends being left from 1 ft 2 in. to 1 ft 5 in.
thick; the lid was 3 ft. 1 in. high, and splayed off at the top,
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with a level upper surface, 4 ft. 10J in. wide. Each sarcophagus,
without the lid, must have weighed 30 tons. Let us consider for
a moment the labour employed to disengage such a mass from
the quarry, to transport it several hundreds of miles from the
upper country, to carry it from the Nile up to the level on the
side of the hill, and then to convey it along the galleries, and to
raise and to lower it into its permanent position. One of the
sarcophagi in the rough still remains near the main entrance, as
though in course of preparation for the mummy of the creature
god. The floor of these lateral chambers was 3 ft 9 in. lower
than that of the main gallery, and the bottom of the sarcophagus
was sunk some 3 ft. 6 in. below that The chambers varied in
size, and were lined with courses of Thorah stone up to the
springing of the vaulted ceiling, like the main gallery. One
sepulchral chamber I measured was 25 ft. 6 in. from front to
rear, by 16 feet wide in the clear between the masonry; others
measured, between the rock, 25 ft. 8 in. by 12 ft, thus varying
in size. There are only three which have hieroglyphics; those
of the one I particularly examined were not deeply chased, but
rather thinly incised, almost in mere lines, as it were, on the
outside surface, and very few characters. For myself, I did not
find any hieroglyphics on the other sarcophagi that I examined.
I saw twenty-five of these chambers, as shown on the plan, beyond
which the galleries are encumbered by dibris; but there are
further continuations examined by M. Mariette, and I doubt not
others are still concealed from view, containing probably other
like stupendous sarcophagi.
M. Mariette discovered these subterranean deposits of the dead
in 1851, and found forty chambers. One of these sepulchral
chapels remained intact, just as it had been closed in the reign
of Barneses IL, some 3700 years since, and containing still the
Btatuettes, vases, and trinkets usually deposited with the bodies,
but of which the other chambers had been despoiled. Many
votive tablets exist, some inscribed with the names of Darius and
of Cambyses, the latter of whom profanely wounded one of the
sacred heifers, which, however, an inscription proves to have
survived some years after that event I found a rudely-carved
figure of a couchant lion in stone on one of the sarcophagi,
4 ft 8 in. long, and 1 ft 10 in. high.

TENSION BIBS.
Ih our February number we promised to take an early oppor
tunity of laying before our readers an investigation of " tension
ribs," somewhat similar to the analysis already given of the
action of the suspended girder. We now propose to redeem our
pledge.
It is some years since Mr. E. A. Cowper first suggested this
ingenious contrivance for combining the economy of the sus
pension principle with the firmness of the girder. For ordinary
chains he proposed to substitute girders, constructed in the same
curve in which the chains would dispose themselves when the
loading was equable, and of such depth of section throughout as
to contain within their limits every line of pressure possible
under any distribution of the rolling load. An equally diffused
load, therefore, would subject the girder chain, or rib, to simple
tension; the line of resultant tension in this case being every
where in (or close to)* the neutral axis: while a partial load
would cause a tension the resultant path of which would some
times lie very far from the neutral axis, although nowhere pass
ing beyond either flange.
The first point to be looked at seems to be this: what are the
strains thrown upon a girder by direct tension, acting on it
Fio. 1.

at a certain distance from its neutral axis; and what kind and
amount of reaction may we look for as the result ?
• Since settlement mast take place, the actual line of tension mint be a little below
the neutral axis at the half-span.
19
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In Fig. 2, let us suppose NA to be the neutral axis; the exten
sive force t (shown by the pair of opposite arrows ET), acting
at the distance d from this axis. We may consider the neutral
axis as passing through the centre of gravity of the section of
the girder, so long as no part is subject to compression.
It is clear that the two flanges and the web of the girder must
be in different degrees of tension. For if the tension were
Fig. 2.

equable throughout, the resultant would be exactly in the
neutral axis. To give a reaction answering to the resultant
shown in Fig. 2, the extensive forces must increase in energy
from the upper to the lower flange, so that while their total
amount is equal to t, their centre of gravity may lie in the
KneET.
To illustrate this by a diagram. If the tension t acted at the
centre of gravity g, the figure abed (Fig. 3), having a depth equal
to the depth of the girder, a breadth everywhere proportionate
to that of the cross section of the girder, and an area = t, would
correctly represent the total tension on the girder; while the
amount of reaction contributed by each portion from top to
bottom would be accurately shown by cutting up the surface of
abed into corresponding slices by means of horizontal lines. But
if the tension t, instead of acting at g, acted at some lower point x,
the diagram of tension would be reduced above g by the area afg
Fio. 8.

*

'

and would be increased below g by the area ceg, these areas
being of equal extent, and each tapering to a point at g. The
tension, thus altered in distribution but not in total amount,
will then be shown by the figure b/ed, or the equivalent figure
b'fe'd', equal to bacd, and having its centre of gravity at x. Thus
the girder will be not merely stretched, but also bent, in conse
quence of the under flange stretching more than the upper. ThU
bending shows a transverse strain.
The reaction which opposes the transverse or bending strain
may be considered as made up of the successive portions of ten
sion in excess or tension in defect, which compose the areas ceg,
afg, acting at their different leverages about the centre g. The
defective and excessive tensions thus make up a virtual moment
of inertia like that which attends the compressionsand exten
sions above and below the neutral axis of a girder in ordinary
cases. The only difference being, that when every part is more
or less in tension, the reckoning of this moment becomes all the
more simple; because the neutral axis will fall in the centre of
gravity, and the difference between the elastic forces of compres
sion and extension has not to be allowed for.
The transverse strain caused by the tension I at the distance d

[SUr.l, 1SSI

(in feet) from the neutral axis, will always be equal to the pro-duct of t X the leverage d. To save space, we do not go into
the proof of this, which the mathematical reader will easily
supply.
A wrought-iron girder under a mixed strain of this kind will
be transversely more stiff than it would be under a simple strain.
The reason being that the weaker elastic force (that which re
sists compression) is not brought into play at all, the whole duty
falling on the stronger elastic force of tension. At the same
time it has to be remembered, that there is an excessive tension
on one or other of the flanges, owing to the combined effect of
the general stretching and the transverse strain.
We may now pass on to the more general question, as to what
action takes place in the tension rib when the load is unequally
distributed, and the line of pressure does not coincide with the
neutral axis.
Since the rib is at once chain and girder, we must separate
the functions which it simultaneously discharges, so as to get a
clear understanding of each in detail. It is only in this way
that we can gain any real insight into the complex action in
which both are combined.
So far then as the chain-action of the rib is considered, we
must altogether set aside the notion of rigidity, and reason as we
should do of a perfectly flexible chain. So far as permanence of
form results from rigidity, it is the secondary, or girder-action
exclusively, that we nave to consider.
As a chain, then, the form of the rib is such as demands an
equal distribution of the load to insure equilibrium. The hori
zontal strain will be uniform throughout, and the resultant
tension must be transmitted invariably along the neutral axis,
no bending strain existing anywhere.
As a girder, the inflexibility of the rib effects the equal diffu
sion of a partial load, thus satisfying the conditions for the equi
librium of the chain. In doing this duty the rib undergoes
transverse strains; these are to be measured, at the points where
they occur, by the vertical distance between the neutral axis and
the line of pressure, multiplied by the horizontal strain.
Thus analysed, the tension rib is seen to be simply a special
form of suspension girder. As we have on a former occasion
gone somewhat fully into the general theory of suspension gir
ders, we need now only consider what is distinctive in the tension
rib. In brief, therefore, there appear three points to look at.
First, we have to examine the way in which the deflection of a gir
der is affected by making it curved instead of straight; and thus
to determine the wave of the tension rib. We shall next consider
the intensity of strain thrown at certain points on one of the,
flanges, owing to the rib having to do two duties in one. And
lastly, the saving of material on the one system, compared with
that on the other.
,
First, then, what will be the difference between the deflection
of a girder of curved outline, and that of a straight girder, thehorizontal span and other essential points being the same in the
two cases ?
Suppose AB, in Fig. 4, to be a girder with its ends supported
on a level at a span = *, and let the load W cause in it a deflec
tions^. Snppoee CD to be another girder of equal rigidity, and
the same clear horizontal span, but of a curved outline, and
therefore of course longer than AB. It seems at the outset
reasonable to expect that W will cause somewhat more deflection
in CD, on account of its greater length, than it does in AB. For
if we take a straight girder EF, of the same section and the same

w

_.Q_

horizontal span s, but fixed slanting, so that the span measures /
on the slope, we shall find the vertical deflection under the load
W increased from d to d x -» .* This shows that for a given
* The bending strain* being the aame in the two cue*, EF will bend into an arc
« = &. x '-•
>
having a sagllto = dx l«
:i : and the vertical deflection = sagitta x -j
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horizontal span the deflection will increase with the increase in
length caused by raising one end of the girder. In other words,
the vertical deflection of the girder EF is as the secant of its
angle of inclination with the horizon. The same principle applies
to the curved girder CD, but as the inclination here is not the
same at any two poiuts, but undergoes a gradual change, we are
obliged to give the result in a form not quite so simple. It is as
follows: let * and y be the co-ordinates of the curve of the girder,
st the ordinate of the curve of deflection, k the coefficient of flexi
bility of the girder at the point (•>',;/), and m the moment of
■train. Then, as is readily found by analysis,

SVO'*-On the other hand, in the horizontal straight girder AB,

■. o = km.
dj?
From comparing these two equations we can very well see that
cateris paribus the curved girder will deflect in a different wave
from that of the straight girder, and to a greater degree. But if
the flexibility of the curved girder is diminished at each point in
the ratio 1 :

.

=• , the wave of vertical deflection will

become exactly the same as that of the straight girder of uniform
section.
Now in the curved girder which forms the tension rib in Fig. 1
we may take this to be pretty near the truth. For the area of
the flanges should be gradually enlarged to meet the increased
tension which comes upon the upper portions of the rib: and the
tension would increase in the ratio 1

Vi+(£)'

In a rib

thus constructed, if K were the coefficient of flexibility at the
lowest point, and m stood for the actual bending strain at the
. d'z
point Ix, y), we should have . . = Km, from which it follows
ax*
that z will be the same as in the common uniform girder of the
flexibility denoted by K.
The deflection, and the compound wave, therefore, of the tension
rib, including the correction for stretching and consequent settle
ment, will be altogether the same as those of the common sus
pended girder; provided the flanges of the rib are everywhere
proportioned to the tension they have to sustain. Let us for
instance take the case of a rolling road of 200 tons, covering half
the span. The neutral axis being in the curve of equal loading
(which will be a parabola), the line of pressure* will fall below
this curve at the loaded quarter-span, just as much as it rises
above it at the unloaded quarter-span; showing a downward or
upward bending strain at either point, sncli as would be thrown
on a common girder of half the span by a distributed load of 100
tons. The other strains at points on each side of either quarterspan (as found by measuring the vertical distances between the
line of pressure and the neutral axis), will be seen to group them
selves in pairs, and to be equal to the strains at the corresponding
points of the common girder just referred to. Consequently, the
depression of the loaded half-span and the.rise of the other halfspan will be equal, before the effect of stretching is allowed for;
the undulation being in each case similar and equal to that of an
g
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keep the tension on rivetted plates at every point below 6 ton»
per square inch, and if the direct pull averages 3 tons per
inch, the bending must nowhere be more than would throw
the added strain of 2 tons on the lower flange. Now, when
any part of the rolling load comes on the bridge, the rib must
stretch, and take a proportionate settlement.
It follows that
the rib must be so shallow that the bending which accompanies
this settlement, and the transverse straiu produced by the partial
load, combined, shall nowhere bring a strain of more than 2 tons
on the lower flange. It is thus actually necessary to avoid
making the rib too stiff, and therefore, although the flanges are
greater, the depth of section must be less than in the suspended
girder; so that it is by no meaus certain that the undulation
would be much reduced by employing the rib, except so far as
the greater stiffness of wrought-iron in tension (already referred
to) affects the result
In conclusion, while it is beyond a doubt that the tension rib
is thoroughly adapted to answer the purpose of a rigid suspen
sion bridge, and that as compared with a common girder bridge
it would very greatly economise material, it is far from being
equally clear that the arrangement is such as to gain the end
desired at the least possible cost. In two respects there is a
saving in the rib. First, in the increased stiffness of wrought-iron
in tension; and secondly, in the saving of the web of the suspended
girder. As to the latter point, however, some abatement should,
be made, because for a railway bridge there would always havo
to be some longitudinal platform girder, although it need be but
a light one when suspended from the rib. But in some other
respects the material does not seem so advantageously di3-.
tributed in the tension rib, as in the combination of chains with
a suspended girder. In the latter arrangement the transverse
strength of the girder is fairly brought into play, without a pre
ponderance of strain on either flange; while at the same time the
tension on each link of the chain is uniformly diffused over its
section. This equability of strain seems conducive to strength
and economy in the suspended girder: whereas in the rib the
strength of the whole is limited by the intensity of partial strains
on one flange. As regards the cost per ton of a boiler-plate rib
as compared with forged links and pins, any advantage the for
mer might have in this respect would be likely to be fully
balanced by the greater tensile strength, and contequent saving
of material, in the latter: not to go into the question of wire
cables, which have lately been so strongly recommended by some.
Again, the weight of the entire rib is increased by its curved
form, coupled with that iucrease of section from the half-span to
the towers, which we have seeu to be necessary. Now, although
it is just the same with the suspension chain, the straight form
of the suspended girder rids us so far of a quantity of material,
not perhaps very great, but still worth the saving. In the last
place, the suspended girder can be adjusted, or, if thought desir
able, forced to a camber, by tightening the rods; which cannot
be done in the case of the rib.
At the same time, although the balance of advantages seems
to our judgment in favour of the suspended girder, the tension
rib is well worthy of careful consideration. Iu auy case where a
large railway-bridge has to be planned upon the principle of sus
pension, a thorough practical examination of the details and cost
on the one system and on the other, anil a comparison of the
results, would be paius well bestowed.

unsupported girder of a span = — , carrying a distributed load
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of 100 tons, and having K for its coefficient of flexibility.
But inasmuch as the tension rib, being calculated to discharge
the duty of both chain and girder, must be very much more
massive than the common suspended girder, will not its rigidity
be much greater; and may not the undulation be therefore ex
pected to be far less in the former than in the latter kind of
bridge 1
Before answering this question, we have to take one or two things
into account. In the first place, where strains are unequally dis
tributed between the two flanges of a rib, it is of course the severest
partial strain, and not the mean strain, by which the strength of
the entire section is limited. Thus, if we think it prudent to

On the Construction of Horse Railways for Branch Lines andfor
Street Traffic. By Charles Buks.—London: John "Weale.
1860.
The traffic in the streets of the metropolis has increased
lately to such an extent, that the attention of professional men
has been directed towards this evil. There has been no want of
suggestions for remedying it. Of the schemes which have been
proposed with this view, and brought under the notice of the
public, there are two which deserve consideration.
The one
proposes the construction of a railway from Westminster to
London-bridge, or near to it This railway is intended to run
along the banks of the Thnmes, on an embanknieut, and to es
tablish a direct intercourse between the City and the West-end,
near the river,—thus relieving the main thoroughfares between
these two points. The other plan which has been suggested for

* The line of prefigure, namely, which meets the neutral axis at the points of suspen
sion and also at the half-span. After settlement, the line of pressure takes a lower
position.
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obviating the evil is a proper organisation of street tramways.
It is the construction of the latter, and their general application,
which the book of the above title considers.
It is supposed that if a more rapid and convenient transit of
passengers were organised, a greater space would be afforded to
the free passage of private and other vehicles. The introduction
of street railways, then, would dispense with a great number of
omnibuses, which now obstruct and often totally block up the
streets of London, and would therefore remove one of the chief
causes of the evil.
The object of the author however is not only to advocate the
construction of horse-tramways for the streets of cities, but also
for the high-roads and streets of the country. It is further to
point out the advantages of such railway system for agricultural
and mineral districts, as well as the construction of brauch lines
to small towns and villages, in order to form a direct communi
cation of the latter with the existing railway lines of the country.
With respect to the latter, he observes, that landowners who re
side in districts from 10 to 20 miles distant from a railway
station, are placed under great disadvantages compared with
those in the immediate vicinity of a railway. The former have
to pay at least ten shillings per ton for all goods forwarded to or
from the railway, and find it accordingly difficult to compete
with those who are placed in this respect under more favourable
circumstances.
From the data brought forward by the author of this pamphlet
it appears that the system of ordinary railways in England may
be considered as completed. He shows that railways have been
Constructed too rapidly for our requirements. He maintains
that locomotive railways do not answer for the convenient transit
of goods and passengers between short distances and branches.
The reason for this will be found in the established principle
that, in order to work locomotives economically, their minimum
speed should not be less than 25 miles per hour. But frequent
stoppages, which would be indispensable for the accommodation
of passengers, would prevent the attainment of such speed.
Under these circumstances, then, the author proposes the adop
tion of tramways on ordinary roads. The existence of roads
already provided with bridges, cuttings, drains, culverts, &c,
facilitates their construction, and would considerably diminsh
the first outlay. As the motive power of traction, the author
proposes to retain the use of horses, as in this case we can
more conveniently adapt the required power to the weight to be
transported.
Mr. Burn next refers to the application of tramways for the
conveyance of passengers in the streets of cities. Street tram
ways have been introduced iu the chief cities of the United
States, and have proved to answer the intended purpose very
successfully. Of the cost, earnings, and other statistics of the
latter, a very detailed statement is given in the pamphlet. These
particulars no doubt will be very welcome to those who are
interested in the construction of street railways.
In the following chapter the author offers some valuable re
marks on the construction and cost of this description of per
manent way. He enters into a lengthy discussion respecting
the width of gauge to be adopted. Many arguments have been
advanced with the object of determining this important ques
tion. It is maintained by some that the gauge for these rail
ways is not necessarily required to be the same as that of our
ordinary railways. This determination would necessitate invari
ably an unloading of the goods when joining the main line of
railway, and thus incur an extra item iu the expenses of trans
port. The conclusions arrived at by the author, after a careful
deliberation on the advantages and disadvantages of a narrower
gauge or one of the same width as the existing railways, are,
that for a country road a gauge of 3 ft. 6 in. would be sufficient,
while for street railways a gauge of 4 ft. 8$ in. would be pre
ferable.
Passing over the practical construction of the railway, we come
to the cost of its execution. Under this head we find a series
of estimates. They refer to the line proposed by the French
engineer, from Clermont to Riom, in the department of Puy de
Dome.
The weights and prices are reduced to the English
standard, and may be of some practical value to the interested.
The pamphlet is furnished with plates exhibiting a great variety
of rails aud sleepers, as advocated by the author and others.

IMir. 1,1861

On Heat, in its relations to Water and Steam: embracing new
views of Vaporisation, Condensation, and Explosions.
By
Chas Wte Williams, A.LC.E.—Loudon: Longman. 1860.
[Third notice.]
The author continues to test the remainder of the theory of
the heating and expansion of water, with which our last notice
concluded. Although it has been said that water undergoes an
expansion by being subjected to the influence of heat, Mr. Wil
liams disproves this assertion. It is not upon hypotheses or
inferences, but upon a close observation of facts and on carefully
conducted experiments, that the conviction was based which
induced him to dissent from the views of those who have gone
before him. To the question, "Does water admit of expansion or
not r we give the answer in his own words:—
" If water were a body to be dealt with in bulk, as a ball of iron or
lead, and capable of receiving and conducting, from atom to atom, suc
cessive increments of heat, without any change in its status of liquidity,
we might in such case correctly infer its expansion. But water, or
indeed any liquid, has not that power or property of conduction among
its constituent particles as metals or solids have, and consequently is
incapable of expansion in the sense of such bodies. Besides, heat, that
invisible and imponderable agent, knows nothing of the mass or con
tents of the vessel. It deals only with the individual atoms of which
the moss is composed, whether liquid or solid, and with which it comes
into contact. When also we consider how nature in its wonderful
economy apportions the combining volumes, weights, or other properties
of matter, there can be no disproportion between atoms of liquids or
solids and units of heat. Their union is but port of the immutable law
of nature, stamped on matter of all kinds. Each atom has not only its
specific duty to perform, but the faculty of performing that duty; none
will be tried and found wanting. The power of the wind is but the sum
of the powers inherent in each individual atom. So of the waves; or &
crowd of human beings. Pressures or power in the mass, is then but
that of accumulated individuals or atoms. It is to these then, and their
respective properties, that our inquiries should be directed.
As water, or its constituent particles cannot undergo any change,
physical or dynamical, without some sufficient cause, liquid particles at
the temperature of 32° must continue at 32° until they have each re
ceived their equivalents of heat, by winch they lose their status of
liquidity. They are then, however, no longer liquid atoms,— they are
absolute atoms of vapour. On what grounds then can we say that liquid
atoms ore heated and expanded, and still retain their liquid form and
properties? Such an hypothesis would be contrary to the evidence of
facte. To say that water can be a recipient of heat, or be expanded,
while it retains the liquid state and is also a non-conductor of heat,
would involve a physical solecism, irreconcilable with reason and com
mon sense.
As a summary, then, on the heating and expanding of water,
we quote the following conclusions arrived at by Mr. Williams:—
"1. That water, or other liquids, being incapable of compression, are
equally incapable of expansion. 2. That water, being a non-conductor of
heat, must also be a non-recipient of it. 3. That as it cannot be heated
or expanded and still retain its liquid form and properties, it cannot be
thermometrically affected. 4. That its enlarged volume is attributable,
not to any measure of expansion as a liquid, but to the presence of
vapour in it in the state of an elastic fluid. 5. That this condition is in
entire accordance with the recognised laws of all elastic fluids.
The respective properties of liquid and vaporous atoms, as regards
the changes they undergo by heat from the liquid to the vaporous state,
may be thus described:—
LIQUID ATOMS.

VAPOUB ATOMS.

1 —Gravity.
2—Latent and sensible heat.
3—Enlarged volume.
4—Increased temperature.
6— Mutual repulsion.
6— Diffusion or divergence.
7—Conductibility.
8— Compressibility.
6—Expansibility.
10— Electricity."
In the next section of his book Mr. Williams pursues the
changes arising from the communication of heat to water, until
the latter arrives at the state of ebullition, and finally at the boil
ing point. We cannot but express our admiration of the truths
elicited respecting the formation of vapour and its relation to the
water. The constitution of the matter of water in reference to
heat and temperature, the temperature of water and the tempe
rature of vapours considered respectively, the unit of heat, and
its meaning as regards the atoms of water and vapour,—these
are the points discussed in this chapter. The great oversight to
1— Gravity.
2—Latent heat.
3 —Mutual attraction.
4—Mobility, inter tt.
5 — Non-conductibility.
6—IncompresBibility.
7—Inexpansibility.
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which the author draws attention here is, that water—in looking end of a fine rod or tip of a feather be introduced through the hole in
the cork, as shown in Fig. 1, and pushed down just below the surface
for the results of heat applied to it—has too frequently been con
of the water. The presence of an excess of vapour will then be ascer
sidered as a mass, similarly as we would treat a solid body in
tained by its rushing into
connection with heat, and not as an aggregate of molecules or
Fio. l.
contact with the object
atoms. Mr. Williams says—
introduced, around which
" In illustration of the theory of unity, or units of heat being sufficient
groupings of vapour atoms
for the generation of vapour, let us suppose a sheet of paper containing
will be formed, and collect
the smallest possible quantity of water, say in the state called damp.
in bubbles on the surface
That quantity must still however be regarded as an attenuated sheet of
of even a large size. On
liquid atoms. If the paper be then exposed to the air, at a temperature
pushing the rod or feather
but a single degree in advance, these atoms will nevertheless be subject
down into the water, and
individually to the same process, and receive their respective equivalents
even to the bottom, these
of heat, and be converted into atoms of vapour, as if they hail been por
groupings will be increased
tions of a large mass of water. Each, then, will also become ob true
in number and size, as
and complete an atom of vapour as if it had been generated at the
long as there remain any
boiling point.
vapour in excess of satu
What, then, may be psked, is the quantity of heat which a body of
ration. So soon however as
water could receive and absorb, while still retaining its liquid form 1 Can
that exoess is discharged
it be more than that which its atoms had respectively received on being
the temperature will have
changed from the fixed state as ice to that of liquidity ? If so, wo are
fallen to the saturating
not warranted in assuming that water, or the unvaporised portion of the
point, or 212°. '
mass, can have any free or sensible heat; in a word, that water cannot
Mr. Williams next
be thennometically heated or influenced so long as it retains its status as
adduces sufficient proof
a liquid. Why, then, look to it for that sensible heat which influenced
that the phenomenon of
the thermometer at 212°, or any other figure, seeing that the vapour,
ebullition bears no re
continuously formed and retained in the water, supplies an ample and
ference to the genera
legitimate source of influence, and that this view is at the same time
consistent with physical appearances.
tion of vapour, in fact,
The oversight which so universally prevails consists in looking in the
that this phenomenon
wrong direction for the results of the heat applied: first, in assuming it
is quite accidental, and
to be chemically combined with the body of the water, instead of with
assisted by foreign sub
those only of its elementary atoms with which it comes into contact;
stances introduced into
and secondly, forgetting Dalton's well established law, that vapours, as
the water, where they
elastic fluids, are but mechanically mixed with the liquid medium in
act as nuclei for , the
which they may happen to be.
grouping or aggrega
In neglect of these two all-important considerations, we look to the
tion of the vapourbody of the water in its liquid form, as the chemical recipient of the
atoms (probably by elec
heat, in the very face of tho vapour which we see mechanically discon
trical influence) ; fur
necting itself from the water and thus carrying away that heat.
Water, then, in the liquid state, and at all temperatures, must be con
ther, that vapour is
sidered as a mechanical compound of liquid and vapour particles. So
contained in water long
also the boiling point, and the temperature of 212°, must be considered
before ebullition be
without reference to the water, but rather as irrespective of its presence,
comes visible. He also
As if it had merely represented a vacuum."
explains the spontane
ous generation of va
Having so far traced the process of imparting heat to water,
pour by introduction
and watched the results as to the formation of vapour and their
repellent property, we next proceed to note the effects of a of some heated body into the water. This phenomenon he illus
trates by a series of beautiful experiments, convictive of the fact
continued application of heat to water, that is, the state at which
the atoms of vapour in water are in excess of saturation, as Mr. that ebullition is nothing more than the result of the aggregation
of myriads of vapour previously formed.
Williams very properly calls it, or the state of ebullition. This
state will be reached when the repellent force of the vapour atoms
This vapour must have been formed in the water. The exis
inter te balances the converging pressure of the water surround
tence of vapour in the water has been denied by other writers
ing them, for as soon as this self-repellent force of the vapours on the subject. The author, of the present treatise however ar
becomes greater than the force which retained them, they neces
rives at a different conclusion. He thinks it strange that the
sarily become disengaged from the surrounding medium, are fact of a great quantity of vapour escaping from a body of soaggregated in their progress upwards, and escape to the surface,
called hot-water when poured out, should not have suggested its
where they explode, —hence the phenomena of ebullition. Ee- previous existence. And when we reflect that without such
specting this state the author remarks:—
separate existence of the vapour in the water its volume could
"This point of saturation, commonly called the boiling point, will not have been augmented, that the repellent force or divergence
then be determined solely by the quantity of vapour present in any given of the atoms would have been arrested, and its elasticity de
space; in water it takes place when that quantity indicates the tempera
stroyed, it must appear still more strange that this idea has not
ture of 212° Fahr., in alcohol 176°, in sulphuric acid 630°, and in mer
suggested itself. Are we therefore to believe that under the
cury 660°.
above circumstances these properties have resumed their exis
Let it now be assumed that 1000 atoms of vapour, in any given space,
tence, or that they have been suspended in each atom of vapour
is the saturating quantity in water; until that quantity be present there
from the moment of its generation until the moment of its escape.
will be no tendency towards these groupings, and consequently there
Or that these vapours, instead of being formed at the bottom of
will be no ebullition; nor, even though the required quantity should be
the vessel near the source of heat, were generated at the surface
present, unless there be some motes, points, or foreign matter present.
when coming in immediate contact with the colder atmosphere I
To this alone is attributable the fact of the temperature of 220° and up
wards being reached without ebullition, bubbling, or any disturbance or In the estimation of the author such results would be anomalies
neither to be reconciled with fact nor with the evidence of our
noise.
Some experiments may here be described aa affording demonstrative senses.
evidence in Bupport of these statements, viz.—Five pounds of well-dis
The following simple experiment will confirm our belief of the
tilled water at 60° were put into a perfectly clean bottle, with a ther
presence of vapour in water. Suppose a glass bottle to contain
mometer inserted in a cork, as in Fig. 1. A small hole, J-inch wide, a certain quantity of water, say 4 lb. at 60° Fahr. Suppose, fur
was left in the cork to allow the air and vapour to escape, and prevent ther, this bottle to be hermetically closed by a cork, through
any extra pressure. Through this hole also any foreign matter may be
introduced. An Argand burner being placed under the bottle, and the which a thermometer is inserted into the bottle, so that the
temperature raised to 212° or above it, and without ebullition, the water temperature of its contents may be easily observed. By plunging
this bottle into a bath of boiling water, and thus raising the
may then be said to be saturated with vapour. In this case the water,
according to Dalton's law, will be merely acting the part of a vacuum temperature of the water it contains to 200°, the latter will ex
pand and rise above its original level. On removing the bottle
for the vapour or water gas.
To test the presence of the vapour and the fact of saturation, let the from the bath, and allowing it to cool by radiation, the level of
20
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the water will return to where it was at the commencement of
the experiment, as soon as the thermometer indicates the initial
temperature. Here, then, we have no loss of weight of the
water, and all the heat communicated to it to raise its tempera
ture to 200° was parted with again by radiation.
The quantity of vapour formed iu water by raising it to a
higher temperature will be observed in the following experi
ment. Take the same bottle as in the former experiment, with
the same quantity of water in it. After having raised its tempe
rature to 200°, remove the cork and thermometer, and pour it into
an open vessel or dish. As soon as the temperature of the water
lias fallen to 60°, replace it into the bottle. The level of the
water will in this instance be considerably below the original
level, and on weighing the water it will be found to be reduced
nearly 7 ounces in weight, or about 12 cubic inches in volume.
There can, therefore, be no doubt that this deficiency was con
verted into vapour, and escaped into the atmosphere when at
liberty to do ao.
In proof of the existence of vapour in the water, as well as of its
great ascendiDg power, the following experiment is conclusive:—
"It is true, as Dr. Kobison observed, 'an experiment does not establish
a general proposition, and nevjr can do more than prove a particular
fact.' The proving a fact, however, is a
decided step in actual progress, and ena
bles us to draw inferences and illustra
tions! which, leading to other facts, brings
ub ultimately to absolute demonstration.
Into a glass beaker put as much pounded
coal as will fill it to a depth of 3 or i
inches. Pour into it as much boiling water
as will nearly fill it. Let the flame of a
spirit lamp bo then placed beneath, and
touching the centre of the bottom. The
result will be that the globules of vapour
on being formed, will rise with such
rapidity as to force their way through
the mass of coal, and project it high in
the water. This experiment, so unlike
any that have been referred to by pre
vious writers, shows how far we still ore
from having a correct view of the union
of heat with the element of water. This
experiment, though it may only prove a
single fact, leads irresistibly to the fol
lowing conclusions — namely, first, the
absolute existence of vapour in the water;
second, the formation of globules, or ag
gregates of that vapour;' and third, the great ascensional power of those
globules."
As the above theory deviates considerably from those promul
gated by other writers, especially by the Comte de Pambour, the
author tliiuks it no more than just to examine those theories.
After having pointed out the erroneous conclusions derived by
those writers, not so much from direct experiments as from
mathematical deductions, Mr. Williams goes on to treat of the
reconversion of vapour into water, or condensation, as it is
commonly termed.
The supposed cause of the process of condensation is, that
vapours, when coming in contact with a cold substance, part
with their heat and recover their original state, water.
An
illustration of this process we find in the condensing steamengine. It is in this case supposed that the steam, rushing by
virtue of its elasticity into the condenser, and there meeting with
a stream of cold water, is reconverted into the liquid state. But
it is the object of the author to prove the fallacy of this suppo
sition. He argues that, if the contact of water with vapour were
sufficient to reconvert the latter to the liquid state, vapour could
never be generated, nor any dynamical force be derived from its
elastic or repellent properties. For it is evident, that the in
stant an atom of vapour were formed it would be instantaneously
reconverted into the liquid state by the surrounding mass of
water. From this argument, then, may be drawn the inference
that water as well as other liquids cannot be considered as sub
stances to which any heat can be imparted. Heat, therefore,
cannot be received, as it were, by a liquid mass; as the particles
composing it are susceptible to changes in their statical and
electrical condition, and these changes are effected by union with
more or leas heat. The process of condensation as it takes place
in the condensing engine, may therefore be explained in the fol
lowing manner, The volumes of vapour when entering the con
denser, and encountering there a jet of cold water, are compressed.
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Here the particles of vapour are held in bond by the surround
ing medium of water, and prevented from fully displaying their
elastic force. The vapour remains in this state until expelled
to the atmosphere, or until it parts by contact with a cold body
with its heat, and thus regains the liquid state.
Mr. Williams next considers, how the vacuum in the con
densing engine is formed.
Since condensation, in the true
meaning of the term, cannot take place by a mere contact of the
vapour with a jet of cold water, there must necessarily arise the
question, how the vacuum is produced in the cylinder, and what
is the cause of such being indicated by the barometer? Mr. Wye
Williams says—
"In the first place, the rush of the steam into the condenser, by virtue
of its expansive property, would, as described by Watt, at once reduce
the quantity in the cylinder by one-half, supposing they were of equal
capacities. As however the usual proportions are for the condenser to
he but half the size of the cylinder, the reduction of volume would
only be one-fourth of that in the cylinder.
Secondly, the cold water, by the mode of its injection, being spread
and dashed against the inner surface of the metallic condenser, the latter
necessarily becoming cold acts the part of a true Bnrface condenser, in
the same way as if the water had been made to act against its outside,
as in the still. Thus an absolute conversion of the steam into water is
effected, and an absolute pro tanto vacuum produced, in proportion to
the extent of the available surface, and its reduced temperature. Had
the inside surface been sufficiently extended, and cold enough, the en
tire of the steam would have been condensed, and a perfect vacuum
formed. Practically, however, but a very moderate portion of the steam
is so disposed of.
Thirdly, the water ejected into the condenser becomes rapidly mixed
with the incoming steam. So far, however, from the latter losing its
heat or being condensed into the state of water, it is merely diffused, as
already observed, on the true Daltouian theory, among it, in proportion
to the respective quantities of each.
It may then be broadly and unequivocally stated that there is no other
mode by which steam can be condensed, that is—reconverted into water,
than by the abstraction of its heat by metallic refrigeration, aB is done in
the still, or in Hall's system of metallic tubes. That, in a word, there is
none other than Surface Condensation."
We have alluded before to the formation of vapour atoms from
liquid atoms, or to the process of vaporisation, as explained by
Mr. Williams in a former part of his book. It is now the libe
ration of these vapour atoms, or their escape from the water, to
which we have to draw the attention of the reader. This latter
phenomenon has been correctly denominated by Mr. Williams,
"evaporation." It is remarkable that even writers of the greatest
authority have so often confounded these two terms. "The
more so," the author says, "as no two processes in nature can be
more distinct." It has been supposed by Itegnault, one of the
first authorities on this subject, that the formation of vapour
depended on the density and pressure of the air, or other medium
in immediate contact with the water. This sufficiently confirms
the belief of the erroueous inferences drawn by other philoso
phers. Regnault, in arriving at this conclusion, evidently con
founded, or what is worse, did not distinguish between vaporisa
tion and evaporation. Mr. Williams observes, "Had he said
that the escape of the vapour from the water, after it had been
formed, is influenced by the pressure of the air, he would have
been correct."
Of the phenomena of evaporation the author gives a series of
illustrations, based on Dalton's mode of illustrating the diffusion
of vapours. The results of the experiments made by him, with
the object of eliminating correct conclusions respecting these
phenomena, may be enumerated as follows:—
" 1. That the vapour which escaped unremittingly into the air, under
the process of evaporation, must have previously existed in the water,
ite escape being proportioned to the area of the surface exposed to
the lighter medium of the air.
2. That the reduced temperature was the concomitant of the reduced
weight of vapour escaping from the water.
3. That the increasing time required for the escape of each quantity of
vapour was clearly accounted for by the reduced quantity or number of
atoms momentarily and successively exposed to the air in the upper
stratum of the liquid under the operation of diffusion."
After having at some length remarked the phenomena of socalled spontaneous evaporation, and traced the mistakes and
oversights hitherto committed in its interpretation, Mr. Williams
offers some explanation of boiler explosions. With reference to
the sudden increase of pressure, and risk of explosion, he
writes:
" We must bear in mind that, although under the influence of diffu-
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■ion, there will l>o throughout a homogeneous condition as to the quantity
of steam present, that portion which is below the water line will be
in a medium—the water—denser than that above it. The water and
the spaco above it being thus distinct and separate media, may hero be
considered as separate chambers, though still in free connection. If,
then the steam in that dense medium—the water—be by any means
liberated and passed into the lighter medium above it (these densities
being as 830 to 1), there would necessarily bo a pro tanto increase in
quantity, and, conse
Fio. 8.
quently in pressure in
the latter. This diffe
rence would also be in
creased in proportion as
the area above the wa
ter line would be less
than that below it, as
thus illustrated:—
Let Fig. 3 represent
a five-pound bottle, with
a cork fastened down
by wire, through which
the copper tube A, with
the stop-cock B, was in
troduced, a thermometer
being inserted through
the cork as here Bhown.
On heat being applied
from beneath, and the
temperature raised to
212 , or above it, the
stop-cock was . opened.'
The result was an imme
diate discharge of steam
from the water medium
to the space above it,
accompanied by the ap
pearance of violent ebul
lition, forcing much of
the water before it, and
a consequent discharge
of both water and steam
through the tulie, with
a rapid depression of the
temperature to 212°. (If
two thermometers were
introduced, the bulb of
the one being below the
water line, and that of
the other above it, both
will be found simultane
ously to fall to 212°.)
The experiment was
then repeated, the quan
tity of water being so
increased as to make the bottle nearly full. On the temperature being
again raised to 218°, and the stop-cock as before opened, the result was
a still more violent discharge of steam and water from below, a conside
rable portion of the water, together with the steam, being forced out,
and rising to the ceiling, descended as from a shower bath."
From these and other investigations, it appears that boiler ex
plosions cannot generally be attributed to the sudden formation
of steam, but rather to the sudden liberation and consequent
expansion of steam already formed, but previously existing in
the water.
The above is but a brief summary of the valuable contents of
Mr. Wye Williams' book. He has handed over to us, indeed,
entirely a new theory. How far we are indebted to the author
who elucidated it, and directed our observations into the right
course, can only be fully appreciated by him who makes it his
duty to peruse Mr. Williams' book, and to follow him in all the
details of his inquiries,—a task which is sure to combine pleasure
with nseful information. We recommend this not only to those
who are professionally interested in the question, but also to
every one who makes it his endeavour truly to understand the
harmony and the hidden workings of nature.

The Progrettive Screw, a§ a Propeller in Navigation. By Julian
John Rivr, C.E.—London: John Weale. 1860.
There is little doubt that every engineer interested in the
progress of steam navigation is well acquainted with the effi
ciency of the screw propeller, and the various improvements
which it has undergone since its introduction. But among the
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many who know the results to be obtained from its application
under ordinary circumstances, we believe there is but a limited
number who have made themselves familiar with the principles of
its operation. And again, out of this number there are in all pro
bability only few who have ever philosophically considered the
phenomena connected with the screw propeller, or who have
traced with any certainty the complex laws of its action with
relation to produced effect, so as to arrive at any definite conclu
sions of practical advantage. In making these observations, we
intend by no means to question the abilities of our engineers to
make such inquiries;—far from it. That such investigations
have not been made by everyone, and every day, must be at
tributed more to the great success which has crowned the first
experiments with the screw as a propeller, and the very exten
sive adoption it has met with, than to anything else. Moreover,
the benefit we have so unexpectedly derived has made us for
get to inquire, whether still greater advantages might not be
realised by a radical study of the nature of the screw when
moving in water and through it, instead of confining our inves
tigations to endless and expensive experiments. That certainty
on this point cannot but be of the greatest interest, will not be
denied by those who have looked into the question deeper than
the surface. By those it will also be perceived that, before we
can penetrate to the bottom, a host of difficulties has.to be over
come, no end of complications to be cleared np, before we can
begin to handle the subject with the never-failing implements
of reason. Let us see in what these difficulties consist.
If the screw were moving through a solid, we conld, with all
the exactness which the mathematical sciences now afford us,
analyse its action, and foretell its effects.
But the screw in
navigation moves through a liquid ; and it is here we en
counter all the difficulties. The science of hydrodynamics has
not as yet advanced so far as to furnish us with precise and re
liable laws respecting the motion of the liquid particles amongst
each other when impelled by other forces. Although we may know
the force which is disposed of in acting against the water, we
cannot a priori determine with exactness the amount of force
which is necessary to move a certain quantity of water through
another mass of water of indefinite extent, and for this reasou
do not know the number of the particles Bet in motion by the
blades of the screw, nor the extent of such motion, and the
velocity with which these particles move. From this it is evi
dent, that until a distinct knowledge on these points is gained
we must be content with arriving at results wanting mathe
matical exactness, and possessing only some degree of approxi
mation to truth.
Few theories of the screw propeller which deserve acceptance
by the practical engineer have been promulgated. Mr. Bevy's
book is therefore the more welcome, as it not only supplies this
want, but also considers the practical application of the conclu
sions arrived at. He has endeavoured to clear away the abovementioned difficulties, as much as the resources of science
permitted, and has made it his aim to represent the manifold
relations of action and effect of the screw propeller, in as concise
and clear a form as possible, so as to render the book generally
useful.
In the first section the author enters into a detailed explanation
of the nature of the screw propelbr, with reference to its most
frequent application at the present time. To avoid repetitions,
and also to enable the reader clearly to understand the reasoning
pursued in these inquiries, Mr. Revy has devoted a special
chapter to the treatment of " Elasticity," and the " Nature and
quantity of forces." In the first division we find also valuable
data respecting some experiments made with U.S. steamer San
Jacinto, with remarks by the author respecting its performance.
The second section of the pamphlet treats chiefly of the author's
special subject, " The progressive screw." The first question in
examining the phenomena of the oi-dinary propeller, is the resis
tance offered by the water to the surface of the screw; or, in
other words, what is the velocity which must be imparted to it
relatively to the water, in order that it may meet with sufficient
resistance for the propulsion of the ship ? This velooity is com
monly denominated the slip of the screw. Any diminution of the
latter, therefore, must have an increase in the useful effect for its
consequence. According to the principles of the screw, the velo
city with which the particles of water which come in contact
with its surface are impelled, is in a direct ratio with the angular
velocity of the screw, and its pitch. And as this relation is at
every part of an ordinary propeller the same, those particles must
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be impelled at every part of the surface with the same Telocity.
If, therefore, such element of a screw were acting against water,
the particles of it which were set in motion by the anterior parts
of the screw's surface, would offer comparatively no resistance to
those preceding it. But if a second screw were so connected with
the former that the water passing from the surface of the first
would be met by the second, it would be evident that this mass
of water must exert a reaction on the second surface, which could
only tend to the propulsion of the ship. From this then it
follows, that the surface of the second screw—supposing it to be
a prolongation of the latter—must have a continually increasing
pitch; in other words, it must be progressive. This is the point
discussed in the second section of Mr. Revy's book, as well as
directions for the formation of the curve of its directrix.
Our space does not permit us to dwell any longer on this im
portant subject. We consider that Mr. Revy has supplied a very
valuable desideratum to the literature of engineering.

The Economy of Steam Power on Common Roads. By Charles
Fkedebic T. Young, O.E.—London: Atchley and Co. pp. 417.
This work partakes more of the character of a resume of the
various modes of transport from its first development to the
present time, than of a treatise on steam power on common
roads. But, notwithstanding the historical features which this
book presents, it is nevertheless a great advocate of the intro
duction of the latter.
Passing over the origin of roads at the period of the ancient
Romans, and the early means of transport; the influence of fa
cility of intercourse 'on civilisation in general; the construction
and principles of road-making; the transport by canals and rail
ways; and a comparison between the three with respect to their
construction, maintenance, and advantages,—we come to the
part of the book devoted to the history of steam locomotion on
common roads. It appears that as far back as a hundred years,
the application of steam to the moving of carriages as a sub
stitute for horses has been fully appreciated, and suggested by
Prof. Robinson, whose name is familiar in the biography of
Watt. The author tells us, however, that the earliest account
he has been able to find of the practical application of steam
power to common roads is that of a steam carriage invented and
caried out by a French military engineer of the name of Cuguot.
Although several attempts were made by Symington, Watt, Trevithick, and others, to carry out this idea, the first steam
carriage constructed in this country expressly for the convey
ance of passengers on common roads, was invented by Julius
Griffiths. It was constructed by the celebrated Joseph Bramah,
but proved, after many experiments which were made with it
at his works, unsuccessful, and was therefore finally abandoned.
It would be useless to recount here the numerous unsuccessful
attempts which have been made in designing and constructing
steam carriages for common roads. Let it suffice to say that
Mr. Young's book gives an ample account of all those various
schemes which have been brought forward from the early part
of this century up to the present day, and which have formed,
perhaps with few exceptions, the subject of a patent. From
the fact of the number of abortive inventions which had
for their object the realisation of effectual means for moving
carriages on common roads by steam power, it may be con
cluded that there must have been something which was to a
great extent the common cause of failure of all those schemes.
The author thinks that, by the majority of those who were
engaged in obtaining the desired end, very little consideration
seems to have been given to the injury sustained by the road
from a heavy weight moving over it, and from the loss of
Eower arising from the system on which nearly all of those
ased their improvement—namely, on the concentration of
weight. That this should be so, is perhaps not bo unaccount
able as one at first might be led to believe. The theory of action
of the ordinary carriage, no doubt, was in all those instances too
prominent to be lost sight of. Besides this, it is very probable
—so the author urges—that they thought their system looked
better, was simpler, that under favourable circumstances it could
be made to work; and were influenced by many other reasons.
Another great cause of the many failures of those steam car
riages which were designed for traction purposes, is the little
amouut of adhesion which can be given to the wheels when
drawing a heavy load on a common road. Various suggestions
have been made to obviate this failure. For instance, a wheel
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with spikes has been introduced, or with projections or ribs on
its periphery, so as to take hold firmly of the ground it moves
over, and many similar contrivances. It became, however, soon
evident that the removal of one failure only gave rise to another.
The injury done to the roads by such contrivances was too
serious to admit of their success. The idea therefore of over
coming the obstacles in this manner had to be relinquished.
In order to illustrate the effect of concentrated weight on the
common road, the author has devoted to this subject a lengthy
chapter. After having more especially pointed out the failures
attending such system, he proceeds to describe the mode of ob
viating the mischief by distributing the weight on the wheels over
a larger surface. Several pateuts have been taken out with this
object in view, of which that of Mr. James- Boydell is perhaps
the most efficient. The chief features of his improvement (on
the principle of distributing the weight over a large surface) is
to apply and lay down by the mechanism of the carriage a series
of detached and movable rails, on which the wheels roll as on a
permanent way.
After giving a lengthy account of the efficiency and cost of
working this engine, Mr. Young proceeds with a history of the
progress of steam on common roads in the United States, and
concludes his book by discussing the practicability of conveying
passengers by this means. That it is not impracticable, he asserts;
and that passengers can be conveyed by a steam carriage, at
the rate of twelve to fourteen miles per hour, has been fully
proved by Hancock, Gurney, and others. The reason, however,
which has been advanced why such conveyances have not met
with a more general introduction is the supposed injury inflicted
by the wheels of the carriage on the road. But the opinions of
Sir John Macneil, Mr. James Macadam, and many other autho. rities, is to the contrary. One of the main causes lies probably
in the prohibitory and absurd tolls with which the greater part
of our high roads is encumbered. It is said that fifty of such
bills for raising road tolls have been brought into parliament,
and passed at one time. Mr. Young has annexed to bis book a
return of private bills which have passed the House of Com
mons, and wherein any toll has been imposed on carriages pro
pelled by steam or other mechanical contrivances.
We recommend the book to all interested in its special subject,
containing as it does a large amount of information laboriously
collected, and the publication of which at this moment is parti
cularly opportune.

DOCK IMPROVEMENTS AT GRANGEMOUTH*
By James Milne.
{With an Engraving)
The dock works of the port of Grangemouth consist of an
entrance wet-dock, having an area of 4^ acres; a junction basin
beyond, area 3^ acres; a timber basin further beyond, area 12j
acres; and a bonded timber basin, of 4| acres: the two latter
being connected with the Forth and Clyde Canal.
The entrance dock is entered by the Carron river from the Firth
of Forth, through an entrance lock 65 feet in width, having three
pairs of lock gates, with a length of 250 feet between the entrance
gates, and a depth of water on the gate sills of 24 feet at spring
tides. The communication between the entrance dock and the junc
tion basin beyond is by the building of the junction drawbridge,
which has a width of 30 feet, and had a depth of 15 feet at highwater of spring tides. This building was completed along with
the building of the entrance dock in 1842.
The means of communication from the junction basin to the
timber basin, and thence to the Forth and Clyde Canal, is from
the westward end of the junction basin, by the junction lock,
which is 91 feet in length from point to point of gates, and 21 feet
in width, with a depth of 13 ft 2 in. at high-water of spring
tides, and a lift of 4 ft 6 in. from high-water of spring-tides to
the surface level of the timber basin and the canal reach. Thia
junction lock was built in 1842, and the pig iron wharf on the south
side of the junction basin was built in 1<847. These works have
generally been found suitable for the trade, except that the com
munication between the entrance dock and the junction basin
has frequently been found to be too shallow for passing loaded
vessels, which incurred either the removing of such vessels to the
entrance dock for completing their cargoes, or the running of
* Read at the Iustitutiou of Engineers In Scotland.
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•water from the timber basin and the Forth and Clyde Canal
supply to increase the depth of water in the dock and basin;
whilst the dimensions of the junction look, between the junction
basin and the timber basin, have been found to be too limited
for passing any considerable proportion of the vessels too large
to navigate the Forth and Clyde Canal up to the said timber
basin, having an area of 12j acres, and which might be conside
rably extended.
Such was the general outline of the dock
accommodation at the port for vessels of too large dimensions
for passing along the canal navigation, when an increasing trade
rendered it necessary to consider by what means, or in what
way, the requisite increase of accommodation could be most
suitably, easily, and cheaply supplied.
On testing the nature of the ground by bores put down, it was
found to be soft alluvial deposit to the depth of 22 feet at the
junction drawbridge, with a gradual rise towards the junction lock,
where the depth of soft deposit measured 20 ft. 1 1 in. under the
level of the surface of the coping at the junction bridge, which
answers to 2 ft. 6 in. above high-water of spring tides, and is
assumed as the datum line for the depths herein referred to.
Lyingat between these depths, a stratum or bed of boulders in
hard till was traced by the bores put down, throughout the line
of the new wharf wall and the cast-iron tunnel pipe; and by
borings through the masonry at the junction bridge and lock,
it was found that the stratum was intact under the walls, and
that the walls were founded on two thicknesses of cross planking,
each 6 inches thick. It may be stated that this stratum has
been found unbroken throughout the scope of the new works,
some portions of it being found to be softer than other portions,
whilst it varies in thickness from 8 to 14 inches. The boulders
were generally found closely bedded together in the till, and vary
ing in size from that of small gravel to 8 or 9 inches through.
This stratum lies on; a bed of mixed fine clay and sand, from
2 to 3 feet in thickness, with soft mud under the bed of clay and
sand.
After having proved the nature of the ground, and the depth
to the only hard stratum within the limits of the depth for
foundations, the general scheme resolved upon was to deepen
the communication between the junction basin and the entrance
dock to as close on the till bed as found practicable; to complete
the junction basin to the width of 238 feet, giving an area of
3| acres in the basin; to dredge out the basin to the depth of
the entrauce; to deepen, widen, and lengthen the junction lock,
so as to pass about three-fourths of the number of the sailing
vessels arriving at the dock, from the junction basin to the tim
ber basin; and to lay in a cast-iron tunnel pipe from the line of
the new wharf wall to the old harbour, for the purpose of run
ning water oft' the basin, and of scouring the mud from the old
harbour.
The works were commenced by laying in the cast-iron tunnel
pipe along the surface of the till-bed, from the old harbour to
the line of the new wall. The pipes are spigot-and-faucet pipes,
264 inches inside diameter, with a draw-sluice at the face of the
new wall, and a hinged self-acting valve-sluice on the discharge
end at the old harbour. After the pipe was laid in, a contract
■was made in July 1858 for the building of the wharf wall, and
excavating the bed of the basin. The height of the wall from
the till-bed to the surface of the cope is from 20 ft. 9 in. to
21 ft. 9 in. The wall is built of freestone, with ashlar in front, and
rabble backing. The front line of the wall is curved to a radius
of 3000 feet; the profile of the wall front to 8£ feet under the
surface of the cope being built with a batter of lj inch to
the foot; and from the 8j feet under the cope to the founds, to a
concave of 40 feet radius: which gives a breadth of wall on the
upper found course of 9 ft. 6 in., and a breadth of 1 1 feet for the
lower found course. The lower found course is laid with Ardenlime mortar, on a bed of concrete averaging about 12 inches in
thickness, and beaten over the till bed. The second course of
found stones is bonded on the lower course, and the first course
of ashlar and rubble is built with alternate headers from the
front and the back of the wall,—all with the view of so
bonding the foundation and base of the wall, and extending it
over so much in area of the surface of the till bed, as to guard
against subsidence. The excavations at the back of the wall are
partly filled up with light pottery ashes, for the purpose of
lessening the weight at the wall, and to guard against the strain
of the filliug-in of the mud behind. Cast-iron drain pipes, with
brass faces on the pipes, and leather valve faces, are passed
through the wall for running off water from behind the wall.

On the ends of the wharf wall being built as close to the water
way of the former basin as the safety of the bank would permit,
the water was run off by the tunnel pipe. At the eastward end
the new wall was joined to the wall of the junction bridge, and
at the westward end the new wall was joined to the south wall
of the basin, and a portion of the junction lock was taken down,
and 40 feet in length at the lower entrance to the lock built in
to the width of 26^ feet, whilst the bottom invert was lowered
to 3 feet under the bottom of the present lock, this being a pre
paratory step to enlarging the lock. Such portion of the entrance
to the lock was thus completed as would carry the turnpike
road over the lock entrance, and give the means of damming
off the water in the junction basin, so that the basin and the
entrance lock might be available for the shipping whilst the lock
was being enlarged.
Whilst the new entrance to the lock was being built, and the
walls of the basin completed, the communication between the
dock and basin was also being deepened by the removal of the
original invert building, and replacing it by an invert of castiron girders, as shown in Figs. 1, 2, and 3, Plate XL As a
precaution against the yielding of the entrance walls, shoring
logs were fitted in and firmly wedged between the walls. The
cutting out of the ashlar bottoming and invert was begun at the
end next to the junction basin. The ashlar, concrete, &c, were
cleared out to the till-bed, and the first two girders bolted to
gether, carefully placed into the line and level of the entrance,
and ran in with Roman cement throughout the bedding of their
lower sides, and the ends of the girders were caulked up with
iron cement, so as to abut them firmly to the walls. All the
subsequent girders were fitted in, girder to girder, in the same
manner, the invert being cut out in sections of from 2 feet to 4 feet
at a time, and the laying in of the girders kept as close as prac
ticable to the taking out of the invert, so as to guard as much
as possible against the risk of the water breaking through from
the dock.
After the girders were laid in, bolted, and secured, they were
filled up with concrete, and a surface course of hard composition
brick, on bed—all beaten in flush with the upper webs of the
girders, and ran in with Roman cement.
The girders when completed (except the girder at the middle,
which forms the sole for the batter-doors), weighed 67 cwt. each,
and measured 30 ft. 6 in. mean length, 2 feet in breadth, 12 inches
in depth at the middle end, and 21 inches in depth at the ex
treme ends. They were made to the length in three pieces—the
middle-piece 21 feet in length, the one end-piece 6 feet in length,
and the other end-piece 3 ft. 6 in. in length; which, on fitting
the middle-pieces together alternately, end for end, gave a lap
ping of 2 ft. 6 in. on the sides of the girders, where they joined
girder to girder. The three pieces forming each girder were
fitted and bolted together, and the fitting stripes on the sides of
the girders all planed or otherwise dressed quite fair throughout
the length, and the girders were cramped together for drilling
the bolt-holes, which were all broached out, and the bolts turned
to fit The depth of the ashlar, &c. removed from the entrance
was 4 ft. 6 in., corresponding to the 12 inches in depth of the
cast-iron girders put in, giving a gain of 3 ft. 6 in. in depth, and
a depth of water throughout the communication of 18 ft. 6 in.
at high-water spring-tides. Fig. 1 is a part plan of one half of
the communication, showing the new bottom, with a portion of
the girders clear, a second portion being shown partly filled with
concrete, a third portion with the surface course of bricks, and
a fourth portion as having the final coating of Roman cement.
Fig. 2 is a transverse vertical section of the same, with the old
invert building indicated by dotted lines on the one side, showing
the gain in depth; and in Fig. 3 is a vertical section across the
middle girder, forming the batter-door sole and the adjacent
girders.
In order to get these works accomplished, a coffer-dam had
to be constructed to dam off the water in the dock; and it was
deemed most essential that the constructing of the dam should
not deprive the trade of the passage through the junction basin
and timber basin to the canal, for a longer period of time than
was necessary for completing the wharf walls and the entrances.
Also, as the walls of the dock are founded to such depth that
they stand on the mud under the till-bed before referred to, it
has been held to be unsafe to run the water out of the dock,
whilst it was feared that the driving of piles for making a coffer
dam in the usual way might endanger the safety of the walls;
and, looking at the difficulty of driving piles in from 20 to 24 feet
21
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depth of water, and the subsequent difficulty and risk of making
a secure and tight dam between two rows of piles, the wroughtiron coffer-dam was designed and made as represented in Figs.
4 to 9.
The dam is wholly made of wrought-iron; the framework is
formed of nine girders, each girder 40 feet in length, 4 feet in
depth at the middle, and 21 inches iu depth at the extreme ends;
the bow sides of the girders being made to a radius of 80 feet,
and the string sides to a camber of 3 inches. The girders are
made of angle-irons, all rolled in one length to the span of the
dam, and the girders, Nos. 2, 3, 4, and 5 from the bottom,
have web plates (also rolled in one length to the span of the
dam) fitted between the angle-irons, which form the bows and
strings. The sections of the parts of the girders decrease in
size from the girder No. 1 at the bottom, to girder No. 9 at the
top of the dam, and the spaces between the girders increase from
bottom to top, so as to make the strength of the dam nearly
uniform with the pressure of water due to the depth. The bot
tom of the dam is framed of T-iron ribs, and covered with §-inch
plates, all curved outwards to strengthen the bottom against
the pressure. The girders are plated all over outside, the plates
on the back of the dam all upright, the upright joints butted
aud joined by covering strips, and the longitudinal joints lapped
and rivetted on the girders. The plates on the front of the dam
are in lengths of 25 feet for the middle of the dam, and in such
breadths as to lap the plates on the two girders for joining longi
tudinally, and the upright joints of these plates are joined by
covering strips double rivetted by £-inch rivets. All the other
rivets are £-inch rivets, pitched in at a distance of 2^ inches be
tween centres along the rows which require caulking, and 5 inches
between centres for the other rows of rivets. The plates vary in
thickness from £-inch at the bottom of the dam, to J-inch thick
at the top. A sluice tunnel, 18 inches square, passes through
the dam, with a draw-sluice on the back of the dam for shutting
off or running water through the dam, and a pipe of 6 inches
diameter, with a two-way tap-cock in the pipe, is fitted to the
front and back of the dam near the bottom, for running water
into or out of the dam. By this pipe and tap-cock the dam was
filled for being sunk, or emptied for being floated, or the height
of the water in the dam regulated to the height of the water in
the dock. The whole weight of the iron-work in the dam, tunnel
and pipe, is 20j tons. The strengths of the parts of the dam
were calculated to support a pressure of 20 feet depth of water, but
the greatest height of water ever on the dam was about 19 feet.
The dam was made at Maryhill, and was launched into the
Kelvin dock at three o'clock one afternoon, towed to Grange
mouth, and set to its place, and the water run off from behind
the dam on the following day. By filliug in about a boat-load of
tan-bark and ashes round the back of the dam for safety, and for
compensating for the inaccuracies in the fitting of the dam to the
wall, the dam was made as tight as could be wished, and re
mained so until the works were ready for its removal; when,
by running the water out of the dam, and filling the basin (31st
October, 1860), the dam rose from its seat and was floated out of
the way, giving an immediate free thoroughfare for again passing
the shipping between the dock and basin.

THE EXHIBITION OF THE SOCIETY OF FEMALE
ARTISTS, 63, PALL MALL
This, the fifth exhibition of the society, occupies, as it did last
year, the rooms of the New Society of Painters in Water Colours,
which it completely fills, and with a very acceptable collection of
pictures. To these, certain remarks which we have made on
former occasions will be found again to apply, but there is a
steady improvement perceptibly going on, which leads to the
expectation of still greater successes. Miss Louisa Bayner, who
enjoys a well-earned reputation for her architectural delineations,
appears to have essayed a greater breadth of treatment of late, to
the ignoring often of details, wh ich she, beyond most female artists,
knows how to interpret. But in this quality there is another hand
whose productions evince great skill and fidelity—that of Miss
Isabella Jones, who sends four pictures, all of decidedly architec
tural character, and handled with considerable freedom. That of
"Old houses at Conway" (200), and the "Fountain at Rouen"
(256), are particularly noticeable. Miss Bayner produces several
scenes from Boslyn Chapel; and Salisbury, Glasgow, Canterbury,
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&c., have again attracted her pencil. Lady Belcher is again a
contributor. Her "Furness Abbey" (119) is not so successful as
"Hereford Cathedral" (147). Mrs. Higford Burr, one of the
most delightful and pains-taking artists in her particular line,
sends but one picture (150), a view "in the Chapel of Sacro
Speco, Subiaco;" in which the frescoes on the walls are very
carefully expressed.
Among more general subjects we may point to (178) "Drawing
of animals in chalk" by Mdlle. Rosa Bonheur, and the four
bronzes (328—331) of cattle subjects, by the same artist; also
two clever small pictures by her sister Juliette Bonheur; the
clever marine-pieces by Mrs. E. Dundas Murray, to whose exer
tions as the secretary the society is so much indebted: Mrs.
Murray's (of Teneriffe) powerfully depicted scenes; two by Mrs.
J. T. Linnell; several by Miss Margaret Gillies; others by Miss
Florence Peel; and (205) " a study" (of flowers) by Miss Charlotte
James, to which the "national medal" was awarded.

ROYAL INSTITUTE OF BRITISH ARCHITECTS.
Discussion on the Preservation of Stone.
A series of special meetings has been held at the Royal Insti
tute of British Architects, at the instance of Mr. Tite, M.P., for
the discussion of the various processes for the preservation of
stone from decay. Mr. Tite opened the discussion, and Mr.
Digby Wyatt, the Vice-president, on the three evenings devoted
to this siibje;t, occupied the chair.
Mr. Tite gave a very detailed account of the various processes,
and expressed his own opinion of the non-success of the ipplications in each case. Both in opening and closing the discussion,
he denounced the processes of M. Szerelmey and Mr. Daines.
Mr. Burnell, after speaking warmly iu disfavour of M. Szerelmey's Zopissa — which he said he had gathered in exfoliated
scales that had fallen from the walls operated upon, and, in
older specimens, bad brushed off in clouds with his hand—stated
that he kuew of no process to which he could pin his fiith or
reputation.
The Hon. W. Cowper, M.P., said that, having the custody of
the Houses of Parliament, as First Commissioner of Works, he
was most anxious to avail himself of the united experience of
this Institute. That when he came into office, Sir C. Barry had
recommended the process of M. Szerelmey, but that, on extended
trial, it was found not advisable to proceed with its further
adoption.
Mr. George Gilbert Scott stated that he had tried all the
various processes upon the Abbey at Westminster, but all had
proved failures in a greater or less degree. He good-humouredly
chided M. Szerelmey for falsifying the character of his process,
and finally stated that no system had yet gained his confidence.
Mr. Warrington—who stated, iu reply to the chairman, that
he was engaged professionally for Mr. Kansome—said a few
words in support of the process on which he had been employed.
Mr. C. H. Smith, one of the commission appointed to select
the stone for the Houses of Parliament, entered rather fully
into the circumstances under which he became attached to that
commission, and the steps that were taken for the selection of
the stone; further remarking upon the negligence of the autho
rities in not appointing an overlooker properly to inspect the
stone as it left the quarries. Certain changes had taken place
in the spots from which the stone was obtained, which at last
varied to the distance of six miles from the locality originally
fixed upon. He had himself been offered the post of supervisor,
but had not been able to discover a responsible paymaster. Had
this been done, the stones so notoriously bad would not have
been used in the building.
Prof. Ansted, in support of his colleague Mr. Rinsome, said
all that could be said iu extenuation of the failures of his pro
cess, for the most part attributing them to unfavourable circum
stances during the manipulation; but also venturing to suggest
that some stones could not be preserved from decay, when decay
once set in, by any process whatever. He acknowledged the state
of things to be very unsatisfactory, and suggested that the matter
be referred to a committee of scientific men for a more thorough
investigation.
Mr. Godwin gave some facts in the shape of negative
evidence. He had witnessed the failure of Mr. Daines' process
of sulphur and oil en a statue in front of the Foundling Hospital,
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which, after many attempts to preserve it, had fallen into such
a state of decay that it had to be placed in the hands of the
painters. He had the testimony of Mr. (.'alder Marshall to the
complete failure of the process. He inveighed against the dis
figuring of the Houses of Parliament by the inventors of so-called
preserving processes, some few of whom had raised an agitation
to suit their own purposes, and had gone far towards irreme
diably spoiling the characteristics of that superb building.
Mr. Ferrey spoke in favour of soft soap and alum, as being
so cheap that its price would compensate for its frequently re
quired application.
Mr. E. Barry exonerated his late father from imputed blame
in the employment of Szerelme/s Zopissa on the New Palace;
stating that qualified authorities had preferred this process to
Mr. Eansouie's, whose process he considered a failure, but the
specimens of which he had now labelled on the building, so
that anyone might have an opportunity of inspecting the result
for themselves.
Prof. Hofmann stated his opinion on the process of M. Fuchs;
but confessed that, beautiful as was the theory of the system, it
was not suited to the humid atmosphere of England. He stated

to

his objection to Mr. Bansome's process, which even as a theory
he bad pronounced a failure, as silicate of lime formed by preci
pitation of silica by calcium had no chemical affinity whatever
with the constituents of the stone, and formed no union with it.
He concluded by suggesting that the silicic ether, of which he
had given a clear description, might be experimented upon to
advantage.
Dr. Frankland, who in accordance with a previous request of
Mr. Godwin stated that he was professionally employed by Mr.
Bansome, spoke of the silicate of lime process; and ended by say
ing that, as the price of silicic ether was six guineas per lb. it
could hardly be used for the purpose required.
Prof. Tennant coincided with the opinions of Prof. Hofmann on
the subject principally tinder consideration.
After some further remarks from other speakers, the motion
proposed by Mr. Godwin and seconded by Mr. Tite was carried
uuanimously,—that the First Commissioner be requested to stay
further proceedings at the New Palace at Westminster, and to
form a committee of inquiry into the present state of decay
of the building, and the best mode of arresting its further pro
gress.

THE GOLD-DISK STEAM OR VACUUM GAUGE*
By Eichard Adie.
A. Corrugated disk of an alloy of gold, which covers the front of
the small chamber.
B. Stout ring of gun-metal.
C. Series of six Btrong Bcrews, which make the ring of gun-metal
bind down the disk thoroughly steam-tight to the chamber.
D. Piece of brass in the form of a dish, which is fitted tightly on
the edge of B, and secured in its place by a series of screws
not seen in the drawing. The outer part of D, where the dish
ing ceases, is used as a plate for graduating the scale of pres
sure upon.
E. Groove turned in D to receive a glass face, which, after care
ful fitting, is Bprung in with heat.
F. Cock to carry one end of an axle H.
G. Cock to receive the other end of the axle H; also to carry
another cook I, in which the finger turns on a vertical axis.
H. Axle stretching across the face of the disk, carrying on it a
portion of a crown-wheel K. A Bpur from the axle H is in
connection with the centre of the gold disk; a knife-edge
Bimilar to those used in balances, communicates the motion of
the disk to the axle aud crown-wheel.
The finger in the drawing carries on its axle a pinion which pitches
into the crown-wheel K, so that any motion of the disk is shown
by the finger on the dial.
In order to prevent what is termed "drop" in the pitching of the
wheel and pinion, there is applied to the vertical axis a cylin
drical spring of brass or gold wire.
A bent tube, in the form of the letter U, is used to connect the
chamber of the gold disk-gauge to the boiler; this tube is filled
with water. The use of this connection is to prevent steam
reaching the chamber, and so to keep the disk at a moderate
temperature, which ought never to exceed blood-heat.
•#* A subsequent improvement in the box or chamber of this
gauge is, to bind firmly together the two inside Burfaoes by a
spiral spring of gold in the centre. The requisite strength in
the disk is thus obtained with less weight of gold, and the degree
of elasticity is higher.
_ The gold-disk gauge originated through a liability to corro
chamber, where he measured its pressure by its action on a
sion which was found often to spoil the gauges which the author spiral steel spring.
was in the habit of supplying to a railway company.
Amoug the noble metals the author sought for a corrugated
About sixteen years ago, M. Vidi invented the aneroid baro
disk to measure pressures, which would not be destroyed by
meter, and a steam-gauge, where corrugated metal disks were water: his thoughts were long turned to platina; but the metal
employed to measure changes of pressure. The patent was dated
of an old gold pen happening to be near, he was struck with
October 1844. M. Vidi's patent has expired, and it is believed the manner in which it had retained its form through a long
that his invention is open to be applied to other forms of steam- period of service, and where the ink, as an agent for corrosion,
gauges; although there are two subsequent patents still in force must have been as active as oxygenated water, to which steamwhere the claim is made; in the first, to a chamber covered with fauges are exposed. The opinions of two friends who had
any elastic material; in the second, to a chamber covered by an
ad much experience in workiug the alloys of gold, confirmed
elastic metal. Of the value of these rival patents the author him in the selection of this alloy for a gauge of vacuum or
was unable to give an opinion: but if the claim to the general pressure.
principle had to be discussed, it is doubtful if even M. Vidi
The accompanying woodcut represents the front view of a
would be allowed the priority; the late Mr. Macnaught, of gauge where steam pressure is introduced into a small chamber
Glasgow, having so many years before introduced steam into a
by a pipe at the back.
* Bead before the Boral Scottish Society of Arts.
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NOTES OF THE MONTH.

New Graving Dockfor Birkenhead.—At a recent meeting of
the Mersey Dock and Harbour Board, it was resolved to con
struct a very large graving dock at Birkenhead. Its length is
to be 750 feet, width 85 feet, and depth 100 feet. It is to be
large enough to accommodate two rows of ships, and to be so
constructed as to admit two ships at a time. Its cost is esti
mated at £84,000.
Warming Railway Carriages.—A method of warming railway
carriages has just been introduced on some French railways,
involving only a trifling expense. The waste steam from the
engine, instead of being allowed to escape into the air, is con
ducted from the escape-pipe of the engine, by means of a vulca
nised india-rubber tube, to pipes through which it circulates
under the seats and throughout the carriages. As soon as the
train is set in motion the steam commences to circulate through
all the systems of pipes, and warms the carriages—first, second,
and third class—equally; and, being connected with each other
by india-rubber tubing, they can be immediately detached or re
united at pleasure. In a trial on the Lyons line, two thermo
meters placed in first-class carriages marked 60° Fahr. during
the whole journey; and in the second and third class carriages
the temperature was sufficiently elevated to allow of the longest
winter's journey being accomplished without discomfort. How
ever cold the carriages may be wheu at rest, as soon as the train
is started the steam commences to circulate through the tubing,
and communicates an agreeable temperature to the whole train.
The Archaological Association has just settled upon its place of
meeting for the present year, having accepted an invitation
unanimously voted to the society by the Town Council of
Exeter.
The International Exhibition of 1862.—The Royal Commis
sioners for the Exhibition of 1862 have addressed a letter to the
Council of the Society of Arts, in which the following state
ments occur: — " The most pressing point was the building
required for the Exhibition. In 1850, notwithstanding the pos
session of considerable funds, and the assistance of the most
eminent architects and engineers, seven months elapsed before
a design was adopted. The Commissioners therefore felt that, if
they postponed the consideration of this subject until they were
a legally constituted body, the cost of the building would be
greatly increased, and a serious risk incurred of its non-comple
tion by the appointed time The arrangements made by the
Society of Arts, when negociating for a site on the estate of the
Commissioners of 1851, aud their announcement that the Exhi
bition was to include pictures, a branch of art not exhibited on
the former occasion, rendered it necessary to contemplate the
erection of a building in some parts of a more substantial cha
racter than that of 1851. A plan was submitted to the Commis
sioners by Captain Fowke, R.E., who had been employed by her
Majesty's government in the British Department of the Paris
Exhibition of 1855. This design was adapted to the proposed
site, and was intended to meet the practical defects which expe
rience had shown to exist both in the buildings in Hyde Park
and in the Champs Elysees. It appeared well adapted for the
required purposes, and its principal features were of a striking
character, and likelyito form an attractive part of the Exhibition.
The Commissioners submitted the design to the competition of
ten eminent contractors, four of whom took out the quantities.
Three tenders (one a joint one from two of the contractors in
vited) were sent in on the day named in the invitation, but all
were greatly in excess of the amount which the Commissioners
could prudently spend, with a due regard to the interests of the
guarantors. The Commissioners have therefore had under their
consideration modifications of the plan, which, without destroy
ing its merits would materially reduce its cost."—It is understood
that the Royal Commissioners came on the 23rd ult. to a reso
lution as to the precise character of the building required, and
that as soon as the guarantee has been signed to the required
amount, so that the Bank of England (who it is understood have
offered very liberal terms) can advance the money, the Commis
sioners will probably enter into a contract with Messrs. Eelk,
and Lucas Brothers, the two firms who sent in the lowest ten
der, and who have jointly agreed to execute the works. The
only event in which there can be a call on the guarantors is a loss
by the Exhibition, the liability of the Commissioners in respect
of the building being limited to £200,000.
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The Recent Floating of the Ship Queen Victoria.—The following
are the details of the operation;—Two portable steam-engines
had been taken on board the vessel, and arrangements made for
driving two of Gwynne's pumps, which were put into operation
at 11 o'clock a.m., aud found to work successfully. The cascades
which poured from the sides of the ship gave evidence of the effici
ency of the pumps. The diver went under the vessel, aud on find
ing the openings through which the water was admitted to the
hull, he shoved in some felt, which stopped a portion of the in
flux, and it was then found that the pumps were nearly equal to
discharging the water as fast as it came in. The engines were put
to their speed, and the race between the pumps and the leakage
continued with increasing prospects of success, and at five o'clock
the vessel was actually afloat. At six she was taken into deep
water, and was afterwards grounded upon shingle. In this
position she is being repaired sufficiently for conveyance to the
Plymouth Great Western Docks.
Ancient Remains in Ringmore Church.—In the east wall of the
north transept, two windows, hitherto blocked and concealed on
the outside by rough-cast, and inside by plaster, but now
opened, have proved it is said, to be of very early Norman, or
more probably Saxon date, closely resembling the acknowledged
Saxon windows in Tintagel Church, Cornwah. Externally they
are very short and narrow, and have semicircular heads. Inter
nally they are splayed to a great width and height. Another
window was discovered between them which had been cut
through the wall, apparently in the fourteenth century. This
portion of the church is believed to be between 800 and 1000
years old.
Royal Hibernian Academy.—The newly elected architects to
the Royal Hibernian Academy are—Sir Thomas Deane, Messrs.
Charles Lanyon, Patrick Byrne, and William Murray, who, to
gether with the present academicians, Messrs. McCarthy and
Mulvany, will constitute the quorum.
Preservation of Wooden Fences.—A paper on this subject by
Mr. Cruikshank, of Marcassie, as reproduced by the Banffshire
Journal, gives in detail various experiments, from which it
appears, as in the author's summary that—1st. When larch or fir
wood is to be exposed to the weather, or be put in the ground,
no bark should be left on it. 2nd. When posts are to be put up
into the ground, no earth should be put round them, but stones.
3rd. When a wooden fence is to be put up, a No. 4 or 5 wire
should be stretched in place of, or alongside, the upper rail. If
a proper larch fence were put up, or larch posts for wire paling
put in, as suggested, he adds, " I have no doubt they would
stand a lease of nineteen years."
The Luther Monument, Worms.—The Commitee of the Luther
monument at Worms have just published their fourth yearly
report, which states that two statues out of the twelve which
this grand monumental work will comprise, Luther and Wycliffe,
have been completed by Prof. Rietschel's hand; they have been
sent for casting to the Einsiedel Art-foundry, at Lauchhammer,
Saxony.
The completion of three other statues of the early
Reformers, destined for the corners of the pedestal, have been
promised in the course of this year. The expense of the monu
ment has been estimated at 200,000 florins.
New Church, Cork.—The now Roman Catholic Church of SS.
Peter and Paul, Cork, the foundation stone of which was laid
eighteen months ago, is rapidly approaching completion. The
style is Franco-Gothic of the thirteenth century. The plan is
cruciform, and consists of nave and chancel, north and south
aisles, transepts, chapels, a tower and spire 232 feet high at
the north-west angle, and a small porch and baptistery at the
south-west. The nave is 127 ft. 6 in. long, 35 feet wide in clear
between the columns, and the height from the floor to the ridge
is 87 ft. 9 in. The nave is lighted from the clerestory by nine
4-light windows. The chancel is polygonal in form, and is 35 feet
by 17 ft. 6 in. in clear. The roof is open-timbered and panelled.
AH the shafts in the arcade are of red marble, with bases of
polished black limestone. All the arches and spandrils of nave
are of Caen stone. In the spandrils will be statues, life-size, of
the twelve apostles, in Caen stone. The exterior walls are of
red sandstone, with limestone door and window dressings. The
cost of the building, exclusive of the tower and spire, is esti
mated at £11,000. Messrs. Pugin and Ashlin are the architects.
Mr. Barry McMullau the contractor.
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ON ARCHITECTURAL COMPETITIONS.
As the profession of architecture is at present constituted,
there is no subject so much needing mature consideration and
inviting concerted action as that of competitions. Upon some
members of that profession this presses as a matter of personal
And of vital importance. They employ themselves habitually,
or at least occasionally, in public or other competitions; and the
irregularities, difficulties, injustice, and uncertainty that beset
architectural competition, as ordinarily administered, are to
them a constant source of injury and discomfort.
Others, and those the more influential members of the archi
tectural body, are by their position placed above the inducement
to take any personal share, except occasionally, in such proceed
ings, and may be hardly conscious sometimes now much damage
those evils, the immediate reach of which they themselves have
outgrown, can inflict, not merely upon the rising generation of
architects, but upon the profession, and its position in the eyes
of the public.
It will be attempted to prove that a series of unfortunate cir
cumstances ordinarily attend architectural competitions, the
removal or palliation of which is quite practicable, and ought
to be attempted; all the more because great benefits have arisen
to the profession from the recent extension of competition: and it
will become a matter for anxious inquiry whether means cannot
be found for securing the greater portion of these benefits, while
yet the ordinary modes of procedure may be so altered as to
diminish the concomitant evils.
This subject has been brought before the public so frequently,
both by the architectural societies and the professional press, that
it may well be considered difficult to approach it without the
risk of saying over again that which has been already published.
It is, on the other hand, to be remarked, that as all that lias
hitherto been said and written has led to nothing, the only course
left is to return to the subject, and, if necessary, to urge once
more what has been already stated fully and fairly, in the hope
of being able at last to educe a t ingible result.
Before entering upon the abstract question of competition, or
the practical one of how to regulate it, and how to enforce any
regulations that may be determined upon, it may be well to
examine the actual condition of the question, particularly as it
alfects public buildings; for it is a significant fact that, frequent
as are the competitions for the design of buildings of a public
character, and the management of which rests in the hands of a
committee, a vestry, or a board, it hardly ever occurs that designs
are invited in competition for private works of the same or even
of much greater extent.
The position of the subject at the present day may be stated
to be as follows:—In the case of certain classes of buildings, the
public, finding that a very considerable number of persons, pro
fessing themselves to be competent to design and superintend
works, are always desirous to be employed, and willing to go
through a considerable amount of exertion to obtain employment,
have habitually taken advantage of this circumstance to procure
for themselves the opportunity of having several designs to pick
from without incurring any expense or liability: sometimes with
the honest desire to secure the best design; sometimes in order
to dispose of the solicitations of several rival candidates for the
proposed work; sometimes in order to screen the appointment of
some relative or favourite to whom it would not be possible,
without scandal, to give the work in a straightforward way; and
sometimes, perhaps frequently, from custom only.
On the other hand, the case of the architects is, that in large
numbers they accept these invitations, and sooner than lose
what seems to offer an opportunity of obtaining practice, they
incur expenses that they cannot afford, as well as undergo ex
ertions which, although in moderation they may no doubt prove
beneficial, are but too often excessive. As the object kept in
view by competitors must necessarily be, not so much the pro
duction of the best design, but of the one that may be thought
the best by the persons who have to decide, and as an expensive
and elaborate system of finish and brilliant colouring are believed
to be essential to procuring the approval of the class of persons
who ordinarily do decide, the result is that a needless amount
of finish is invariably given to these drawings; and experience
having shown that persons unaccustomed to buildings almost
always select the design that promises the greatest amount of
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work and of the most ornamental character for the smallest sum
of money, it has come to pass that an estimate, which is spoken
mildly of when it is termed inaccurate, more usually than not
accompanies many of the sets of designs. Finally from the
whole nature of the case it constantly happens that temptations
are held out to underhand dealing of various descriptions,—
temptations which but too often prove greater than those to
whom they suggest themselves can withstand.
On the other hand, in a brief statement like the present of
the general bearings of the question, it must not be omitted that
competition possesses the advantage of offering a mode of settling
the selection of one out of several candidates where there are
conflicting claims. It holds out too a possibility of obtaining in
country places, where the local architects may not be great
artists, the chance of procuring modern ideas, and the design of
an architect educated more highly than the men of a past gene
ration sometimes were.
To the young architect it offers an opportunity ot distinguish
ing himself by his own skill and abilities; in spite of a lack of
powerful patronage, it seems to hold out to him the possibility
of procuring practice; and it affords him an opportunity of ac
quiring skill and experience in the difficult art of mastering a
new subject, and designing a structure to meet varied require
ments. Last, but not least, it affords him employment du
ring that period of enforced and unwilling leisure which in all
professions ordinarily intervenes between the close of prelimi
nary studies and the successful prosecution of responsible busi
ness.
Let us examine some of these advantages more in detail. And
first we will consider the benefits just enumerated which fair
public competition offers to the class of architects who moat fre
quently engage in it. Of these advantages, probably the most
solid are the opportunities thereby afforded for exercising the
power of design and arrangement, and for employing leisure
hours. It is worth encountering much disappointment, and
making many apparently fruitless efforts, to acquire the educa
tion which a young student receives in some of the most im
portant parts of his profession from a series of competitions.
He is aware that his efforts will be measured against those of
men who will take great care to render themselves familiar with
every detail of the subject to be treated—be it a hospital, a bar
rack, the largest public institution, or the most simple and un
ostentatious structure—and he is thus driven to practise himself
in the art of collecting and utilising information, and is amassing
stores of knowledge, and skill to use them, which may in after
years prove invaluable.
Again, the preparation of a design for a large building,
complicated as it necessarily sometimes becomes, is a matter
with which a student ordinarily would not voluntarily busy
himself; and he will find the mere management of a large set
of drawings a matter in which much is to be learned from
practice, and which it might prove disastrous to approach for the
first time under circumstances where a blunder might produce
incalculable injury to some actual structure. Real improvement
in drawing is also likely to be obtained by the competitor, for he
knows that his plans will have no chance unless they are pre
pared in a style as effective as that adopted by others; and upon
improvement in drawing, improvement in power of design is
sure to attend.
It is then unquestionably better that a young man who may
have nothing to build, or may have not enough fully to occupy
his time, should have these opportunities of exercising himself;
and that, without the heavy anxiety and remorseless demands
upon time for matters unconnected with architecture, which a
large building brings with it, he should enjoy the advantage of
exercising himself in the treatment of the most important and
difficult problems his profession can afford. It is also at the time,
and so far as personal advantage goes, a far better thing to be
fully, even excessively employed, than to be left waiting in a
silent office till business comes in. More men no doubt have
pined and sickened under the anxious pressure of hope deferred
during the dreary period of waiting for practice at the bar, than
ever over-wrought themselves at the architect's desk; and a
system which lightens the pressure of this care, inevitable in a
country where all the professions are crowded, does no small
good.
On the other hand, each advantage has its evil, young men are
22

92

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

apt to let competitions stand in the way of their regular busi
ness, and injure themselves by expending their time and energy
upon these when they ought to be attending to the affairs of their
clients, or extending their professional connection; this evil how
ever may fairly be left to cure itself, as after a little experience
in each instance it probably will. A more serious injury is
inflicted on the profession by the ease with which the offer of a
very small money premium brings forth a large series of elabo
rate designs, and the consequent depreciation in the eyes of the
public of the value of an architect's labours, The barrister in
this particular reaps the advantage of his abstaining from nonremunerative business. The public look upon him as a man
whose labour is worth his fee, and who will not work without
remuneration. They pay him consequently cheerfully and libe
rally, and they value his services accordingly.
It cannot be quite so in the other case. Suppose a committee of
business-men who desire to expend £2000 on a building, wish for
complete designs, and find that an architect will prepare them a
design only, exclusive of working drawings and specification, for
a, moderate commission—say 1^ per cent, or £30. They subse
quently resort to competition, offer a sum of £20, divided into
two premiums; and receive from twenty to forty or fifty elaborate
sets of drawings, including an aggregate of labour so great, that
if the premium were rateably divided among all who have
worked in proportion to the time they have spent, it is not too
much to say that there would not be enough to remunerate them
at the rate at which paupers are paid for breaking stones at the
roadside! Can we wonder if the managers of an undertaking like
this hold the services of an architect very cheap; when if you
approach the profession privately, aud require a design from an
individual, he requires £30; while, if you invite designs publicly,
you find the same profession are willing to furnish them for the
ostensible price of one fiftieth chance of £20 ? The proper remedy
for this misfortune, so far as a remedy can be applied, we shall
point out further on; but it must be admitted that the ease with
which drawings can be elicited in reply to any sort of invitation,
has very much tended, and must tend, to damage the standing
of the architectural profession.
The advantages of what is called "the generous emulation of
talent," and the opportunity of procuring business such as would
otherwise have been inaccessible, may be apparently greater, but
they are not after all so real as those now brought forward. It
sometimes happens that a competition of more than ordinary
interest calls forth from unknown men designs of astonishing
promise, aud from others well before the public, works so full
of genius aud studied excellence as to show that the occasion has
stimulated the authors in no common degree. This was perhaps
the case with the late competition for the Government Offices,
and certainly occurred in the most interesting of recent compe
titions—that for the Memorial Church at Constantinople. But
every architect knows that the most talented works are in nine
cases out of ten to be sought, not among the premiated but
among the unsuccessful designs in any competition; and the
knowledge of this must have, and has its influence, in causing
men to aim rather at meretricious and taking effect than solid
excellence of design; and however the excitement and haste of
competition may sometimes rouse an artist to the production of a
brilliant, striking work, there are few who would advance the
opinion that architects' best designs are those hastily produced
to encounter the uncertainties of competition, rather than those
maturely prepared with the consciousness that they are to be
carried into execution, and that upon the success or failure of
the building they represent is Rtaked "the reputation of the
artist.
The idea of obtaining practice must of necessity be more or
less illusory, from the mere number of competitors to be encoun
tered in each instance. But were this all, these uncertainties
would be greatly diminished in the case of an accomplished
artist It is rather the uncertainties that beset the decision of
competitions, and the various other drawbacks (to which atten
tion will next have to be directed), that reduce the prospect of
gaining employment by competition to one often very little, if
at all, better than that of gaining employment by private influ
ence and connection, upon which the competition system was
supposed to be an improvement.
(To be continued.)
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FOREIGN PUBLICATIONS.
Among the most useful architectural works published in
France may be mentioned one, extensive in its scope and
satisfactory in the mode of its execution, which yet is not so
large or so costly as to be excluded from any tolerably good
library of architectural works. We allude to UL'Architecture
Civile el Domestique du Moyen-Age et de la Renaissance"—a com
prehensive work, including specimens of the domestic architecture
of the middle ages in other countries as well as in France, and
so carefully executed as to be of great practical value. The
authors, M. Verdier and Dr. Cattois, were impressed with the
desirability of preserving some record, as well as publishing
some account, of many of the fine examples of civil architecture
which the middle ages and the time immediately succeeding
them have left us; for the security is wanting in their case which
the circumstances of ecclesiastical buildings in some sort present
against the risk that at any moment the caprice or convenience
of an owner, or even the unchecked ravages of time, may not
entirely remove from the face of the country any one of the
remaining fragments of the domestic architecture of past days.
Nothing can be more instructive than to compare the secular
architecture of any period of the Gothic or pre-Gothic time with
the church architecture practised at the same moment, and for
this the volume before us gives ample opportunity. Italian
mediaeval palaces and houses are illustrated by a considerable
number of well-chosen examples, and so also are the monastic
buildings of France. In some cases, where almost all else has
perished, the " grange," or barn and adjacent buildings belong
ing to a monastery, have, from their great solidity and size,
remained comparatively intact. Of these' beautiful examples
from Meslay, Vauclair, and some other similar buildings are
given here. But perhaps the most interesting series is one
of medieval dwelling-houses and shops, especially those from
Cluny. A small plan of the curious town itself is given, with the
situations of all these buildings marked, and their dato also
indicated, and a selection of the best examples—which by the
way commence as early as the twelfth century, and reach down
to the sixteenth—are illustrated by elevations, with details and
descriptions.
The plates in this book, as in most French works on architec
ture, are such as the English student will appreciate more than
the letterpress with which they are accompanied.
Still the
letterpress, though including various things that it would not
have perhaps been a great loss to have omitted, is not without
value; while the plates, which are mostly elevations, carefully
executed and well shaded, are very useful. Details are given in
abundance, and some of these are of great beauty, and so well
engraved, that though they are not to a very large scale, they
may be held to be intelligible enough for any practical pur
pose. Altogether this work can be heartily recommended, and
the more so because a large proportion of its examples are of
early character, thus giving specimens of at once the best period
and the one from which fewest remains have descended, and
respecting which information is in consequence least generally
accessible.
A portion of another work, upon a much larger scale, aud only
partly published, has been brought under our notice,—it is the
" Monographie de la Cathedrale de Chartres," the issue of which
was commenced several years ago under the auspices of the
government. This work, as its title imports, is entirely devoted
to the graphic delineation of one monument, the well-known
Cathedral of Chartres. Such a building can well afford materials
for a work upon itself alone ; and it is the peculiar merit of
French architectural publications that they are very apt to take
up a single building, and give plans, general elevations and sec
tions, and details enough to enable the reader to form a very
good idea of the nature of the building as a whole and of its
minute parts.
These plates of Chartres, which are wonderfully executed, and
of large size, include plans at various levels, with other geome
trical drawings, enlarged elevations and sections of some of the
architectural features, plates showing some of the stained glass
windows, and a series of illustrations, exquisitely drawn in
perspective, of the marvellous sculpture with which this build
ing is enriched. We have become familiar through photo
graphy with the noble portals of the great cathedrals of France;
but it is difficult from any photographs, except such as repre
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sent single figures and groups, to form so accurate an estimate
of the beauty of such sculpture as that at Chartres as these
engravings enable us to make. Whether we look at the beauty
of the sculpture as adapted to the architecture, at the skill and
grace of the draperies, or at the character, force, and individuality
of the countenances, we find in each case occasion to admire
afresh the perfection to which for a brief period the art of archi
tectural sculpture attained.
For those who have much occasion to study the method of
treating the human figure necessary to produce perfect accesso
ries to Gothic architecture, whether iu relief or for glass painting,
this work cannot fail to be of great value; while it will interest
all lovers of Gothic art by its clear and complete delineation of
one of the noblest of French cathedrals. It is right to add that
the architecture, ornamental sculpture, and paintiug on glass are
by Lassus; the statuary and mural paintiug by Duval; and that
descriptive letterpress from the pen of that well-kuown archaeolo
gist, M. Didron, is included in the programme of the work. No
portion of this letterpress has however yet been brought under
our notice, and we believe none has been published. The whole
work at present is a splendid fragment; but even if left incom
plete it could not fail always to command admiration, and to be
regarded as an architectural book of the highest class.
It will be probably desirable to return to this work in a
future number, as the collection of examples of stained glass
merits a separate and more extended notice.

COLOUR AS APPLIED TO ARCHITECTURE.
By Sydney Smirk e, R.A.
(Concluded from p. 68.)
What, then, are the principles that should guide us in the
treatment of colour in external architecture?
1. Whatever colours may be used, they should not be so used
as to detract from the harmony and unity of the general effect.
For this reason violent contrasts are seldom attended with good
results; when such strongly marked contrasts are not offensive,
it is when they are uniformly spread over a whole composition.
Thus, when in a red brick building stone dressings are used
throughout for the quoins, window jambs, cornices, strings, &c;
or when on an exterior of red bricks there are reticulations of
black bricks over all the plain surfaces; these strong contrasts
of colour do not offend the eye, because of the intimate and
general intermixture of them: the only effect is, that in the one
case the light stone dressings lighten the effect of the building,
and in the other case, the dark reticulations being disseminated
over the whole, lower the tone without disturbing the unity of
the building. But scatter those white stones or black bricks
here and there, sparsely and at irregular intervals over the frout,
and the general effect will assuredly become spotty and dis
orderly.
2. In the distribution of coloured materials regard should be
had to the retiring and advancing qualities of colour. Thus
white, and bright yellows and bright reds, appear to stand
forward, whilst black, blue, and greys retire. Care should be
taken not to outrage these prejudices of the eye; for example,
when dark and retiring colours prevail at the lower parts of an
architectural composition, and the upper parts are of brightcoloured materials, the latter will inevitably appear to advance
and overhang the former, producing a false effect that cannot
be agreeable. So, when buttresses are built of a darker stone
than the intervening wall, they seem to sink into instead of
advance from the face of the wall; and the eye gets puzzled and
offended, for an effect is produced at variance with what we
know to be the fact. For the same reason, I have seen a very
bad effect produced by a black marble frieze introduced in an
order built in other respects of light-coloured materials. When
viewed at some distance, or with half-closed eyes, the cornice
seemed suspended in the air, or at all events the means of its
support were not obvious; and generally we may regard it as a
rule in matters of this nature that constructive doubt and un
certainty produce an unpleasing impression, like that produced
by the concealment of the feet of figures in a picture. So also
dark marble columns in front of a light wall, unless brought out
by polish, or by a considerable depth of shadow behind them, lose
that prominence and .'esthetic value which should belong to
them; reverse the arrangement and all ambiguity vanishes, each
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part then takes its right place in the composition, and the eye
consequently rests satisfied. It ought not to be necessary to
dwell on a principle that appears, I think, so obvious; but it is
too certain that the principle, obvious as it may be, is often lost
sight of.
3. Special care is needed in the introduction of dark bands
and other features of like nature, that they do not interfere
with the architectural shadows of the composition. Nothing,
perhaps, in architectural design is more important than to pre
serve its outlines and masses distinct and unambiguous; and as
those outlines and masses are best brought out and rendered
intelligible by shadow, whatever interferes with the due force of
those shadows must debract from the effectiveness of the work.
There is great danger in using those dark streaks and chequered
courses which are now gaining so much favour, lest the shadows
of the building in which they occur should lose their value.
For, when not seen so near as to allow of a clear perception of
details, these bands are hardly distinguishable from shadows.
However easy it may be to cite old examples as a justification,
reason ought ever to prevail over precedent. I know that these
zebra stripes occur in many parts of the peninsula of Italy and
in Spain, as well as elsewhere in Europe and in the East. As
I have already said, they may have originated in some construc
tive requirement, no doubt adding to the strength of the wall.
We have no such valid reason to urge in favour of our dark
streaks; at all events they constitute, I think, one of those eccen
tricities of the past which scarcely deserve to be disinterred.
4. There is another principle of paramount importance in the
treatment of colour in exterior architecture — viz. that the
colouring should be consistent in character with the purposes
of the building itself. Our ancestors correctly appreciated the
cheerful character of white, by frequently designating halls
erected for festive purposes "Whitehalls." The hall at Kenilworth Castle was called the Whitehall. There was a White
hall in the Old Palace of Westminster; and the Whitehall of
Charles's intended palace is familiar to us all. There is also a
Whitehall in the royal palace at Berlin. Even our cousins
across the Atlantic have taken over with them the tradition, and
they have their Whitehalls for festive and popular gatherings.
It is a fact, not without interest to any true born Londoner, that
the lofty building called the White Tower, in the mediaeval citadel
of this port of London, seems likely to owe its name to having
beeen whitewashed externally.
In a very fine illuminated
manuscript of the fifteenth century, preserved in the British
Museum, a carefully executed view of London is introduced, in
the foreground of which appears this great fortress, and while
the general masonry of the building is coloured naturally, and
in a somewhat low tone, the tower, with its four angle turrets,
stands out prominently and conspicuously white. So marked is
the distinction that it cannot have been so represented in the
manuscript without a special purpose, which was probably that
of identifying the building.
If, as 1 have said, white is calculated to produce iu the mind
a cheerful impression, black, on the other hand, has ever been
viewed in an opposite sense. Thus, from remotest times, black
was typical of mourning. Atra and lugubria were synonymous
words. Even the sacred rhapsodist, when he would describe a
scene of terror and despair, says, "All faces gathered blackness."
The same distinction is alike applicable to those colours which, on
the one hand, partake of the character of light, and those which,
on the other hand, are characterised by an absence of light. It
is not for us here to inquire whether there may not be physical
causes assignable for this mental phenomenon: but that the
animal spirits may be raised or depressed by the mere contem
plation of different colours—that colours, according to this
quality, may be productive of positive pleasure or pain, irre
spective of any considerations of harmony and discord, are facts
within the reach of evsry man's experience, although probably it
is beyond the reach of human intelligence satisfactorily to ex
plain them.
The power of colour to produce strong emotions of the mind
has been at all times recognised. Thus, when the sacred writer
desired to raise in the mind a picture in the highest degree
poetical of the Holy City, he represented that the building of
its wall was jasper, and its foundations as beiug garnished with
sapphires, with chalcedony, emerald, and all other stones of re
splendent colours; the gates were of pearl, and the streets of
pure gold. No doubt the value and rarity of these precious
substances were also calculated to excite the imagination; but
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their beautiful colours were evidently an important ingredient
of the vision. Sometimes our admiration of an object is excited
by describing it to be "like unto a jasper," or "to a sardine
stone," or even "to a rainbow." The Bible is indeed foil of
evidences of the high appreciation of colour as a source of beauty
and pleasure.
In the Homeric writings also we may find
abundant evidence of this natural and pervading feeling. Azure
and vermilion are constantly used as typical, as it were, of
regal splendour. No doubt every classic scholar can greatly ex
tend these illustrations. I will not detain you with quotations
from Chaucer, Spenser, and others of our poets, in whose minds
rich colouring seems ever to be associated with ideas of mag
nificence.
I do not know how far I shall have been justified in so long
a digression; but I trust that I have at least established enough
to warrant me in saying that the poet, of whatever country
or age or creed he may be, will be always found to regard
colour as an important means of raising in the mind an image of
beauty or magnificence. I am very sensible that there is a vast,
an almost incalculable difference, between the works of the poet
and of the architect. The one has but his imagination to draw
upon, whilst the other has to seek the materials of his work
from a very different source, and too bold a draught upon his
imagination would be the likeliest means of bringing his career
to an untimely end. Still there is an analogy—remote it may
be, but real, and I think manifest. I have said that I regard it
as a principle of our art in the treatment of colour in exterior
architecture, that the colouring shall be consistent in character
with the purpose of the building itself, and I have adduced
various notable instances of the adaptation of colour to the
nature of the building. The subject is indeed fruitful. I might
easily adduce abundant proof to show that, as bright colouring
lias ever been regarded as productive of a gay and cheerful effect,
so dnrk and sombre hues are equally effective in raising feelings
in harmony with the grave and serious purposes of some
buildings.
This indeed seems obvious. Who would not be at once struck
with the excessive impropriety of bright coloured decorations
on the exterior of a prison, or a cemetery, and may I not add
too of a church ? For however becoming it may be to lavish on
a building destined to the service of God all the best offerings
of art and genius, I am by no means convinced of the propriety
of chequering over the exterior of a church with bits of bright
coloured materials. Even in the interior of a church it is, to
my mind at least, open to question whether a true religious
feeling is not better expressed by the grey, sombre tints of old
stonework, than by th* gorgeous pageants of gilding aud paint
ing, inlaying and polishing, by which piety is supposed by some
to be measured.
Beautiful as are the St. Chapelle and the
Church of St. Genevieve, at Paris, and the Hof Kapelle at
Munich, it is impossible not to regard them rather as aesthetic
triumphs, than as evidences of the devotion of the builders. It
is very long since I saw the Church of St. Maria Maggiore, at
Borne, prepared for the midnight ceremonies of Christmaseve; but I have a vivid recollection of the enchanting effect
of the bright polished marbles aud the gorgeous gilding, the
crimson satin embroidered banners and the green festoons; yet
the impression produced on my mind was that I saw before me
the most elaborately beautiful saile a danger in the world.
It is, I repeat, a principle of paramount importance that every
building should be conformable in the character of its architec
ture to the nature of the purposes to which it is destined. There
is in the treatment of colour in exterior architecture yet another
consideration which must by no means be overlooked—viz. that
treatment should always be influenced by the site of the build
ing. The genus loci must be consulted.
The strong positive
red of bricks, for example, extending over any bulky object, pre
sents an unpleasant contrast when surrounded by green foliage;
and when these bricks are of a dark, dingy tone, they sink into
the landscape, and the building, as such, loses proportionately
its value. For this obvious reason stone is a very preferable
material; we must all have often had occasion to observe how a
white building brightens up a landscape—how the white cottage
sparkles in the distance when set off by the surrounding deep
green tones. It is true these white buildings may cease to be
so pleasing when they occupy too much space in the eye—a great
white mansion is alwayB best seen when half-concealed by foliage;
and this may suggest more artificial modes of subduing the in
tensity and breaking up the monotony of these large white
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masses. For this reason the intermixture of stone and brick is
often far preferable to the use wholly of one or the other. But
the use of two qualities of stone, the one of lower tone than the
other, is perhaps a still more unobjectionable measure, provided
the difference in tone be not too violent.
In civic architecture other special local considerations have to
be taken into account. There are in towns seldom any pleasing
natural accompaniments to assist us. House is opposed to house
—each has to contend with the damaging effects of its neighbour.
In fact, our most frequented streets present for the most part a
very inharmonious medley of sizes, forms, and colours,—like a
Dutch concert, where each performer, it is said, plays his own
particular tune. Still, it is very questionable whether even this
scene of confusion may not be regarded as less objectionable than
the insipid uniformity of some modern German towns—such as
Stuttgard, for example, where it would appear to be almost im
possible for a man to know his own house from his neighbour's,
unless assisted by some private mark or some familiar badge.
The severest military discipline seems to pervade even the archi
tecture of the town, and the houses are drawn up in array, like
soldiers on parade. We might say of them—taking a little liberty
with a well-known text—
" House nods on house—each column has a brother,
And either terrace just reflects the other."
Such dull uniformity seems to me more offensive than the most
tumultuous disorder.
In the architecture of towns and cities we are seldom called
upon, as in rural situations, to subdue or neutralise any excessive
whiteness. In the large towns of England, at least, soot soon
clothes the nakedness of a new stone building, and too effectually
lowers its tone. This might suggest the expediency, in such a
climate and with such an atmosphere as ours, of avoiding the use
of any coloured material of too low a tone. Those who have seen
Schinkel's elaborate work in deep red terra-cotta—the Bauschule,
at Berlin—will have regretted that so much intricate and beau
tiful workmanship should result in producing so ponderous an
effect. Light loses its quality of brilliancy, and shadows lose
their force and distinctness, when the facade is veiled, as it were,
in this monotonous deep tone.
I think then that it will be admitted by all, that a certain
amount of variety of colour in a piece of architecture of any con
siderable extent adds to its power of pleasing, by giving it spirit
and animation. But it is in this as in most other matters de
pendent on human judgment: the greatest difficulty—that which
is the real touchstone of talent—is to know where to stop, and to
determine how far to carry this variety of colour. In some towns
on the Continent we see washes of green, yellow, red, and other
gaudy colours used to an almost ludicrous extent; and in nothing
does the Asiatic origin of a large portion of the population of
Kussia show itself more than in their love of gaily-coloured
architecture, both domestic and ecclesiastical. At Moscow, near
the Kremlin, is a church dedicated to St. Vassil, whose fantastic
and indescribable architecture is rendered still more barbaric by
the brightest colouring up to the very summit of its highest
towers. The bulbous shaped domes that in singular profusion
surmount the towers of the adjacent palace, or group of palaces,
designated the Kremlin, glitter with gold and paint; whilst the
iron roofs throughout the city seem all to be green or red. In
their country houses too I hear of an excessive use of bright
greens and reds. These are it is true the excesses ever attendant
on an uncurbed, uncultiv;ited taste; but perhaps on that account
they the better illustrate the natural tendency of all minds, both
the wise and the simple, to derive pleasure from colour. .
Let us however be moderate in our indulgence of this pleasure,
and let us be discreet in the manner as well as in the measure of
our indulgence. My own predilections are certainly in favour of
almost limiting the varieties of colour on the outside of a building
to those which are afforded by the natural hues of the materials
themselves. I feel averse to resort in exterior architecture to
the use of artificial colouring, except for temporary or experi
mental purposes, when of course the practice is quite admissible;
but I would never willingly resort to painted external decora
tions as permanent work—if indeed any work so executed can be
called permanent. Where oil is the chief vehicle adopted for the
colour no doubt it resists the weather for some time, even for many
years perhaps, although its purity and brilliancy may speedily
depart; bat if oil-painted decorations be objectionable for their
deficient durability, how infinitely more so are the ephemeral
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decorations of other pigments.
I well remember, when at
Munich, my great concern to find that, by casually leaning
against the wall of a great public building, I had transferred on
to my coat no inconsiderable portion of its Pompeian ornamenta
tion. I hope we shall never be driven, by the urgency of other
demands on the public purse, to resort to such means of beauti
fying our public buildings. There, at all events, let our colours
be natural. Nor will this obligation impose ou us any incon
venient limits. Nature is rich in coloured materials of various
hoes; we have in common building stones a wide range, from
red sandstones to chalk; and our marbles are almost endless in
their variety of colour.
I would however except from this condemnation of artificial
colouring one most important source of beauty. I refer to those
earths that, by burning and vitrification and by chemical pro
cesses, are brought to the condition of naturally coloured
substances. There need be no apprehension as to their per
manency; they will outlast most stones, and their colour never
fails. I have already adverted to the use of this artificial ma
terial, and I now only remind you of it to show what abundant
means we possess of colouring our architecture without resorting
to the paint-brush and to the wash-pot.
I have now touched upon most of the salient points of the
subject to which I have appropriated this evening. I feel too
well aware how little can be effected within the narrow compass
of a single lecture; but I believe the value of such remarks aa I
may address to you depends wholly on their suggestive nature.
Whatever truths there may be in the thoughts expressed, they
are wholly inert and valueless unless they are made by you the
groundwork of further thoughts, and excite in your mind a desire
to pursue further the inquiry into the subjects touched upon.
The seed that falls upon barren ground will take no root, and
be productive of no good result; whilst that which falls upon
good ground is at once kindly received, and springs up and
brings forth fruit, some twentyfold, some fifty, and some a hun
dredfold, according to the richness of the soil, and to the care
of the husbandman.
To quicken the energy, to smooth the path, and to facilitate
the progress of the really studious learner, is the anxious desire
and aim of this Academy. You will accept this my assurance,
that the student who in his earnest exertions to improve him
self shall seek such aid and advice as I feel myself competent to
give, will find in me no grudging or unwilling, but rather a
most ready and cheerful adviser,

THE EXHIBITION OF 1862 VIEWED IN CONNECTION
WITH ARCHITECTURE.
It is gratifying to observe that the architectural societies are
beginning to direct the attention of their members to the neces
sity of taking care that their Art be worthily represented in the
Exhibition of 1862. The Architectural Association have passed
unanimously a resolution to the effect that it is desirable that the
various bodies of architects throughout the kingdom should
co-operate to secure a good exhibition of architecture, and they
invite other societies to lend their aid, expressing at the same
time their own readiness to take their share of the duty. A few
days later, at the Royal Institute of British Architects, it was
announced from the chair that the matter had already long had
the attention of the council; and it was requested that members
wonld favour the council with their suggestions. It now remains
to be seen first whether the various provincial societies will
respond to the call thus made upon them by their London
brethren, and then whether any active and concerted measures
cannot be brought about worthily to accomplish this end.
Never was there a time when the interests of architecture in
this country could have been so well served by a great public
exhibition as now they can; and never, perhaps, was there so
much worth exhibiting as has been recently produced in this
way—certainly never since exhibitions began. We have just
revived our national style of architecture. The noble pile at
Westminster, which must always remain a central monument of
that revival—as St. Paul's will mark the culmination of the
Classic Renaissance amongst us—is but just completed; and now
that we are launching on an era of novelies, tentative efforts,
adaptations of foreign features, and striving after a new and a
characteristic manner of building, it behoves us more than ever
to keep together, and to embrace every opportunity of looking
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at one another's works, and trying to harmonise our various
procedures and methods of design.
The great progress that was made in the best times of the
middle ages rose from the fact that all men were then working
in a common direction, and the efforts of the individual tended
to advance the progress of the community. Have we not too far
departed from this practice in the present day? and, with all our
facilities for travelling, our public societies, and our professional
journals, does not England alone present tenfold the amount of
division that Europe exhibited in the matter of architecture in
the thirteenth century ?
If, without any sacrifice of the right of private judgment, or
any loss of the spirit of design in individual artists, we could only
manage to fuse our efforts into something approaching a united
move in one definite direction, we might hope to advance rapidly
towards a style worthy the name of "Victorian Architecture"
—a title of great pretension, and which the public is just now
being called to apply to the works of a very markedly sectarian
section, if the word may be allowed in a secular sense, of the
modern school.
Nothing could better contribute to this progress, and could
more awaken the public mind to the value of good architecture,
than an exhibition by means of drawings, models, photographs,
casts, and all possible methods, of the best works of architecture
that have been executed or designed and worked out for execu
tion during the last few years. We even believe that if the best
works only of the two schools which have alternately enjoyed
public favour, could be collected and exhibited in chronological
order, much more unity of purpose among the leading mem
bers of each school, and much more assimilation between the
two schools, might be traced than at first sight appears.
The course of the Gothic Revival began in antiquarian re
search, and was continued by progressive efforts, each tending
to produce a more correct reproduction of some past detail or
style than before; it then, advanced to the mastery of its
materials, began to design, although only within the limits of
archaeological propriety; and now, seeking its manner of work
ing in all styles—Continental as well as British—and pro
curing its material from al' sources, those unfolded by modern
skill and science no less than those hallowed by ancient prece
dent, it is making daily progress. This course, we repeat, intel
ligently represented, would exhibit a far more consistent and
steady progress than has been by many supposed to have charac
terised it, and would probably be much aided in its future
advances by such opportunities for reviewing its past history.
No less would the less connected thread of the history of
Classic architecture, commencing from where we replaced the
architecture of the Parks and Regent-street by attempts but
partially successful to imitate the inimitable finish of Greek art;
from which we were led back by Oockerell and Barry to those
adaptations of Italian art which in their refinement and dignity
combined must always rank high among the architectural
achievements of the century:—no less would a series demon
strating this history grace the walls of an exhibition where
Englishmen ought to teach themselves and show to others their
real position in the history of the fine arts of modern Europe.
No effort ought to be left untried to secure a fine collection.
Probably the best hope is from a series of photographs of build
ings themselves, illustrated when practicable by photographic
reductions of plans, sections, and other architectural drawings.
But it is to be hoped that such photographs will be on a much
larger scale than the very moderate dimensions with which our
English photographers seem contented, and in which they
quietly allow themselves to be surpassed by both French and
Italians.
Photographs alone however will not suffice; good views, of
which an enormous number exist in the possession of architects,
will, if faithful, be of great value; and so above all will models. A
model, and a model only, shows the perspective changes that mani
fest themselves on walking round a building, or (when the model,
like'that of Wren's design for St. Paul's, now at South Kensing
ton, shows the interior also) in passing through it. Such changes
are as much a part of the artistic excellence of a building as the
complete grouping of a piece of sculpture when viewed on all
sides is a proof of the sculptor's skill; and on this ground, if on
no other, the exhibition of architectural models ought to be en
couraged.
Lastly, all this requires time. There exist or can be created
abundant materials for the formation of such a gallery as we wish
23

06

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

to see; but tbe discovering thein, and arranging and preparing
for their reception, promises to be a more difficult and lengthy
task than that of arranging the preliminaries for an exhibition of
paintings. We therefore hope that no time will be lost in making
a good commencement, and in following it up with energy and
determination.

BRIDGES OF CAST STEEL.
We extract the following from Nouveltes Annates de la Con
struction, a French periodical, to which we shall have occasion
again to refer: —
" In proportion as materials are perfected and rendered more homoge
neous, it becomes possible to extend the general dimensions of the objects
manufactured from them, and at the same time to diminish the rela
tive section of their component memliers, so that the materials support
a greater number of pounds weight per superficial inch."
After showing the great superiority in actual strength pos
sessed by cast steel over cast and even over wrought iron, the
writer continues—
" For some years past the manufacture of cost steel has been extended
in a remarkable manner. Considerable manufactories have been esta
blished for this object, both in England and on the banks of the Rhine,
and even in France. But wheel tires, springs, axles, rods for pumps
for mining purposes, cannons, and some other special applications, have
been the only products which, up to the present day, have been manu
factured in the course of trade. Why should not the execution of
bridges and roofs of great span be attempted in cast steel? It is only
the first step which it is difficult to take in any sort of progress. When
one application of this material has been made, it is more than probable
that the success of it will be followed by others; and then wo shall soon
see engineering works executed to span rivers, valleys, arms of the sea,
more vast and more daring than those hitherto familiar to us. Spans of
200 or 300 metres (650 or 1000 feet> will become ordinary, and will pre
sent no other difficulty than that of fixing."

NEW CHURCHES.
There are now twelve new churches in progress in London
and its suburbs, and several others projected. One now in pro
gress, situated in Baldwin's-gardens, at the rear of the eastern
side of Gray's-inn-lane, from the great merit of its design re
quires particular notice. The neighbourhood in which it stands
is one of the most immoral in the metropolis, and where the
benefits of religious instruction are specially needed. A portion
of the sacred edifice occupies the site of the once notorious
" Thieves' Kitchen." This large, costly, and peculiarly-designed
church is now in an advanced state, the exterior being nearly
completed, together with a parsonage and sexton's house on its
southern side. Brick is employed in the construction of the
walls both externally and internally, there being no plaster
used internally except in the aisles and beneath the large west
windows of the nave. The arches and columns are of stone, the
latter having moulded caps and bases of highly effective section.
We did not perceive, in our brief survey of the interior, a single
sculptured enrichment of any kind introduced. The interior of
the church is exceedingly imposing, arising from its great height
(81 feet); and already produces a warm and pleasing effect by the
judicious introduction of coloured brick, in red and black hori
zontal bands, and lozenge-shaped forms. The eastern half of
the chancel, both east end and side walls, is to be lined with
alabaster; that on the eastern wall divides itself into large panels,
in which are to be painted various subjects, beginning from our
Lord's Nativity, and ending with the Day of Pentecost, in the
upper compartment. The interior faces of the walls of the
north and south aisles have arcades formed on them by a
series of pointed arches, supported by red Staffordshire clay
shafts, standing clear of the recessed walls, producing an admira
ble effect: similar shafts also carry the nave roof. The spandrels
between tbe arches are relieved by deeply sunken moulded
quatrefoils. The constructive timbers of the roof are seen. The
walls have horizontal bands of red brick and stone, diversified
with chequered work in red, the general groundwork being
yellow; the whole producing a highly pleasing impression, with
out the coldness of either stone or plaster. The edifice possesses
many of the admirable peculiarities of treatment and detail
usually introduced in edifices of this kind by its architect, Mr.
Butterfield. The contractor is Mr. George Myers. The church
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is expected to be consecrated about the middle of the coming
summer. It has been erected at the sole cost of Mr. J. G. Hub
bard, M.F., whose praiseworthy act will, we trust, be very suc
cessful in improving tbe moral condition of the inhabitants of
the district
A fine church is in progress in Hanger-lane, Stamford-hill,
from the designs of Mr. J. Talbot Bury, architect The style is
Early Decorated Gothic. The materials employed are Kentish,
rag stone for the plain walliug, and Boxhill Bath stone for the
dressings, and portions of the tower and spire. The church is
cruciform in plan. The nave is 73 feet long by 23 feet wide,
and 53 ft. 6 in. high from the floor to the ridge; the aisles being
of the same length, and each 1 2 ft. 6 in. wide. The eastern end
of the chancel is semi-octagonal, and on its northern and southern
sides are a vestry and organ chapel. The tower, which is IS feet
square externally at the base, is placed at tbe south-western
corner; it will be 60 feet in height, surmounted by a well-pro
portioned spire, which, when complete, will give a total height
from the ground of 125 feet The principal entrance porch is at
the north-western corner. The nave is separated from the aisles
by a series of pointed arches. The chancel will be somewhat
elaborately decorated in colour. The mouldings of the internal
pillars, shafts, and arches, are all of stone. The roofs display
their constructive timbers, which, with the open ornamental
seats, are to be of stained deal. Attached to the church will be
a commodious parsonage, finished externally with brick facings,
having characteristic stoue dressings. The contractor for the
whole of the works is Mr. Myers.
The foundation-stone of the Church of St James the Less,
Upper Garden-street, Westminster, was laid in the spring of
1860: the structure comprises a nave, side aisles, north and south
transepts, and chaucel. The roofs of the chancel and apse are
groined in stone and brick. Three pointed arches on each side
divide the nave from the aisles, the voussoirs of which are formed
in black and red brick. The walls are lined to a height of 4 feet
with Minton's encaustic tiles, and the floor of the chancel is laid
with coloured tiles in geometrical pattern. The total length of
the interior in the clear is 94 feet, by a width of 51 feet The apse
is circular in form, having a diameter of 20 feet. The tower is
20 feet square, and carried up to a height of 87 feet, surmounted
by a spire, 45 feet high, of timber covered with slate. This edifice
is of brick and stoue both outside and iuside, although in some
instances more costly materials are introduced, as Devonshire
marble for the columns, &c. The carvings in stone are of a most
elaborate and characteristic description, finely rendered by Mr.
Pearse. The structure was designed and is being executed under
the superintendence of Mr. G. E. Street; and is, we understand,
erected at the sole cost of two daughters of the late Bishop Monk.
Mr. Myers is the contractor.
The church of St Mary, Hornsey Rise, of which the founda
tion-stone was laid on the 29th of June last, is now in an
advanced state. The plan of the edifice is cruciform, and com
prises a nave, chancel, north aud south aisles, and transepts.
The tower is at the south-west angle. The plain facings of the
external walls are of Kentish rag, and tbe doorways, string
courses, copings, tracery, labels of windows, and quoins of the
supporting buttresses are of Bath stone. The style is Decorated
Gothic, of the fourteenth century. The church has been erected
from the designs and under the direction of Mr. A. D. Gough,
architect; the contractor being Mr. G. J. Carter.

ON GAS ENGINEERING*
By David Laidi.aw.
The importance of the branch of engineering relating to illu
minating gas will be freely admitted, when it is stated that the
estimated capital employed in the manufacture and distribution
of this now most necessary source of artificial light is upwards of
£30,000,000; and to this large sum must be added the capital
employed in mining and conveying coal, in iron and brass found
ing, and in the various branches of business in connection with
these, which give employment to many thousand individuals.
Again, when we take into consideration the immense demand
for artificial light, and which could not have been supplied had
we still to depend upon oil and candles—the estimated quantity
of coal consumed being about 3,500,000 tons, and the income
* Bead at the Institution of Engineer* in Scotland.
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derived from gas £5,000,000, annually—it is evident that this is
a branch of engineering that requires careful study and attention;
whilst the more thoroughly the manufacture of gas is understood
the better and cheaper will it be supplied to the public
Gas light is comparatively a modern invention; for, although
inflammable gas issuing through fissures from coal or other car
bonaceous matter has been known from the earliest ages, and
although a few experiments had been made on coal gas as early
as the beginning of last century, it was not until the year 1790
that Mr. William Murdoch (who at that date resided in Cornwall),
having had his attention called to inflammable gas issuing from
a neighbouring mine, made several experiments in distilling gas
from coal, and in 1792 conveyed tubes through his dwellinghouse and office, and was the first who succeeded in practically
introducing this most invaluable discovery. In 1798 he lighted
with gas a portion of the Soho works, Birmingham; nnd early in
this century a few private works were erected for lighting manu
factories. Comparatively little progress however was made in
the extension of gas-lighting until after the year 1814,—no doubt
owing to the many difficulties that had to be contended with in
manufacturing and purifying the gas, and also to the cost and
insufficiency of the fittings; but the great improvements that
have taken place in all these departments, and which have also
reduced the prices, have for many years past rendered it indis
pensable. Not only is it used in our large cities and towns, but
also in palaces, country mansions, and dwellings of all classes; in
our shops, warehouses, manufactories, and streets; and also in
our manufacturing processes to a considerable extent. Nor is it
confined to towns only, but many villages, some with less than a
hundred consumers, possess it; and these works, when properly
constructed and managed, yield not only a superior light at a
cheap rate, but good dividends to the shareholders. Glasgow,
as might be expected from the enterprising character of its
citizens, was amongst the first to erect public gas-works. A
charter was obtained in 1817; the works were constructed by
Mr. J. B. Neilson, and for many years were managed by him.
It was suggested by our president, that the writer should in
the present paper give his experience of gas engineering in St.
Petersburg. As the contract there is not nearly completed, it
will in the meantime be sufficient to mention that it embraces
600 retorts, with all the necessary purifying apparatus, steam
engines, four telescopic gasometers, each 100 feet diameter and
40 feet deep, and two 60 feet by 40 feet deep, together with iron
roofs, station meters, &c, and about 10,000 tons of main pipes,
from 3 to 36 inches in diameter, besides many hundred lamp
posts. In September last a very successful start was made, and
gas was distributed through upwards of 50 miles of main pipes
chiefly those of the larger sizes. The city is built upon the banks
of the river Neva—three canals intersecting the city. These
have all to be crossed at numerous points, the pipes being taken
below their beds. This is a tedious work. The inclemency of
winter in that region requires to be duly guarded against: the
condensers, purifiers, and every portion of the apparatus, in
cluding the gasometers, must be placed in houses, with the means
of heating them. The pipes are all laid 5 feet beneath the pave
ment; and, as it is almost impossible in any part of the city to
dig more than 4 feet without being inundated with water, the
engineering difficulties are not trifling. But above all, the
greatest difficulties to contend with are the theoretical opinions
of the .Russian military engineers; the delays in getting any
matter decided upon, and the innumerable obstacles presented
by those whose duty and interest should be to promote expedi
tion; and also the very short portion of the year (about five
months) in which out-door work can be carried on.'
The first duty of an engineer on being employed to erect a gaswork is to endeavour to procure the most suitable site. This
should be chosen at or near the lowest part of the town, and, if
possible, should have communication with a railway, river, or
canal, to lessen the cost of conveying coal and other materials
into the works. Ample ground should be secured not only for
present but future wants. The efficiency and economical ma
nagement of many gas-works have been neutralised by selecting
too small a piece of land, with the view of saving the cost of a
few hundred yards of main pipes; and hence additional gi-ouud
has to be secured at an enormous cost, or additional works have
to be erected at an opposite side of the town, which necessarily
greatly increases the annual charges by a double management
and other expenses.
The next duty of an engineer is to arrange the various build
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ings with a due regard to convenience and economy in working.
In all manufactories where the routine is daily the same a
saving of much labour may be effected by proper arrangements,
and the annual charges on the business consequently greatly
lessened. In the plans made out by the writer for the works in
St Petersburg particular attention was paid to this. The coal
stores were in connection with the retort houses; but the Russian
military engineer, Col. von Okie, who was appointed for the
building department, altered this arrangement, and placed the
coal stores at a distance of twelve or fifteen yards; aud the supply
of coal has first to be deposited in these, and then wheeled across
to the retort house for each charge of the retorts, thus entailing
an enormous unnecessary annual expense.
The buildings should be constructed either of stone or brick,
whichever is cheapest in the locality. A few years ago, when
the writer contracted to light Gibraltar, the governor, Sir James
Ferguson, allowed him to take all the Btones required merely for
the expense of quarrying them. A calculation was made of the
cost ot hewn-stone walls and cast-iron walls; aud it was found
that, although labour was nominally cheaper there, as in most
places abroad, than in this country, it was in reality more
expensive, on account of the small amount of work done; and
that the principal buildings could be erected of cast-iron, of a
more elegant design, and at less cost than with stone; and
accordingly this was done. The writer has also, in erecting
some works abroad, used cast-iron framing, and filled in the
spaces with brickwork, which makes a very strong aud durable
structure. The retort and purifying houses should all have
roofs with iron rafters covered with slates or other incombustible
material.
The first portion of the apparatus is the retorts. These are
made of various forms and different materials. Cast-iron was
exclusively used for many years. Some engineers have used
wrought-iron retorts, and Mr. King of Liverpool used some made
of cast-iron with wrought-iron tops. During the last twenty-five
years fire-clay retorts have been extensively introduced, and are
now very generally used in large gas-works. The introduction
of fire-clay retorts gave rise to much discussion between gas
engineers on the respective merits of iron aud clay retorts; but
the writer has no hesitation in saying that no gas-work should
have clay retorts, except those which have a sufficient number in
use to pay the expense of keeping a steam engine and exhauster
at work. Another kind of retort is built with fire-bricks : these
are about 20 feet long, 5 feet wide, and 18 inches high. Retorts
of this class however are used in very few works. The writer
prefers the clay retorts for large works to be 18 feet long, 18 or
20 inches wide, and 12 inches deep, with a lid and ascension pipe
at each end.
The construction of the ovens, and the number of retorts that
should be placed in each, have also been much discussed: some
engineers prefer three, others five, some seven, and others even as
many as nine. Some engineers use clay and iron retorts in the
same oven, but the great object is to carbonise the coal in the
retorts with as little expenditure of fuel as possible.
In old gas works the ascension pipes and bridge pipes used for
conveying the gas from the retorts to the hydraulic main seldom
exceeded 3 inches in diameter, and were easily closed up. Now we
make the ascension pipes 6 inches at the mouthpiece, tapering to
5 inches at the top, and the bridge and dip pipes 0 inches. Gas
should not be retarded on its passage through the apparatus : all
pipes and passages should be of ample capacity, with as few
bends or knees as possible; and all knees should have flanges
that can be taken off for cleaning the pipes.
From the hydraulic main the gas passes through a condenser,
where it is freed of the tar; it then passes to the exhauster, a
species of pump, which draws the gas from the retorts and forces
it through the purifying apparatus, and thus reduces the pressure
in the retorts. It next passes through the wash-vessels, or scrub
bers, which free it of ammonia, and next to the lime purifiers,
where it is freed of the sulphur. To the various methods of
purifying gas it is unnecessary here to allude, whether by wet
lime, dry lime, or a combination of both, or by the use of oxide
of iron or other chemical substances. Wet-lime purifiers are now
rarely used, in consequence of the inconvenience of the mixture
of lime requiring to be kept in constant agitation : they also
greatly increase the pressure, and there is great difficulty in
getting rid of the lime-water. In consequence of these objections
dry lime is now almost universally used. The most convenient
arrangement of dry-lime purifiers is in sets of four, with the
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change valve in the centre so made that three purifiers are always
at work, leaving the fourth disengaged to be prepared with fresh
lime for use; each purifier is thrown out of use in succession, as
the lime geta saturated with sulphur. In this arrangement the
gas passes first through the foulest purifier, then the second, and
lastly through the pure lime. Purifiers have been by some
engineers enlarged to a most inconvenient size of late. Those
vessels should not however exceed 12 feet square, whilst there
should be a sufficient number of sets for the quantity of gas
that has to be purified. From the purifiers the gas should in all
cases pass through a station meter, which registers the quantity
made, and from it to the gasometers or gas-holders.
In large works the gas-holders are now generally made tele
scopic, as they hold nearly double the quantity of gas that the
single-lift holders do in the same size of tank ; they are more
economical in construction in proportion to their cubical contents,
and occupy less ground. The largest gas-holder in Scotland, and
that the writer believes has yet been in full operation anywhere,
was lately erected in Glasgow, under the superintendence of
Mr. Bartholomew, engineer to the City and Suburban Gas Com
pany.
Tanks for containing the gas-holders are frequently a source
of great annoyance and expense to gas companies, and in their
construction the utmost skill of the engineer is often taxed.
When the ground is firm, stone or brick tanks are easily made
water-tight when well built, and puddled with clay carefully;
but when the ground is soft or marshy, it is often next to im
possible to construct them, except with iron; and when of large
diameter the author prefers to make them on the annular prin
ciple: these do not require the entire diameter to be excavated,
aud a comparatively small foundation of concrete or other ma
terials is required.
When making plans for St. Petersburg, the tanks, which are
102 feet in diameter, were designed on the annular principle,
being best adapted for the marshy soil of that capital. The
Russian military engineer already alluded to, however, insisted
that he could make brick tanks for one-half the price of iron
ones, and he was allowed to build oue. The result was that it
cost an immense sum more than the estimate for the iron one,
and, being a complete failure, an iron one had to be placed inside
of it,—a proof to the directors that Russian theory was much
more costly than British practice.
A source of very great loss to gas companies is the conden
sation and leakage of the gas in the street mains.
In some
instances as much as one-third of all the gas manufactured is
thus lost; and the writer believes that the average loss is not
under 15 per cent., aud in no case under 10 per cent., although
some gas managers have stated a less quantity. This is a depart
ment which should have the engineer's careful attention, and
much may be done to lessen the loss; but to bring it down to
1 per cent, is an impossibility, for a much greater loss must
occur from condensation alone. The quantity and sizes of the
pipes, in proportion to the amount of gas consumed, must also
materially affect the amount of loss. When the towns are com
pact and the consumers close together, the loss will be smaller
than when the consumers are scattered at a distance from each
other, as often occurs in small towns. Much however can be
accomplished to reduce the loss by the sizes and quality of the
pipes, and the way in which they are jointed. When the main
pipes are too small in diameter to give an ample supply of gas,
a heavy pressure must be put on at the gas-holder to force the
gas quickly through the pipes. The pressure should not exceed
in level towns 1 inch of a column of water; but it in some towns
exceeds 4 or 5 inches, the loss of gas increasing with the pres
sure. All sizes of pipes, from 1^ inch upwards, should be cast
vertically in dry sand moulds; pipes thus made are free from
pores, and the metal is closer in the grain than when cast in
green sand, and on an angle or bank: for although the latter
quality of pipes will stand the test of the hydraulic press, yet
there is no doubt they do allow gas to escape through the pores
of the metal. It is a well-known fact, that where gas pipes have
lain for a number of years, the surrounding earth is impreg
nated with gas to a considerable thickness. Another cause of
loss frequently arises from the pipes being made thin and light,
and in some soils they are very soon corroded. This is false
economy. The methods of jointing pipes generally adopted are
those with spigot-and-faucet packed with hemp or rope yarn
and lead, and spigot-and-faucet bored and turned joints. The
latter kind, when properly made, have the advantage of being
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quickly laid, as the joints only require to be coated with red lead
paint, aud knocked home with a mallet. They make a very
perfect joint.
The quality of the gas is a very important matter, and re
quires careful attention. The chemical tests are now well known
and easily applied. On the quality of the coal depends in a
great measure the illuminating power of the gas. Oannel coal
yields the largest quantity and the richest quality. The price of
gas should be regulated by its illuminating power. To compare
the gas of one town with that of another by the prices charged
per 1000 cubic feet, gives no true result, because the illuminating
power of the one may be double that of the other.
Gases are sometimes tested by comparing their specific gra
vities; but as this may be affected owing to the presence of car
bonic acid or atmospheric air, this method is not a sufficient
test, and the photometer test is therefore preferred, as by it the
quantity of light actually yielded is measured.
The meter by which the quantity of gas used by each con
sumer is measured and registered, is a most important instru
ment Previously to its invention in 1816 by Samuel Clegg,
recently deceased, each burner was charged for according to a
scale of prices, and had to be paid for whether in constant use
or not. With the meter the consumer only pays for the quantity
of gas he actually consumes. This instrument therefore has
been the means of greatly extending the use of gas. There
are two descriptions of meters in use, generally known as
"wet" and "dry" meters. The accurate registration of the wet
meter is determined by maintaining the water at a fixed level.
The legislature have had this matter before them for nearly
two years, to the very serious loss of the trade, and have passed
an act, which cannot be carried into operation, aud which
act has been suspended until further information is obtained.
The arrangement of the front box of the meter was introduced
by the writer in the year 1844, to obviate an objection that
existed in nearly all meters, which was that the water could be
raised above the true level, and thus diminish the measuring
portion of the drum—to the loss of the consumer. In the meter
referred to it was rendered impossible that the indication could
ever be greater than the actual quantity passed through; and
for this reason the City and Suburban Gas Company adopted it
at the time they commenced business, and have since fixed up
wards of 25,'KH). No gas can be extracted from these meters
without being registered; gas companies may, however, be losers
to the extent of two or three per cent, of gas, owing to the
evaporation of water from the meter before the valve closes, but
the public can in no case suffer. Mr. Allan, of Perth, took out
a patent about eighteen months ago, to convert the space in the
front box of the meter, above the water line, into a reservoir for
water to supply the loss by evaporation. By means of tubes the
water is taktn from the reservoir to the back part of the meter,
into the chamber in which the drum works, and supplies any
evaporation that takes place. By a very slight alteration upon
the writer's meter, he has, with Mr. Allan's concurrence, taken
advantage of this reservoir, as shown in the meter exhibited
to the meeting, and the simplicity of the arrangement will be
observed. Several trials were made by Mr. King, of Liverpool,
and the results were so satisfactory that he has adopted the
arrangement. The Liverpool Corporation Inspector also made
several trials on a five-light meter on this plan, the result of
which was also very satisfactory; showing that, after abstracting
80 cubic indies of water, the' registration only varied "25 per
cent.

RAILWAY FROM ANCONA TO BOLOGNA*
The railway from Ancona to Bologna constitutes the principal
artery of the Romagnas (the Marches, Uiubria, Emilia, and the
former States of the Church). This line will on the one hand
unite these rich and beautiful countries with Central Italy,
Parma, Venice, Milan, and Turin, and, prolonged on the
other hand from Ancona to Rome, it may become the principal
thoroughfare of the future capital of the kingdom of Italy.
The earthworks and engineering works are making rapid
progress. The stations and termini are commenced, and will be
carried out by Messrs. Opperman and Co., on the economical
models adopted by the railway company, in concert with the
general contractor, S. de Salamanca. The whole series of
* From Xouvelies AnnaUt it la C'oiulrxction.
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eighteen termini and stations comprises about 120 various build
ings, which must be completed at most within one year. The
general system of construction is of brick and hollow tile, with
facings of cement and plaster in panels. The cornices and
string-courses will be decorated in brick. The whole of these
buildings will thus have a character quite in harmony with the
architecture of the country, where all is brick, from the leaning
towers of Bologna to the richest palaces, and where the hum
blest dwellings offer an infinity of combinations of this material
and ornamental terra-cotta.

to be very small indeed. Probably, as is usual, the truth lay
between the two extremes. The faults of the building, as it
seems to us, consisted principally in matters of detail; and some
of the details certainly displayed a deplorable want of taste. We
are familiar with vulgarity in the architectural treatment of
cast-iron; and the heavy ungainly forms which that material was
made to assume in the great Hyde-park building gave no reason
for hoping that the proper treatment of cast-iron as an architec
tural material was becoming better understood. Th«
of the cast-iron i

ouilding

S

.minus to
j «nq invention,
... «v. outages arising from bringing large por
tions of the civilised world into peaceful intercourse with each
other. The preparations for another like Exhibition in 1862 can
not therefore fail to command very general interest, and to the
professional classes whom we address the construction of a build
ing so vast, and having features so peculiar as must necessarily
belong to a building of this kind, is an event of no ordinary
importance.
Of course in examiuing the architectural character of the new
building comparison with that of 1851 is inevitable. That building
certainly received its full share, and more than its share of com
mendation. Influenced by the excitement of novelty or by the
popularity of the Exhibition itself, many writers attributed to
the building merits which a more sober judgment would have
hesitated to assign to it. On the other hand there were some
few eminent critics, including Mr. Ruskin, who thought the
amount of taste and invention displayed in the building of 1851
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.* under two domes. In our judgiu _
'crossing a nave at its end, and therefore
__B fjffi-a in only three directions, is likely to be far less
imposing than that of a transept intersecting the centre of a
nave, and there commanding views in four directions. And as
far as precedents can be cited on such a subject, they are all in
favour of this opinion. The cruciform disposition of the transepts
is adopted not only in the Mediaeval cathedrals, but also in a
vast number of great churches in which the forms of Roman
architecture are adopted, and in many of the most celebrated
oriental edifices.
In the intended building the spaces beneath the two domes are
octagons. The domes are proposed to be vast glass structures,
200 feet in height internally, and with the fiuials 250 feet exter
nally. These enormous domes, exceeding in size those of St.
Peter's and St. Paul's, have been regarded as among the best
features of the design. To us they appear to be among its worst.
In the first place, their position is indefensible on the ground
of architectural taste or structural propriety. It is easy enough
to call any structure ugly, or the reverse; and the misfortune
in matters of taste is, that very frequently no better reason
24
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can be given for the judgment upon them than a certain percep
tive faculty which the critic assumes (and frequently wrongly
assumes) to be the same in himself and those whom he addresses.
Much architectural criticism is of necessity addressed to this
esoteric feeling or taste, and not to the reasoning faculties. But
in the present instance we may very safely appeal to the latter.
Consider for a moment what every dome or spire is intended to
represent: it is nothing more than an elevated roof. We cannot
doubt that the spires of our churches had their origin in the
elevation of the roofs of towers. The tower of an old Norman
church, insteail of having a ridge roof like the nave, would natu
rally be covered in by a pyramidal roof with a low apex. These
roofs were gradually built higher and higher, and the spire of
Chichester, or Salisbury or Lichfield, was no more than a de
velopment of the low tower roof of which examples abound in
our Norman churches. The same remark applies to domes
both in Oriental mosques, and buildings like St. Peter's and St.
Paul's.
This then being the origin of domes and spires, we
have to consider their necessary position. Universally—without
a siugle exception in any structure of the slightest importance—
the position of a dome or spire is upon a tower, or a structure
answering the purpose of a tower. The spires of cathedrals are
placed either on towers at the west end, or as at St. Paul's, on a
drum or analagous structure rising above the main roof of the
edifice at the intersection of the cross. That is to say, there is
no instance of the continuity of the roof being broken by domes
springing up a3 in the case of the proposed building from the
level of the roof, in a place where no tower or structure analo
gous to a tower could be supposed to exist. _
In the internal view of the building the position of the domes
may appear to have some relationship (though imperfect) to the
rest of the structure, for they are in the centres of the side
aisles or transepts above mentioned. But in the exterior view
the domes are altogether out of place, and seem to rise up sud
denly where there is no conceivable reason to expect their
appearance. Over the centre of the building in front, or even
near the two ends of the front, they might be tolerated, but
rising at either end of the building and to the rear of the front,
they have no apparent relation to the structure, and no apparent
means of support. It may we believe be safely asserted, that the
proposed position of the domes is unparalleled in the architecture
of any age or nation. Thus we have strong though negative
evidence that the opinions and taste of all architects have been
such as would condemn the design as to these domes.
If we admit for a moment that a dome of some kind is neces
sary, we cannot help thinking the proper position of it to be over
the centre of the front facade, as in the following sketch, in
which one of the domes of the form proposed in the existing
design is supposed to be erected over that facade.

Of course in makiug this suggestion we are by no means to be
understood to commend the design as so altered; we simply sub
mit the suggestion as an improvement of it as it exists. We
certainly should not wish to be understood as commanding the
form of the domes, which seems to us very ungraceful, or as
advocating the erection of one of them. Confessedly they are
useless—and will be enormously costly—and if our view as to
their ornamental character be correct, there is no reason for
erecting these prodigious "follies."
The front facade appears scarcely less objectionable than the
domes. It is an almost unbroken surface of brickwork, 60 feet
high by 1200 feet long, without wings or recesses. The only
breaks of the continuity of the surface are the central and four
side entrances, very slightly advanced beyond the face of the
wall, and the series of blank arches. Iu a view of the buildiug which has been published, the series of arched window
spaces in the facade are represented as lights, but these spaces
are really meant to be blank, except the lower part of each,
which contains a common square window. In fact the facade is
little more than a dead wall of enormous length, without any
deep recesses or bold projections to break its monotony; and the
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only architectural forms which it presents are an interminable
series of round-headed arcades and pilasters, and certain orna
ments over the side entrances and the central entrance, the former
somewhat after the Elizabethan style, the latter after no known
style.
Add to this the consideration of the long, level, monoto
nous sky-line of the building, and the architectural reader will
we think have reason enough to lament that the world is to be
invited in 1862 to judge English architectural taste under the
aspects here presented. A very able paper in the Illustrated
London News of March 23, 1861, concludes by observing on the
opportunities which this building might have afforded for the dis
play of the architectural knowledge and taste of this country, and
by expressing regret that those opportunities "have not been taken
advantage of, and that in this branch of the fine arts, at least,
we must appear with very slight pretensions in the face of the
world." In that opinion we concur, but it would be an imperfect
expression of our own opinion if we did not add that it appears
to us the duty of British architects to raise a protest against
such a work being taken as the exponent of the architectural
taste of this country. The Institute of British Architects might
well express that protest on behalf of their professional brethren,
if they cannot by their influence save us from its being carried
into execution.
It is to be observed, that not only has there been no com
petition for the design of this building, but that the design
chosen was kept secret until the contracts for executing it were
entered into;—that the contracts assumed the form of a great
gambling transaction, the contractors being paid not quantum
meruit for the work done, but .£200,000 in one event, and
■£300,000 in another event, depending on the profits of the Exhi
bition;—that it is considered expedient that the building should
cost three or four times as much as the Exhibition building of
1851 ;—and generally, that with respect to various important
particulars as to the history and parentage of this design, there
is at present very little public knowledge, and agreat deal of
public curiosity.
References to Plan.
Nave.
G. Principal Entrance in Crom
West Transepts.
well-road.
East ditto.
HH. SideEntrancesunderTowers.
I. Refreshment Department.
Octagonal Halls under Domes.
Carriage Department, with
K. Machinery ditto.
Picture Galleries over.
LLL. Staircaees to Galleries.
FF. Principal Entrances unjler
M. Horticultural Society's
Domes.
Grounds.
In consequence of some details of the east and west fronts of
the building being yet undetermined, we have given in the ac
companying illustration only the south elevation in the Crom
well-road, which it is believed will not undergo any material
alteration, and a general plan; with respect to which latter we
must remark however that some slight modification in the posi
tion of the columns is contemplated, although not yet definitely
settled. The front of the building in the Cromwell-road will be
1150 feet in length. The upper story of this will form the
picture-galleries, 35 feet in height, and lit from the roof. The
basement beneath will be devoted to the exhibition of carriages
and road vehicles of all kinds, and will be lit by the windows
shown in our elevation. Parallel with the picture-galleries, 300
feet in their rear, will be the nave, 85 feet in width and 100 feet in
height. The nave will be crossed at its extremities by two tran
septs, each 700 feet in length, of the same width and height as
the nave. At the points of their intersection with the nave
there will be two polygonal or octagonal halls, 135 feet in dia
meter, each surmounted by a glass dome 200 feet in height
internally, and 250 feet externally, measuring to the top of the
pinnacle. The floors of these dome-covered halls will be raised
somewhat above the floors of the rest of the naves and tran
septs, and will consequently command excellent views of both
the nave and transept. The roof of the naves and transepts will
be of wood, painted on the inside, externally covered with felt,
and spanned by arched wooden girders. Just below the spring
ing of the roof of the nave and transepts will be a clerestory,
25 feet high, sufficient, it is expected, in combination with the
two domes and the side windows, to supply ample light to the
entire building. Galleries are to be carried round the nave,
supported on double rows of columns, 22 feet in height. In the
A.
BB.
CC.
D D.
E E.
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centre of each of the octagonal halls will be a fountain .surrounded
by shrubs. The annex for the machinery department will be
detached from the main building, and will run along the side
of the Prince Albert-road. It will be 800 feet long by 60 wide,
and about 45 feet high, and lit by a clerestory. The allotment
of the area to works of art and manufacture, &c. of various
countries, not having yet been decided upon, we are unable to
indicate.

THE SUEZ CANAL.
From the Journal of M. de Lesseps we learn, that up to the
23rd of February last the work was progressing vigorously. At
Port Sa'id the fourteenth railway had been laid down; the em
bankments were advancing; fifteen new rafts had been con
structed, eleven of which had been sent on to the line ot Lake
Menzaleh, to aid in the opening of the canal to Kautara; the four
others are used at Port-Said for the landing of goods coming by
the lake, as the water was then too shallow to permit of the
use of the ordinary boats. At the Seuil d'Elgnise a quantity of
machinery is being erected, aud villages are being constructed
for the labourers: it is mentioned as evidence of the extent of
the works that 14,000 wheelbarrows are in use at that place.
Eight dredging machines are at work on the lake, to establish
communication between the northern extremity of the Seuil, or
entrance, and the lake Menzaleh, now connected with the Medi
terranean. The execution of the piercement, says the Journal
in question, of the Seuil d'Elguise will solve the question raised
by certain persons. The day that the communication between
the Mediterranean and the Lake Tismah shall have been esta
blished, the possibility of the whole project will have been proved,
for the other portions have been already executed, under one
name or other, at four different times.

THE CATACOMBS AT ALEXANDRIA*
By Prof. Donaldson-.
In the illustrations accompanying the 'Architectural Dictionary,'
now in course of publication, are some plans and sections of
tombs in the catacombs about three or four miles out of Alex
andria to the westward. They are very curious, presenting fea
tures of the Greek period, and are of considerable extent. Of late
years Mr. Rous, chief engineer of the railroad, has had to cut
away a portion of the rock in the immediate vicinity of the sta
tion, in order to gain further space for the accommodation of the
increased traffic. These operations have brought to light a vast
number of catacombs which were not known to exist. The upper
surface varies from 20 to 60 feet, I think, above the present level,
and the sides present a perfect honeycomb of tombs one above
the other, excavated in the living rock. Each family catacomb
consisted of one, two, three, or even four chambers, and had a
distinct access from above, with its separate stairs cut in the
rock, leading down to the subterranean vaults. Each chamber
had two or three tiers of columbaria 2 ft. 3 in. to 2 ft. 10 in. wide,
and 2 ft. 10 in. high, and from 5 feet to 6 ft. 6 in. deep. In some
cases, as though for children, they are only 1 foot, 2 feet, aud
3 feet deep. The ceilings were cut in the form of a low arched
vault, and were painted a blue colour, having a flat oval mould
ing at the springing, also painted red.
In the tomb shown in the accompanying plan and sections, A,
the principal sepulchral chamber, is 14 ft 8 in. by 8 ft. 6 in.;
haviug, on the side opposite the door, an arch flanked by ante,
and a sunk receptacle for the body cut in the rock; the lid, if
any once existed, is not now remaining there, though others
have been found. Over this was cut, at right angles in the
rock, a columbarium to receive a body, 2 ft. 4 in. wide, by 2 ft.
8 in. high, and 6 ft. 9 in. deep. At one end of this chamber
there was a like arrangement without the columbarium over, and
part of the back being partially broken away, aud a portion of
the wall in another part of this chamber, which we found to be
only C or 9 inches thick. Those apertures disclosed on the other
side of thin walls other sepulchral chambers belonging to dis
tinct tombs of other families. The autre had beams over them
sunk into the rock, dividing the ceiling into three compartments.
* .Read at the Royal Institute of British Architect!.
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The doorway leading into this chamber had on the outside
three-quarter detached columns, over which was an entablature
and pediment There were considerable remains of colour,
and paintings of flat Egyptian figures in panels, showing that,
Fio. l.

'■&%ms
Plait.

although the architectural features were Gneco-Boman, the
pictorial decoration retained the character of Egyptian art.
The level of the principal chamber A is about 2 or 3 feet above
the floor of the next B, which is 18 ft. 11 in. long by 13 feet wide,
Fio. J.

SiCTiox on Lis* EF«j Flak.

also vaulted. The two sides only of the latter chamber are
pierced for columbaria, three ranges high, five or six of a row
irregularly placed. The chancel C forms a species of vestibule,
16 ft. 9 in. by 13 ft. 8 in., having its sarcophagus cut in the
rock, aud columbarium over at the back of the recess.
An aperture, 8 ft. 3 in. wide, led into a sepulchral chamber D,
which had three tiers of columbaria on the three sides, there
being six in each tier on the side opposite the entrance, and
space for four in a row at each end; although at present only
Fio. 3.

Fio. 4.

Sbctiox os Linn O H.

Sbctios os Li.te I K.

three were cut, leaving room for future bodies to be received.
Each of the openings iu this chamber has narrow, delicate archi
trave mouldings of a Pompeian character, worked in plaster,
with thin consoles to support the head mouldings. I found this
to be the case in other tombs. From the accumulation of
dibrte, and collection of water, it was impossible to ascertain pro
cisely the heights of the chambers; but they must be about
11 it. 3 in. to the springing of the vault, and the vault itself rises
2 ft. 6 in., giving a total height of about 13 ft. 9 in.

While at Alexandria, Prof. Donaldson visited Pompey's Pil
lar; and on examining the base he was surprised to find that a
number of boulders were placed irregularly under it. He was
enabled to push a 5-feet rod through the fissures; and upon fur
ther examination found an opening large enough to admit his
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body. On entering it he ascertained, greatly to his astonish
ment, that the pillar rested upon a square block of stone, in the
centre, of smaller diameter than the base of the monument itself.
The pillar stood upon a mound, 100 feet above the level of the
surrounding country. He had asked Mr. Rous, the engineer to
the railway, to examine it thoroughly, in the hope that, if the
pillar were in danger, some representation might be made to the
Viceroy of Egypt, to take steps for its preservation. The cir
cumstance of the pillar resting in the manner he had stated was
most extraordinary; and it occurred to him that the block of
stone to which he referred as supporting the whole, might be the
upper portion of another column or obelisk imbedded in the
ground. But whatever might be the hypothesis on the subject,
the fact itself was most curious.

THE NATIONAL SCOTCH CHURCH, REGENT
SQUARE.
This church, which, as our readers may be aware, was de
signed by Mr. Tite, and erected some thirty years' since, is in its
principal front a highly successful modification of the west end
of York Minster—of course omitting the greater part of the
decoration with which that noted facade is so profusely embel
lished. It was recently resolved to restore and renovate the
whole fabric, the interior of which was much decayed; and for
this purpose the designs and suggestions of Mr. John Gibson, of
Westminster, were adopted. The first step was to restore the
principal front and towers, which unfortunately had been built
of a friable magnesian limestone. In this process, new pinnacles,
parapets, &c, were necessitated, after adding which the whole
of the moulded and ornamental work, together with the entire
plain surfaces, were saturated with Ransome's preservative solu
tions; the whole now presenting a fresh and crisp appearance.
The roof has been entirely boarded, felted, and re-slated. The
whole of the inconvenient Beating and floors have been removed,
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the fronts of the galleries and the ceilings under them cleared
away, and the building well nigb gutted to make way for the
new works. Open benches of a good size, with sloping backs,
have been substituted for the old pews, and the seating in the
central area has been entirely re-arranged. The floors of the
galleries have been considerably raised, and the ceilings below
them heightened. The gallery fronts, which were previously
executed in plaster, and quite plain in character, have been taste
fully decorated with tracery panels throughout, crowned by
an embattled capping, executed in a light material, patented
some years ago by M. Desachy, and called "le staff." The
acoustic properties of the building, which were of a very defec
tive character, seem to have been nearly perfected by the various
alterations.
At the rear of the church, a lecture-hall, 57 feet long by
22 ft. 6 in. wide, has been erected, having an open timber roof,
and lighted between the principals; which latter spring from
moulded stone corbels. The walls are divided into bays by
chamfered piers. A room for the officials has been provided near
the principal entrance; and the staircases, porch, and class-rooms,
have been thoroughly repaired and restored.
The church, lecture-hall, and minister's room, are heated by a
combination of hot air and water. The artificial lighting of
the church is egected by two large 81-jet sun burners, fitted
with patent valves, which may be instantaneously lighted by a
conducting wire from a voltaic battery, the application of which
is exceedingly simple, and has been carried out by the inventor
and patentee, Mr. Hart, of Edinburgh. The gas arrangements
were executed by Mr. Strode; and the ventilation is provided
for by three of McKinnell's large zinc tube ventilators, two
of which are fixed in connection with the sun burners, and
fitted with valves for regulating the supply of fresh air. One
of these peculiar ventilators has also been fixed in the lecturehall. Messrs. Lawrance and Sons have executed the works
in the interior of the church, and the lecture-hall; and Messrs.
Patnian and Fotheringham the restoration of the external ma
sonry.

A NEW RULE FOR DETERMINING THE THICKNESS OP ABUTMENTS ON [JNSOUND STRATA, FOR
SEGMENTAL AND ELLIPTIC STONE ARCHES.
r = radius at croon • -/^ or '-/r>x depth o} hey Depth of hey = J ^diameter.

Span.

London Bridge
Neuilly Bridge
Waterloo Bridge
Stoneleigh Bridge
Jena Bridge ...
Fnnahard Bridge
Pont de Montlouis ...
Bridge of Louia XVI.
Staines Bridge
Kelso Bridge
Hutcheson Bridge
Glasgow Bridge
Hyde Park Bridge ...
Bridge over the Esk ...
G. I. P. Railway Bridges
G. I. P. Railway Bridge
Brunoi Bridge...
G. I. P. Railway Bridge

Verwd
Bine.

Ft. in. Ft. in.
130 0 24 6
128 0 32 n
120 0 32 0
92 0 18 0
01 8 10 8
85 3
8 7
80 5 23 1
75 9
6 4
74 0
9 3
72 0 20 9
■8
65 0
9
52 0
8 3
40 0
4 10
37 0
3 0
30 0
7 6
20 0
5 0
19 2
2 7
10 0
2 6

K.idiu4 at Actual thick Counterfort to or Calculated thick
ness of abut opening in abut ness of abutment
crown.
ment.
ment.
•Vj r»
Ft.
175
150
112
' 88
102
110
77
117
78
67
65
45
45
58
18
12
19
6

w.
0
0
6
0

t
0
9
0
0
0
0
0
0
6
9

8
2

8

Ft. in.
73 0
53 0
40 0
51 0
45 0
38 4
35 0
51 3
46 0
22 0
24 0
17 0
25 6
25 0
10 0
7 0
10 o
4 6

TO THB BDITOtt Or TBI CITIl SKOIKHB AKD ABCeiTICT'S JOBE.Iit.

Sir,—May I request the favour of your inserting in your
Journal the following original rule for determining the thick
ness of abutments on unsound banks, for either segmental or
elliptic arches of stone, as coinciding nearly with the practice of
the best engineers.
The following examples will show the
agreement of the rule with the existing bridges, both segmental
and elliptic.
I was preceded in the publication of the new rule for deter
mining tne depth of keystone, which I had found nearly a year
ago, and written it down in my note-book. I was agreeably
surprised to see the very same rule appearing in your Journal of

14 ft. opening
9J' counterfort

12 ft. opening
11 'counterfort
16 ft. ditto
6 ft. opening

...
...

Ft.
66
58
45
37
42
44
33
47
33
25
28
21
21
26
10
7
10
4

in.
0
0
7
2
0
9
6

n7
10}
10
3
3
5
3
4
6
1

Form.

Elliptic
Do.
Do.
Segmental
Do.
Do.
Elliptio
Segmental
Do.
Elliptio
Segmental
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Engineer.

Rennie.
Perronet.
Rennie.
Rennie.
Lamande.
De Volgie.
Perronet.
Rennie.
Rennie.
R. Stephenson.
Telford.
Rennie.
Rennie.
J. Berkley.
J. Berkley.
Perronet.
J. Berkley.

December last; the only difference being that, instead of the
formula Jfound by Mr. Trantwine, I had for superior dressed
stonework [J V diameter], and for brick and rubble work
[J V diameter], as my formulas. The formula of Mr. Trautwine
being the result of independent thinking, I had the satisfaction
of finding Uiat I had hit upon the same rule.—I am, &c,
Jaoannath Sadasbwjeb,
Assistant Engineer and Teacher, Engineer School,
Kurracb.ee.
Kurracb.ee, 7th February, 1861.
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ON CONSISTENCY IN ARCHITECTURE.
Being the Stcond of a Cowrie of Lectures delivered at the Royal Academy,
By Sydney Smirke, R.A.
Many years have passed since the desk at which I have now
the honour to stand was occupied by Sir John Soane: I was then
in my earliest pupilage, but I carefully noted his sayings, and
made a record on paper of my recollections every evening. In
one of those lectures I well remember his dwelling with great
emphasis on this rule—namely, that it was not sufficient merely
to adapt the interior of a building to its special purpose, but
that its exterior character should also be conformable to the
purpose for which it was erected; and the lecturer quoted the
well-known maxim of Demosthenes, who taught that the first
requirement of the orator was action; the second, action; and
the third, action.
This led the worthy professor to para
phrase the dictum of Demosthenes, and to say that the three
great requirements in architectural design were "character, cha
racter, character !" Forty years have not effaced the recollection
of this dictum, or impaired its force; it is indeed a truth with
which I am far more impressed now than I was when it was
uttered by my distinguished predecessor. "Be what you seem!"
the moral teacher cries, and the lesson applies with equal force
to the practice of our art. It would indeed seem to convey a
truism which would scarcely need to be enforced, did we not
find it so frequently overlooked in practice.
A spendthrift
builds himself a solemn abbey, in which, it is true, vigils are
kept, but not the vigils of prayer and fasting. Poorhouses and
reformatories are crenellated and loopholed with mediaeval
sternness, as if it were likely to be made an object of hostile
attack; whilst red tape and foolscap are sold in a shop faithfully
modelled after the type of a palace of the Pharaohs. With such
examples then daily before our eyes, I feel myself justified in
repeating that a consistent and appropriate character should
never be lost sight of in architectural works. It is a quality
the importance of which should be constantly impressed upon the
mind of every student.
Bat not only does this maxim apply to the general exterior
aspect of a building. All objects that enter into the composi
tion of a piece of architecture have some particular character
which seems especially to belong to them, and which it behoves
us to pursue. However we may vary the treatment of them;
however much we may overlay them with ornament, we should
be careful to do nothing calculated either to disguise or conceal
their special character.
Their motive and rational principle
should be apparent and uiiim peached; and honesty and good
taste alike demand that in the treatment of their details we
should seek rather to display their purpose than to conceal it.
Thus, a column is a vertical support, and in designing a
column its fitness as such should never for a moment be for
gotten. Yet there is nothing perhaps which exhibits the way
wardness of art more than the column. Its purpose is simple
and obvious; its duty is as apparent as it is possible for any
architectural feature to be; and yet it would seem that archi
tectural ingenuity has been racked and tormented to devise
modes of departure from that simple type which its mechanical
duty see n is to render so obvious. The Hindoo builder rests his
weights upon fanciful and extraordinary compositions of animal
and vegetable life. A similar barbarity was prevalent in Italy
in the early mediaeval period, when we see the shafts of
columns poised most inconveniently upon the backs of monstrous
animals.
But without dwelling on preposterous excesses of this nature,
which are the natural results of a bold but uncultivated fancy,
propriety has been defied in a great variety of ways, and at
perhaps all periods and ages of art. To some of these it may be
expedient that I should advert hereafter.
Probably the most perfectly unobjectionable realisation of the
idea of a vertical support may be found in the Greek-Doric shaft,
where the delicately-expressed flutings are in perfect harmony
with the idea of an upright support, those vertical lines tending
to fix the mind on the special purpose to which the shaft is
applied, without scoring it so deeply as to suggest any idea of
diminished strength. One of the principal charms of the clus
tered shaft which characterises Gothic art at its best period
consists, I apprehend, iu the strongly defined vertical lines so
exactly harmonising with the known purpose of the shaft,
although it certainly cannot be said to convey the idea of

strength so emphatically as the Greek pillar. The bands or
horizontal interruptions occurring at intervals in the length of
these slender shafts, do not materially disturb the idea of verticality, for they are too unobtrusive to do so; but if we greatly
multiply these bands in number, or materally increase their
bulk, the sentiment of the shaft is impaired, and the eye is at
once offended by the seeming inutility aud even discordance of
such interrupting bands.
One of the earliest conceits introduced into Roman architec
ture in its decadence was the substitution of spiral for straight
lines of fluting; a change manifestly injurious to the effect of the
pillar, and leading the way to a variety of kindred- barbarisms,
for it is in the nature of all error to propagate itself in other and
varied forms. The spiral flutes and beads suggested the twist
ing of whole shafts which are to be often found in early mediaeval
work, until at length the shaft altogether lost its character of a
vertical support, and we find them coupled and intertwined and
knotted, after a fashion more like ropes than cylindrical shafts
of stone or marble.
Baffaelle, in designing his immortal fresco of the Beautiful
porch of the Temple, incurred a grave responsibility in setting
that example of spirally twisted shafts, to be too readily followed
by those who knew not how to distinguish between the require
ments of the painter and those of the architect. Had the com
position been scored and cut up by the vertical lines of a number
of ordinary columns, the effect would necessarily have been un
seemly, and the painter was therefore tempted to give them
uudulatiug forms, which associated well enough with the accom
panying figures. But it is worthy of note that this great master,
when he worked as an architect, committed no such mistake as
to give such unsubstantial forms to real stonework. On the
contrary, the few buildings with which he enriched our art are
remarkable, even at that early period, for purity of form and
propriety of design.
How heavy are the responsibilities of those on whom great
genius has been conferred! Michael Angelo, by the capriccioi
which he permitted himself to indulge in when he designed
the tomb of the Medici, was little aware that he was paving
the way to that monstrous progeny of broken pediments and
other violations of propriety whi;h often defaced the archi
tecture of later schools.
So his matchless contemporary,
Baffaelle, by having traced on the walls of the Vatican
those graceful contortions, so pleasing to the painter's eye,
but so little adapted to execution in real stone and marble,
may perhaps be regarded as the real parent of those fantastic
masses of bronze and stone which are scarcely censured in the
baldachino of St. Peter's, the porch of All Saints' Church at
Oxford, and in a hundred other less distinguished localities.
Certainly commanding genius has its duties as well as its
privileges: its faults become consecrated by their association
with so much acknowledged merit, and an error is dangerously
seductive when it comes recommended to us by the sanction of
a great name.
I should be dwelling too long on this subject of the columnimportant as that subject certainly is—were I to do more than
shortly advert to the curious and fantastic forms with which it
has at various times and in various countries delighted artiste
to impart to that feature. At Liege we have it whimsically
assumiug the likeness of a gigantic oaluster, an idea to which
the Quatrooentists of Italy had been also led by the loose rein
which they were wont to give to their masonic fancies. ^ At
the Pavian Certosa we shall sometimes fiud their shafts divided
into two distinct parts; the lower part straight and normal;
the upper part degenerating into shapes fitted rather for con
fectionery than masonry. Ivary, an architect of some merit, and
greatly employed in the north" of Italy during the seventeenth
century, exaggerating the faults of the Quatrocentists, devised
columns of which the upper part is twisted, like those of his
Eredecessors, whilst the lower part is bulged out into the resemlance of a baluster. These curious inventions may be com
pared to the variations on a simple air in music; sometimes
so erratic that you can hardly trace the parent melody; some
times retaining much of the air, but so overlaying it with
extrinsic additions and decorations as to deprive it of all its
original simplicity, and even identity.
Perhaps one of the roost attractive variations is that where
the shaft is enriched by superficial foliage, some ivy or vine
seeming to clasp the pillar, and to twine its tendrils round the
ponderous cylinders. Many such cases occur in the buildings of
25
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the Qoatrocento period; and there U no denying their beauty,
though we may question their architectural propriety. Daring
the Medieval period these sculpturesque shaft* may often be
met with, as at Melrose Abbey, but in greater beauty and variety
in Italy. These varieties may all perhaps be regarded as the
natural offspring of the beautiful stems of candelabra which
abound in Classic art, and where the most exquisite delicacy of
foliage was often indulged in without restraint, and of course
without violation of any architectural propriety. To the period
of Renascent art, that period so original, and so fertile, at least
in its earlier phases, in quaint and picturesque devices, we may
attribute the introduction of another curious irregularity in
columnar architecture—namely, the building up of shafts in
what are called rusticated blocks, sometimes alternately cylin
drical and square, sometimes vermicu luted, sometimes rongh'y
hewn as from the quarry, sometimes in alternate bands elabo
rately carved in an endless variety of ways.
The love of simplicity and dignified good sense which marked
the earlier phases of Classic art are nowhere more conspicuous
than in the design of the Greek column: no trace of this ano
malous treatment to which I have been adverting occurs even in
the later period of Classic art. A shaft, when not actually
monolithic, which was always an object much sought after and
highly prized, was carefully constructed so as to convey an idea
of unity, and to bespeak its singleness of purpose—that of vertical
support. But when the original purity of design gave way to a
love of novelty, builders thought of dividing the shafts into a
multiplicity of parts, marking the horizontal bed-joints by deep
channelling, all tending to convey the idea of a number of small
stones piled up on each other, in lieu of the primitive idea of a
unit or monolith. It is to this departure from the first intention,
and forgetfulness of the original object of any architectural fea
ture, that may be traced most of the errors for which our art is
often so deservedly condemned.
Before quitting the subject of columns it is incumbent on me
to take this occasion to express my unqualified condemnation of
the practice, however common, of converting a single insulated
column into a monument. Neither the undoubted Classical
origin of this form of monument, nor the graceful proportion of
the column itself, can be regarded as any justification of this
manifest misapplication and perversion of a great architectural
feature. Even our silversmiths have ceased to make Corinthian
candlesticks, although the solecism still lingers among some
competitive candidates for monumental street architecture. By
how much we may admire the true adaptation of a column in
form and proportion to its purpose of supporting a vertical
pressure, by so much are we bound to condemn it when we find
it standing idle and useless, or with no duty but that of lifting
up to a dangerous eminence, and beyond the reach of distinct
vision, some vase or other insignificant object, or some statue of
a bulk and weight utterly disproportioned to the shaft of so
colossal a pedestal. The very form of the capital at once betrays
the impropriety of this application of a column. Whatever
the style of art, whether Egyptian, Greek, Roman, Byzantiue,
or Gothic, the capital invariably spreads itself out to receive a
burden pressing on it perpendicularly; the abacus in some shape
is expressly adapted for the reception of that burden, and when
the burden is not there, the abacus becomes unmeaning and
superfluous. We must not do the injustice to early Classic art
of supposing that we have auy evidence of such a misappropria
tion of a column in the best times. The idea of setting up a
monumental column seems first to have occurred to the degene
rate sons of Roman art, an art which invented little, and seldom
borrowed without some disfigurement or deterioration. It may
indeed be presumed that the practice of erecting this fragmen
tary portion of a portico may have been justifiable in its origin
on the ground of its beiug a trophy—the material evidence of the
ruin of some hostile city; if so, however, no such apology can be
offered for the colossal pillars erected by the emperors. .
The obelisk, of much earlier times, aud of more Asiatic cha
racter, was in every respect more consistent with reason, and
therefore with good taste. By narrowing upwards from a broad
base it conveys the idea of stability, and the simplicity of its
form, whilst it seems to secure to it an enduring existence, is in
itself one of the causes of its grandeur. Nor is such a form liable
to the imputation of having been, like the column, an object
transferred out of its proper place to act an unsuitable part. It
is true that, in adopting the obelisk as a monument, we are
perhaps not applying it strictly to its original primitive purpose.
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The Egyptians, it is said, figuratively designated them " the
fingers of the sun," for they were originally erected as the gno
mons of colossal dials; the shadow from the lofty shaft pointing
to the hours ranged in a gigantic circle upon the surrounding
area. The obelisk however ultimately ceased to be applied to
this utilitarian purpose, and (I know not when) became, like the
Celtic monolith, a simple monument, for which purpose it seems,
as I have said, admirably adapted.
With this example of fitness and propriety before us, let us
not resort to this erroneous use of the column. We have already
had a satiety of triumphal columns; there is scarcely a large
town that does not own some specimen of this deplorable misap
plication, to which the public taste is only reconciled by the fre
quency and familiarity of the vicious practice.
We will now turn to another instance of that aberration of
taste which so easily misleads by tempting men to forget the
real use and purpose of an architectural feature. The abrupt
vertical termination of the sloping sides of a roof forms the
pediment or gable. The shape is the result of a necessity: its
origin is simple and manifest, and stands in no need either of
concealment or of qualification; yet there are perhaps few fea
tures in the use of which architects have so often testified a
perverted taste, or have deviated so widely from good sense.
As usual, the earliest forms of pediment are the most honest,
and therefore the most pleasing. With that simplicity of cha
racter which distinguished Greek art, the early temple presented
the gable ends of its roof without the slightest disguise, the
pediment simply representing—or rather 1 should say, actually
being—a cross-section of the roof. The same obvious sense of
propriety and fitness led the Greek architect to occupy the
blank triangular space or tympanum with sculpture, at once
rendering the undisguised end of his roof a source of beauty,
and by the nature of his sculpture giving to it an intrinsic moral
value.
As art travelled westward and northward, the original purpose
of the pediment was still not disregarded, and no material
change was effected by the Romans, beyond giving the acclivity
of the sides of the pediment somewhat greater steepness; and
this was no caprice, and in no respect a departure from the
primitive object of the form, for the change of climate reasonably
led to this change in the angle of the pediment The decay
however of Roman art is marked by the invention of the curved
dinient, applied at first probably only over small openings,
afterwards more boldly adopted as a substitute for the
original and natural gable end. It was at this period of the
decline of art that we find, as at Diocletian's palace on the north
coast of the Adriatic, and in the splendid though barbarous
architecture of Baalbec, the example set of broken pediments, a
grievous departure from simplicity, which found too ready an ac
ceptance in far later times. Nevertheless, in the succeeding period
we still find but little iuclination to abandon the ordinary form
of pediments, of which so many noble examples of better times
were then still remaining, especially on the classic soil of Italy.
The dates assigned to buildings of this dark age of our art are not
safely to l>e relied on, but certainly the church of St. Ambrogio
at Milan, and of the Daomo at Murano, near Venice, are very
early Christian works; and we there find the antique Roman
pediment almost in its pure form and legitimate application as
the abrupt termination of an ordinary roof.
It was at a somewhat later time, at the commencement of the
so-called Mediaeval period, that a singular practice arose, espe
cially in the north of Italy, of breaking up these pediments or
gables, and disturbing their original simplicity, by excavating, as
it were, the surface of the tympanum with a crowd of shallow,
inaccessible, and entirely superfluous arcades. But the original
type of the Classic pediment was afterwards still more completely
obliterated by the general suppression of the horizontal cornice,
or base line of the pediment. 'The increasing steepness of the
pitch at the same time caused a further departure from the old
type, due no doubt to the gradual extension of art towards the
North.
It was thus that by progressive steps the Gothic gable arose,
on which the carver's and the sculptor's beauties were lavished
with so free a hand, that it became one of the distinctive glories
of Mediaeval architecture. Charmed by the graceful and aspiring
form of this novel feature in our art, a passion for its use arose
among church builders, which, as usual, led to excess, and to an
indiscriminate application of it. Lofty gables arose, which, re
gardless of their original purpose, had in truth no roof whatever
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behind them — sometimes indeed with windows immediately
behind them; and they were carved, and traceried, and perfo
rated, until they became the mere anatomies of gables,—favourite
themes as it were, whereon the mason might disport and exercise
his fanciful and inventive genius, utterly setting at naught the
fine-spun theories of those martinets in art who would insist on
every form iu architecture being applied to some special useful
purpose; a view which, from Vitruvius down to Pugin, teachers
have urged on us far more diligently by their doctrine than by
their practice.
I should observe that these chefs-d'oeuvre of masonry are of
Northern extraction, and occur rarely on the soil pre-occupied by
the ancient Classic pediment. It is indeed curious to mark the
pertinacity with which Mediaeval artists, when working on
Classic ground, adhered to the old style, or sought to amalgamate
it with their own. The frescoes of even the thirteenth and four
teenth centuries are full of illustrations of this lingering semiClassic feeling; nor are examples wanting of it in the buildings
executed at that early period. Many examples might readily be
c'ted, but I will name but one—namely, the archiepisconal throne
in the church at Assissi, which bears every mark of being of the
date of the earliest portion of that building.
The Mediaeval gable iu more northern climates appears to
have reached a sort of climax of intricacy and decoration, when
itB very existence became threatened by the remarkable change
in all the arts of design at the period of the revival of Classic
forms. Most of the features of Classical architecture were then
in some modified form or other re-introduced, and among them
the pediment. But the cold formality of the ancient gable was
scarcely consistent with the exuberant genius of the Quatrocentists; accordingly we find semicircular pediments became
greatly in vogue among them, and were the source of much
beauty and novelty, although irreconcilable with a strict adhe
rence to reason, and to that fitness to its purpose which reason
must ever suggest to us, and which seems to offer the best if not
the only safe standard for the guidance of our judgment in
matters of art.
The Classic pediment and the Gothic gable were, not only
apparently, but in strict reality (as we have already seen) the
wall which terminated and closed up the extremity of the roof;
but at the stage to which architecture had reached at the time to
which I am now adverting this gable became rather an orna
mental wall built up for the roof to abut against in the best way
it could, and therefore it was not thought necessary to make it
conformable with the slope of the roof. The circular gables of
the Chiesa di St. Bocco, and many other buildings which I might
name, are picturesque vagaries, and admirable perhaps for the
variety they introduce into the composition, and as liberating
architectural design from the rigidity of straight lines and sharp
angles; but they must be admitted to be unjustifiable on any
principle of sound criticism. Had they been in truth vertical
sections of domes there could have been nothing to Bay against
them; but as representing the end of any ordinary pitched roof
they are false and unmeaning. Much therefore as I admire and
respect the art of the Quatrocentists,—much as I would wish to
see its numerous beauties recoguist-d and its graceful inventions
studied, I should be indeed sorry if the striving after new and
unwonted forms and fanciful compositions, which is but too
apparent in the present day, should lead to the reproduction of
so great an anomaly as the circular pediment.
The more careful study of ancient architecture soon led the
Quatrocentists to abandon this form of pediment, except in
small interior compositions, such as altar-pieces and tombs, and
in the snl>ordinate parts of architecture, as the dressings of doors
and windows; and the more accomplished architects brought
their pediments generally down to the normal type. I do not
call to mind any examples of these picturesque anomalies having
been executed by Bramante, certainly uone by his nobler pupil
Baffaelle.
But now a new danger threatened the integrity of the pedi
ment In an unfortunate hour it occurred to some artists to break
the continuity of the sloping sides of the pediment; and, perhaps
with a morbid anxiety to relax the severity of the angula'r pedi
ment, they contrived that solecism in art which I have taken
more than one occasion to point to with reprehension —namely,
the truncated or broken pediment. Some early indications of this
error occur before the sixteenth century, but to the best of my
belief only in the works of fresco painters. I am aware of no
realisation of the scroll-shaped pediment before the sixteenth

century. It is however to no less an authority than Michael
Angelo (as I have already noticed in the present lecture) that
we owe, if not the first practical execution of the broken pedi
ment, at all events the questionable honour of having been the
means of bringing into favour that great architectural anomaly.
It is certaiuly to his great example that we are indebted for a
numerous progeny of most grotesque and absurd pediments; one
of those departures from good sense which bring opprobrium on
the architecture of the sixteenth century.
The near relationship that architecture and sculpture bear to
each other is undeniable. The mutual assistance that those arts
are able to lend to each other, the similarity in many respects of
the objects pursued by the two arts, would seem to render the
cultivation of them by the same individual, if not essential to
excellence, at all events a powerful auxiliary in establishing the
character of a great artist: yet, "so vast is art, so narrow human
wit," that we can with difficulty point to any individual who has
in himself united those arts with that equality of power and
intelligence which are necessary in order to prevent the one art
from overruling the other.
Taking, for the purposes of comparison, perhaps the two most
prominent artists the world has produced— Phidias and Michael
Angelo—we observe (so far at least as we know or have the
means of judging of the former) that whilst in the works of Phi
dias the sculpture was doubtless made essential to the due effect
of his architecture, it was nevertheless always subordinate to it,
and was never permitted to override it; the leading architec
tural lines of his building, as the metopes, the friezes, and the
tympanum, were in no case allowed to be interfered with by the
sculpture, but retained invariably their undisturbed continuity
and distinctness. Intimately intermixed as the sculpture was
with the architecture, it kept its place as a mere decorative
expletive—an ornament in fact. Full no doubt of significance,
and pefectly appropriate in character both as to treatment and
design, but still- a non-essential ornament.
Iu the works of the other great genius whom I have named
we find these conditions reversed. Although undeniably great
in architecture anil great in sculpture, I think that the common
voice of his posterity proclaims him to have been far more a
sculptor than an architect. In the very instance to which I have
adverted, the Medici monument, the feeling of the sculptor obvi
ously preponderated. It suited his composition to place his
figures recumbent on the sloping sides of a pediment, and he
therefore so placed them, omitting the intervening apex of the
pediment: thus committing an architectural absurdity, while he
produced, it is true, a picturesque arrangement of his sculpture,—
which was all he seemed to have cared for. We may say how
ever in his defence, that in the arrangement of sculptured groups
of figures the modification of known architectural members may
be regarded as a poetical rendering of them, so as to make them
subservient to the exigencies of high art.
It would be by no means difficult greatly to multiply instances
of a similar sculpturesque bias in the works of this great man.
I will however adduce but one other. In the Chiesa degli Angeli,
at Borne, erected by Michael Angelo upon the site, and partly
upon the walls and with the materials, of au ancient imperial
palace, great pictorial effect has been produced, but in singular
defiance of propriety. A huge circular tablet is so laid over the
face of a wall which he desired to relieve from undue heaviness,
as to overlay and almost to conceal the architectural lines, con
veying the idea of a distinct object suspended against the wall,
while it was in fact built into it, and formed an integral part of
the masonry of the church.
There can be no doubt, I think, in the mind of any unpreju
diced critic, that the example set ns by the great sculptor of
antiquity, of making his sculpture strictly subordinate to the
architecture, is the more consistent with good sense and sound
judgment. However elaborately architecture may be decorated
and enlivened by the genius of sculpture, all the leading and
essential lines of the composition should be dictated by its struc
tural requirements, and should at least appear to express its
main constructive features. There should I think be no intimate
blending together of the constructive and purely decorative fea
tures; let them perfectly harmonise and combine together to
make a pleasing whole, but let their respective limits never be
ambiguous.
In the best age of Mediaeval art this rule will, I think, be
found to have been rarely departed from. It was in proportion
as it degenerated that this principle ceased to have been acted
2i*
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upon, and sculpturesque excesses so came to be committed. The
carver overruled the mason, until there arose those wonderful
petrifactions as it were of architecture, which stood as if by a
miracle, for their anatomy was concealed from view, and they
appear rather to have grown than to have been built up, —the
creation rather of vegetable life than of mechanical skill. I
might refer as instances to the peudentive roofs of King's College
Chapel and other similar structures, and to the singular produc
tions of Kraft and others at Nuremberg.
In the age which followed the Mediaeval period the best works
fully illustrate the truth of the principle that would teach us to
keep clearly defined, in due subordination and in a right relation
to each other, the constructive and decorative arts. Great purity
of design in this respect usually existed in the short but brilliant
period of the early Renaissance. We shall seek in vain among
the best works of that period for examples of the corrupt taste
that would seem to abhor the simple outlines of that geometry
on which the whole fabric of our art is founded. Although rich,
occasionally even to a fault, iu carved decoration, you will find
those decorations ever kept within the limits of the frieze or panel
or spandrel, or whatever other architectural compartment may
have been left open for the ornamentist, after the requirements of
the mason had been provided for. Thus their buildings preserved
generally a great simplicity of outline and distinctness of form,
although they may have presented a rich display of perhaps the
most beautiful ornamentation that art has yet bequeathed to us.
As however Renascent art advanced, it gradually departed from
this wholesome rule, and the wider the departure the baser
became the prevalent character of the art, until the improperlycalled Classic style became disfigured by a multitude of gross
errors. The most manifest structural requirements were often
studiously concealed; the ordinary and characteristic features of
architecture were lost amidst clouds and angels, floating by the
aid of hidden cramps and ties; and a great deal of really inge
nious construction was thrown away in simulating impossible
construction.
The principle which I nrge upon your attention may be illus
trated by reference to what I believe to be a fundamental rule in
the sculpture of the human figure, which forbids such a disposi
tion of drapery as may wholly obscure, or even render doubtful,
the actual position of the several limbs. In the work of a good
master, however enveloped a figure may be in accessories, the
imagination is never at a loss to determine its attitude or pose.
80 it should be with a building: its anatomy should be ever
intelligible, however richly clothed it may be in embellishments.
I dwell the more on this subject, because I think I am justified
in expressing my fear that there is a strong tendency in the
practice of the present day to overstep the limits to which orna
ment should be confined. Ornament is a most pleasing hand
maid, but a very unreasonable aud dangerous mistress.
There is another kindred error to which I think it may be
profitable that I should advert. It is in some respects the con
verse of that which I have just reprobated, aud consists of an
attempt to give to mere ornament -a false or affected utility. We
sometimes may see a heavy weight of masonry—perhaps an in
tegral part of a fabric—affecting to rest upon some manifestly
insufficient basis, such as on foliage of the most delicate and
fragile nature, or perhaps upon the edge of a shield obviously
unfit to carry more than its own weight. This is an anomaly
which no beauty of execution nor cleverness of treatment can
justify. Painters may, no doubt, be readily permitted to represent
bodies of very appreciable weight reposing on a mist,—Aurora
may freely drive her wheeled chariot over the trackless clouds;
for their paintings are but the embodiment of mere mental
visions. These forms are but as words addressed to the mind's
eye, while the architect has to deal with substantial realities.
Whatever he does must be conformable, not only with plain rea
son, but static laws. The Pompeian decorator is quite at liberty
to indulge his fancy in strange impossibilities; his cnpid may
emerge from the calyx of a blossom, and may poise on the tip
of his wing a column, or a whole temple if he will; it is but a
painter's dream after all. But when an architect so forgets the
proprieties of his art as to realise in stone these vagaries, and
places, or seems to place, a material burden upon these utterly
inadequate supports, he is guilty of a frivolity unworthy of the
character of his art It is not that we need altogether condemn
the use of these cupids and blossoms, but let them be superfluous
adjuncts. Let the duty of a corbel or a capital be performed by
a stone visibly shaped to its purpose and adequate to its task,
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and then overlay it as you will; the reins may then be given to
invention to clothe that stone with whatever natural beauties
the good taste of the sculptor may suggest to him as suitable
and agreeable. In like manner, when we see the smoke of some
laundry chimney issuing from among the leaves of some ficti
tious plant, however beautifully natural the leaves may appear,
we repudiate the conceit as a gross breach of good taste in the
artist who so misapplied the resources of his art.
But I have waudered widely from my theme: the real prac
tical importance of the principle which I urge upon you must
be my apology.
I was adverting with regret to the anomaly of the broken
pediment; an error which struck deep root, and was the parent
stock of an unaccountable variety of censurable forms. Strange
it is that art is so prone to submit to the influence of fancy or
caprice, as if the eye was ever craving for new forms. The simple,
sensible, and strictly unobjectionable pediment thus became de
based into a useless and ridiculous excrescence, under the im
pulse of tendencies which seem to be inherent in onr nature.
A like tendency betrays itself iu a variety of ways; in nothing
perhaps more visibly and viciously than in costume. Thus
buttons are placed where they cannot possibly be applied to any
useful purpose, justified alone by long usage aud by the con
sequent prejudices of the eye; and thus shapes will long outlive
the uses which had dictated them. So it is that architects are
occasionally found erecting an array of buttresses, not because
there is any lateral thrust to meet, but because they constitute a
customary feature of a certain style.
Having dwelt long on the errors into which we are liable to
be seduced by a disregard of the legitimate purposes of those
two important component parts of architectural composition,
the column and the pediment, it remains for me to point out
to you with reprobation another and still grosser error, in the
misapplication of the entire portico.
The unanimity is somewhat remarkable with which all critics,
of every school and age, have agreed to admire the Greek por
tico, as comprising all the highest qualities of art in their purest
and most complete form; and the great beauty of this model of
symmetrical composition is enhanced by a sense of its obvious
utility as a place of external shelter. For many centuries exclu
sively the distinguishing feature of temples, the portico was
seldom permitted to be used in domestic architecture until the
date of Augustus. From that period downwards it has never
ceased to be applied to any aud every species of structure
needed by man, and, it must be admitted, often without the
slightest appearance of necessity or utility.
The same critical remarks which I have already made in
respect to the erection of a column as an ornament or as a
mere pedestal, and not as a support (which is essentially and ex
clusively its special duty), are also applicable to the columnar
portico, iu all cases where neither shade nor shelter is of any
appreciable value. To erect a portico in a position obviously
inaccessible is an idle squandering of masonry with which the
architects of the best days of Classic art cannot be charged.
A blind and unreasoning habit of repeating forms, without
due regard to their purpose, has been among the worst faults of
modern art. To build a gable, or a portico and pediment, withont
any roof behind to justfy or call for its use, or beneath whose
shelter no man can betake himself, is au act which no reasoning
critic, whatever be his admiration of the portico itself, ought to
sanction. Like the small arcades which we so often see covering
the apses of early Romanesque and Mediaeval churches, yet often
perfectly inaccessible and convertible to no possible use, we can
only attempt their justification on the ground of picturesqueness
or beauty, or because they serve to cloak a blank wall, or because
they produce a pleasing chiaroscuro. It may be that there are
occasions when these are sufficient and satisfactory reasons:
the architect very imperfectly fulfils his mission if he does not
gratify the eye whilst satisfying the graver requirements of his
art All that I would insist upon is that the more prominent
and conspicuous features of a design should not be mere unser
viceable appendages.
With regard to the use of colonnades partially built into a
wall, as we see exemplified in the Banqueting-hall at White
hall; it is not uncommon for architectural critics to condemn
the practice as a departure from the dignity and real use
of columns, and as something false or absurd. I am not how
ever disposed to coincide in this view, and I can see no valid
reason for condemning those engaged colonnades. Tested by
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the standard of common sense, I see no sufficient ground for such
condemnation. Columns are points of support, and we may with
equal correctness regard them in that light, whether insulated or
engaged, for as supports they are equally valid in either case.
We may regard the wall intervening between engaged columns
as the means of iuclosure, not of support,—assisting the columns,
it may be, in the support of the entablature, but not an essential
and integral part of the fabric. The great Doric temple at
Agrigentum, and the Erecthaeum at Athens, suffice to show that
even in the best period of Greek art this practice was not held
to be opposed to the canons of good taste.
The critics who would condemn engaged columns have, of
course, a wide field for the exercise of their censorship in the
engaged pillars or wall-shatts of Mediteval art, the use of which
is an exactly analogous practice, inasmuch as they represeut
the points of support of the arches and vanlting which spring
from the capital*. The truth is that there is perfect masonic
propriety, whether in the wall-shafts of a cathedral or in the
engaged pillars of a Greek temple. They represeut an accu
mulation of power at the particular point of the wall on which
the principal weight is charged; and not only have they con
structive truth to justify them, but also great aesthetic value.
These vertical lines of support convey to the mind the idea of the
active and efficient support of any particular imposed weight,
far more satisfactorily than can be effected by presenting a plain
unbroken wall of apparently uniform solidity and strength; and
this idea is still more forcibly and distinctly produced on the
mind when the vertical engaged shafts are of different colour
and material from that of the general surface of the wall. This
practice, so prevalent both in Mediaeval and Classic art, gave
rise to additional beauty and variety by the use of coloured and
polished marbles. Although I have justified and defended these
engaged columns as true and legitimate architecture, I am never
theless by no means inclined to encourage the gratuitous or too
frequent use of them. There can be no doubt whatever that, in
lightness and elegance of effect, advanced and insulated pillars,
telling out distinctly and brightly against the lower tone of the
recessed wall behind them, produce by far the most artistic and
pleasing effect.
The object with which I set out in making these observations
was to press upon your attention what I conceive to be one of
the most important principles of design — namely, that every
form in architecture should be, or at least appear to be, true to
the purpose to which it is applied. The principle is of the
widest application, and appears to me to be vnlid alike for the
smallest objects of desigu and for those larger, more important
features to which my observations have been more especially
directed.
When Thncydides is deploring the moral deterioration of
Greece, occasioned by the baneful influence of the civil wars on
the manners of his countrymen, he says that a sort of duplicity
had entered into the Greek mode of speech : false terms were
introduced,—names of honour were applied to the base, and of
baseness to the honourable; and he adduces this evil tendency as
one of the most striking signs of the times. It is true that in
uttering these lamentations Thucydides bears singular testimony
to the general purity of Greek sentiment, when we find that the
mere habit of misapplying terms of honour and of depreciation
should be regarded by the historian as a national stigma, and as
a serious public reproach: still, his remark has great significance,
and may convey a useful lesson even to us as artists. The clear
sighted ancient historian and moralist could read the signs of the
times in these unobtrusive and apparently insignificant indica
tions: he saw that the habitual use of unfitting phrases and the
untruthful application of words were evidences of an incipient
national decay and deterioration. May we not draw like conclu
sions when we see an habitual neglect of truth in productions
of art? And is it not a duty, becoming in all who are in a posi
tion to exercise any influence whatever on the mind of the young
student, to strenuously endeavour to deter him from that down
ward course which leads to debasement of style, and with all
possible earnestness to impress him with a sense of the beauty of
truth t
Such certainly I conceive to be my duty here. Weak and
faltering as my words may be, and though I may not be able to
defend myself from the imputation of having set some bad ex
amples, still I feel that I should betray the cause which it is at
once my duty and my pride to advocate, were I not to use my
best exertions to encourage the student in art to seek not only
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that which is ornamental or picturesque; not only that which
affords a display of the most agreeable flow of lines, or is most
attractive in composition; not only that which presents the richest
groups of decorative features,—but to seek, above all things and
before all things, that which is fitting in form and truthful in
character.

INSTITUTION OF CIVIL ENGINEERS.
Gborgk P. Bidder, Esq., President, in the Chair.
Jan. 22.—The paper read was " On the Rite and Fall of the River
Wandle: its Springe, Tributaries, and Pollution." By Frederick
Braithwaite, M. Inst.C.E.
This history was compiled from a survey of the river Wandle, made
early in the spring of 1853, from its rise at Carshalton, and at Croydon
—111 ft. 2 in. and 123 ft. 10 in. respectively above Trinity high-water
mark—to its outfall in the Thames at Wandsworth. .In the course of
the Burvey, special notes were taken of the several springs, tributaries,
and sewerage from drains which swelled the amount of the water.
The levels of the successive falU of the river from its spring-heads,
through the numerous mills, were carefully taken; also a complete set
of gaugings of the water from the numerous springs and tributaries.
The branch of the river rising at Caxshalton was said to be supplied
from three principal springs— the Grotto Spring, the Hogs'-pit Pond,
and the Ordnance Pond, which together yielded, when the gaugings
were first taken, '13,246,020 gallons, and on a- subsequent occasion
12,670,610 gallons, daily, or every twenty-four hours. The head of
water at the lake in the grounds attached to the Ordnance School varied
4 or £ inches, according to the rainfall. When the lake was emptied, it
was refilled from the springs in thirty hours. This branch was also sup
plied from the Town Ponds and other springs. Five mills were situated
on it, driven by wheels, having a united power of 71 H.P. The general
character of the water was brilliant and pure, with the exception of that
from the paper mills, and where the road drainage was discharged intu
the river after heavy rains. The water contained about 16° of hardness,
and a small quantity of sulphate of lime.
The Croydon branch derived its principal flow of water from a stream
called the Bourne Brook, which rose in Marden-park, about 8 miles
Bouth of Croydon. The Bupply from this source was however very preca
rious, as it did not flow more than once every five or seven years, when the
.rainfall was excessive, and then only lasted for a limited period; though it
was in evidence that the Bourne did run for two entire years in!841 and
1842, a period of great rain. Two other streams united with the Bourne
about 2 miles south of Croydon, which, with springs rising in the Garden
Pond and elsewhere at Croydon, brought up the total quantity to from
16,158,780 to 17,625,600 gallons daily. Other springs, issuing princi
pally in the Lands Ponds, contributed 1,458,000 gallons every twentyfour hours; so that when all the streams had united to form the eastern
branch of the Wandle (123 ft. 10 in. above T. H. W. M.) the river flowed at
more than the rate of 19,000,000 gallons every twenty-four hours. The
springs at Wadden Mill and from land drainage produced about 1,200,000
gallons, and the river was constantly increased from similar sources; so
that when united with the Carshalton branch, at the oil and felt mills
above Hack-bridge, the gaugings, which represented the entire flow of
the Wandle in one stream, when first taken showed 63,488,520 gallons,
and on the subsequent occasion 52,760,980 gallons, every twenty-four
hours. The mills on this branch were four in number, but three only
were in occupation at the time the survey was made, using water power
equal to 26, 25, and 12 H.r. respectively. Above Hack-bridge the soil
consisted of a mixture of chalk and gravel; but below the bridge it was
wholly gravel or sand, though there was clay close underneath.
The paper then proceeded to notice the different mills situated on the
main stream, giving a statement of their power, height above T.H.W.M.,
in many cases the quantity of water used at each, and other details. The
operations carried on at some of these works, such as rinsing silk goods,
washing skins, &c, and the chemicals employed, which when used were
discharged into the river, tended materially to contaminate the stream.
Indeed, it was generally remarked that the water below all the print
works was much coloured when any print washing was going on. The
colour did not appear to settle, it only became largely diffused. The
water used for cleaning the blocks was also sent into the river. In clear
weather the contrast between the water at the Carshalton springs and
that at Merton-bridge was very marked; proving to the Bight alone how
unfit the water had become for drinking purposes, during its progress
through so many works discharging impurities, and over such a soil, and
receiving such drainage. In dry seasons this would be still more striking.
There were twenty-five mills on the main stream, using 645 H.P.
Mention was also made of the amount of drainage water flowing into
the Wandle from the surrounding land: one stream alone, on the eastern
side of the river, at Mitcham-coramon, contributing 4,172,760 gallons
daily. The Pickle, a dirty stream, joined the main river at Mertonbridge; and the Gravcney, a considerable tributary, which had also a
dirty appearance when the water in the Wandle itself was comparatively
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clear, entered the river at Mr. Payton's leather works. The average
gaugings at Garrett's oil mills showed 83,460,060, 76,316,050, and
62,343, U00 gallons every twenty-four hours. The gaugings of the river
Graveney during the same peiiod showed from 6,201,000 to 1,458,000
gallons daily. These quantities referred to a period when the river, its
bed, and adjacent soil had been fully saturated with heavy rainB, and
afforded no criterion of the quantity due to dry seasons. The water in
gravelly districts at such times was much wasted: then that stratum not
only refused to part with it freely, but even deprived the river itself of
water which flowed down from a district less influenced by evaporation.
It might therefore be concluded that, in periods of drought, the true
source of the supply to the Wandle would be found at Wadden and at
Carshalton only; for the Bourne Brook became dry, and the Croydon
springs were polluted. At present the supply from Wadden and Carshalton was found {o amount to 32,041,800 gallons daily; but when the
land-springs ami other drainage waters were exhausted there only re
mained 18,367,020 gallons daily available for water supply, supposing
the flow from the chalk to continue uniform. But when the river reached
Wandsworth much of the water had been evaporated and filtered into
the gravelly soil, and much had been filtered and carried away as sewer
age, or been consumed in the works, bo that probably not more than
10,000,000 gallons could be relied on, and that must necessarily be
polluted.
In an appendix a table was given, showing the rainfall daily during
the months of September, October, Novemlier, and December, 1852, over
that portion of the district the nature of the soil of which was nonabsorbent — viz. the tract of land drained by the river Graveney and the
Collier brook, having an area of 4000 acres. The available water-shed
area of the Wandle, in addition to this, amounted to 12,035 acres; and
the length of the river from Croydon to Wandsworth was rather less
than 04 miles. The entire details of the survey were also given in a
tabular form.
Jan. 29, and Feb. 5 and 12.— Before proceeding with the regular business
on the 1 2th of February, the president directed attention to the donations
to the library which had been received during the present session; particu
larly noticing the handsome edition of the very detailed account of the
'Construction of the Great Victoria Bridge, in Canada,' from the author,
Mr. James Hodges; tho 'Report on the Ganges Canal Works,' in three
volumes, with folio atlas of plates, from the Councd of India, through
the author, Colonel Sir Proby Cautley, K.C.B.; a useful German
periodical, entitled ' Zeitschrift fur Bauwesen,' from the commencement
in 1851, from Mr. W: W. Collins, M. Inst. C.E.,—who had also pre
sented a copy of Messrs. Tolhausen and Gardissal's ' Technological Die
tionary in the English, French, and German languages;— and the 'Official
Descriptive and Illustrated Catalogue,' with 'Reports by the Juries,'
of the Exhibition of 1851, in six volumes, imperial 4to., from Mr.
Andrew Cuthell, Assoc. Inst. C.E. The president, in proposing that the
cordial thanks of the meeting be given to the several donors, expressed
the hope that these excellent examples would not be lost upon the many
new members and associates who had recently joined the Institution, and
that it would be the constant aim of members of all classes to maintain
the library in the highest possible efficiency.
The Discussion upon Mr. Braithwaite's paper, "On the Hirer Wandle;
lit .Vprtnoi, Tributariet, and Pollution," occupied three evenings.
It was stated that the flow of water in the river Wandle was subject
to extraordinary vicissitudes, such as were not usually met with in a
stream issuing from the chalk. In 1858, when the river was gauged at
Garrett's Mill, the quantity of water was as low as 11,200,000 gallons per
day, whilst at the same place 02,000,000 gallons had been measured
daily. Though short, this river was interesting mechanically as well as
geologically: mechanically, as some of the best mills in England were
built upon it, there lieing one by Smeaton. and another by Rennie; and
geologically, because of the large volume of water drawn from the chalk
hills in so short a distance. This was attributed to the upheaval of the
chalk, and consequently of the London clay, lietween the rivers Wandle
and Cray, so that it was impossible for any large amount of water to
escape from the chalk between Croydon and Carshalton. The Bourne
was dependent on excessive and long-continued rainfall; in fact, to the
fall of water in a limited time being greater than the capability of
absorption. When these conditions were reversed, then the Bourne
ceased to flow. It was however contended, that there must cither be
porno error in the gaugings at Hack-bridge, given in the paper as
63,488,520 and 62,750,980 gallons daily, or else that there had been
exceptionally wet weather at the time they were taken; for as th» drain
age area only contained 66 square miles, there must be a depth of water
equal to a permanent flow of 29 inches off the gronnd to produce
63,000,000 gallons every twenty-four hours. It was remarked that the
circumstances affecting the river Wandle were of an exceptional cha
racter; for although the drainage area only consisted of a few thousand
acres, yet at the back of that area there was a large tract of chalk
country, from which no streams flowed, the water chiefly issuing in
springs at a distance from where it fell. Some of these springs were
intermittent, as was the case with the Bourne, not flowing more than
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once every five or seven yean. The rainfall in the district varied from
16 to 33 inches, averaging 23 inches; whilst the amount of evaporation
was more nearly a constant quantity, varying between 15 and 18 inches,
and averaging 1 7 inches. The fluctuations in the river Wandle might
therefore easily be accounted for; but the extremes of difference were
incomparably less than in many other cases. To this it was replied,
that the Bourne was not an intermittent spring, but was constantly
flowing underground between the Godstone quarries and the Bourne
culvert at Croydon. The origin of the spring might, it was said, be
seen in the driest summer at those quarries. The flow from the quarries
and from other sources into the culvert amounted to 500 gallons per
minute. It was not until the quarries were about two-thirds full, and con
tained about fourteen or fifteen million gallons of water, that the water
ran into Marden-park. Then the other outlets being insufficient for the
discharge, it burst out at that place. There were three channels which
it took: —first, from the quarries to Croydon. Secondly, a channel origi
nating in the neighbourhood of the quarries, but only appearing above
ground 4 miles lower down. It only began to issue out at this point in
November last, and was now running at the rate of 1 400 gallons per
minute. The third stream commenced near Marden-park, on the road
to Birch Wood. It began to run this month (February), and was now
discharging 300 gallons per minute.
Thus, bo far from the Bourne
rising in Marden-park, it was only when the first and second channels
were overcharged that it flowed there.
The combined waters from
Marden-park and from the second channel were now running below
Riddlesdown at the rate of 1500 gallons per minute; but the flow from
the mouth of the Bourne culvert was 3500 gallons per minute.
It was contended that it was an unscientific mode of proceeding, to
calculate the available supply of water for waterworks purposes by a
system of averages. The minimum quantity was that which should be
taken. The rainfall had been known to vary as 1 to 2, that was, from a
minimum of 16 inches to a maximum of 32 inches per annum. Again,
in one month in 1 859, the evaporation exceeded the rainfall by 3 inches;
whilst in the same month in I860 the rainfall exceeded the evaporation
by the same amount, making a difference of 6 inches. Further, the
quantity that would soak into the ground was dependent upon the
season and the previous state of the atmosphere— for if the ground was
very dry, and the sun had much power, the rain would be nearly all reevaporated—as well as upon the state of the weather at the time when
the rain fell, the time in which it was falling, and the absorbent pro
perties of the soil. In chalk districts too much generally was relied on.
Out of a rainfall of 2S inches, not more than 5 or 6 inches penetrated by
gravity, or sunk beyond the influence of summer heat. A distinction
must also be drawn between a rocky precipitous district and a chalk
formation consisting mainly of flat table land. Thus, on a hill of clay,
or primitive rock, with a rainfall of 1 inch in ten or twelve hours, nearly
the whole would run off. But on the steep chalk hills round London,
rising to a height of 800 or 900 feet above the level of the sea, although
there might be a rainfall of 2 inches in an hour, as sometimes happened,
the whole of it would soak into the ground. There were large district!
of an absorbent character round London and elsewhere, and on such
drainage areas the whole of the water entered the ground immediately,
especially during heavy rains. There was consequently very little flood
water, the rivers were more equable, and the springs more continuous,
than was the case with water flowing from other formations. On the
red sandstone formation water was absorbed as fast as it touched the
surface. In niouutainous districts the minimum had been observed to
be one sixteeuth of the average flow, and the floeds were sixteen times
as great, the ratio between the minimum and maximum quantities being
about 1 to 300. It was further remarked that, in this climate, the volume
of water in streams and rivers had been known to vary from 1 to 500.
In tropical or semi-tropical countries, there was a much wider margin; as
a dry ravine might become a destructive torrent during rains and
thunder storms. In the hill districts of Lancashire, Yorkshire, and
Derbyshire, the springs amounted in dry weather to from a half to about
three-quarters of a cubic foot per second, for every thousand acres of
contributing ground, whilst the floods amounted to 200, 300, and even
400 cubic feet per second from the same drainage area. In the more
impervious granite districts, and other primitive formations, there was
almost a total absence of springs, and nearly the whole of the water
went off in floods, the yield by springs in summer being trivial.
It was observed, that in a chalk country the volume of water in a
stream was dependent upon the amount of percolation, though there
might not be a direct ratio between the two. Streams were the result
of the water draining out of natural subterranean reservoirs, formed by
the rain which had percolated through the chalk, and which was held up
by the impervious strata below. It did not follow that all quitted it in a
single year; but it contained sufficient to furnish a certain outflow for
four or five years, even if there was no rainfall. The inclination of the
surface of the subterranean store of water was dependent not oidy on the
amount of percolation, but also upon the nature of the chalk. In the
middle chalk, north of London, the inclination of the water-line was at
least 13 ft. 6 in. to the mile. In its lower beds, the chalk was of a
nature to increase the friction, and it would be found that water stood at
an inclination of about 19 ft. 6 in. to the mile at Berkhampstead, and as
much as 40 feet to the mile in some parts of Kent, and elsewhere. Tho
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" Bourne " which had been alluded to in the paper, and of which there
wu a similar case in Hertfordshire, might arise entirely from an exces
sive supply of water to the reservoir, when the inclination of the surface
of the reservoir becoming greater, a stream would run on the surface
where there was none before. A table of the rainfall and percolation
through Dalton gauges, at Nash Mills, Herts, was then given. The
gauge now used consisted of two cast-iron cylinders, each 18 inches dia
meter, turned to a knife edge at the top, and sunk to a depth of 3 feet
below the level of the ground. One was filled with ordinary surface
■oil, and the other with fragmentary chalk, both being covered with
grass and vegetation. Any rain that fall was absorbed by the earth
within the cylinders, and whatever was not carried off by evaporation
was collected in the bottom of the cylinders, and its amount ascertained
in the ordinary manner. In this table the year was made to commence
on the 1st of October and to terminate on the 80th of September; and
the first six months were considered to be the winter half-year, and the
last the summer half-year. It showed that by far the greater amount of
percolation took place during the winter months, there being frequently
none during the summer; and the average summer percolation through
■oil during twenty-five years was less than J of an inch. The maximum
winter rainfall was in 1852-8, 20-27 inches; and the maximum perco
lation in 1841-2, 17'98 inches. The minimum winter rainfall was in
1849-60, 8'5S inches, and the minimum percolation in 1858-59, 0'9 inch.
The maximum summer rainfall was in 1860, 2040 inches, and the mini
mum in 1843, 807 inches. Though the annual average rainfall of tho
last seven and the previous eighteen years was nearly the same, yet
the proportions of the winter and the summer rainfall were 1386 to
1279 inches in one period, and 1191 to 14'58 inches in the other; and
the average winter percolation was reduced from 8635 to 4601 inches.
There were many circumstances which affected percolation.
If, for
instance, 4 or jj of an inch of rain fell on one day, succeeded by three
or four fine days, very little percolation took place even in winter. But
should 2 inches of rain fall on two consecutive days, then, even in sum
mer, water would find its way into the ground.
It was remarked that, of late years, the lower part of the river
Wandle had been subject to great fluctuations, due it was believed, in
some degree, to agricultural land drainage. Now, as soon as rain fell,
it was more immediately discharged into the rivers and streams, the
floods were more rapidly carried off, and were greatly augmented in wet
weather, and the flow of rivers was diminished in dry seasons, so that
there, was frequently a great want of water. It was urged that there
should be an economy of water during the winter, and the proper means
of discharging it for purposes of utility in the summer. It was thought
that underdrainage waB sometimes carried to too great an extent, making
the soil even dry and sterile. In the fen districts, if the water was
drained below 2 ft. 6 in. or 3 feet fiom the surface, the crops were
diminished in weight. On the other hand it was urged, that under
drainage might have the effect of permitting particular soils to absorb
the rainfall quickly, and to give it out again in evaporation; and in
these cases, underdrainage, so far from causing floods, would have the
effect of preventing them. It was asserted that those who had paid the
greatest attention to this subject considered deep agricultural drainage
to be the most profitable; and that, so far from the drains acting as
culverts to carry off all the water from the land, they served to econo
mise it. It had been found necessary in stiff clays to place the drains at
a depth of 4 feet, so as to keep that depth of ground warm and mellow
for the nourishment of the crops. In porous ground, such as sand and
gravel, the drains might be wider apart, and be carried to greater
depth.
The object should be, not to allow the water stratum to rise to
the roots of the plants, and thereby keep them constantly cold. It had
been said that underdrainage increased both the droughts and floods.
The latter effect could scarcely be doubted; but droughts could only be
increased by lessening the rainfall, which might probably result from
diminishing the evaporation. It had been determined by experiment
and by observation, although there were not wanting many contradictory
facte, that by underdrainage evaporation was diminished rather than
promoted. Thus, supposing the evaporation from water surface to be
33, the amount from saturated surface would be 30, and from drained
surface about 20. The soil down to the depth of the drains had been
found to be in a state of the most minute disintegration and comminu
tion, thus creating those channels of attraction which would bring the
water up from beneath the drains to the surface. Water only entered
from the bottom of the drains. As tho soil below the drains must first
be replenished by the rainfall before they could run out, and as the
water must pass the drain to replenish the subterranean depths, it was
clear that the crust of 4 feet on the surface of drained land was unimpor
tant in the consideration of this question.
As this discussion had an important bearing upon the past, present,
and most certainly the future of almost every river in England, it was
thought that the effect of urban drainage ought to be carefully con
sidered, particularly in the case of small streams flowing from chalk
districts. It was admitted that towns ought to be drained, cleansed, and
be provided with all the conveniences demanded by the present state of
civilisation; but it was contended that it was not necessary that the
rivers should be fouled, there being several processes by which foul water
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might be prevented from running into streams. The Wandle was a
notable instance of a river being polluted without cause. The sewerage
of the town of Croydon was drained into it, and the sewage-water was
said to be deodorised, but an insufficient quantity of disinfecting fluid
was used to accomplish that object. It was afterwards turned over the
land for the purpose of irrigation, and was subsequently allowed to run
into a stream communicating with the main river. The result was that
an abominable stench waB produced. The works at Leicester, erected
by Mr. Wicksteed, M.Inst.C.E., though not commercially remunerative,
effected the purification of the water. The expense was not inordinate,
as the experiment was made at a cost of £40,000, and at an annual out
lay of £2500 a year, for a population of 70,000 inhabitants. There were
two other modes of purifying town sewage-water, by pumping it over
large areas from tanks—a system the cost of which was so great as to
prevent its application—and by running it over land, and then it was
worthless except as an irrigant, unless in combination with some cheap
chemical agent.
The reason why sewage-water could not be applied
successfully to the irrigation of land, in the case of a large town, was
that, as the sewage would have to travel a considerable distance, tho
fertilising matter became oxidised, and therefore valueless for agricul
tural purposes. With small towns such need not be the case, as the
sewage might be applied fresh, before being decomposed; but then it
would be a nuisance unless previously deodorised.
It was remarked that at Leicester, out of 13,000 houses, only 700
were connected with the sewers; and as the town was plentifully supplied
with water, and the surface drainage of the streets was allowed to run
into the sewers, it was not surprising that the Bewage-water was tole
rably clear. At Croydon, on the other hand, there was rarely a house
without a water-cloBet, and in many cases two or three, all of which
emptied into the sewers. But on the other hand, it was shown by the
Report of the government chemists, Messrs. Hofmann and Witt, that
the ' Leicester sewage matter waB of the same average Btrength as the
London sewage.
It was observed that, thongh the parish of Croydon had a population
of 30,000, yet there were only 20,000 inhabitants in the town; and as
regarded the locality inhabited by the other 10,000 persons, its water
sheds were in other directions, and its drainage had nothing to do with
the Wandle. When the Board of Health was established ten years ago,
the river just below the town was foul with deposits of offensive mud on
each side of the stream. Previously no effort had been made to keep
the filth out of the river, nor waB there any arrangement for purifying
the sewage; and the river was, in fact, the general dust- bin, sink, and
sewer of the town. Since then no expense had been spared to prevent
the pollution of the Wandle; and it was believed that now there was no
other inland town better drained, or where the sewage was disposed of
with less inconvenience to the neighbourhood, than was the case at
Croydon. The problem had been by no means an easy one. There was
a population of 20,000 at the had of a river—at its very urn—with no
other outfall or means of drainage but into the river. Now the sewage
from 4000 houses was entirely intercepted. It was received into glazedpipe sewers, was largely diluted with water, 200 gallons per house per
day being used, and in one hour it was 2 miles from the town. The
sewage was conducted through some fields, away from the river, till it
came by gravitation to a farm of 96 acres belonging to the Board of
Health. Here it was strained through gravel filters, to remove the
coarse solid matter, about 20 tons of night soil being obtained per week.
It was then, in warm weather, mixed with M'Dougall"s fluid, as large a
quantity being employed as was found by experience to be necessary or
useful. At first 1 gallon of fluid was applied to 20,000 gallons of sewagewater, but as there was then a perceptible smell of tar at the outfall, the
proportion had been reduced to 1 in 30,000. Subsequently the sewagewater was flowed over and through the grass and land of the farm. The
result of sending the sewage over the grass land was, that the crops were
largely increased, and the water flowed off pure and clear. There was
no offensive smell, as the sewage was recent and much diluted, and it
was only unwholesome in its eniuvia when allowed to stagnate until
putrefaction began. The sanitary condition of the town had also been
greatly improved, and it was urged that the Croydon Board of Health
should not be blamed or disparaged, when they hail done and were doing
all that was possible in the existing Btate of knowledge on this subject.
In reference to the value of "clear'' water, it was mentioned that
recently an inquiry had been made, whether an order of the Court of
Chancery was being duly carried out in the case of Barnard v. Arkwright.
The docision in that case had been, that no pernicious water from the
cleansing of certain dog kennels, where some kind of arsenical prepara
tion was employed, and from the larders appurtenant thereto, the doors
having been fed with the flesh of glandored horses, should be allowed to
flow into the Btream at Harlow. The defendant had constructed filter
beds, and adopted a variety of contrivances in order to insure the water
passing away "clear" and pure; and so it did to all appearance, but
when bottled and allowed to remain for a day or two, it became perfectly
pestiferous. This showed that tho actual condition of water could only
be ascertained by chemical analysis, and that mere appearances alone
must not be be trusted.
In the course of inquiries relative to the pollution of riversj it was
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found that Croydon prove J the convene of the proposition, that the question
of sewage irrigation was still far from solution. There was no relevancy
whatever between sewage as it issued in a liquid state from sewers, and
guano as it was in a solid state imported; nor yet between the sewage as
it issued from the sewers, churned and pounded up and subjected to the
action of the atmosphere and water, and the liquid manure found in
tanks in farm-yards. The contents of the sewers being thus practically
proved not to possess a fertilising character, it was considered whether
by any known process they could be made to assume a commercial value.
The processes hitherto tried might be divided into two classes, the
"solid" and the "liquid." As a favourable illustration of the former,
Leicester was cited, where the sewage was mixed with oily and fatty
matters from the woolen manufactures and the wool combing. All the
town required was, not profit, but that the river should be saved from
pollution, by a system of deodorisation, and the separation of the solid
from the liquid matters. In these respects the works had been successful.
But the large quantity of cfeirw obtained by the lime process could not
be disposed of. In fact, a profit could not be realised by the manufacture
of sol ill manures from sewage, as had been anticipated. The promoters
of the Stanley-green Works having tried the "solid" process, and failed,
resorted to the "liquid" process—to the application of liquid manure to
market gardens in the vicinity. But the gardeners objected, and the
demand not being equal to the supply, the works were closed. The
Croydon sewage being poured on the land in a liquid state, proved to
be a great nuisance, and when visited in 1868 there was a large accu
mulation of solid stuff. It was believed, according to the testimony of
those best able to give an opinion on such matters, that these works
had caused the very considerable disease which at one time visited
Croydon. It had been laid down that malaria might be induced by
open sewers and liquid manure passing through them; whilst it would
Iks prevented by the liquid passing through pipes, and applied to the land
by the hose. At the Watford Works, liquid manure was applied to the
home farm of the Earl of Essex, near Cashiobury, under the most advan
tageous circumstances, but yet it was not commercially successful; the
grass produced was of a rank character, and the works were a nuisance
to the whole neighbourhood.
At the Craigentenny Meadows, Edin
burgh, the process of sewage irrigation had been in operation for sixty
years. The sewage ran immediately upon what was waste land, and a
large amount of grass was produced. It was contended that success was
due in this case, first, from the fact of the land lieing of no intrinsic
value; secondly, from its peculiar position; and thirdly, from its being
possible to sell the produce—grass—to great advantage, owing to the
proximity of the meadows to the city of Edinburgh, where milch cows,
kept in stalls, were fed on the fresh cut produce. These meadows had
been admitted to be a source of nuisance, and injurious to health, espe
cially in hot weather, not alone to the immediate neighbourhood, but
even to persons residing at a distance of 2 miles. As another illustra
tion of the failure of open liquid sewage irrigation, the city of Milan
was quoted.
The sewage was there poured upon meadows in the
vicinity of the city. According to Dr. Capelli's evidence, this had a
decided influence on the health of the inhabitants, especially children,
producing ague, neuralgia, rheumatism, and remittent fever. There was
therefore every reason why capitalists should be deterred from embark
ing in sewage speculations, which, whilst they began in delusion, must
inevitably end in failure.
It was contended, that the high value of the Craigentenny Meadows
was due entirely to the effects of the sewage that was put upon them,
and not to their proximity to the city of Edinburgh. It was stated that
this land, previous to the application of the system of sewage irrigation,
was bare sea sand, and at present it was merely covered with foul mat
ter to the depth of an inch; that it was waste to use M'Dougall's disin
fecting fluid for nine months in the year; and that sewage might be put
upon the land if it was fresh, and the land would disinfect it without any
deodorising mixture. Putridity caused offen«veness; and putridity came
with age.
A doubt having been expressed as to the correctness of an opinion
given in the course of the discussion, relative to the failure of the
Stanley-green Works, it was further stated that the undertaking was
started by a company in 1846, when nearly £50,000 were expended,
but no dividend was ever declared. Not more than 100 acres of land
were watered at one time, nor waB the system extended to more than
150 acres; and probably the company never received more than £500 for
rent. A steam engine was erected at the Counter-street sewer, and
from thence the sewage-water, which was neither strong nor of a ferti
lising character, was pumped upon the market gardens at Fulham-fields.
Subsequently, the Bewage coming along the Kanelagh sewer from Paddington was intercepted, and forced through pipes to Stanley-bridge.
This matter was much richer, and the farmers did not object to it on that
score. But the difficulties were endless; and it was thought that the
idea of pumping sewage, and delivering it at a distance, after the manner
of a water company, was perfectly impracticable.
In reply to the observations which had been made as to the operations
of the Croydon Board of Health, it was stated that the intercepting
sewers carried off a large quantity of water issuing from springs that
would otherwise find its way into the river; that the vegetation at the
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farm was rotten, and, as a specimen of irrigation and application of
sewage manure, it was, whether of sewage or clear water, the worst in
existence; and that many of the sheep had rotted, showing that it was
not a healthy piece of ground.
It should be remembered that the
Board only took the land into their own hands in consequence of getting
into difficulties with the previous occupiers, some of whom took pro
ceedings to recover damages on account of the application of this sewage
manure. This method of application of sewage was not considered to
be a proper one. It would be better that it should be simply treated;
so as to prevent its becoming a nuisance. First, by straining, the solid
matter' (much of which consisted of decomposing animal fibrine or al
bumen, giving out a most odious stench) might be removed. If this was
then mixed with quicklime, so as to be deodorised, it would make a
good dry manure for the land. The next step was by precipitation,
which might be easily effected with quicklime. By these means the
water would be rendered clear and bright, although even then only onefourth of the organic matter would have been removed. This alone
would not suffice in comparatively small rivers; then an antiseptic must
be provided, and there was believed to be none better than M'Dougall's
fluid in combination with quicklime. The water would thus be ren
dered perfectly innocuous. The idea of making the sewage matter of
towns commercially useful should as a rule be altogether abandoned.
The laws relating to water flowing above ground were clear and well
defined. They allowed a certain limited use and ownership, and any
undue use or abstraction of such water could be immediately checked.
Yet, by a recent decision of the House of Lords it was held that, pro
vided the water flowing into a river by an underground course had not
become visible or reached the surface, it might be abstracted even within
a few yards of the river with impunity; so that, in fact, it was held to
constitute an entirely different species of property. It was argued that
the law ought to operate in the one case as in the other, and that the
maxim of law should in both be carried out, "Sic utert tuo at alicnum
non kedcu"—so to use your property as not to injure another man's
rights. To this it was replied, that the decision of tie House of Lords
in the case of Chasemore v. Richards (that was the Croydon Board of
Health), was, that water under ground, like the air above ground, was
unpropertied, and not the subject of any prescriptive rights. That who
ever possessed the soil might sink a well, and pump to any extent,
however much it might affect others, taking as large a quantity of water
as he liked from beneath his own land; and if he dried or injured his
neighbour's mill, mill-stream, or pond, that neighbour had no remedy
against him, and must seek for water by sinking a deeper well or in
other directions. It was contended that, in the majority of cases, no one
could say positively that the water drawn by one person came from the
land of another particular person—that in fact the course of underground
water could not be pursued. All parties had therefore an equal right
to it, and no other system of adjudication upon such rights could be
devised than that which had been generally laid down by the judges.
It was asserted on the one hand, but denied on the other, that the deci
sions in the cases of Chasemore v. Richards, and Broadbent v. Ramsbottom, had reoently been disregarded in the case of Ennor v. Barwell;
when it was held that underground water was the property of the person
whose land it would reach by percolation and gravitation from a higher
to a lower level. The discussion of the law of water rights was depre
cated, as it was considered that it was a question with which the Insti
tution was incompetent to deal, and could only be taken to the neglect
of those matters which more properly belonged to civil engineers.
In replying to the remarks which had been made in the course of the
discussion, it was stated that there were many circumstances to l>e
taken into consideration with regard to the supply of water to rivers.
Some were for the most part constant; others were fluctuating and vari
able. In any particular district the surface of the ground and the
nature of the soil were constant, but the extent of moisture in the
ground was variable. Again, some soils took up 90 per cent, of mois
ture, others not half that quantity. The rainfall was variable in amount,
and in the time and manner in which it fell. The hygrometric condition
of the air was likewise subject to many variations. Evaporation was
influenced by the velocity with which the air passed over the ground.
Thus, taking the evaporation over a given space as 2 with a moderate
breeze, it would be 8, and even 4 or 5, with a gale of wind.
In concluding the discussion, the hope was expressed that more atten
tion would in future be paid to the preservation of the salubrity of the
rivers of this country. The river Wandle was one of great interest, as
from its proximity to London it had frequently been suggested as one of
the sources of the supply of water. But it had been shown that its
flow was subject to great fluctuations; and, taking the minimum quan
tity that had been recorded, 10,000,000 gallons daily, that would only
be sufficient for the supply of 300,000 persons, or about one-tenth part
of the population of the metropolis. The proportion of the rainfall flow
ing off by streams and rivers could not be determined by any system of
averages, but only by many years' recorded observations upon a particular
soil, in a particular district, and then these observations would not apply
to any other case. Upon certain lands on the banks of that river, be
tween January 1858, and September 1859, 28 inches of rain fell, at
some periods as much as 1 inch in two or three hours, but none of
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that water Bowed through the surface drains into the river. Between
September and November 1859, 10 inches of rain fell, and only then did
the water begin to find its way through the Bubdrains into the river. A
rainfall of 30 inches had thus been evaporated or absorbed by vegetation
upon drained land. That seemed to show that one of the effects of underdrainage was, by the increasing fertility given to the land, to create a
greater demand for moisture. During a portion of the time over which
these observations extended it was a dry season, there was plenty of sun,
and luxuriant vegetation; whereas last summer probably one-half the
quantity of rain would have supplied a larger amount to the springs and
rivers in the district alluded to. In reference to the subject of land
drainage, it was urged that for the purpose of vegetation deep drainage
was not required.
Provided the moisture was 30 inches under the
surface of the ground, that was the most suitable depth. The late Mr.
Tycho Wing had ascertained, by carefully conducted investigations and
experiments, extending over large areas and continued for many years,
that in dry seasons, when the permanent stream of water was below that
depth, vegetation suffered; and in wet seasons, if that depth was much
exceeded, then vegetation also suffered. It was admitted that there
were many local considerations to be regarded, as to springs, soil, &c,
which might render it desirable to drain to a greater depth; but it niuBt
be recollected that the great expense of drainage was not in the cost of
the pipes, but in the labour of excavating and filling up the trenches,
and this was greatly increased with increase of depth.

Feb. 19. —The paper read was " On the Results of Trials of varieties
of Iron Permanent Way." By F. Fox, M. Inst. C. E.
The author stated that he did not wish to be thought an advocate for
the superiority of either of the systems tried over other plans, or of iron
over timber for permanent way, under any and all circumstances : his
object being merely to record the results of actual trials, and the conclu
sions to which they led.
In 1853 an experimental length of a quarter of a mile (double line) of
iron way, on the principle of Mr. I. J. Macdonnell, M. Inst. O.E., was
laid on the Bristol and Exeter Railway. It consisted of a continuous
rolled-iron rail bearer, weighing on an average 83J lb. per lineal yard,
and 11 inches in width. The bearers were united by joint or saddle
plates 30 inches long, weighing 50 4 lb. each. The bearers had a rise in
the centre of fa of an inch, and a rib or tongue was rolled on the upper
side, which fitted approximately into the hollow of the bridge rail. The
rails originally laid weighed only 53| lb. per yard. Between the rail
and the bearer a thin packing of pine wood was placed, the grain being
in the direction of the length of the rail. The rails, the bearers, and the
joint plates were bolted together, the distances between the intermediate
bolts being so arranged as to admit of a rail being readily turned by
unscrewing the nuts, or of a new rail being put in without opening out
the ballast. Transoms or cross-ties of angle-iron were placed at average
intervals of 12 feet between the two rails, and of 24 feet between the two
lines. This system differed from the Barlow way, in having the rail or
wearing surface separate and easily removable from the bearing surface;
but on the other hand it considerably exceeded the Barlow rail in weight.
After a wear of more than seven years this length of iron way was in
good condition, and bid fair to continue so for some time to come.
About one- third of the rails proved defective within the first two years,
and had been replaced by rails weighing 60 lb. to the yard. The ballast
which was very indifferent, being a loamy gravel, had been well drained,
and a thicker packing, laid with the grain transversely to the direction
of the rail, had been introduced. The bearers and joint-plates, transoms
and rails, were supplied at £7 per ton delivered; and the cost per single
mile of this arrangement, exclusive of the cost of matching and laying,
was £1936. The cost of a single mile of the longitudinal timber way at
the same period, taking the rails at the same weight and price, was estimoted at £1850. It should be meutioned that iron was then low in
price, whilst timber was high. Owing to the undue lightness of the rail,
both of these calculations were below the cost of a well-constructed per
manent way.
As this experiment appeared on the whole to have been successful, it
was determined to extend the trial, by laying 1 mile of double line on
this system, at a further distance from a station, so that all the trains
should pass over it at full speed. Some modifications were however
made. The width of the bearer was increased to 12 inches, and its
thickness was reduced to fa of an inch, so that its weight was 75 lb. per
lineal yard: at the same time the curvature was slightly increased: the
pine packing (creosoted) was thicker, and at the rail-joints pieces of hard
wood laid with the grain lengthwise were substituted. The rails weighed
68 lb. per yard. The contract for the bearers, joint-plates, and transoms
was taken at £9. 10*. per ton, the cost of the rails being £0. S«. %d. per
ton. This length was laid in July 1857, where the line had not long
before been re-ballasted with hard clinker ballast. The cost of a single
mile, exclusive of laying, amounted to £2511. One mile of timber way,
laid with the same section of rail at the same time, cost about £2254.
As these trials appeared to give a reasonable expectation of the greater
durability and diminished cost of maintenance of the iron way, the author
felt justified in recommending a further trial on a more extended Bcale,
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and on different districts of the railway. As the rolling and straightening
of the curved section of bearer was alleged to be difficult, it was decided
to adopt a flat section. The bearing surface was increased to 13 inches,
the centre rib was rolled \ an inch deeper, and the weight was thus
brought up to 84 lb. per yard.
Kail joint plates of a similar section to
the bearer joint plates, were bolted underneath the bearer at every rail
joint. Although this addition had been found advantageous, the way
was still weaker at the rail joints than at any other part. Additional
intermediate bolts were used, so that the upper and the lower sections
of the way were held together as a girder. The contract for the bearers,
joints, and transoms, was taken at £9. 125. per ton; and the rails being
£8. 13s. Id. per ton, the cost per single mile was £2571.
In order to teBt the comparative strength of the different seotions of
bearer, of rail and bearer combined as laid, and of the rail and bearer
joints with and without joint plates, a series of experiments was made,
the results of which were given in a tabular form. The distance between
the points of support was 5 feet. Of the three sections of bearer only,
that of 1853 (the first) showed the least, and the flat section of 1859
the greatest deflection, under a load of about 5 tons; but in each case the
ultimate strength did not exceed 7 tons. Of ths three sections of iron
way complete, that of 1853 was the weakest, and the curved section
of 1857, with a rail weighing 68 lb. per yard, rather the strongest.
The ultimate strength was reached under loads varying from 19
to 21 tons.
An experiment with the flat bearer showed, as was
expected, the increased stiffness gained by placing the centre rib
downwards, thus practically deepening the girder.
The ultimate
strength of the timber way was ascertained to be 28J tons, or 50 per
cent, higher than the iron way. It was therefore determined still fur
ther to increase the section of the iron bearer. In this case the width of
the bearer was 12 inches, and it was stiffened by a web underneath
3 inches deep and f of an inch thick (a plan which was claimed by
Mr. W. Bridges Adams). The weight was reduced to 76 lb. per yard,
and the contract for this section was taken at £9 per ton. To stiffen the
rail joints (which had no plates underneath}, and to secure the ends of
the rails, an iron plate having a tongue rolled on it was used. This sec
tion of way had been laid too short a time to warrant any decided ex
pression of opinion of it, as compared with the other sections; but as a
length of between 4 and 5 single miles was under trial, it would soon be
seen if it possessed any advantages. It was perceptibly stiffer to travel
over, and the middle web gave it a firmer hold in the ballast than either
of the other sections. The cost of a single mile was £2385. This section
was the fourth modification of rolled-iron bearer under trial, the entire
length being 14^ single miles.
The partial failure of the Macdonnell way on the Bridport railway was
then referred to; and it was asserted that it arose from the rails and
bearers being too weak, and from a disregard of those appliances which
the character of the gradients, curves, ballast, and subsoil rendered more
than ordinarily necessary.
In May 1858, a trial length of a single half-mile of the cast-iron
sleeper way of Mr. De Bcrgue, was laid in immediate continuation of
the Macdonnell way, and on the same kind of clinker ballast. Whilst
still preferring a continuous rolled-iron to any cast-iron way, the author
felt bound to state that not a single sleeper had been broken, the nuts of
the bolts did not work loose, the rails wore very well, and with the
exception of a little depression at the fished rail joints, the line kept as
good a " top " as could be desired, and was as easily maintained, but was
more rigid. The cost of this arrangement per single mile was £2103, or
£300 per mile less than the Macdonnell way of the same period.
The merits and defects of the continuous rolled-iron permanent way
were thus stated. The defects, or supposed defects, appeared to be:—
1. The great cost, at present prices, almost precluding its adoption on a
railway of limited capital.
2. The difficulty of getting the bearers
rolled. 3. The possible increased wear of the rails.
4. The greater
"wash" of all but very good ballast, inseparable from all iron ways
resting on or near the surface. And, 5. The difficulty of laying on sharp
curves, and of keeping in place when laid.
Its presumed merits were: — 1. Greater economy in the long run,
owing to increased durability: it was estimated that the cost of renewal
of the longitudinal timber way waB £45, and of the iron way only £21,
per single mile per annum, or less than half, without reckoning the con
siderable item of labour in the replacement of the timbers. 2. Saving in
maintenance, and facility for packing, owing to no "opening out" being
required. 3. The safety of the iron way, especially as contrasted with a
timber way which had been long laid. 4. The facility of changing worn
rails. 5. The preservation of correct gauge. 6. The lowness of the
crown of the raU above the bearing surface, 7. Saving in the depth of
ballast in the case of a new line. And, 8. The equableness of the motion,
rendering it probable that lees injury would be sustained by the rolling
stock.

Feb. 26. —The evening was occupied by the discussion upon Mr. Fox's
paper on "Permanent Way."
It was observed that the systems of permanent way described in the
paper did not differ materially from the continuous iron w.iy proposed by
26
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Mr. Reynolds many year* ago, which had been tried and failed. Looking to
the effects of frost, floods, and heavy rains, and to the great variation in
the quality of the ballast, a continuous flat iron plate laid on the surface
was never likely to be successful in carrying heavy locomotives at high
speeds. For a long time to come either the transverse sleeper or the
longitudinal timber systems would probably be used, as they were not
liable to be so much affected by the settlement of embankments, from
whatever cause arising, the washing away of ballast, or the effects of
frost. There might be occasions when it would be desirable to adopt
some other mode than laying the line upon wood: as, for instance, when
time was an object, and timber could not be obtained so quickly as irou,
nor yet perhaps so cheaply. As the prices of materials varied very much
at different times, comparisons of cost were practically valueless. The
permanent way of railways ought to be the most perfect in construction,
and the most conducive to safety and to ease in travelling, whatever
might be its cost. It was wrong to continue to use the same sizes of
sleepers and scantlings of timber that were first employed, as the engines
were now thrice the weight, and the speed had been doubled. To make
a road fit for the description of locomotive and rolling stock at present
in use, and to travel at the same speed, at least double the sum ought
to be expended. The permanent way and the rolling stock could be
made so as to be as safe for speeds of 70 miles as of 30 miles an hour:
it was merely a question of money, there being no mechanical difficulty
about it whatever.
It was said that the conclusion to be drawn from the summary of
advantages and disadvantages, which had been most fairly stated by
the author, was the complete condemnation of iron permanent way.
There was no advantage in first cost, and the maintenance was certainly
more expensive than with a timber road, which would be free from the
disturbances likely to affect the iron way laid upon the surface of the
ground. There was also greater rigidity, and this told in two ways—
first upon the " life" of the rails, and secondly upon the rolling stock.
The other systems of permanent way might be divided into three classes:
1st, longitudinal timbers, with a bridge rail or a modification of it;
'2nd, transverse sleepers, with a double-headed rail and chairs; 3rd, trans
verse sleepers, with a bridge rail, or a modification of it. The latter
syBtem was well adapted for light traffic, was inexpensive, and easily
maintained. Either of these roads, when properly constructed, would
enable the highest speeds required in a commercial country to be attained
with safety.
vAttention was then directed to the comparative difference in the wear
and tear of rolling stock and of raila, upon a rigid road, and on a road
that was more elastic. And the many tires broken during the late frost,
though no doubt in some cases attributable to an indifferent quality of
metal having been used, had been caused, it was asserted, in many
instances by the rigidity of the permanent way.
It was stated that the Reynolds way consisted of a continuous cast-iron
trough, very different in principle to the flat wn night-iron sleeper described
in the paper, in which the results of experience on one of the best main
tained lines in the kingdom had been given, speculative opinions having
been carefully avoided. The different roads alluded to by the author
had been observed to keep in good condition in all weathers and under
all circumstances; and the testimony of caretul enginemen, who could
generally point out any radical defects in the permanent way, was in
favour of this form of iron way as compared with the longitudinal timber
system. At the same time it was admitted there were serious difficulties
to be overcome in every form of iron road yet proposed. It was impor
tant that the system of permanent way adopted on each railway should
be capable of being laid throughout the whole length of the line, and of
being carried through stations. It was doubted whether the continuous
.wrought- iron way was applicable in stations, or where there were points
and crossings. The De Bergue cast-iron sleeper presented greater faci
lities in this respect, but a road laid on these sleepers had not the flexi
bility of a timber road. One of the things which gave the greatest
trouble in most kinds of permanent way was the movement of the rail
in its bearing. This was prevented in the De Bergue system, as the
sleeper was bolted firmly to the rail, and formed in fact a bracket or
extension of it. In a timber road this evil might be much diminished
by reducing the numbei of fastenings; and in this respect the ordinary
single-headed contractor's rail, fastened direct to transverse sleepers
without chairs, was to be commended as being simple, inexpensive,
and effective.
It was contended that practical men in charge of railways invariably
preferred transverse sleepers to longitudinal timbers; and it had been
found that upon the whole the annual expense of maintenance was less
with the former system. Thus, upon the road between York and Dar
lington, which was laid upon transverse sleepers, the joints of the rails
being fished, 2 miles were maintained for the same sum that it cost to
maintain 1J mile on the longitudinal timber system. The rigidity of the
permanent way during frost was due very much to the want of thorough
drainage in the road. By the use of creosote the " life" of the sleeper
was not terminated by its decay, but was dependent upon the period it
would bear the usage it was subjected to. If the permanent way had
to be constructed without reference to economy, which hail not been
the case hitherto, then no doubt great improvements would be made.
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It had been found advantageous to seat the double-headed rail, when
using the ordinary chair, on a cushion of wood, endways of the grain.
This plan prevented the indentation of the underside of the rail, and the
motion of the trains over the line was easier. Steeling the surface of
the rails had also proved very beneficial. The cost of applying this
process did not amount to more than 14s. per ton, and the durability of
the rails was at least doubled as compared with rails made in the ordi
nary manner.
It was mentioned that the plan of placing a wooden cushion in the
chair under the double-headed rail had been tried many years ago on the
London and Birmingham line, and was not found advantageous, as,
unless frequently renewed, the rails wore through them. In England
the double-headed rail was almost universal, excepting on the Great
Western and a few other lines; but on the continent of Europe and
elsewhere a deep or broad-bottomed flange rail was most generally
used; and it was to be remarked that these lines had been constructed
after experience had been gained in this country, and in many cases
under the direction of English engineers. From this it was inferred
that the use of the chair, which had hitherto constituted the great diffi
culty with double-head rails, would in future be avoided. In forming
the seat for the chairs, the scantling of the sleeper, which in most cases
was already too small, had to be still further reduced, so that where the
greatest strength was required in the support there was the least. At
tention was then called to Mr. Seaton's system, in which a saddle rail,
laid on the apex of triangular timbers, forming a continuous bearing for
the rail, was employed. Immediately under the joints of the rails a
plate was bedded into the timber by pressure, so as to make the joint
equally solid with the other parts of the line. This road had been laid
on the London and North-Western (at Bletchley), on the South- Western
and on the Great Western railways; and it bad been found that the first
cost was something less than the double-headed rail system.
It was considered that, as regarded cast and wrought iron roads, as
far as experience had gone at present, both had proved unsuccessful.
The addition of an elastic medium between the support and the rail, as
described in the paper, might however be the means of lessening the
rigidity, and thus removing the great defect hitherto attaching to iron
roads.
It was remarked, that engineers were now aware that a certain amount
of elasticity was necessary in the permanent way of railways. Experi
ence seemed to prove, that the transverse sleeper road, with the joints
of the rails " fished," was the best; and that if chairs could be dis
pensed with, it was advisable; but the means of fastening the foot-rail
to the sleeper were not what could be desired. It had been ascertained
that during the frost there was less destruction to the rolling stock on
lines that were fished than where that was not the case. With refe
rence to the mode of fishing, recently, on two short lines where a flatbottomed rail weighing 62 lb. to the yard had been employed, the railjoint had in one case been fished to the sleeper, and in the other the fish
was suspended; when it was found that the difference was in favour of
the fish attached to the sleeper.
It was said that all the forms of cast-iron sleepers yet tried wore un
suitable for many kinds of ballast, such as hard broken stone, flint, or
other unyielding materials; and that it was doubtful whether wroughtiron bearing plates laid on that description of ballast would form a
pleasant road to travel over, unless an elastic medium were introduced
between the rail and the bearer. Several objections were taken to the
continuous rolled-iron rail-bearer; for instance, that in passing round
curves, and at stations amongst points and crossings, it would be diffi
cult to bend the bearer laterally in the same degree as the rail, and to
match the lengths of the rails and the bearers so as to make the boltholes always correspond, and thus avoid the necessity for drilling fresh
boles. The best form of transom for the longitudinal way was asserted
to be a flat bar of iron, placed vertically, so as not to take a bearing on
the ballast, leaving that duty to be borne by the bearer; as otherwise
when the road got out of order, a series of jerks waB produced on travel
ling over the line, in consequence of the increased resistance at these
points. It was contended that though the use of iron as a rail-bearer
was still in its infancy, yet in this land of iron it was fair to conclude
that improvements would be made in its application to this special pur
pose, and that iron ways would ultimately become the rule rather than
the exception.
The statement, that whilst the weight of engines and trains and the
speed of travelling had been increased, the permanent way had not been
proportionately improved, was thought to be capable of some modifica
tion. Twenty years ago locomotive engines averaged 15 tons in weight,
supported on four wheels; now the weight was doubled, but there were
six wheels; and the greatest weight on the driving wheels rarely exceeded
12 tons. In the same time the running speed, which was what told on
the permanent way, had not been increased more than 25 per cent. On
the other hand, looking to the permanent way itself, the rails now in
use, taking the London and Birmingham line as an illustration, weighed
84 lb. to the yard against (is lb. at the former period, and the chairs
45 lb. instead of 25 lb. each. There was also one more sleeper in each rail
length, and the joints of the rails bad been strengthened by the addition
of "fishes." Only a small proportion of the unfortunate accidents that
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had occurred on railways of late years could be attributed to weakness
of the running road. They seemed rather to be due to the giving way
of some part of the rolling stock. On these grounds, the asserted in
sufficiency of the present permanent way, and the necessity for doubling
the cost at the outset, were disputed.
In reply to the observations which had been made, it was remarked
that the greater portion of the iron ways alluded to in the paper had
been in use eight years, which, although perhaps not a sufficient time to
allow of a decided opinion being expressed, was surely enough to enable
some opinion, founded on experience, to be given. It had been said
that the systems described by the author had been tried and rejected
upwards of twenty years ago, and Reynolds' hog-trough cast-iron sleeper
was cited as a case in point. Now the continuous rolled-iron rail- bearer
only resembled that plan in this respect, that iron and wood entered
into the composition of both systems. Mr. Reynolds' sleeper was a
rigid continuous trough of a V shape, bolted at the joints, and absolutely
inflexible, although the hollow was filled with a wooden cushion;
whereas the rolled-iron way was only too flexible.
It was urged that,
speaking from speculation and not from experience, Mr. Greives' cupsleepers might be condemned, as there was rigid iron resting on sleepers
of the same material placed immediately on the ballast. It was said by
engineers who had tried them, that they gave a great deal of trouble, and
that the sleepers sucked up water from the ballast. There was a great
difference between flexibility and compressibility. The term "rigid" had
been frequently made use of in the course of the discussion. From ex
periments it could be shown, that between 5 feet bearings the doubleheaded rail ^deflected less, and was more rigid, than the Macdonnell
system; but as the double-headed rail was placed upon timber sleepers,
forming a compressible cushion, it was not rigid; and for the same rea
son, the rail on the Macdonnell system being laid on a cushion of wood,
which it might be desirable to increase, was not rigid in the sense of
flexibility. In fact the forms first tried were too flexible, and that had
led to the use of the T section bearer. It could be stated as a fact,
that the maintenance of the Macdonnell system on the Bristol and
Exeter Railway cost less than the other portions of the line, in the pro
portion of about half a man per mile. Taking that at £20 per annum,
it would be equivalent to the interest upon the additional outlay at
the first outset. With regard to the aotion ol frost upon the iron way,
it was admitted that was ono of the difficulties of the system where the
ballast was bad and the line was not well drained. But upon clinker bal
last no difficulty of that kind bad been experienced, although on another
part of the line, where the ballast was composed of particularly bad
gravel, it had given some trouble. In reference to Mr. Seaton's road, it
was feared that it would be liable to work loose at the joints; and
although, looking at the way the timber was cut to form the continuous
bearing, it appeared at first sight an economical mode, yet the edges
of the timber were liable to be destroyed, and then the width of the
bearing would be practically reduced. The difference between the Bar
low rail and the Macdonnell system consisted in the interposition of the
elastic cushion between the rail and the bearer in the latter; when that
was removed the bolts worked loose. The rails could easily be replaced,
when required; but they had not been observed to wear out faster upon
the iron way than upon the timber way. The rails and the bearers were
punched at regular intervals, so that in putting in a new rail it could never
be necissary to do more than cut off a short piece at the end; and as to
the drilling, it did not cost more than one penny per hole, which would
only amount to a small sum per mile. The system had been laid upon
a curve; and in that case the difficulties which had been suggested were
got over by making the bearers in short lengths, and having a greater
number of joints. Many of the bearers were bent in the rolling process,
and these were selected for the curves. As to the transom taking a
bearing, that was not the case, because the transom was hollowed out.
A T rail transom was preferred to a thin bar, because if the latter
received a side blow it would be likely to draw in the gauge. The
different systems of iron way which had been tried over several years,
Were so far not a failure that they might be pronounced to have been to
a considerable extent successful.
In concluding the discussion, credit was given to the author for the
candid, practical spirit brought to bear upon the subject. At the same
time it was thought that iron permanent way, at the present moment at
all events, was not one which could be safely recommended All roads
laid upon embankments, or in cuttings, were liable to subsidence in a
varying degree. It was impossible to believe, having a due regard to
economy and efficiency, and to the fact of engines weighing 30 tons travel
ling at from SO to 60 miles an hour, under all the extremes of weather,
of wet and of frost, that any system of permanent way could answer in the
end which was not laid to a sufficient depth in the ground. The result
of 25 years' experience went to show that the double-headed rail, made
of good materials, with properly proportioned chairs, and the joints of
the rails effectively "fished, " was as near to perfection as could be prac
tically attained. In the construction of railways, the permanent way
was that which perhaps had been the least attended to; and the
greatest difficulty had been experienced in getting the consent of
boards of directors to increase the expense of the way, in order
to insure its efficiency. The hope was expressed that this discussion
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would have the effect of convincing boards of directors that some
additional expense must be incurred in providing better materials
for rails, sleepers, and chairs than it had been hitherto possible to get
them to sanction.
March 5.—The first paper read was "Description of a Pier erected at
Soathport, Lancashire." By H. Hooper, A. Inst. C.E.
This pier was constructed at right angles to the line of promenade
facing the sea, on an extensive tract of sands reaching to low-water, a
distance of nearly one mile. Ita length was 1200 yardB, and the breadth
of the footway was 15 feet. At the sea-end there was an oblong plat
form, 100 feet long by 32 feet wide, at right angles to the line of foot
way. The superstructure was supported upon piers, each consisting of
three cast-iron columns, and each column was in three lengths. The
lowest length, or pile proper, was sunk into the sand to the depth of
7 feet or 9 feet. These piles were provided at their bases with circular
disks 18 inches diameter, to form a bearing surface. A gas tube was
passed down the inside of each pile, and was forced 4 inches into the
sand; when a connection was made with the water company's mains, a
pressure of water of about 50 lb. to the inch was obtained, which was
found sufficient to remove the sand from under the disk. There were
cutters on the under side of the disks, so that on on alternating motion
being given to the pile, the sand was loosened. After the pressure of
water had been removed about five minutes, the piles settled down to so
firm a bearing, that when tested with a load of 12 tons each, no signs
of settlement could be perceived. The upper lengths of the columns had
cast-iron bearing plates for receiving the ends of the longitudinal lattice
girders, each 50 feet long and 3 feet deep. The centre row of girders
having double the duty of the outside ones, top and bottom plates were
added. The weight of wro'ught-iron work in each bay was 4 tons
5 cwt., and of cast-iron work 1 ton 17 cwt. The second bay from the
shore was tested by a load of 35 tons, equally distributed, when the
mean deflection of the three girders in twenty-four hours was 1 4 inch,
and there was a permanent set of 4 inch on the load being removed.
The advantages claimed for this mode of construction were :—
1. Economy in first cost, especially in sinking the piles, which did not
amount to more than 4Jd. per foot. 2. The small surface exposed to the
action of wind and waves. 8. Similarity of parts, thus reducing the
cost to a minimum. 4. The expeditious manner of obtaining a solid
foundation— an important matter in tidal work.
Two hundred anil
thirty-seven piles were thus sunk in six weeks.
The estimated cost of the pier and approaches was £10,400. The
works had been completed for £9319, being at the rate of £7. 15». id.
per lineal yard. The pier was designed by Mr. Brunlees, M. Inst. C.E.,
and the superintendence of the construction was intrusted to the author,
as resident engineer; Messrs. Galloway being the contractors.

The second paper was " On the Construction of Floating Beacons." By
Bindon B. Stonky, A.Inst. C.E.
The various forms of floating beacons, hitherto employed were first
referred to, —including, among those whose axis of symmetry was hori
zontal or oblique, the barrel and the can buoys; and among those whose
axis of symmetry was vertical, of which the cone might be considered
the typical form, the bell beacon of Liverpool, the nun buoy, and the
egg-bottomed buoy. All these buoys were characterised by want of conspicuousness and by instability. These defects had however been greatly
remedied by Mr. Herbert's Cone-bottomed Buoy (vide Minutes of Pro
ceedings, Inst. C.E., vol. xv., p. 1). In this arrangement it was origi
nally proposed that the mooring-chain should be attached either to the
centre of gravity, or to the centre of the plane of floatation. But this
was said not to ha.'e been attained in practice, as the mooring-chain wax
fastened to a point nearly half-way between the plane of floatation and
the lower edge of the buoy, and considerably below the centre of
gravity. If it were fastened to the centre of the plane of floatation, the
author believed the buoy would become much inclined under the
influence of currents in the opposite direction to the current, froin the
lateral pressure being below the centre of mooring, in place of above it.
as was usually the case.
Being aware that additional keels or bilge boards tended to prevent
ships of certain forms from rolling, by the inertia of the mass of water
constrained to move along with the ship, and that advantage had been
taken of this circumstance in some light ships, the author suggested that
a similar arrangement might ba applied to a floating beacon, and the
result was the Keel Buoy. The superstructure might be of any of thr
ordinary forms, the dome-shaped bohy preferred for conspicuousness.
The sides were prolonged below the bottom, so as to form a circular keel.
within which a large body of water was contained. Thus, a buoy of
6 feet diameter with a keel IS inches in depth, would contain a ui^s or
water weighing about one ton, or the same weight as the buoy. Thi
bolt of the mooring-chain, where it passed through the mooring-ririL ,
divided the surface exposed to lateral pressure into equal or nearh
equal portions. Hence, the keel buoy would float erect in tideways or
river currents, as an equal pressure was exerted both above and below
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the centre of mooring. The keel also gave this buoy a greater hold in
the water, and the tendency to pitch was diminished. It also acted as
ballast placed in the best position to secure stability. In consequence of
the peculiar form of the keel buoy, and of its stability, the superstruc
ture might be 25 per cent, higher than that of other buoys of equal
diameter, with the same configuration above the water. The mooringring had a shank, which projected through an aperture in the wroughtiron bottom. It was firmly rivetted on the inside of the bottom, so that
the straining of the chain could not tear it away, or loosen the rivets.
The author believed that in the keel buoy there was a greater freedom
from abrupt motion than was possessed by other floating bodies having
the same amount of displacement. If a buoy were made very wide in
proportion to its height, and with slight immersion, it would float upright,
because it would float like a board on the surface of the water; but
stability thus gained would be at the expense of manageableness. If,
on the other hand, stability was sought for, not by breadth of beam, but
by ballasting the bottom, the buoy would not only be unwieldy but
expensive. The keel buoy was light, was easily handled, and on board
ship only occupied so much room as was sufficient for it to stand on
end; thus contrasting favourably with the can and egg-bottomed buoys.
In the course of the dUcutaim a regret was expressed that the paper
contained no details of the experience of the use of the keel buoy, and
that there was so little additional information to what had been given in
Mr. G. Herbert's paper in 1 855. It was contended that it was incor
rect to call the circular prolongation of'the casing "a keel;" that no com
parison could be fairly instituted between such a casing and the usual
bilge pieces, and that what was called the keel could not have the mate
rial effect attributed to it by the author. Also, that the keel buoy was
sn trifling a modification of the cone-bottomed buoy introduced by Mr.
Herbert, as not to be entitled to any great degree of merit; and that the
latter was the stronger form of construction, as the strain of the mooringchain would be upon the cone, whilst in the other it must be resisted by
the flat diaphragm, or bottom of the buoy. The cone-bottomed buoy
was extensively employed by the Trinity Corporation, as well as by
foreign governments, and only two instances were known where such
beacons had been injured by breaking from their moorings, and then
they were destroyed by being thrown among rocks. At Liverpool,
buoys so constructed, 20 feet in diameter, and standing 20 feet out of
water, safely rode out the late gales, and on no occasion had there been
the slightest failure in that respect.
The beacons made use of by Admiral Sir Edward Belcher, in the
survey of the western coast of Africa, were likewise alluded to. A cask
of 60 gallons had a spar driven through it, which projected 3 feet on
the upper side, and 9 feet below. To the upper end a topmast was fitted,
and the lower end of the spar was ballasted in such a way that the
beacon always maintained a perfectly erect position in very strong
currents and tides.

NOTES ON KOMANESQTJE ART IN THE SOUTH
OF FRANCE*
By J. B. Waring.
Some friends have suggested to me that it would not he un
welcome if I were to give to the Institute a few notes which I
made during a late trip through France, mostly concerning
matters relating to architecture; aDd although I am fully aware
how very slight and superficial they are, still some of my brethren
in art may find them of interest and of use in future days. And
now that a complete line of rail joius Paris with Marseilles,
Marseilles with Toulouse and Bordeaux, and thence by Angouleuie and Poitiers to Paris again, such a trip becomes merely the
pleasure excursion of a summer holiday. The main object of
these notes will be to direct attention to the Romanesque sculp
ture and architecture of the south of France, as seen in some of
the cities of Provence, Lauguedoc, and the adjoining districts.
Leaving behind us the noble examples of Mediaeval art at
Seur, Dijon, aud Auxerre—which last, as regards its architec
ture, painted glass (thirteenth aud sixteenth centuries), and very
l>eautiful sculpture, will repay the tediousness of a trip en voiture
—we will make Lyons our starting-point It is true that there
is not much here in the Romanesque style, but what there is is
very interesting. The principal monument is the abbey church
of Aiuay, a cross church, with an entrance tower, and a lower
tower over the dome. Parts of this buildiug, including the
entrance tower, have been ascribed to the Carlovingian period.
Experience has led me to be very diffident as to assigning dates
without very good authority; and, although parts may be of an
earlier epoch, the entrance tower may I think be safely assigned
to the early part of the eleventh century. The entrance is by a
* Pspor re«4 at the Rojal Ineututc of Britiih Architects.
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Pointed arch, with details of a more decidedly Roman character
than can be found elsewhere in the work, and is possibly an
insertion at a later period. The rest of the building is plain and
massive: the internal archivolts are not moulded, and the dome,
which rests on angle sqninches, is supported by antique columns
cut in half, to which the other columns of the nave are roughly
assimilated. Like other ancient monuments in France, it is
undergoing complete restoration. The insertion of red tiles as
an ornamental feature, so remarkable in the tower, is to be seen
again in the facade of the bishop's palace, a portion of which
(now blocked up) still remains; and as this corresponds with
similar Romanesque arcades of domestic architecture in France,
all very much of the same class, we may take the' approximate
date above given as by no means too early. The sort of acroteria
to be seen at the angles of the tower have been supposed to indi
cate a very early date, but that this is no certain criterion may
be judged from the fact, that they occur also on the tower of St.
Radegonde, at Poitiers, which may be ascribed to the latter part
of the eleventh or the beginning of the twelfth century.
Of the old church of St. Pierre only the portal remains in its'
original state: well designed and massive, it appears to be a work
of the eleventh century, aud exhibits the large cusping so fre
quently seen on the Romanesque churches of the Rhone and of
Central France. St. Paul's still retains a good octagonal belfry
and apse of this style. It is needless to dilate on the Cathedral,
or on other well-known Pointed buildings of this city, but I
would add, that no one should fail to visit the Museum, which
has been lately enriched by a most interesting collection of works
in ivory, enamel, metal, &c, bequeathed by M. Lambert; amongst
which the statuette in ivory of the Virgin, seated, and holding
the infant Saviour in a vesica piscis in her lap, is prominently
remarkable. It is solid, about 14 iuches high, and opens so as
to form a triptych, containing panels, with a central Crucifixion
and subjects from the life of the Saviour in relief. A similar
portable statue of the Virgin is preserved in the museum of the
Louvre, and given in I-educ's ' Dictionary of Furniture'; but
that of Lyons appears of somewhat earlier date, and may be
ascribed to the end of the twelfth century.
From Lyons to Avignon, following the course of the Rhone,
there is little that bears on Romanesque art. At Vienue the
towers of St. Andre le Bas, and the desecrated church of St.
Pierre, are good examples of their class. Aniong3t the few old
bits left in the Cathedral I would draw notice to the external
arcade on the north side,—to a curious pilaster, in the interior,
which is remarkable as exhibiting angular hollows, formerly
filled in no doubt with coloured substances, of the same character
as seen on Childeric's sword-sheath at the Louvre, on the latelydiscovered Spanish offertory crowns at the Hotel Cluny, and on
the Anglo-Saxon brooches, &c.—to (also in the interior) a very
curious frieze formed by the signs of the zodiac,—and to some
very rough and mutilated statues in the lateral porch (north),
pleasing to antiquarian eyes. I would not leave Vienne without
asking attention to the large cuspings of the tower of St. Pierre,
similar iu character to those on the portal of St. Pierre at Lyons,
just mentioned, and so usual iu Auvergne, for it is the last time
we shall find them on our way south. And this leads rae to
remark, that I do not think that any influence came from the
south into Auvergne; but, on the contrary, that the French
archaeologist") are right in making Auvergne one of the great
centres of Romanesque art, the waves of which, decreasing in
power as they spread in circumference, died away about this point
in a southern direction.— The cathedral at Valence is undergoing
complete restoration, and its curious porch is closed to the public;
the interior, however, and the apse with its chapels, appear to
belong to the early part of the eleventh century; everything here
is plain and massive, and the choir, with its stilted arcade, has a
peculiarly Hispano-Moresque character, though I believe this
arises ouly from the constructional necessities.—With the ex
ception of its magnificent Roman remains, Orange has little
to detain the architect: the only portion of the cathedral not
modernised is the south side porch.
We now come to Avignon, that queen of mediaeval towns, with
its grand old palace, quaint towers, crenellated walls, frowning
portals, chapelled bridge, the broad and rapid Rhone, and crested
rocks, above all of which rises like a protecting spirit the vene
rable cathedral of Notre Dame des Dons. The early date to
which this bnilding has been ascribed by some authors (among
whom I believe is Mr. Fergusson), cannot I think be founded
on any good ground; the portal shows the appliance of materials
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from, some late Roman work to its present purpose, and is no to have been a favourite idea of punishment with the sculptors
indication of peculiar antiquity in a district where Roman re
here: under this again, along the pedestal of the columns, is a
mains are common, and tbeir re-adjustment in new work pretty large reclining nude figure, but with an animal's skin above his
frequent; as to the body of the building, its masonry, arrange
back; he holds a lion on another side of the pedestal by the
ment, detail and construction resemble so closely other works in hind leg,—this subject, the man however being dressed, occurs
France acknowledged to be of the eleventh and twelfth century, in the same position at St. Gilles, and clearly means Samson.
that we are justified in classing it amongst them, and my own On the other return of the porch are represented goats, a ram,
impression is that no part of it can be ascribed to an earlier dog, &c, probably symbolic of wickedness; beneath which stands
period. Near the altar is preserved the curious and interesting a great fiend, holding his victims upside down and in other un
marble chair used by the Popes. The back is mitre shaped, and pleasant attitudes; he stands upon a dragon: and beneath the
the sides are carved in low relief with the winged lion and whole are the flames of hell.
the winged bull. The first Pope who reigned at Avignon was
Let us now enter the cloisters, the capitals of two sides of
Clement V., in 1305, and the chair would appear to belong which are historiated, or carved with scriptural and legendary
to this period. A more ancient but less attractive relic of subjects and foliage. The angle panels of the piers on entering
ecclesiastical art is to be found in the altar-table, supported by are carved with the Saviour's Ascension, angels at the tomb in
five columns—four angle and one central. It is one of the few the centre, soldiers sleeping at the tomb beneath: on the return
examples of this class of early altar that has come down to the are, above, the three Maries; Judas receiving the price of blood
present day almost uninjured. There are other interesting sub
beneath. At the next angle, to the left, are angels emerging
jects in this picturesque building; but the place is so dark as to from the clouds; the Transfiguration in the centre, the Disciples
render it almost impossible, unless perhaps on a bright summer beneath; on the return, the Martyrdom of St. Stephen, to whom
day, to get satisfactory drawings.
the church was originally dedicated. At the next angle, the Kiss
Avignon is an excellent point from whence to make several of Judas, the Last Supper in the centre, and the Saviour wash
most interesting excursions, and amongst them I would particu
ing the Disciples' feet beneath; on the return, the Temptation
larly recommend a visit to Villeueuve les Avignon, for its very on the mount, and below, John baptising the Saviour.
perfect citadel and noble entrance gateway, and the rich and
Such are the principal subjects portrayed on this building;
beautifully carved monument to Innocent VI., in the chapel of and they are so interesting in point of subject and style, the
the Hospital, consisting of three most delicately carved pinnacles date also being probably posterior to the year 1152, when the
of open work, over an altar tomb, on which is the recumbent remains of St. Trophime were transferred here, that I would
effigy of the pope, with his feet resting on a lion: it dates place by their side some notes from other sacred buildings of the
about 1360.
same period, and by the comparison we may arrive at some sug
Proceeding down the Phone, the next interesting Romanesque gestive conclusions. I propose also to separate from this class of
sculpture that represented by the corbels, which, when brought
work is the small chapel on the heights above Beaucaire, be
longing to its ruined castle; it consists of a plain barrel-vaulted together and compared, will open, I think, another view of their
hall, entered by a round-headed portal under a square tower, particular meaning.
We are now standing before the three very richly-sculptured
with lean-to sides. The openings to admit light are very small,
round-headed, and plain beaded. The masonry, of the usual good portals of St. Gilles, about 15 miles south of Nismes, similar in
Romanesque character, consists of smallish square blocks neatly style to St. Trophime, but more profusely ornamented, the
worked, the corbels and arch bands forming the principal orna
round-headed entrances being rich in column, moulding, and or
mental feature. The interior is now completely gutted, and serves nament. In the centre is the Saviour, seated in an oval aureole,
on a rainbow in the clouds (heaven), his head encircled with a
as the abode of the concierge.
At Tarascon, on the opposite bank, we meet with the first glory of alternate star-point and flame. Round him are the
indication of a complete change of style in the south porch of usual emblems of the evangelists. The left semicircle contains
the Cathedral, rich in mouldings and ornament—dog-tooth, the Adoration of the Magi; the right, the Crucifixion. Beneath
flower, ovolo, and nail-head, with ample columns, and a once there runs a great frieze containing the Life of the Saviour; be
richly-carved frieze (now quite destroyed), above which runs a neath this is a band containing crouching animals—lions, bulls,
blank arcade and sculptured string-course, exhibiting unmis
and others, and human heads. On each side of the great entrance
takably the influence of the Arlesian style. The date generally are two evangelists on lion pedestals, and four apostles to the
ascribed to it, that of the close of the twelfth century, is probably right and left of them. On the extreme right and left, carved on
a correct one. I may here remark, that perhaps nowhere is the the wall, are two archangels, standing on and spearing the dragon
influence of local styles more clearly defined than in the south of and the enemy of man respectively. The small subjects on the
France. At Avignon and Nismes we have a close approxi
pedestals represent Samson, Cain and Abel, centaur and stag;
mation to late Roman work, with pediments, columns, and an old lioness and her young, disturbed by a figure now de
friezes; the mass being plain. At Aries, St. Gilles, and Taras
stroyed; David and Goliath; and David feeding sheep; other
con, deeply-recessed and many moulded portals, richly sculp
smaller and less important subjects are partly scriptural and
tured; and at St Trophime, Montmajour, and St. Remy, cloisters partly symbolic.
of a distinct type. At Narbonne, Carcassonne, and Toulouse, the
At Moissac we have another very interesting sculptured
single broad-spanned interior and long lancet windows of a portal, in the abbey church of St Peter and St. Paul, also a
later date are quite peculiar; and the Romanesque buildings of work of the twelfth century, the arches of which are broad
Toulouse, with their high and many-staged brick towers and Pointed. The entrance consists of a recessed porch, on the left
angle-headed openings, are of a marked local character.
side of which are represented, at top, a figure pointing to a
But let us return to Aries. The interiors of the churches scroll, meaning probably, "It is written;" next to him is Lazarus
here are very simple, and of the usual Latin cross plan. At St. represented in grave-clothes, and of infantine size (as departed
Trophime the piers are plain and square, the caps flat and spirits are always shown), resting on Abraham's lap; then comes
roughly worked, the archivolts plain and semicircular; between Lazarus reclining (but of the same size now as the other figures),
them are corbels supporting piers with angle colouettes, from with dogs licking his wounds, and angels watching over him;
which spring the plain flat bands of the barrel-roof. But it is to then Dives feasting at table. Beneath these are large groups of
the sculpture that I wish particularly to allude. The centre of devils punishing Avarice and Lust; the soul of the miser is being
the portal contains the Saviour and the emblems of the Four carried off by one demon, while his bag of money is taken from
Evangelists, with the Twelve Apostles below, the archivolt him by another, he is on his deathbed, and his wife vainly weeps
being ornamented with rows of ministering angels. The great over his corpse, whilst grinning demons watch his death-throes;
frieze represents, to the right of the Saviour, the good led to beneath are two large figures of the devil seated on the miser's
heaven; and on his left, the wicked strung together with a shoulders, grinning horribly, whilst by his side a naked woman
rope and dragged by the devil to hell: beneath these are large has her breasts sucked by serpents, whilst from the mouth of the
statues of the Apostles (the Four Evangelists being on large lion demon by her side springs a toad. Amongst the monstrous
pedestals), the statue of St. Trophime, the Martyrdom of St. corbels of this kind may be remarked also a goitred cretin head,
Stephen, and the Ascension of his soul to Heaven. On the sides popular belief of that day having adjudged this unfortunate
of the porch are, to the left, Adam and Eve at top; beneath people to be the devil's own. Two of the caps on this side have
them, an angel weighing the souls of men in scales; beneath amongst the foliage, demons with bellows fanning the fires of
that, the devil holding the condemned upside down, which seems hell, torturing the condemned. There is a certain grotesque hor
27
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ror about all these figures which may have served in early times rally considered most innate with each sex, although our own
to have impressed the beholder with fear and awe. This is the
sex did not always escape reproof, as shown by the very coarse
side of the wicked, and on the opposite wall is represented the
and matter-of-fact illustrations of lust to be seen in the churches
salvation of the good. First, at top, is the Flight into Egypt—
of St. Paul at Narbonne, St. Sernin at Toulouse, and St. Jean
Mary and Joseph approach the city gates, and the idols fall from
at Valence. We have also symbolic sculpture, such as the small
the high places, as narrated in the apochryphal gospels; next pedestals of columns at St. Gilles and at Aries, in which bears,
comes a group, apparently the Return to Palestine; beneath is
lions, centaurs, &c. play an important part. Without going to
the extent of Durandus, Cahier, Lewis,* and that school, it is
shown the Adoration of the Magi iu two groups; and below
these the Aununciation, and the meeting of Mary and Elizabeth.
impossible to deny I think a meaning more or less definite to
In the centre of the arch is the Saviour, in an aureole, with
these apparently fanciful subjects.
crown and nimbus; the winged animals of the Revelation, sym
Concerning the style of art shown in these works, it is most
bolic of the four evangelists, seraphim, angels, and ten elders decidedly of a Byzantine type. In the earliest, such as the very
with lutes and vases, or, as it is described iu Revelation, "Having
curious marble reliefs round the choir of St Sernin at Toulouse
every one of them harps and golden vials full of odours, which
(probably of the ninth century), the folds of the dresses are few
are the prayers of the saiuts," these are all surrouuded by clouds,
and raised in a crease: this method holds good at Moissac (three
indicative of heaven; the remaining fourteen crowned elders,
centuries later), although the heads of the figures naturally show
with lutes and vases, minister beneath to the Lord, forming a a great advance in art. At Aries and at St. Gilles the folds are
frieze or sculptured lintel; on the left of the doorway is St.
minute, peculiar, and of strongly marked Byzantine character,
Peter with the keys; and on the right, St. Paul, probably, with
and this is more evident on a statue in the Museum of Toulouse,
a scroll inscribed, " Ecce virgo conforet" ("Behold a virgin shall
preserved from a destroyed church there, and which, besides its
conceive "—the prophecy of Isaiah vii. 14). The central pier of value in point of execution and style, is interesting as being
alternate lions und lionesses resting on each other's backs, and
signed by the sculptor Gilibertus or (as he signs himself on
with a figure without the nimbus at each return, holding one a
another statue) Gilabertus. My impression is that these works
book, the other a scroll, I do not protend to explain. The exter
were chiefly executed by French sculptors after a model or illus
nal mouldings and splays of the arches are carved with separate
tration given to them, which, if not actually Byzantine, was
single pieces in relief of fruit, leaf, fish (some of which have the
formed on a Byzantine sample.
heads of ducks and foxes), birds, and lastly (next the door angle)
The figures on the facade of St. Croix at Bordeaux are most
animals, the whole forming together a sort of epitome of the
curiously Assyrian in character; the same remark holds good to
some portions, especially drapery, of the sculpture on the cathe
creation.
dral at Angouleme; and it is a question whether Greek or other
Although out of our immediate province, I cannot pass by the
richly-carved cloister of this abbey without remarking also a workmen were not actually employed on some portions. Mr.
curious illustration of the book of Revelation, found on two Lewis (this time it is our excellent secretary that is meant) in
capitals: one is formed by the symbols of the evangelists, a cable
his very interesting paper on Arab architecture, speaks of the
necking, scroll angles, and an abacus carved with foliage, and impressment of all kinds of workmen by the Spanish Moors; and
eight lions with their tails intertwined; on the other cap an
it is not unlikely retaliations took place on the part of the Chris
angel descends from a cloud (heaven), and leads a dragon captive tians, or that Greek workmen (then the most skilful of their
by a chain, with the inscription, "Serps anticus qui est diabolus;" time) were here and there employed expressly.
The subject however which most took my attention in these
whilst, on the other side of the cap, after his thousaud years' im
prisonment, he issues forth from the porch of his prison to meet Romanesque churches was the corbel, since its explanation was
two men, who appear to receive him with upraised hands ex- ' the most difficult, and I believe has been but little considered by
pressive of astonishment or fear; under the dragon is written archaeologists. Let us compare some of them. First, on the
"Golitah," under the men "Gog and Magog" (see Revelation xx.); facade of the Beaucaire chapel we have a goat's head, a cock's
the necking is a plain torus, and the abacus ornamented with head, a leaf, an eagle, a lamb, a leaf, a lion with a human head
scales and foliage. This is merely mentioned as evincing a con
in its mouth, a monster (mutilated), and a demon's head roaring,
nected idea and appropriate ornament. The subject of sculptured nailed to the corbel. Next, at the cloister of Montmajour, near
capitals would carry us into a wide disquisition; my own im
Aries, a bear, a goat, a bull, monster human heads, a leaf, a
pression is that a complete investigation would prove that certain lion's head with a human head in its mouth, and a lion's head
subjects were chosen as a general rule, aud applied to different devouring a small naked human figure. Then, in the cloisters
parts of the sacred edifice—doorways, windows, capitals, bases, of St. Trophime, a goat, a figure (man) in somersault, a bird
and corbels, each having certain classes of subjects adjudged to much mutilated, but apparently a cock, a running figure, a don
key's head and neck, a lion with a human head in its claws,
them, either by absolute rule or traditionary custom.
We will conclude this, I fear, dry catalogue of subjects on the a female figure in somersault, a lion, an angel, and a long-horned
Romanesque facades, with a brief notice of St. Croix, at Bor
goat. And at St. Gilles (facade) a small angel in foliage, a human
head in foliage, a ram, an eagle with a sheep in its claws, a
deaux, probably of an earlier date, i.e. of the eleventh century.
The extrados of the centre arch is carved with angels; next lion's head, a bull, a running figure, and a leaf. The corbels
on the facades of St. Trophime are nearly the same as those in
come the elders crowned, and worshipping with music and in
cense (harp and vase) a central figure at the apex, intended for the cloister. Now I am not going to assert that nothing but these
subjects are found on the corbels of the Romanesque churches;
the Lord; the next broad band has the beginning of the zodiac,
for, not to mention numerous others, at Moissac alone may be
but this was apparently a mistake of the workman, and was
remarked a man and woman kissing, a figure holding its mouth
never carried out; after this comes a row of kneeling figures
open with its hands, a head with water apparently over one eye;
pulling a rope which binds together two seated figures at the
one figure laughing, another scratching his head, a fox, monsters,
apex, probably the marriage of the Saviour and the Church. On
the arch to the left Avarice is represented in five groups, each grotesques, aud foliage, which hardly can seriously bear inter
pretation—I mean scriptural interpretation. But it does seem
consisting of the miser and the devil in various stages of down
ward fall; and on the right arch are five groups representing most probable that these animals and figures, so constantly re
Lust, each of a woman—clothed, not naked as at Moissac—with
peated, allude to the animals present at the birth of Christ; and
that the peculiar bars sometimes seen on the corbels, as at St.
an attendant demon and the usual toads and serpents.
Sernin at Toulouse, and Notre Dame at Clermont, represent the
The first thing to be remarked in this enumeration of subjects
is that in the main they are entirely scriptural —illustrations, in
manger.
fact, of the Old and New Testaments. The Virgin Mary never
Indeed, most of the minor incidents connected with the birth
is found as a prominent figure, and legendary subjects are not
and youth of the Saviour are seen; just as at a later date the
usual. The great points are purely Christian, such as the glori
accessories of the Crucifixion, the sponge, the nails, && were
fication of the Saviour, Lord of heaven and Judge of this world,
brought into use. The domestic animals are those present at
as described in Revelation; and tho power of the apostles,
the birth; the ass bore the Holy Child into Egypt (at Aries it is
represented kneeling); the falling figures, male and female, are
amongst whom, naturally, the evangelists are especially honoured.
Besides this scriptural sculpture we have moral sculpture, read
the gods and goddesses that fell at the Child's approach; the angel
ing a lesson and holding out a warning to what the church con
in foliage appeared to the wise men of the East; the running
sidered the two great vices, of avarice in mnu and lust in woman;
* Not the hon. sec. to the Royal Institute of British Architects.
a very naif and curious illustration of what the priesthood natu
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figures are the messengers from Herod, the lions with figures or
heads in the mouths and the claws are Herod, as temporal
Sower, destroying the infants; the monster heads are enraged
emons whose doom is now come; and the nailed devil's head,
which occurs at Be&ucaire, at Aries, and later still at Dijon,
where he has a ring in his mouth, typifies his fall through the
birth of the Holy One.
However this may be, a most interesting collection of sculp
tured corbels might be made, the result of which would be, I
think, to show that the earliest examples bear directly or indi
rectly on the birth and youth of the Saviour; that other subjects
were gradually introduced until they became as varied as at
Moissac; and that when the Pointed style took shape and gave
greater scope to the individual sculptor, new ones were introduced
at will, whilst the old traditionary subjects were still retained.
Thus, in the Cathedral at Poitiers (dating early in the thir
teenth century, a most noble monument of the Early Pointed
style), we find in about three hundred corbels of the interior, a
mass of purely secular subjects, sometimes chnracterised by a
power of caricature and broad fun which would be worthy of
a modern pantomime.
Having just allied the lion's head with temporal power, I can
not refrain from saying a few words on the lion, and his meaning
in Bomanesque sculpture. We must rembember that the lion
may symbolise several things, and that it is necessary to dis
criminate his meaning by his position and attitude. Taking
St. Qilles only, we, find him, on the band running beneath the
Life of the Saviour, slinking and crouching with his head to the
ground and his tail between his legs; he is also in company with
tigers, serpents, and dragons; whilst human heads with an in
tense expression of fear turn away from him: he is here the
Evil One, roaming about like a lion, seeking whom he may de
vour, but crouching in subjection and fear beneath the feet of the
Saviour and his Apostles. Now the lion, as we know, in a secular
sense always signifies force or power; the Byzantine emperor on
his throne with moving lions, is minutely described by historians.
The medireval judge had his seat "inter leones;" and the lion's
head, head and claws, or entire body, occur universally on thrones,
&c, as allied witli power secular and ecclesiastical. We are
then, I think, justified in taking the lion with a human head or
figure in his jaws or claws to typify the abuse of power. At
St GUles the four Evangelists stand on moulded brackets which
rest on lions' backs; and although one is too much injured to
make out, yet we have still remaining three of these lions of
the church. Two of them are tearing to pieces human figures
—a woman and a man—which I take to represent a heathen
god and goddess; the most perfect is a man naked to the waist
and thence clad in a sort of antique trowser; there is no mistake
here, the liou savagely clutches one arm with his month, and
with his right paw, the claws well out, drags the naked flesh in
the man's side in strongly marked creases; the man's head is
unfortunately broken otf, but beneath it, and proceeding may-be
originally from his month, creeps away a dracouite creature,
symbolic of the Evil One escaping from his hold. Next to this
a lion holds a lamb (or ram rather, for I believe it has horns),
he however does not in this ease destroy, but protects, resting
one paw with claws retracted on the sheep's back, and the other
on his head; it is clearly an attitude of protection, and the head
is placid: here we have the Lion of the Church ready to defend
the Christian (" Ye are my sheep") who rests evidently happy
and at ease beneath his fostering care. The bases of the small
columns of the left doorway rest on two lions couchant, who with
reverted heads gnaw at the base; this is probably the power of
the wicked, which the church keeps down, but which is for ever
biting its bonds. Besides these interpretations we shall find the
lion sometimes employed as a type of David (the Lion of Judah),
and also not far removed from any figure of Samsou or Daniel.
I say not far removed, because the old sculptors were not very
particular in keeping the lions of the heroes together, as may be
seen at St. Trophime and St. Gilles, in the case of Samson, and
on the porch of St. Porchaire, at Poiters, and in the cloisters at
Moissac, where, if my memory does not deceive me, the lions are
shown on one side and Daniel on the other. On the St. Por
chaire portal, at least, Daniel is in an aureole, with angels over
head, on a capital to the right; and the lions on a capital to the
left, with the inscription, "Daniel Inter leones."
(To be concluded in our next.)
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BESTOEATION OF CHICHESTEE CATHEDRAL.
An influential public meeting, presided over by the Earl of
Chichester, was held on the 21st ult. in the Town-hall, Brighton,
for the purpose of organising a movement for the restoration of
Chichester Cathedral; when the Duke of Richmond read a report
from Mr. Geo. Gilbert Scott, upon the present condition of the
edifice, the extent and character of the repairs it requires, and
their probable cost.
The report stated " That the tower and spire have ceased
to exist, and in their fall have carried with them the first
bay or compartment of three out of the four arms of the cruci
form structure—namely, one compartment of the nave, and one
bf either transept. Towards the east the two piers which sup
ported the tower still exist to a certain height, and the adjoining
compartment of the choir has consequently been preserved as
high as the base of the clerestory, above which it lias fallen.
The eastern piers have also sustained in some degree the adjoin
ing portions of the eastern walls of the transepts, though these
are much shaken, and their upper parts in a great degree de
stroyed to the extent of their first compartments. It is a
remarkable and very happy circumstance that, in a disaster so
tremendous as the fall of a" steeple of nearly 300 feet in height,
the destruction of the adjoining parts of the building should
have been so limited in its extent; and the more so, as the same
infirmity of construction which has led to the disaster, pervades
iu a greater or less degree other portions of the edifice. It was
however inevitable that a concussion so violent, and the sudden
removal of the centre of the cross, on which all its arms in some
degree trusted for steadiness, must have a very injurious effect
upon the building. Accordingly there are symptoms here and there
throughout the building of the rude and sudden shock which
it has sustained; and even where these are not visible, but where
the fabric has been long suffering from injuries and defects of
far earlier date, there is strong necessity of a thorough substan
tial reparation, as it is clear that an ancient and defective struc
ture, though it may remain long without showing symptoms of
danger while suffering from no special cause of disturbance, can
by no means be viewed as being in the same position after the
fall and rebuilding of its great central feature. Within less
than a century after its original bnilding it was most severely
damaged by fire, and its present architecture mainly consists of
the portions of the old structure which escaped, overlaid by the
later work by which the injuries were then repaired. This
ancient injury was no doubt one cause of the weakness which
seems to pervade the older portions of the building; and even
now the effects of the fire may be seen iu the triforium galleries,
in the ragged, discoloured, and half-ruinous condition of the
stonework.
This state of dilapidation—increased as it had become by the
lapse of time— would have soon demanded general reparation
had no accident occurred to shake the building; but under cir
cumstances so extraordinary as those from which it is now suf
fering, its permanent safety imperatively demands that every
structural defect should be made good. The roofs also, particu
larly that of the choir, and those of the aisles both of the choir
•and nave, demand very extensive reparation, as their present
most defective condition exposes the walls and vaulting to con
tinued injury. The first thing however which demands atten
tion is the immediate security of the four arms of the cross. In
their present exposed and unsupported state it is impossible to
consider them as safe; indeed, any sudden gale, acting at once
on the internal as well, as on the external surfaces of the walls
and roofs, might produce some serious increase of the damage
already sustained. This danger being now effectually provided
against by substantially shoring up the different portions, any
attempts to economise in this part of the work might lead to
serious and costly failures. Till this has been effectually carried
out, the heap of debris, which now acta as an abutment to the
great arcades of the church, ought not to be removed below its
present level.
In rebuilding a tower which is to form the central abutment
of four arcaded arms, which were never very firmly built,
and which, through the effects of fire, of age, and of a shock
such as that which they have now sustained, are in a condition
far from substantial, it is of the utmost importance to lay its
foundation so firmly, and to construct its walls of materials so
immovable, that if possible no settlement at all should take place
during its erection; and, at the same time to render it so self
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supported, that instead of trusting for its own abutment to the
arms of the building, it should afford to them the support which
they require, without bringing any pressure upon them. To
effect this the work must be done in a much more massive way,
and with better materials than is necessary in an ordinary work.
The foundations must be carried down, at whatever cost, to a
stratum of undoubted firmness. They must be spread unusually
wide, and be constructed of large and massive materials, laid in
the hardest cement. The piers and arches must be of solid and
closely-jointed block stone, and that of great hardness and
strength; and the whole carried out with an excess of strength be
yond what, in an ordinary structure, would be deemed necessary.
No soft stone or rubble work should be admitted in any part of
the work. This will naturally increase the cost, but it is neces
sary to its safety, and particularly to the permanence of the re
mainder of the building. The same remarks apply to the bays
adjoining the tower, which will have to be rebuilt—including
of course the first bay of the choir, which, though not wholly
destroyed, must of necessity be taken down.
It is needless to particularise the defects in and the repairs
required by the different parts of the building.
The parts
which are in the most critical state appear to be the transepts.
It is desirable to save every fragment of the original structure
which is consistent with the security of the whole, as the renewal
of any part detracts seriously from its interest; but there can be
no doubt that these parts will demand the most careful treat
ment to render them permanently secure. In the estimate of the
cost of restoration, every part has been supposed to be an exact
transcript of what is lost. There may be cases where a wise
discretion should be exercised in this respect, as it may not in all
cases be reasonable to reproduce in exact detail a work whose
design was the result of alterations, repairs, and reconstructions,
spreading over many centuries. In the repairs of existing parts,
strength and security rather than architectural restoration have
been considered.
The probable cost is as follows:—
The rebuilding of the tower and spire
£25,000
The rebuilding of the four adjoining bays
12,000
The necessary repairs of other portions
7,000
The cost of ghoring up and of providing temporarily
for the services
2,000
£48,000
When to this is added the cost of superintendence, and of
other incidental expenses, it would be unsafe to reckon upon an
outlay of less than .£50,000."
After the reading of the report the meeting was addressed by
several speakers, and a unanimous determination was expressed
to accomplish the object in view. Resolutions were passed, con
fiding the work to Mr. G. G. Scott, appointing a general and
various local committees, and constituting the Duke of Richmond,
Mr. H. Hollist, and the Bev. John Gurney trustees of the fund.

REVIEWS.
On the Condition of the Niagara Railway Suspension Bridge.
By John A. Roebling, C.E.—Trenton, N.J. 1860.
The doubts which have been recently entertained respecting
the strength and stability of the new suspension bridge over the
Niagara Falls, are too well known to re-juire explanation as to
their causes and removal. We are also acquainted with the
opinion entertained by Mr. Barlow respecting this question,
which is the result of direct observations made by him during a
recent visit to the United States. The bridge, as all are aware,
was opened in the early part of the year 1855 for railway traffic.
In order to arrive at a definite knowledge whether there really
existed any foundation for the doubts in question, the directors
of the Niagara Falls International Bridge Companies called upon
Mr. Roebliug to institute a series of experimental observations
on this bridge, which was originally constructed by him. The
result of these examinations is embraced in a report which forms
the contents of the pamphlet under notice. Mr. Roebling tells
us that, after a careful examination of all the parts of the bridge,
he is not prepared to report any material changes in the con
dition of the structure which could influence its stability and
durability. It will not be uninteresting, perhaps, to note here
the results produced by a series of experiments which were
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undertaken with the object to test the stiffness of the structure.
Five trains were made to traverse the bridge successively, in
such a manner that the deflections produced by the passiug load
could be ascertained with accuracy. The first, a train weighing
35 tons, and consisting of an eDgine drawing a tender and ten
empty cars, caused a deflection in the centre of 0"462 feet. The
second train, consisting of a smaller engine, two loaded passenger
carriages, a luggage van, and a van with cattle, deflected the
bridge 0'540 feet in the centre; and the third, a light engine with
five loaded passenger carriages and a baggage van, 0'520 feet.
In the fourth instance, a single engine with tender crossed the
bridge, and produced 0'315 feet deflection. In the fifth, the same
engine returned with eight loaded cars, each containing seventeen
to eighteen cattle of the largest size, and deflected the bridge
0789 feet in the centre.
It will be observed that a short and heavy train, as in the last
instance, produced the greatest deflection comparatively—a de
flection which is, however, not materially different from those
produced by the experiments in 1855. As the proportion of the
actual strain on the cables to their ultimate strength is as 1 to
5'30, it will be seen that there is a liberal allowance to insure
their durability. Mr. Roebling, after pointing out that no mate
rial advantages could be gained by running the trains over the
bridge at high speeds, owing to the fact that a station is situated
at each extremity of the bridge, comes to the conclusion that a
greater speed than five miles per hour for passenger trains
should not be permitted. Notwithstanding this, should circum
stances necessitate a higher speed in general, a further expendi
ture of -20,000 dollars would be sufficient to render the stability
and stiffness of the bridge such as to admit of goods trains
passing over it at the highest practicable speed without the
slightest injury to the structure.
The woodwork, the author says, if properly attended to will last
for forty years or more. Adducing some instances to prove that
this can and will be the case, Mr. Roebling recurs to the dura
bility of the cables, and makes this question the subject of dis
cussion of the physical properties of wrought-iron in general
It has been contended that a bar subject to vibration or tension
is liable to molecular change, or so-called granulation or crystal
lisation,—this fact, however, has in no case been satisfactorily
established. On the contrary, Mr. Roebling maintains that iron
or any other metal can never undergo the process of crystallisation
when in a cold state. Indeed, to produce this change the pre
sence of heat is necessary. He further refers to those pro
perties of iron which are of the first importance in its various
appliances. In all instances where the material is exposed to
great tension, as well as to torsion and vibration, it should be
composed of iron which not only possesses great cohesion, but
hardness and elasticity. As a proof of this opinion he has
recorded several facts which have come within his own experi
ence. They refer chiefly to various old bridges in the United
States, the ironwork of which, after having been exposed to the
influences of weather and changes in temperature for many years,
has proved to be equal to the best iron manufactured at the
present day.
In considering the strength and stability of the Niagara
Bridge, it must be borne in mind that this structure is not sub
ject to vibration, and further, that the working strain of the
cables does not exceed one-fifth of their ultimate strength. That
there is therefore sufficient ground to convince us of their dura
bility, Mr. Roebling estimates it at not less than several hundred
years.

Railway Communication in London, and the Thames Embankment.
By C. B. Lane, C.E.—London: J. Ridgway, Piccadilly.
Without committing ourselves to an entire approval and re
commendation of the plans suggested by the author for the
relief of our fellow-citizens from the constant dead-locks and
obstructions which occur in the metropolis, and the consequent
injurious retardation of the commerce and intercourse of this
vast city, we must say that this pamphlet demands an attentive
perusal, and that its suggestions have a more practical tendency
than those contained in most of the pamphlets of a similar
character which have come before us.
The author draws attention to the fact that, as the terminal
stations of the existing railways are at present situate, they
must necessarily tend more to increase the evils of street ob
struction than to lessen them. For example, the distance of the
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greater part of the present terminal stations of the railways from
the eventual destination of the passengers and goods thereby
conveyed necessitates the employment of additional vehicles, as
cabs and railway-vans, in the passage from the station to the
desired locality. This latter conveyance consumes not unfrequently more time than is occupied by the train itself on its
run to town. The principle considered by the anthor is that all
those stations which are at present terminal should become through
stations, which he looks upon as the only effectual means
of relieving the streets of London from the immense traffic.
This will be realised to a certain extent by the Metropolitan
Railway, which will bring, so to speak, the Great Western, the
London and North Western, and the Great Northern Railways,
into the heart of the city. It will be further promoted by the
connection of the above line with the Eastern Counties Railway
by the branch through Finsbury, as well as by the extension of
the London, Chatham, and Dover line to Ludgate-hill. How
ever, our author still conceives this insufficient, and proposes a
high-level railway from the Blackwall line, near the Minories,
which, leaving it, would curve to the south, cross over Thamesstreet and the north end of London-bridge to the river side,
and run along the proposed Thames embankment to West
minster. From Westminster station the line would turn to the
west, run through Pimlico, alongside the Crystal Palace Railway,
and finally join the Kensington Railway near its southernmost
extremity, thus connecting stations south of the Thames with
those north—a short branch line near Temple Gardens connect
ing the proposed line with the Metropolitan Railway. The
author maintains that a high level railway alone will auswer the
required purpose; and concludes his pamphlet by pointing out
that such line, if executed as suggested, would supply the
deficiencies still existing in the Metropolitan line as proposed by
Mr. Fowler.

The Strains on Structure* of Ironwork; with Practical Remarks
on Iron Construction. By F. W. Sheilds, M.InstC.E.—
London: Weale. 1861.
The present may justly bo called an age of iron. Tf we want a
ship large enough to carry the population of a parish half round
the world and back again, or strong enough to laugh at the
broadsides of a hostile squadron, iron only will serve our turn.
If we would throw a bridge across a river two miles broad, to
carry the stream of traffic between two great territories, there is
nothing for it but iron. If the demand is for a house that can
be packed up and sent to the antipodes, or for a transparent
palace in which treasures of art and industry from every corner
of the world can be adequately displayed, still the material must
be iron. Subservient to almost every purpose, this useful metal
puts new facilities of construction within our grasp; it also
imposes new conditions, and infuses into both design and detail
a character altogether of its own. Well understood, and fairly
handled, no material can be more thoroughly depended upon.
But the very largeness of the trust reposed makes it a matter of
vital concern, not only that the metal and the workmanship
should be of perfect quality, but that the engineer or architect
should bring to the study of his design a complete scientific and
practical knowledge of the subject.
Those who have been long conversant with iron structures, and
have a large personal experience to draw upon, may be little in
need of consulting books. But there are many who, without
much previous practice in this especial department of construc
tion, have on occasion to try their hand at it, and feel the need
of a clear and trustworthy handbook. To the pupil again, while
nothing can supply the place of observation of actual work in
every stage of progress, a sound and lucid theory is invaluable;
observation becomes the keener and the more intelligent, and
memory the more faithful and methodical, just in proportion as
the principles of construction become familiar to the mind.
But perhaps it would not be easy to point out a book which
furnishes exactly what is wanted on this subject. Elementary
works are sometimes, perhaps, somewhat too elementary, and
scientific works are often too exclusively scientific. The very
points on which the young professional man may especially seek
light may be altogether left untouched; sometimes because it is
taken for granted that the reader understands them, and some
times because the writer does not set forth in sufficient detail all
the assumptions on which his reasonings are based.
Mr. Sheilds tells ns in his preface that when he was appointed

in 1852 to assist the principal officers of the Crystal Palace
Company, at Sydenham, in calculating the strength and design
ing the details of the company's works, he found great difficulty
in acquiring a complete knowledge of the strains on the several
parts of iron framings; " as the works of previous authors, though
displaying great talent and research, have left much undeter
mined or obscure which is necessary to the designer of such
structures." Mr. Sheilds was therefore thrown much on his
own resources in mastering this difficulty. He, however, ac
knowledges the assistance derived from an able friend (the late
Mr. C. H. Wild); from the perusal of Mr. Clark's well-known
work on the Britannia Bridge; of Mr. B. H. Bow's treatise on
Bracing; and of a paper on Diagonal Braces by Messrs. Doyne
and Blood, read at the Institution of Civil Engineers. It may
be remarked that Mr. Bow's work on Bracing was written to
meet the same want that our author expresses himself to have
felt, in regard to the special study of iron structures; and de
serves just credit as the effort of an unassisted mind to elucidate
a difficult subject.
The result of knowledge gleaned from these and other sources,
digested by indepeudent thought, and matured by the practical
experience of several years, is presented in the treatise before us;
and we think we may congratulate Mr. Sheilds on having made
a very acceptable addition to a class of books of which the lack
is more and more felt every day.
The first section treats of the strains in framed girders of
uniform depth, braced in the triangular or " Warren " fashion.
Our author regards the transmission of the load to the piers on
the usual principle, which has the recommendation that it is of
old prescription, gives true results, and, although not the sim
plest possible, may be easily understood with a little study. The
principle is shortly this: every part of the load is to be con
sidered as deriving its support from both piers; the proportionate
support derived from each pier being inversely as their distances
from the loaded point. Thus, if a girder of 100 feet span had
five points loaded with 10 tons each, at the distances of 10, 20,
30, 40, and 50 feet respectively from one pier, the portions trans
mitted to the piers of each of these loads would be as follow:—
The load at 10 feet distance would derive 9 tons of support from
the nearer pier, and 1 ton from the further pier.' The load at 20
feet would transmit 8 tons to the nearer pier, and 2 tons to the
further pier. The next load would be divided into 7 tons for the
nearer pier, and 3 tons for the further pier. The next, at 40 feet
distance, into 6 tons and 4 tons; and the last load, being in the
middle, would depend on each pier for the support of half its
weight, or 5 tons.
In calculating the strains on this principle it becomes neces
sary, when a load covers several points of a girder, to take the
weight on each point in detail, to divide it as just explained, and
work out the strains it throws on each part of the girder; having
gone through this process for each portion of the load in succes
sion, and found the separate strains, it only remains to add these
partial strains, and their sums will be the actual strains which
the whole load brings upon the girder. In this way of looking
at the question, the currents (if we may so speak) of pressure
transmitting the several portions of load from each point to
either pier, through the action of the braces, are constantly
crossing each other. Thus, many of the braces will undergo at
once strains of compression and strains of tension; and it is
necessary to find which of these opposite kinds of strain pre
ponderates, and by what amount, in order to determine whether
a brace is acting as a strut or a tie, and how much work it is
really doing. When some or all of the load is movable, regard
must be had to the greatest strain of compression or tension to
which any part of the framework is liable under a possible dis
position of the load, and adequate provision made to meet it.
The whole method is very lucidly and thoroughly set forth in
the treatise under review, with one or two plain and useful rules
for shortening labour by generalising some of the details of the
process.
In the following sections (paragraphs 18—21) the strains on
cantilevers are dealt with, very briefly. The reasoning is cor
rect, but there appears to us to be a slight inaccuracy in detail
in the following passage (par. 20). The cantilever is supposed to
be loaded at its extremity c—
"The strains on the end bay next the weight at e, are equal to the
greatest strain as found above, divided by the number of bays; and the
strains on the other bays commencing from c are respectively twice,
thrice, four times, &c, the strain on the end bay next c, increasing in
28
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regular proportion from e to a. Upon the shorter flange db, however,
the strain on the end bay c, as found above, must be multiplied by 1 4,
2.J, 34, &c, to give the strains on its bays in succession, commencing
from die end d."
It appears on examining the action which really takes place
(see Figs. 1 and 2) that it is the end bay of the shorter flange which
has the horizontal strain 1 thrown on it, since a pair of braces
Fio. 1.

meet in the point d. "While the end bay of the longer flange
undergoes a strain only equal to \, resulting from the action of
Fie. 2.
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but only transferred to a different point. It seems very neces
sary to keep this fact distinctly in view. Bailway girder bridges
of two spans even now exist in which the continuous construc
tion of the girders has been held to justify an exceptionally
slight section.
We concur in all that our author Bays as to continuous girders
of two and of three spans. But in par. 24, while correctly stating
what happens in the case of three spans, he makes the same
statement apply to cases of more numerous spans. In this we
cannot agree. If we remember rightly, clear rules are given for
various numbers of spans in the work on the Britannia Bridge.
A broad general deduction from the case of three spans is hardly
admissible.
After a sound and useful investigation of Parallel Girders
with Vertical Struts, we come to a discussion of the more diffi
cult subject of Bow and String Bridges. The strains are dealt
with geometrically, and with as much simplicity as the principle
of the subdivision of weights, already adverted tc, admits of.
The question of the Bow and String Bridge with triangular
bracing is very satisfactorily handled. In par. 37 is a little slip,
which it would be as well to correct:—"and from f draw also
by scale a vertical .# = W x -^ ; W being the weight on one

the single brace, which terminates in c. Thus, in the above
figures, the number of bays being 5, the common factor is
TTTT

—=- ; and the proportional numbers for the longer flange ac
are i, 1$, 2i, 3i, and 4i (the compression of the last strut a
being discharged on the pier.) The proportional numbers for
the shorter flange bd are 1, 2, 3, 4, and 5.
Again, in par. 21 a similar correction seems needed. When
the cantilever is loaded at each point from c to a, the effects on
the bays of the longer flange ac should be given as £, 2, 4$, 8,
&c; instead of 1, 3, 6, 10, &a; and the effects on the bays of
the shorter flange bd as 1, 3, 6, 10, &c, instead of li, 4, 7£,
12, &c.
These, however, are points of detail merely: the general prin
ciple is in the main clearly and correctly laid down.
The important subject of Continuous Girders is then touched
upon. Here Mr. Sheilds simply gives the reader some of the
more important results of continuity without attempting to show
how these results are proved. In this he has done wisely, since
the process of proof involves more abstract mathematical reason
ing than could suitably be introduced in so elementary as well
as practical a work. Those who wish to dive to the bottom of
the subject may accomplish their wish by reading the investiga
tion in the work on the Britannia Bridge.
We think, however, that tacit assumptions should be avoided
as far as possible, since the learner is very apt to be misled by
them. We therefore could have wished that all the suppositions
upon which the definite results are based had been given, and
none left to be inferred. These suppositions are: 1st, that all
the spans are equal; 2ndly, that the load on every span is
equally distributed over it; 3rdly, that (unless where otherwise
expressly mentioned), all the spans are loaded alike; 4thly, that
all the girders are equally rigid; lastly, that every girder is of
uniform depth and rigidity throughout. It is important that
this last condition (uniform rigidity) should not be lost sight of.
An unequal distribution of metal in the flanges of a continuous
girder (such as is sometimes made for the sake of economy),
alters the position of the point of contrary flexure,—and recourse
must again be had to mathematics to find it
It would also have been very useful to say a word or two as to
the proportionate strain which occurs over the pier, as compared
with the amount of strain on the centre of a girder not con
tinuous. When there are only two spans, the girder sustains
over the pier a strain equal in amount (although opposite in
kind) to that which the girder of either span would sustain at
its centre, if disconnected. In this case, therefore, the maximum
strain is in no way reduced by making the girders contiuous,

loaded point, N the total number of bays, and n the number of
bays which « is distant from pier 2." We should read " from
pier 1," since the weight which fg measures is that which is
transmitted to the pier 2, and is proportional to the distance of e
from the other pier.
The treatment of the Bow and String Bridge with both ver
tical and diagonal bracing, a more complicated problem than
the last, is not on the wnole quite so clear and satisfactory.
Indeed there are points which might be revised with advantage.
If Mr. Sheilds will look over par. 40 and Fig. 24, he will find
that in computing the tension of the brace tc he has taken the
weight transmitted through the vertical strut bs, but omitted the
weight at the point *, a portion of which is taken by the brace
in question. ,
On plate girders and other descriptions of girders there are
some sound practical remarks, which would well admit of ampli
fication. In particular, some general directions would be useful
as to the thickness of web of plate girders. An admirable paper
by Mr. Heppel on the strains of the plate web was read before
the Institution of Civil Engineers a year or two ago, and is
printed in the Transactions. In speaking of the proportion of
length to depth of girders, Mr. Sheilds has, however, fallen into
an error on the subject of rigidity. The rigidity of a rect
angular bar of a given breadth increases as the cube of the depth.
The rigidity of a rectangular bar of a given area, or of a girder
of a given section of flange, increases as the square of the depth.
The rigidity of a girder of a given ultimate strength increases
simply as the depth. We therefore cannot endorse the following
statement
" It is important, however, to state that the rigidity of the structure
is proportionate to the square of the depth; consequently, though the ulti
mate strength remains the same, the deflection increases very rapidly as
the depth is diminished. Thus, in two girders of equal span and loading,
and of the respective depths of one-tenth and one-fifteenth of the span,
both constructed of proportionate strength to resist the strains upon
them, and both loaded to the point of fracture, there would be equal
weights required to break them down, but the deflection of the one
would be fully double the deflection of the other."
This is quite a misapprehension. The rigidity of the supposed
girders would be simply as their depths; and their deflections
under any given load, and (consequently) their deflections under
the breaking load would be inversely as their depths; that is to
say, as ten to fifteen. The ultimate deflections of girders of a
given span, whether equally strong or not, are always invarsely
as their depths.
The author concludes with an explanation of the mode of com
puting strains in iron roof trusses, and gives what is very useful,
namely, some diagrams of trusses, with the proportionate strains
worked out in such a manner as to be readily applied to cases
of any span.
We have been the more careful in commenting on various
points that seemed to call for criticism, because we regard the
treatise on the whole as a valuable one, both in intent and exe
cution; taking the place of a handbook on a subject on which
one has been much needed, and capable of being made the
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nucleus of a really valuable work. We hope Mr. Sheilds may
have an early opportunity, in preparing for a fresh edition, of
both revising and amplifying. A word or two on the propor
tionate sectional area of metal for given strains in different
members of framing would be useful. Some details as to modes
of forming the various junctions might be given: it would also
be acceptable to many to be offered some hints on testing
girders, on the questions of deflection and "set," on the maxi
mum load to provide for in flooring, and on many other practical
points as to which the reader might have the benefit of the
author's experience.
The little work is got up in very creditable style.
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fuel, but at the slower rate of eight knots per hour. Where
men-of-war are intended for a short and intermittent service, it
may be of advantage to furnish them with as powerful engines
as possible; but for distant service, an economical consumption
of fuel should be of greater consideration than high speed.
In conclusion, the author refers to some improvements which
have been lately effected, relating chiefly to the working parts
of the engines and boilers, such as the substitution of wooden
for metallic bearings, the improvement of the draught of the
furnaces by the introduction of fan blowers, &c. ; and, finally,
throws out some suggestions concerning a contemplated reduc
tion of "spare spars, spare sails, and spare gear," in order to
gain more space for engines, fuel, as well as provisions. He
further suggests that—having ascertained the best proportions
for the hull and spars, the form of propeller, and plan of engines
of a certain power—vessels, with their machinery, be constructed
in accordance with these proportions, in order that when a
number of vessels are- stationed together, the spare gear of one
may be available for another ship. This suggestion, however
valuable it may appear at the first glance, is, we fear, inconsistent
with the character of a perfect man-of-war, which should con
tain in itself all that is required for its maintenance and inde
pendence.

Notes on Screw Propulsion; its Rise and Progress. By W. M.
Walker.—New York: D. van Nostrand; London: Trubner and
Co. 1861.
The remarks contained in this book, on the history and effi
ciency of the screw propeller, were originally published by the
author in the 'Atlantic Monthly,' an American nautical journal,
and have been lately re-issued, in consequence of their favourable
reception, in a separate form under the above title. These notes,
although bearing reference to screw propulsion in general, are
more especially intended to apply to steam-ships of war.
Our readers are familiar with the early history of steam navi
gation—from the first introduction of paddles as the. agent of
propulsion, to the latest improvements of the screw propeller. SIMPLE METHOD OF FLNDING THE CENTRE OF
GRAVITY OF THE GIRDER.
As the first examples of more modern steam-ships, the author
refers to the Minnesota class of frigates. These snips, although
TO TBI EDITOR OF THB CIVIL SKOISRRR AMD ARCHITECT'S JOURNAL.
presenting few features that are absolutely new, are very far
Sir,—The following simple algebraical method of finding the
from being imitations of existing examples. The principal centre of gravity of the girder, for which a rather complicated
novelty, perhaps, which distinguishes these ships from others is arithmetical formula is given at page 63 of your last number,
the arrangement of their armament, a feature which has attracted may not be uninteresting to some of your readers.
the attention of the naval powers of Europe. The novelty we
The girder is 64 feet in length; one-half is loaded at the rate of
refer to is the great reduction in the number of guns, compen
half a ton per foot, the other at 2 tons per foot. Let us take
sated for by employing guns of a greater calibre, with more space each half of the girder separately; the weights or loads per unit
for working them advantageously; in addition, the number of of length may be considered as a system of parallel vertical pres
gun decks is reduced from three and two to one, thereby dimi
sures, the resultant of which gives the position of the centre of
nishing the danger of lodging shells in small and limited spaces. gravity for each half of the girder. As each half of the girder is
Hitherto it has been the custom, especially in France and Eng
uniformly loaded, their centres of gravity will evidently be in the
land, to measure the power of ships by the number of gun decks. middle, that is 16 feet from each abutment
The author thinks that for these reasons other nations will be
To find the centre of gravity of the whole girder, we proceed
slower in adoptiug the last-named principle than in introducing as follows:—In the figure below let AB=the whole girder:=
the larger calibre of the American ordnance.
64 feet; C = its centre; a, b, z= positions of the centres of gravity
In the construction of an efficient steamer of war, one of the of each half respectively. Now making CB the end which bears
first objects aimed at is to place the engines entirely under the the heaviest load, the centre of gravity of the whole girder will
water-line. In order to attain this end, the Admiralty enlisted manifestly, from the nature of the case, be somewhere between
the talent of the best constructors of this country, in consequence C and b. Let it be at G.
of which no less than fourteen distinct varieties of engines have
.18' 0".
been produced by various designers. Of those screw engines
.16' 0".
complying with such requirements, Penn's horizontal trunk
engines appear to have met with the most favourable adoption, A
a
C
G
4
P.
these having been placed in no less than forty different ships of
Let
G6
=
x,
aG
=
32'—x;
then
since
weight
at
6
=
4
times
war in the British navy. The power of these engines varies
weight at a, we have
from 200 to 600 horses.
aG:G6::4:l;
Another condition of a screw ship of war is a " fine run " of its
after body, the necessity of which has been fnlly confirmed by the or substituting the values for aG and Gb,
experiments undertaken with the Rifleman, the Sharpshooter,
32'—a? : x : : 4 : 1; or 32'=fi* and *=6'-4.
and other vessels, which underwent a gradual alteration in the From above, 6B=16', so GB=16'+6'-4 = 22'-4 and
after-lines, the speed being 24 per cent, in favour of the finer
AG = 64'— 22'-4 = 41''6, the result obtained at page 63.
run. The author next urges the necessity that all war steamers
I am, &c.
should be furnished with the " trunk," or " well," into which the
25th March, 1861.
T. Caroill.
propeller can be raised when required by circumstances. This
arrangement obviates the "dragging "of the propeller through
[Mr. Cargill is quite correct, and the simple rule he gives
the water, which would otherwise be a great impediment to the would undoubtedly be followed in finding the centre of gravity
speed of the ship when under sail. It is true that the strength of the particular load referred to. The more comprehensive rule
of the stern is somewhat impaired by the introduction of the given in page 63 of this Journal for last month is, however, the
" trunk," but the advantages derived from its use more than out
only one applicable to every case of loading. The case beinx
weigh this objection, as will be seen by the fact that nearly all given for the sake of illustrating a universal rule, a special solu
the screw ships in the British navy are supplied with a contri
tion would have fallen short of the scope of the writer.—Ed.]
vance for raising the screw.
With respect to the most efficient speed for war steamers, the
author maintains that great speeds offer on the whole less advan
Monument to Sir John Franklin.—The legislature of Tasmania,
tages than moderate speeds, inasmuch as the powerful engines
required for effecting a high speed monopolise so great a space have voted £1000 for the erection of a monument to the memory
and displacement as to render it impossible to carry sufficient of Sir John Franklin, in connection with the improvements now
fuel, for their proper development. This, he says, is proved by being carried out on the fine site in Hobart Town on which
the fact that a ship running 1200 miles at the rate of ten knots stood the viceregal residence at the time the Arctic navigator
per hour, may run 1800 miles with rather less consumption of was Lieutenant-Governor of the colony.
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The Stone of the House* of Parliament.—The committee ap•pointed by the government to inquire1 into the causes and remedy
of the decny in the stone used in' the Palace' of Westminster
•met on the 28rd nit. There were'1 present Sir R. Murchison,
;Messrs. Tite, M.P., Sydney Smirkej G. Q. Scott, G. Godwin,
C. H. Smith, G. B. Bamell; Profs: Franktand, Hofmann, F. A.
Abel, and AnSted; and Mr. D. VVyatt. The committee appointed
Mr. Tite chairman; aud Mr. A B. Carter is the secretary of
the committee. The committee adjourned to the 8th of April at
'1? o'clock, when they propose to make a thorongh examination
'of the building itself.
' BurforWs Panorama of Messina.—Tie additions so frequently
made to this exhibition have rendered Mr. Burford's famous old
I>:uioram.a one of those standard sights of London which visitors
are never tired of seeing, and it is deeply to be regretted that the
.one recently completed is destined to be the last of the long
series produced wholly under the superintendence, and for the
most part by the skilful hand, of that artist, who has just died
at an' advanced age. The view of Messina, to which we allude,
is therefore invested with peculiar interest, independent of the
political occurrences which are now transpiring there, and which
render it perhaps the special point of European geography on
which attention is now rivetted. It is not long since we noticed
the large. and tine picture of Borne then added to the attractions
of this establishment; and this second Italian city is in every way
worthy to rank by the side of that celebrated capital. Indeed, a
more beautiful and picturesque scene it would be difficult to
imagine. There is the long line of white houses glistening on
the sea shore, the hills behind clad with verdure almost to their
summits. There is, too, the vast and magnificent harbour, with
the straits of Faro beyond, and in the distance are seen the
mountains of Calabria. A prominent object in the foreground
is the large and stately citadel, with the various palace-like
buildings on the Marina. The luxuriance of the olive groves
and orange trees increases greatly the richness of the scene,
to which the deep blue expanse of the Mediterranean affords a
delightful contrast, withal totally devoid of meretricious or over
strained effect It has every appearance of truthful reality.
Exhibition of French and Flemish Pictures.—The eighth exhi
bition of works by artists of the French and Flemish schools,
collected by Mr. Gambart, is now open at the Gallery, 120, Pall
Mall. It consists of 137 pictures, and includes three works by
Miss Rosa Bonheur, and one by Meissonier, entitled "In Con
fidence."
JVeto Foreign Office.—The department of the Foreign Office is
now removed to their temporary offices in Spring-gardens, and
arrangements are pressed forward for pulling down the old
buildings and erecting on the site and on the vacant ground
adjoining, a new Foreign Office and a new Indian Office. Mr.
Cowper, the Chief Commissioner, has also brought in a bill for
purchasing houses in Duke-street, and for pulling down and re
building the State Paper Office. It is stated that the project for
these buildings is to be entirely altered from what it was in
tended last year. By the plans then submitted to parliament,
the Foreign Office occupied the whole of the site towards the
park, and the Indian Office the other portion towards Parlia
ment-street; but it appears now to be proposed to give the Indian
Office half the site towards the park, and to re-arrange all the
rest. The plans were submitted to Lord Paliucrston and Sir
Charles Wood, by the architect, Mr. G. G. Scott, on the 20th nit
They are Italian in design, to harmonise with the adjoining
buildings. The alterations at present contemplated are very ex
tensive, including a new opening to the park, the widening of
Downing-street, and the rebuilding of the Colonial Office and the
offices of the Chancellor of the Exchequer, which at present close
up the enfl of Downing-street
Notre Dame.—The work of restoring the exterior of Notre
Dame has been resumed, and the rose window over the southern
entrance to the building is being repaired. The whole of the south
portion of the building is to be restored according to the original
design. This part of the church was originally commenced, as
an inscription on the wall tells us, on the second day after the
Ides of February, 1257, under the superintendence of Jean de
Chelles, architect, during the reign of St. Louis, at which time
Renaud de Corbeil was Archbishop of Paris.
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Preserving Iron Pipes from Rust.—A workman of Paris has
discovered a means of preserving water and gas pipes from rust,
by covering them with a thick coating of clay.
Drinking Fountains.—On former occasions we have expressed
our great regret that, with reference to their architectural design
generally, the drinking fountains erected in various parts of Lon
don are really a disgrace to our thoroughfares. A similar opinion
has recently been given by an eminent authority, Prof. Donald
son, and by several writers in the public press. It is therefore
with much pleasure that we find some of our sculptors and
architects are taking up the subject of fountains in a proper
spirit Among these are Mr. John Thomas, Mr. Darbyshire,
and Mr. Tolmie. Mr. Tolmie has nearly completed a fountain
to be fixed in Water-lane, Edmonton. The work rests on a Port
land stone basement of rock-work, and rises to the height of
9 feet by a width of 4 ft. 9 in. It is semicircular headed, and a
band of 1 foot in width incloses a deep recess, in which a dolphin
in a vertical position, head downwards, is carved with great
vigour. The dolphin spouts the water into a beautiful statuary
marble shell, 30 inches in diameter. The water then falls to a
lower level, where suitable troughs are placed for cattle. The
surrounding band and circular head to which we have referred
are embellished with cornucopia at top, bulrushes and other
aquatic plants, and with various shells in bold relief, admirably
grouped, and copied from nature with great fidelity.
The Superintending Architect, Metropolitan Board of Works.—
On the 15th ult Mr. Vulliamy was elected by the Board to fill
this office, and he took his seat
Lighting Steamers with Gas.—The Birkenhead Commissioners
are trying the experiment of lighting the cabins of their river
steamers with gas, a supply of which will be carried on board
each steamer daily.
Railway Bridge over the Rhine.—The great railway bridge over
the Rhine at Kehl being nearly completed, experiments to test
its strength were made on it a few days since. First the two
turning parts of the bridge were manoeuvred, and were found
to work admirably. That of the French side, which weighs not
less than 350 tons, was moved with the greatest facility by eight
men, then by four, and then only by two. Afterwards a train,
consisting of five locomotives and their tenders, the locomotives
alone weighing 175 tons, and the whole forming a weight of
nearly 3i tons per metre, passed over the line, and then re
mained stationary on the first part of the bridge on the French
side; next, a locomotive and 15 waggons filled with stone, weigh
ing about If ton per metre, was driven over, and was subse
quently stationed for a time in the middle of the bridge; on the
third place, the two trains passed over side by side, aud were
made to stand on different fixed parts of the structure; next,
two other trains, each consisting of five locomotives, were also
driven over the bridge side by side, and were made to remain
together some time on the turning bridges and on other portions of
the structure. The weight of these two trains was 350 tons, or
nearly 7 tons per metre of the line covered. Lastly these trains
were driven at full speed in contrary directions, passing each
other on the bridge. Throughout the whole of these experi
mental trials the deflections of the bridge did not average more
than from 8 to 10 millimetres, or between a third and two-fifths
of an inch; the greatest deflection was equal to four-fifths of an
inch, and in this case the part thus depressed rose again to its
former level within a quarter of an inch. The results prove that
the work has been well executed.

COMPETITIONS.
Designs are required for a town hall and public offices at Kiogaton-upon-Hnll, to
be forwarded with plans, sections, and estimates to the town clerk, Hull, by May 31st.
Premium £100. A block plan of site &c. may be had at town clerk's office, Hull.
Flans are invited for Embanking the rirer Thames within the metropolis, which will
provide with the greatest efficiency and economy for the relief of the most crowded
Btreets, tend to the improvement of the navigation, nod afford an opportunity of making
the low-level sewer without disturbing Fleet-street and the Strand. Plans to be sent
to Mr. Heury Kingscote, aecretary to the Thames Embankment Commission, 2, Victoriastreet., S.W.

STATICS OF BRIDGES.
Erratum.
Page 64, col. 2, line 24 from bottom—" which is created in be"; dele ' which."
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THE ARCHITECTURAL EXHIBITION.
Notwithstanding unfavourable weather, a numerous assem
blage, including many of the leading members of the profession,
ana not a few ladies, were attracted to the Conduit-street
Galleries on the evening of the 3rd of April, that being the
occasion of the annual conversazione, previously to opening the
Architectural Exhibition to the public on the following day.
As usual, a portion of the evening was devoted to business pro
ceedings, in reference to the doings of the past year and to the
prospects of the present, with a brief statement (we cau hardly
say report) from the lips of the honorary treasurer, Mr. Ashpitel,
who said, he might without vanity on the part of himself and
colleagues, congratulate the meeting on the exhibition they saw
around them, and on the position they now held in the eyes of
the public. It was not many years ago, they must remember,
when all their interests were very much scattered, when they
had no general point of congregating, when there was nothing
which could be fairly said to represent in this large city ar
chitectural interests — interests of such very great import
ance. He thought they might now congratulate themselves
on being an Architectural Exhibition, recognised and very
kindly patronised by the public. He thought their exhibition
this year would be very satisfactory to all, and in his opinion,
they had been going on from year to year increasing, and going
on in importance and excellence. It was not for him to speak
critically of the drawings on the walls, but he hoped they would
all feel that the character of the exhibition had been increased
in every way. Whatever their opinions might be as to styles
and matters of that description, he thought they would see that
architectural works were carried out with more thought and
power than at any other time; there was less of an uncertain,
flashy attempt to attract notice, and more of thought, in the
architectural drawings presented before them that night He
wished to call attention to the exhibition of manufactures, which
displayed an advance in skill and taste. About ten or eleven
years ago, when the Architectural Exhibition was established, it
would not have been possible to have drawn together a collec
tion of mauufactures of such exquisite skill aud workmanship
combined with taste and excellence. That showed that the
labours of the committee of the Architectural Exhibition had
been successful. In the catalogue of new materials there were
several very interesting things exhibited, one of which was a
very curious adaptation of what they commonly called concrete:
there was a patent by which it would be made useful in ordi
nary matters at an extremely cheap rate. There were also
imitatious of marble on quite a new principle, which would
enable them to add colour to decoration, and of a good and per
manent character. There was another new feature in the exhi
bition, an improvement in the manufacture of embroidery; they
all knew how important that was in buildings as a decoration,
and the length of time and labour it cost to produce. It ap
peared that at Cologne a method had been invented by which
embroidery could be simplified to a great degree, and yet pro
duce a very great effect; through the kindness of Lady Mildred
Hope there were some very fine specimens of that embroidery
in the exhibition. He regretted that some few of their leading
men—aud it was a very few—had not contributed to the ex
hibition. There was no doubt it was a difficult thing for a man
in the enjoyment of a large practice systematically to get up
show-drawings on any occasion; but if some of their friends
had gathered together some scraps and put them on a screen, it
would have been to the exhibition a very great advantage. When
a man did a thing heartily, it was enough; and he was sure
they would all have regarded the will as the deed.
The chairman, Mr. James Bell, in the few observations he
made to the company, remarked that he advocated the more
general adoption of season tickets. The object of the exhibition
was not to collect shillings at the door, but to spread and popu
larise a taste for architecture; and the more season tickets that
were sold, the greater was the probability of that object being
achieved. They wished to spread such a taste in architecture
amongst the public generally that any architect who put up a
bad building should not to do so again. He thought they had
to thank the Royal Academy, for it had been the cause of the
foundation of the exhibition. By confining architecture to a
small room it had compelled architects to open an exhibition for
themselves; and now, instead of having architectural drawings
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killed by some flashy picture, they had architectural drawings
properly arranged together.
Our ideas of the exhibition generally will be better gathered
from the perusal of our comments upon the principal works, than
from any condensed expressions upon a subject admitting of so
much variety to be considered, and in which there are so many
interests involved. Suffice it to say therefore that the coup (Fail
presented on the walls is much of the usual character, the eye
being unarrested by any strikingly important picture; and that
the " practical department" is as well filled as heretofore, and
apparently with an advanced character of work. The models on
the table, with the fout and lectern in the centres of the rooms, and
a very excellent piece of modern furniture in the end gallery, are
features which present considerable novelty, and which will be ex
amined with interest. It will be observed moreover that the num
ber of provincial contributions is much increased, owing probably
to an alteration in the regulations of the management, while the
comparative dearth of competitions during the past twelvemonth
has led to a very apparent diminution in productions of this
class. Still the walls are well covered, presenting a more or less
interesting series of 400 works.
The catalogue starts with " Design for the proposed rebuilding
of a Grammar School" (1), one of the contributions of Mr. G. E.
Street, which are, as might be expected, among the most attrac
tive in the exhibition. Originality they are sure to display, and
for the most part they are consonant with the true feelings of
art. The next picture (2) is also of schools, now erecting at
Moulsham, near Chelmsford, by Mr. F. Chancellor, and to which
it affords a striking contrast. The powerful simplicity of the
one greatly eclipses the barren plainness of the other, albeit we
could point out many others in the rooms which are inferior even
to this.
Associated with No. 3, which shows a "Bridge at Evesham,
erected by Mr. J. Samuel, C.E.," we are glad to find the name of
an architect, Mr. Robins.
Too often in matters of this kind
taste is wholly disregarded, aud, for want of a few refined
touches, which a well-educated architect can readily suggest,
what might be a really ornamental as well as skilfully con
structed work is left to present a cheerless, uninviting aspect.
In the case before us not much has beeu aimed at, yet all is
satisfactory. The bridge consists of three inches, segmental in
form, and rusticated, aud the whole is surmounted by a well-pro
portioned balustrade. In the same gallery is a large drawing of
another bridge—"One of the cast-iron bridges erected in the
public parks of New York," by Mr. Calvert Vaux (106). It is in
a single span of 87 feet, the form being a very flat ellipse, and
the roadway slightly raised iu the centre. It is more noticeable
for its boldness of conception than for refinement in its propor
tions or working out.
The "Sketches of the Class of Design of the Architectural Asso
ciation" (4) are selected from the fortnightly productions of that
useful class. The sketches before us scarcely equal in interest
or quality some that we can recollect from the same source in
former years, but the names of many who were then included in
the "class" have now acquired an honourable distinction as
individual exhibitors, and can date a large portion of their
success to the instructive and inspiriting influence of the Asso
ciation. Of the chosen sketches this year we single out for
commendation those by Mr. W. T. Sams as, on the whole, the
best, more especially his "Town Hall."
Mr. C. H. Lewes'
"Draper's shop front" is also commendable; but in the "Font"
and " Bav window," by Mr. S. C. Rogers, ornamentation is allowed
to roam in wild exuberance.
A bird's-eye view of the "Godolphin School," by Mr. A. W.
Blomfield, forms the subject of (5), and would appear to be a
well digested design, which is further exemplified by two photo
graphs (335, 343), hung, strangely enough, in another room.
But in our opinion, this gentleman s school—or "Mission House"
as it is termed—in Bedfordbury (108), is greatly superior. The
plan, two sections, and perspective view which are given, testify
to the ability of the designer, both as to skill in planning and
proportioning a not very manageable building.
Mr. J. Clayton's excellent drawing (7) recals to memory the
much-to-be-deplored fact, that the fine old Town-hall of Hereford
no longer exists. This building when perfect was one of the
most remarkable specimens of timber architecture to be met with:
it originally had three stories, the upper one finished with the
very singular continental features of tourelles, or angle windows.
29
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A restoration showing the building complete, made on the autho
rity of old engravings, is given in the exhibitor's work, published
in 1847, entitled ' The Ancient Timber Edifices of England.' Its
Bite will now be occupied by a clock tower, for which some of the
drawings sent in competition are in the collection we are now
examining, and to which we shall in due coarse allot a few
remarks. Meanwhile we may renew our protest against the
Vandalism which has just been perpetrated iu the demolition of
the time-honoured structure, which was almost the only, as it
was certainly the most curious, half-timbered building which the
city could of late boast Mr. Clayton's rejected propositi, here
exhibited, was to thoroughly repair instead of remove the build
ing, and introduce a town-clock, which is much needed, in a con
venient position, and as an additional feature.
Mr. Appleton's "Design for Devon and Cornwall Bank, Exeter"
(8), presents an ingenious alternative of a Classic or Gothic eleva
tion, but beyond this ingenuity of adaptation there is little to
commend; while, as a principle, it is one that should be depre
cated. The " Chalet erecting iu Lexden Park, near Colchester,"
by Mr. C. F. Hayward (9), is, as its title professes, based on the
model of the Swiss half-timbered houses. It would seem to be
well contrived and arranged, the plan and section being exhibited
in connection with the elevation. We should pass over the next
drawing (10), "St. James's Schools, Marylebone," by Messrs.
Willson and Nicholls, as presenting nothing for remark, but for
the hope that within the very unpretending shell which is here
seen may be concealed something with more decidedly architec
tural claims, such as its authors are wont to produce.
A view of part of the interior of Lichfield Cathedral, by Mr.
J. Drayton Wyatt, forms the subject of (11). It shows the part
behind the altar-table, consistiug of the Ltdy-chapel, and a por
tion of the choir, being the space proposed to be fitted up for the
reading of a daily " Morning service," iu conformity with the
provisions of the "cathedral statutes. (A view of this part of the
cathedral was given in this Journal for January last.) This end
of the cathedral is peculiarly rich iu architectural effect, which is
in some measure due to the loftiness of its apsidal termination,
and owes much to the beautiful ancieut stained glass with which
the windows are filled. Two drawings of important public build
ings come next under notice : the first (12), "The new Assembly
Rooms and Music Hall, Newport, Monmouthshire, now erecting
from the designs and under the superintendence of Mr. W. G.
Habershon;" and the second (13), oy Messrs. J. W. and W.
Papworth, shows the "Entrance front to the Public Waiting
Hall, Town Couucil Chamber, and Borough Magistrates' Court:
part of the design for the Cambridge new Guildhall and Assem
bly Rooms, which obtained the second premium." Both of these
are in the Classic style, the former decidedly Roman, and pre
senting a Corinthian order on a rusticated basement, the plan
beiug an unbroken oblong; and the latter in a less prononce Ionic
school, and oifering various novelties of design, not so much
happy, we think, as original. In (15) we are glad to record a
very successful Gothic drinking fountain, by Mr. F. Rogers, indeed
one of the best that has come under our observation for some
time, though it partially resembles, if we recollect aright, a foun
tain already exhibited by Mr. Burges. Its forms are agreeably
blended, yet producing sufficient play of outliue ; it is, moreover,
free from those incongruous fancies which so often mar the pro
priety of these useful modem contrivances. Some other good
drawings of this class, by Mr. Appleton, will be found in (43).
A large and showy "Bird's-eye view of the 'Great Malvern
Estate Company's Laud,' as laid out in 1860 by Mr. Joseph
Clarke" (16), occupies a prominent place in this room, but has
little intrinsically to demand attention. We prefer examining
the adjoining quiet drawing by Mr. I'AnRon of the " Church of
Notre Dame at Dijon " (19), which is well deserving of study,
and here clearly illustrated by plan, section, sketches, and
details.
Mr. J. Drayton Wyatt's second picture is a view (from the
south-west) of St. Lawrence's Church, Ludlow " (21), taken since
its recent restoration, and showing, among other improvements,
the three elaborate windows which now enrich the west end of
this noble church. We are glad to see the increased study which
is given to the facades of street architecture, and shall have occa
sion to refer to several drawings of such which are scattered on
the exhibition walls; the first on our list however (24), showing
a "House in Great Tower-street, City," by Mr. Parris, is not a
good specimen. There is a difficulty, of course, iu the treatment of
the two or more upper stories of a building, when circumstances
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necessitate an open-looking shop below, but there is no reason
for adding to the awkwardness by designing rusticated quoins
where in reality it would be absurd to place them; nor can we
praise the scauty balustrade which surmounts the whole. Mr,
W. G. Habershon's "New Bank-buildings, and Lord Tredegar's
Estate Offices, Newport, Monmouthshire" (26), thongh not open
to such objections, is a very meagre design, quite unofficial in its
aspect, anil eclipsed iu point of taste by the little picturesque
Italian lodge which Mr. J. C. West exhibits in (27). The interior
of St. Mark's, Venice, by the same gentleman (28), is not very
satisfactory; but it is a difficult subject to handle.
Messrs. Walton and Robsou are again in full force, with some
of their sensibly-applied principles, especially in domestic work.
Several houses in Folkestone, some of which are shown in (29),
are illustrative of this, for, though plain, they are good-looking.
Another drawing of similar merit by the same architects, is (92)
a competition design for the North Kidiug Iufirmary, at Middlesborough. Of the three competition drawings submitted by Mr.
J. K. Colling for the Liverpool Cemetery, we prefer (31), that for
the consecrated chapel, though perhaps it is a little too ambi
tious, and broken in outline. The materials pro|>osed to be
used were the red sandstone of the district, with dressings of
Stourton stone. Mr. Raphael Brandon, who, like Mr. Colling, is
well practised in Gothic, sends, in (33), a view of the steeple of
his new church in Windmill-street, London, as it will appear
over the houses in Tichborne-slreet. It appears to have been
the author's aim, in determining its design, to give it an indi
vidual character, which shall isolate it from others in its imme
diate neighbourhood, as unmistakeably as does that of Margaretstreet in another quarter. The type is evidently continental, but
without being directly imitated, so far as we are aware, from any
one example, and it promises to be a successful novelty. Mr.
Pearson's new "Schools at Vauxhall" (34), also display conside
rable originality, the ideas beiug well worked out.
By Mr. Brodrick's prize design for the Leeds Mechanics'
Institution (36) we are reminded of the circumstances of the late
competition. There is a grandeur of effect about the mass of
the elevations, which sutlers by the tameness of the details.
By far the best feature is the principal entrance, which is suffi
ciently important iu magnitude, and beautifully detailed. The
most faulty conceptions are the puuy domes, a feature which few
modern architects, excepting the late Mr. Wilkius iu his Univer
sity College, have rendered even passably tolerable, and he, as
we know, was not always as fortunate. We are sorry we cannot
speak so favourably of (45) Mr. Brodrick's "Design for the Corn
Exchange, Leeds," or of his two competition drawings (102, 109)
for the new church at Scarborough. Of the two drawings for
warded by Mr. T. Harris (39, 392) we know not which is the
worst. They are professedly " Victorian" iu style, we imagine,
(according to the author's ideas,) but any thing so utterly
jumbling we do not remember ever to have seen before. There
is variety enough truly, and unceasing novelty, but it is of the
very worst kind, devoid of taste, and evincing an utter ignorance
of the principles of architectural composition.
The monotony of building and landscape pictures is here and
there relieved by other branches of art, and prominently so by
the glowing cartoons of stained glass, in which the names of
Messrs. Heaton and Butler figure as the chief exhibitors, thej'
having no less than eight contributions, while Messrs. O'Connor,
Lavers and Barraud, Clayton aud Bell, may also be mentioned
in the same list. Iu this department we recognise a gradual
advancement in the right direction, though much remains to be
accomplished, yet the several artists iu this material appear to
be striving to the utmost to bring it to perfection. Iu carving
and sculpture, too, considered as accessories to architecture,
there has been for some time a satisfactory progression, as the
numerous photographs around, taken from executed works by
Bnulton, Earp, Pliyffers, Swales, and others, will clearly show.
We may especially point to the "Reredos for Howsham new
church" (46), as a specimen of the purest taste and delicacy of
finish, though much of this is attributable to the architect's own
ability and superintending skill. We beg to refer our readers
to the interior view of this beautiful church, given as one of our
illustrations this month.
The Hon. Sec. to the Exhibition, Mr. Edmeston, sends several
drawings and photographs, chiefly illustrative of domestic build
ings executed or in progress under his direction, and they have
a claim to notice as showing what may be achieved by a judi
cious adaptation of simple forms in ordinary materials. The
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photograph of the "Porch to a house at Norwood" (42) is, if
we mistake not, the same design as appeared as a drawing in
last year's exhibition. Near these are two small photographs,
showing (50) a new "Church at Whitwell, Yorkshire," and the
"Pulpit" in the restored church of Stone, Kent (51), both by
Mr. G. E. Street. Some beautiful photographs also of " Minley
Manor-house, near Faruborough" (59), recently erected by Mr.
Glutton, will not fail to attract notice. The effect of the build
ing is well explained by views from several point*, assisted
by a ground plan, and will elicit approval from the careful
study which it is evident has been giveu throughout, even to
the minutim of detail, though the advisableness of reproducing
so close an embodiment of the French chateau, with its inordi
nately high-pitched roofs, is open to question. While enume
rating photographs, we may point to that of an exterior of Mr.
Street's church at Howsham (61), which appeared as our litho
graphed illustration in the March number of this Journal; also
to a small collection of executed works by Mr. G. R. Clarke (62),
and a highly interesting series by Mr. C. Gray (134), under the
title of a "Professional Census— 1851 to 1861," consisting partly
of executed works and partly of designs, many of which have
previously found a place on the exhibition walls in the shape of
large tinted drawings.
The name of Mr. Owen Jones is a guarantee for the excellence
of whatever emanates from him, especially where colour is con
cerned. Thus his "Designs for Illuminations to the 'Paradise
and Peri'" (67, 68, 79, 80), and for the "binding" of the same
book (69), will be examined with advantage. The fanciful play
of forms is indeed no less skilful than is the selection of the
tints, which serve so materially to heighten the brilliancy of the
whole. We shall have occasion, when noticing the Inventions,
to refer to "Marmolite," a drawing showing the application of
which may be seen in (71). The large block of building described
as the " West Midland Hotel, now being erected at Great Malvern
for the Great Malvern Hotel Company, ftom the designs of Mr.
E. W. Elnislie" (73), presents but few claims to consideration in
respect to its details, which seem to be anything but suitable iu a
building of such pretensions. The elliptical heads of the windows
and other openings are in England unusual, and they strike us
as being anything but satisfactory, while their constant repeti
tion gives an air of tediousuess, which could hnve been easily
obviated by occasional variety in the details. Mr. W. J Green's
"Competition designs for the Houses of Parliament, at Ottawa,
Canada" (74), is exhibited rather late in the day, siuce on long
bygone occasions the successful designs and those of other com
petitors were submitted to critical examination. In the case
before us the author has adopted the Italian style, with which
lie is thoroughly conversant. An important feature is the oetofstyle Corinthian portico, the pediment being enriched with
sculpture. Taken as a whole, however, the proportions are not
well balanced, and some of the minor parts would admit, in exe
cution, of being reconsidered with advantage. There is conside
rable boldness iu Mr. Tarring's "Congregational church about
to be erected at Bayswater" (75), though we cannot altogether
sanction the two cupolas which flank the entrance, except on the
principle of uniformity. As regards design they have great
merit.
In (83) we have another result of the "Leeds Institution"
competition, being the three elevations sent in by Mr. De Ville.
They are purely Italian, and cleverly designed. The "Middle
School and Lodge, about to be erected at Hands^ worth" (84), by
Mr. Bidlake, is of more than average excellence: it is of red
brick, banded, and into its details as well as its masses there is
infused no little picturesqneness of treatment. The "London
street front," now nearly completed, by Mr. Ashpitel (88), we
believe may be seen somewhere in the neighbourhood of Cripplegate.
, Two designs must now be alluded to which have been called
forth by the proposal to cover the area of the Royal Exchange
with a glass roof, as recently advertised, and which we presume
will shortly be carried into effect, though the question is not
definitely settled whether the covering shall spring at the upper
or the lower level of the quadrangle. Architecturally considered
there can be no hesitatiou whatever that the former is the only
sclreme which ought to be seriously entertained, and practically,
too, we foresee considerable difficulties should the alternative l>e
decided on, as seems to be the prevailing wish among those in
authority, but whom we canuot designate men of taste. The
architect to the building, whose opinion should have its due
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weight, has with others of his profession strongly protested
against this latter idea; while various scieutifi - men have clearly
shown that the objections raised in certain quarters to the former
proposition may be readily disposed of. It may be hoped there
fore that good sense and deference to public feeling may ulti
mately prevail over narrow-minded and selfish prejudices; and
that if the area is to be covered at all, it will be altogether
above and independent of the existing architectural features.
Mr. Stapelton, in his design (93) suggests a light arched form to
span the whole, and to have two domes in its length, to break
the flatness and mouotouy of the crown. It is, moreover, so
adjusted as to tit to either the upper or lower stage of the build
ing, without any pretension whatever to architectural additions.
In this respect it differs from the proposal of Mr. De Ville (97),
which is to have a low-pitched roof of glass, with trusses and
tie-beams at ttye ordiuary intervals, but the whole of the con
struction to be cased; and the plain surfaces (which by this
method would be considerable) to be coloured, as also the coffered
soffits along the margin. This design, which is very artistically
rendered, reminds one of some of the modern Bavarian struc
tures, and is applicable to the upper level only. Mr. E. W.
Godwin's "Design for Long Ashtou School" (98) is good in out
line, and has various recommendatory features; the walls are
specified to be built of native stone and Bath stone, the roof
covered with plain tiles. In the "Second selected design for the
Faversham Almshouses" (99), Messrs. Newman and Billing ex
hibit a rather ambitious scheme, which, without being decidedly
faulty, or even common place in design, has not much to recom
mend it when closely scrutinised. The arcaded lean-to which
extends for the most part along the front is particularly un
sightly in form, and starved in its construction. We notice
several ugly skylights in its roof, which might surely have
beeu better managed. Two excellent photographs of a Roman
Catholic chapel and mortuary cross in Keusal-green Cemetery
(100), by Messrs. Willson and Nicholl, are deserving of atten
tion. The chapel was illustrated in our Journal for September
1859: the cross is designed in the best taste, and judiciously
enriched by carving. Mr. Pritchett, in his "Interior of High
Wych Church, Herts" (104), shows a very plain church, plainly
treated. The arcade between the nave and aisles has, we ob
serve, one square soffit only through the whole thickness of the
wall, aud without a label. The exterior is shown in (119).
The "London-bridge Railways Terminus Hotel, now being
erected" (110) by Mr. Currey, is one of the happiest efforts in
point of design which the gallery contains. It 13 Italian in style,
aud abounds in studied aud Well-proportioned details. Conside
rable taste is also displayed in (111) "Design as first proposed—
Coffee room erected in Chancery-lane, for Mr. Button," by Mr.
F. H. Fowler, but much would depend upon the coloured deco
rations being carried out in their integrity, as here showu, other
wise all would sink into comparative insignificance. Mr. Gohlie
is, as usual, a liberal exhibitor, sending eight drawings. In the
first we come to (115), "East and west views of new church of St.
Bridget, Ballymote, Hligo, Ireland," the author would appear to
have borrowed an idea or two from other modern works; but/
we speak under correction The remainder of his drawings will
be noticed in due course. In the "Design for Congregational
Church at Lower Clapton" (116), Mr. Barber has ably combated
the difficulty of so managing a continuous line of building as to
secure variety without sacrificing harmony. We welcome with
pleasure the artistic yet thoroughly architectural drawings con
tributed in (122), by the well-known Mr. J. H. Parker. They
illustrate the "Eglise St. Pierre, Touques, and other buildings in
Normandy." Another of the Clapton Chapel designs, by Messrs.
Lander and Bedells, occurs in (123), and is noticeable mainly
for its succession of gabled windows to the aisles, a fancy which
seems now all the rage among certain architects.
In the
two "Staircases at Amesbury Abbey, Wilts," shown by Mr. J. J.
Cole iu (124), we have open corridors, architecturally treated,
round a quadrangular area—an effective as well as convenient
arrangement, where space will allow of its adoption.
Mr. E. W. Godwin has so frequently showu his power of
thinking and designing for himself, that we can the less excuse
so numistakeable a copy of the Oxford Museum as he has been
guilty of in his competition drawings for the Clifton College
(125), to which, nevertheless, were awarded the second premium.
Their leading outlines are marvellously alike, both in plan and
perspective, only that a packsaddle roof is substituted on the
central tower for the hipped form of its prototype, and that the
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wings are differently managed. (129), A house now erecting at
Shere-heatb, Surrey, by Mr. T. C. Clarke, is tolerably goodlooking, especially iu the subsidiary parts of the design. (132),
The " Diocesan Training College, Winchester," now erecting by
Mr. Colson, does not strike us as being worthy of the object or
of the architect The contract is .£7500, and the walling is to
be of Swanage stone, with Box-ground stone dressings. Certain
drawings submitted in competition for the Liverpool Cemetery
Chapels have already come under our notice; two others (135,
136), by Mr. Goldie, may here be mentioned. The former of
these is disfigured by the shape of the bell turret, which in
the other drawing is differently managed, and with a better
result.
(To be concluded in our next.)
The committee have arranged for the delivery* of art-lectures,
on successive Tuesday evenings, during the exhibition season,
as heretofore. One of these, on " Architecture in London," by
Mr. Beresford Hope, was announced for last evening, April 30th,
those yet to be delivered, with the names of the respective lec
turers, are as follows:—
May 7th—Sir C. Wren and his Times. By Mr. Robert Kerr.
„ 14th— Romanesque Architecture. By Mr. Edward A. Freeman.
„ 21st—The Revival of Sides. By Rev. J. L. Petit.
„ 28th—Church Architecture of the Nineteenth Century. By Mr.
R. P. Pullan.
June 4th—On the Restoration of Ancient Buildings. By Mr. George
E. Street.
Season tickets, at half-a-crown each, will admit the proprietor
to all these lectures, as well as to the exhibition at any time,
and they are consequently, as might be expected, iu large
demand. The exhibition will remain open till the 30th of June.

SUSPENSION GIRDER BRIDGES.
TO TUB EDITOf, Or TBI CIVIL BHOIK1IH ASD ARCHITECT'S JooaKAL.

Sin,—The subject of suspended girder bridges is evidently
receiving that thorough investigation which is due to so im
portant a subject. Will you allow me to say a word upon the
valuable paper at pages 317 and 352 of last year's volume of your
Journal, and on the suggestion of Mr. Kopcke at page 6 of the
present volume. In the first of these it is souudly argued that a
suspended girder should be strong enough to sustain theoreti
cally—
1. A load of half the weight per foot run of the rolling load,
distributed upon half of its length, beginning from either end:
that half of the girder being considered to receive no assistance
from its connection with the other half.
2. That it should be in practice of uuiform strength throughout.
And again, as to the chains, I gather from the fact of their
being recommended to be strained, so as to give the girder
initial camber, that
3. The chains should be able to carry the whole weight of
themselves, girder, and load.
Then the writer of the paper quietly avoids the subject of
temperature. A consideration of this, in as close detail as the
former subject of load, would have made his investigation com
plete.
I must protest against the avoidance of this subject, simple as
it may be; in my view, it is the great difficulty. Temperature
has no influence on the deflection of the girder—it has a great
influence on that of the chains; and it is necessary, in a com
plete investigation, to give at least a rough calculation of the
condition of strain upon the various parts of the bridge, at the
two extremes of possible heat and cold. In treating of a hanging
girder, I have estimated that the ironwork of the bridge required
increasing above £ (more accurately -5*1) of its weight, to meet
the effects of temperature.
Mr. Kopcke has introduced a notion of a hanging girder with
a hinge at its centre. This naturally suggests a suspended
girder (or, rather, two suspended girders), with a tooth, flange,
or hinge at the centre of the span, so as to enable them to fall or
rise as the chain expands or contracts with varying temperature.
A practical investigation of all these bridges is vastly needed,
but none can be safe which neglects temperature.— I am, &c.,
John H. Latham.
Nellore, Madras, 15th February, 1861.
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[Mr. Latham rightly construes our meaning to be that the
chains should be able to carry the whole weight, of themselves,
girder, and load: the task of the suspended girder being simply
and solely the distribution of the load; and that of the chains,
the actual support of the load thus distributed.
We have considered the rigidity of the girder as uniform
throughout, and in practice it should be so for the greater part
of the span. At the same time, a little economy of material
might he safely effected in the quarter-span next either pier, by
somewhat lightening the section of the girder (from a point
distant from the centre 0'27#) towards the end. And in the case
of a single span of large dimensions, some further saving might
be found practicable towards the centre of the girder, where the
strain is not so severe as at the quarter-span.
We found that, apart from the stretching of the chains, and
for a bridge of a siugle span ouly, the suspended girder should be
strong enough to carry a load of half the weight per foot run of
the rolling load, distribntfd upon half its length, beginning from
either end (as Mr. Latham correctly puts it). And we proceeded
on the implicit understanding that at the point of contrary
flexure the loaded portion of the girder receives no accession of
transverse streugth from its continuity with the other portion,
but only a certain amount of vertical support.
But here it is of importance to bear in mind that to the
strength of the girder, as computed on the foregoing principle,
an addition has to be made, to meet the further strain resulting
from the stretching of the chains as the load comes on the
bridge. An additional contingent strain has also to be provided
for, dependent on the thermometric expansion of the chains.
This latter point is of very great importance, and it has already
received some attention from us. Iu the article to which our
correspondent refers (vol. xxiii. p. 354, col. 2), we considered that
the depth of the girders should not exceed from one-third to onehalf the rise of the chains, in order that they might be suffi
ciently flexible to follow their motion, and never cease to bo
truly "suspended girders. And in p. 353, col. 2, we gave a for
mula for the degree of fall caused by the lengthening of the
chains, which we stated to be as applicable to the effects of tem
perature as to those of tension.
We are, however, glad that our correspondent presses home
this question, since, although we think the passage to which
we have referred puts the answer fairly within reach of our
readers, the matter certainly deserves a more detailed considera
tion than we then found space for.
The girder will be most severely taxed when, in addition to
the theoretical maximum strain, and the effect of the stretching
of the chains, it is subjected to a further deflection owing to the
expansion of the chains by heat.
Unless the suspended girder is fixed at an extreme winter
temperature, the chains will of course occasionally rise as well
as fall. But it is with the degree of fall that we are mainly con
cerned, since it is the fall that adds to the effect (in itself con
siderable) of the settlement of the chains under tension.
Suppose the temperature at which the bridge was fixed, or to
which it was ultimately adjusted, to be such that the expansion
due to extreme summer heat would be at the rate 1 : 1 +er And
let the elastic strength of the chains be such that the greatest
rolling load will cause them to stretch at the rate 1 : l+«j. Also,
let * = span, «= rise of chains, and m = rate per foot forward of
greatest rolling load. And let the girder, as first calculated for
the theoretic strain = — , be of such rigidity that (without the
support of the chains) a rolling load at the rate — covering the
entire span would deflect it D; D not exceeding one-fourth of its
ultimate deflection.
The greatest rolling load would cause a settlement in the chains

— 32 \4t> "*" 3 / ~ "'
and the greatest rolling load on half the bridge would cause
a settlement = \d.
The greatest summer expansion would cause a settlement or fall
25«jj /#*

4o»

= "32 VTt. + "3 j = 8D, d, and J are given in terms of a foot,
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The result of the settlements — and 8 combined -will be to
throw on the girder an added strain at the quarter-span
3d + 68
ma3
mar
X ~64 •
8D

127

A word has yet to be added as to the first cause of subordinate
disturbance above mentioned, namely, the lengthening of the rods.
The effect of the lengthening of the chain is, as we have elsewhere
said, a deflection d= oo"(t + o")-

Th*8 expression, re

solved into two terms, becomes
To provide properly for this strain, the flanges of the girder
m
should be made heavier, so that the rolling load at the rate
8
should deflect it not D, but only D— §<f— |8. That is to say, the
sectional area of the flanges must be first calculated for the strain
And then
then increased
increased in
in the
the ratio
ratio of
nf 11:1+: 1 4- ■— "
—— ,. and
64
8D— 3d— 68 A forced camber given to the girder, or (which comes to the
same thing) its adjustment to extreme summer temperature,
would, by reducing the actual strain thrown on the girder by the
settlement of the chains, allow a considerable abatement in the
weight of the flanges. Thus, if there were a forced camber = h,
the proportion in which the area of the flanges should be in

creased would become reduced to 1 : 1 4- x^—ttt- „. . .. .
' 8D— 3d— 684-6*
If, then, the bridge is adjusted to a mean temperature, so that
the extreme summer fall (8) is half the total variation between
summer and winter, and if a camber (A-) be added = — , the area
x
of the flanges will be found as follows:—
1. Take the area (=A) calculated for the proposed depth of
girder for a strain = „, , or it will now be more accurate to
64
mt1
say, for a strain = 0'132 X
(See page 35 ante.)
8
38
2. Increase A in the ratio 1:1 +
Thus, if D =
4D— 38'
083 foot ( = 10 inches), and 3 = 017 foot (=2 inches), the increase
will be at the rate of 1 :: M" ^ZZ
rr > or about 18 per cent.
332 - 51 '
The preceding applies only to bridges of one span. Were
there more spans than one, the rate of increase would be
1:1+
»
T D2-8
Iu this case D.2 is the deflection of the girder, if unsupported,
under a load equal to half the greatest rolling load, distributed
over the entire span; and A must be calculated for a strain
m*s

= 'T6-•
If 3 = 0-17 as before, and Dj=0-83, the increase of area to
provide for thermometric settlement will now amount to 25 per
cent.
The formula we have hitherto employed to find d or 8 in terms
of e, gives the effect of the elongation of the chain alone. There
will be two other causes at work which we have not yet spoken
of, and each of which in a subordinate degree affects the deflec
tion.
The first of these causes is the lengthening of the suspension
rods (more especially of the long ones), whether from heat or
tension. As the girder will not admit of an abrupt depression
near the pier, the result will be that the upper portions of the
chain will rise, the curve becoming flatter, while a slack will be
thrown towards the centre of the chain, causing it to droop.
The girder on the whole will drop, in a curve not very different
in form from its natural curve of deflection under an equally
distributed load.
The second cause of altered deflection is found in the compres
sion of the towers, which tends, of course, to increase, and the
summer expansion, which tends to diminish, any settlement.
With iron towers the latter effect would certainly become ap
preciable; and also the former, unless there were a liberal allow
ance of sectional area. But at the time when the bridge was
most severely taxed from summer expansion and the weight of
the rolling load combined, the compression and expansion in the
piers would so far neutralise one another th it the resulting dis
placement either way might well be neglected.

So**1 , 25
a =: 128
— —v T24
4- — e v.
Of these two terms the second is considerably the smaller, its
value varying in practice between 8 per cent, and 4 per cent, of
the entire settlement d. Now the effect of the lengthening of
the rods is comparable with this small second term. It is there
fore one which would be amply met by 2 or 3 per cent, more
metal in the flanges of the girder.
A last consideration (although by no means the least), is the
slack thrown in the chains by the stretching or expansion of the
stay-chains. As far as this cause is allowed to operate, a further
addition of metal in the girder is demanded, to calculate which
the length and position of the stay-chains must be known.
But we know of no expedient so good as that invented (and we
believe patented) by Mr. Ordish. A weight is so hung from a
point in the stay-chain between the tower and the anchorage
that the stay is always kept taut, and its expansion or contrac
tion consequently does not affect the main chain.—Ed.]

EXHIBITION OF INVENTIONS AT THE SOCIETY
OF ARTS.
The annual exhibition of inventions in the rooms of the
Society of Arts affords inventors good opportunity of making
known the products of their inventive faculties. It is now four
teen years since the society commenced these exhibitions, which
may be regarded as the precursors of the Great International
Exhibitions; and it is to be regretted that they do not attract
more public attention. In a country like this, which depends
for its prosperity mainly on improvements in the manufacturing
arts, it might be supposed that great interest would be excited
to witness the progress that had been made during each year;
but comparatively few of the multitudes who rush to other
sights, turn to look at the display of ingenuity, open gratui
tously every spring, in John-street, Adelphi. This apparent
indifference to the progress of mechanical arts may be in a great
measure accouuted for by the want of proper accommodation in
the society's house for such an exhibition, without sacrificing to
that object the room in which they hold their weekly meetings.
The dimly-lighted chamber in which the articles are deposited
is not a fitting place either for their reception nor for the re
ception of the company who may want to see them; and the
knowledge of the unfitness of the exhibition-room, and of its
unattractiveness, prevents the greater number of inventors from
becoming exhibitors. Out of upwards of 3000 inventions pa
tented during the last year, not one-tenth part are represented
iu the exhibition of inventions by the Society of Arts. The
forthcoming International Exhibition may have also tended to
deter many from anticipating their appearance on that occasion.
Notwithstanding these depressing influences, the exhibition this
year contains many things deserving attention.
The first objects that present themselves are models of boilers,
furnaces, furnace-bars, and other appliances for tho generation
and regulation of steam. No. 3, a smokeless furnace, patented
by Mr. W. Yates, possesses considerable merit, though, if we
mistake not, the principle on which it depends has been pre
viously claimed. The fuel is supplied above the mouth of the
furnace from a hopper, with a bottom attached to a transverse
shaft, which may be moved by hand to open a passage for the
fuel. Several of the central fire-bars are connected together by
transverse bearers, the outer ends of which are supported on a
rocking quadrant. By this arrangement, when the fuel descends
from the hopper it is carried forward into the fire-chamber by
the horizontal movement of the central fire-bars. The door is
kept closed during the ordinary working of the furnace, but there
is a hole in it through which the condition of the fire may be
occasionally observed, and the stoker's tools applied, if necessary.
The accompanying woodcut represents a sectional elevation of
the furnace, iu which b shows the transverse shaft at the bottom
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on one side as would be drawn up on the other, and the
weight would remain stationary. But as one grooved circum
ference in the upper block is of smaller diameter than the other,
when the pulley is turned the chain is raised on one side more
than it is lowered on the other, in proportion to the difference
in diameters of the two grooves, and the weight is raised to
that extent Were the force applied to the chain that is geared
round the smaller groove, instead of the weight being raised,
it would descend. The notches on the chain-wheel prevent the
weight from running down when the difference in the diameters
does not exceed that in the block exhibited; but were the dia
meter of one to be much greater than that of the other, the
additional leverage would overcome the resistance, and the
weight would in that case run down. By a pulley-block of this
kind it is raid that a man may readily raise a ton weight, and
without any accessory mechanism the weight is sustained in the
position to which it is lifted.
Some large specimens of the new metal, aluminium, and of
its alloys with copper (No. 88), are exhibited by Messrs. Bell
Brothers, of Newcastle-upon-Tyne, who are said to produce it
at such an economic rate as to render it applicable for many
manufactures, and for some parts of machinery, with great
advantage. The pure metal resembles platinum, and in its re
sistance to the action of some of the most powerful acids it is also
like that metal, but its other properties are very different. The
specific gravity of aluminium is not one-eighth part that of platinum, and it is four times less than that of silver; it is therefore
the lightest of all known metals, excepting the bases of the earths
and alkalies. It is capable of being forged, rolled, and drawn
into wire, and melts at a temperature a little above that of zinc.
The chemical properties of aluminium are very peculiar. Sul
phuric and nitric acids have no effect on it, nor have caustic
alkalies; but muriatic acid dissolves it readily, and alkaline solu
tions also act on it with energy. The alloys of aluminium with
copper, or aluminium bronzes as they are called, possess a
degree of tenacity and hardness equal to that of steel. A bronze
composed of 10 parts of aluminium and 90 parts of copper looks
like gold, and is said to take as fine a polish as steel. It is
stated, in proof of the hardness of this bronze, that a groove for
the guide blocks of a locomotive engine, made of that alloy, exhi
bited no appearance of wear after six months' use; and that it
was tried for the journals of the front wheel of a locomotive with
very good effect; its great malleability, combined with its hard11088 and tenacity, rendering it well adapted for that purpose.
Aluminium is comiug into general use in small Birmingham
manufactures, and its great strength and hardness, and its non
liability to corrode, seem to render it a desirable substitute for
steel in many parts of machinery, if it can be produced at a cheap
rate.
An apparatus for deep-sea sounding (No. 95), contrived by
Dr. Wailich, will be very serviceable in surveying the bottom of
the sea, previous to laying down telegraph cables. Two hemi
spherical cups are kept open by a heavy weight, which, on touch
ing the bottom, falls off, and the cups are firmly closed by a
strong elastic ring. Specimens of the mud, or other loose
matters at the bottom, can thus be effectually secured and
brought to the surface.
In the section of building and domestic appliances, there is a
model of a method of sheet-roofing with slate, invented by the
Rev. T. Martin; a self-acting cleansing and purifying apparatus;
contrivances for rendering window sashes air-tight; new sash
frames; relievo covering for walls and ceilings; a heat regulator;
a corrugated chimney-top, and other inventions: none of which,
however, so far as can be ascertained in the gloom in which
they are obscured, possess much novelty, or promise practical
utility.

SUBWAY, COVENT GARDEN APPROACH, LONDON.
{With an Engraving)
The accompanying plate exhibits plan and sections of the sub
way recently constructed by the Metropolitan Board of Works,
under the new street extending from Cranbourne-street to Kingstreet, and forming a much-improved approach, from the west,
to Covent-garden Market.
The Bubway was designed by Mr. Bazalgette, the engineer, in
conjunction with Mr. Marrable, late architect to the board, for the
purpose of receiving the pipes and mains for gas and water, laid
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in such a manner that easy access could be had to them at all
times without disturbing the surface or roadway; and their
object was to accomplish this by an arrangement simple in form,
and at the least possible expense. The length of the subway
executed is 374 feet. The total width of the street in the clear
is 60 feet. The arangement consists chiefly of a central con
tinuous passage or subway, extending the whole length of the
new street, of sufficient dimensions (12 feet by 6 feet 6 inches)
to admit of the deposit of any requisite number of gas and
water mains, and telegraph wires, with ample working room
for alterations, additions, or repairs. Under the centre of
this passage runs the sewer, to which means of access by
man-holes are provided at convenient distances, as also venti
lating shafts, gullies, &c. Side-arched passages communicating
with the central way are constructed between every two houses,
in which the service-pipes are carried from the mains into the
open areas in front of the houses, and open channels are left in
the footings of the walls dividing the house-vaults through
which the service-pipes are carried without any interference
with the structural arrangement; and these channels; although
of small dimensions (4i inches by 3 iuches), being always left
open will act as drains for the admission of air from the open
areas into the central passage, which in conjunction with venti
lating shafts at convenient distances into the roadway, will
secure an ample current of air for all the purposes of ventila
tion. An entrance to the main passage is provided in Rosestreet, similar to the ordinary side-entrances, but of such dimen
sions as to allow of the ready admission of the main pipes for
gas and water, which, as all the service-pipes are laid in sunken
channels, can be readily carried to any required point on a small
truck kept in the subway for the purpose.
Provisions have
also been made for the hydrants or fire-plugs, and for the service
of the street lamps.
Estimates have been prepared by the Board of Wotks, showing
the exact cost of the private vaults of the houses, the paving of
the foot and road ways, together with the cost of the ordinary
sewer, including digging side-entrances, ventilating shafts, gullies,
&&; by which it appears that the extra cost of constructing the
subway, as executed, does not exceed £2 per foot run, or, divided
between the houses on the two sides of the street, about £1 per
foot frontage on each house, which, together with the cost of the
vaults, sewers, and road, might be charged at once on those
taking up the ground-rents, or be added as an annual charge in
addition to the ground-rent, and which, of course, would form a
part of the annual rental, to be sold when the board should
think fit to realise the ground-rents. Mr. Thirst, of Chelsea,
was the contractor; the amount of contract was £4391.
Original Estimate of Subway, Sewer, Cellars, Foot and Carriage-way
Paving, at per foot run of frontage.
Sewer—
j. £. s. d.
Excavations, carting away, &c. 0'42 cubic yd. at 2i. 6d. 1'05
Brickwork, 466 cubic feet, at lid
427
...
... 006
Junction blocks, 9-inch pipe
...
...
Sub-way—
0 6 5
Excavations, &c, 2273 cubic yards, at 2». 6<J.
... 668
(Central passage) brickwork, 1316 cubic feet at lid 1206
Excavation, &o , 0306 cubic yard, at 2*. 6d. ...
0-76
(Side passage) brickwork, 214 cubic feet, at lid.
... 1-96
Cellars—
10 5
Excavations, &c, 3635 cubic yards, at 2a. 6d.
... 8-83
Brickwork, 22930 cubic feet, at lid
...2102
Pitching (brick on edge), 0525 square yard, at 3». 6d. ... 184
Paving, area 24 flag, 0324 square yard, at 4i. lOd. ... 156
Forming of street—
1 13 3
Excavations, 102 cubic yard, at it. 6d...
... 255
Concrete, 0'83 cubic yard, at 6s.
... 499
7-inch granite cubes, l-66 square yard, at 16»....
...26-56
Kerb, 0-26 cubic foot, at 5*.
... 1-25
24 paving, 0 665 square yard, at 4a. 10<J.
. . 3-21
3-inch paving, 0103 square yard, at 5s. Id.
... 0-57
Add proportion for side entrance, ventilators, &c. per foot run 0

16

Total cost per foot run of frontage
...
...
£4 19 9
The length of the frontage of the houses is about 880 feet.
Since this estimate was made the board have decided upon
charging the cost of the cellars only to the purchasers of the plots
of land, so that the excavation for and formation of the subway
itself for a length of 374 feet has to be deducted from the above
estimate, and forms an outlay by the board ou behalf of the public.
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ON CONSISTENCY OF STYLE IN DESIGN, AS EXEMPLIFIED IN THE WORKS OF THE QUATROCENTO PEEIOD.*
By Sydney Smieke, R.A.
In a former lecture I called your attention to a period in the
progress of our art which must ever be of great interest and
value,t—I mean the Quatroeeuto period, for it was then that the
foundation was laid of a new epoch or style of art, founded it is
true on the admired examples of antiquity, but adapted and
reshaped to meet the new wants and altered habits of modern
life. On the occasion to which I refer my retrospect reached back
to the earliest germination of the Renaissance. We found that
even so far back as the middle of the fourteenth century there
was a manifest dawning of the coming change; and that by the
middle of the following century the revolution had been com
pletely effected. I recommended to your special attention and
study the beautiful and in many respects original style of design
which the best masters of that period practised; the style, in
short, which we observe in the works of the Lombardi at Venice,
of Alberti at Rimini, and elsewhere, and of some few other emi
nent artists who led the way in that new 3chool.
But it is not to be denied that that style is characterised—
perhaps I ought to admit, disfigured—by certain archaisms and
conventionalisms similar to those which are observable in the
sculpture and painting of the same transitional period. In fact,
throughout the fifteenth century a savour of Mediaeval art had
remained: works of great purity and beauty would often present
some quaint conceit, a reminiscence of the past analogous to that
which still tinctured the elder schools of the other branches of
art. This no doubt was occasioned by an unwillingness, not
uncommon, to depart from a trodden path, and to that reverence
and prepossession with which it is natural to regard the works
of our forefathers. Nor is this habit peculiar to architecture
alone. The other arts were, pari passu, partaking of the same
innovating spirit. Old habits and partialities had to be overcome,
old barriers broken down, both in painting and sculpture. There
were those who still persisted in representing human figures
standing on the extremities of their toes, and who would not
learn to represent a horse walking as alone a horse can by any
possibility walk. Vasari dwells with some naivete on the impo
tent dismay with which the men of the old Gothic school beheld
their long-cherished traditional delineations of natural objects
set at nought, and their conventionalisms disregarded and wholly
displaced in popular estimation.
The new manner of design in the three sister arts appears to
have become completely matured at the close of the fifteenth
century—not, it is true, in Europe generally, but in Italy, which
was then immeasurably in advance of other countries in aesthetic
cultivation. A particular interest attaches to that transitional
period, for it was a time of remarkable activity and energy,—an
activity which perhaps necessarily accompanies all periods of
great social change.
It was at this juncture in the history of the world that men
began to learn that war is not the normal condition of our exist
ence, and that human happiness depends rather on social co-ope
ration than on antagonism. They were then also learning to
exercise a free judgment on many public and religious institu
tions. These great changes were accompanied by great changes
in the moral perception and practice of fine art. Dwellings
ceased to be castles; helm, corslet, and mail gave way to the silk
and ermine of civic robes; and the houses of the great began to
wear a new aspect when their occupants ceased to frown on their
neighbours as on their natural enemies, and began to appreciate
the smiles and graces of domestic life. Thus, no'thing could be
more joyous and peaceful in their aspect than the palaces of
Venice that began to be built about this time; and when, at a
somewhat later period in our own country and in neighbouring
states, the harsh attributes of mediaeval life yielded to the culti
vation of peaceful arts, nothing could exceed the cheerful and
attractive aspect of the mansions of the Elizabethan age: unre
fined indeed, and occasionally clumsy and even grotesque, they
were gay and lightsome,—often indeed so flooded with light, that
as Bacon, who was familiar with such houses, says, "Men knew
not where to be to be out of the light," so entirely had the
secluded and fortified aspects of the earlier architecture been
banished from them.
* The third of a course of Lecturai on Architecture delivered at the Royal Academy.
t See ante page 103.
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Among the changes brought about at this momentous epoch,
none were more strongly marked than those which occurred in
our own art; and the change which was in Italy gradually
effected during the fifteenth century seems to have reached, as I
have stated, its final completion towards the end of that century,
—a period rendered so illustrious in the annals of art by the
works of Raffaelle, Michael Angelo, and a brilliant host of others
of kindred genius. Bramante, and his still more distinguished
pupil Raffaelle, introduced in their architectural designs that
union of perfect grace and simplicity which inclines me to assign
the very beginning of the sixteenth century as the date of the
greatest perfection of the Renaissance school, when modern archi
tecture may perhaps be said to have attained a degree of excel
lence which has never been since exceeded. Among the most
notable examples of this very remarkable but short period may
be named the Loggia of the Vatican, the Pallazzo of the Cancellaria at Rome, the Palazzo Pandolfini, and a few other buildings
which might be named as specimens of matchless .purity of
design.
As the painter's art freed itself from the conventional style of
drawing and composition which had before prevailed, and became
distinguished for truth, simplicity, and grace, so architecture
in this its age of elevation—namely, the commmencement of the
sixteenth century—will be found to be free alike from the
grotesque tendency both in proportions and in ornamentation
which occurs in the preceding age, and from the excesses and
extravagance which grew up with the rapidity and profusion of
weeds during the succeeding period. It is to be deeply regretted
that Raffaelle did not live to transmit to us a greater variety of
examples of architectural design, for undoubtedly he had as pure
and refined a feeling for architecture as for the Bister art. The
great works of this illustrious man, whom the united voices of
his own and of all subsequent ages, and of all civilised countries,
have pronounced to be one of the most gifted sons of art, were
executed within twenty years—namely, from 1500 to 1520—
which must be regarded as the culminating period of modern
art, including modern architecture. It will be profitable then
to look back upon that short but brilliant epoch, and to pass
under review some of the. principal works which belong to it.
I have already noticed;some of the contemporaneous social and
political events which characterised this period of mental and
aesthetic activity. Very few years sufficed to effect very great
progress. The great changes in art were, as you well know,
simultaneous, and perhaps in great measure connected with and
consequent upon the important literary revolution which was at
that time taking place. After lying for ages almost concealed,
and certainly wholly neglected and uncultivated, classical litera
ture was restored and rapidly developed, and it was natural
that at the same time a congenial taste for the study of that
classical art with which it was intimately connected should
arise. While the Petrarehs and Politians were busied in ex
ploring and unfolding the treasures of neglected libraries and
defaced palimpsests, the researches and labour of the no less
indefatigable lovers of ancient art were daily bringing to light
the surviving evidences of its former excellence. The first artists
of the period were indeed the most energetic archaeologists.
Buildings previously unknown were disinterred and diligently
examined. We find Alberti, Bramante, Peruzzi, and Raffaelle
himself, studying with exemplary pains the crumbling relics of
antiquity, and with incredible zeal measuring and delineating
those treasures, which, like the gold of new-found fields, had lain
for centuries trodden under foot, disregarded and even unob
served. The effect of this ardent study soon made itself very
visible in the works of these artists, and such was the fervour
with which these studies was pursued, that the lifetime of each
individual artist witnessed wonderful changes in all the arts of
design.
It is not for me to expatiate on the changes so effected in the
sister arts; I have already alluded to the singular evidence of
progress as a painter in the twentv years of Raffaelle's artistic
life. Unfortunately he built so little that we have not the
means of tracing his progress in architecture; but in the works
of his master, Bramante, we have more palpable evidence of the
effects of his eager study of classic remains: his ea lier works, as
in the Cancellaria, with all their beauty show some indications
of the archaic dryness of the fifteenth century in the working
out of their details; whilst in his later works, as for example
the memorable arcades of the Papal palace, a more accurate
acquaintance with Classical details and Classical treatment of
31
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architectural forms becomes manifest. Vasari dwells with ad
miration on the zeal with which Bramante applied himself to
the acquisition of an accurate knowledge of the style which had
for so many centuries fallen into oblivion. In cultivating this
style anew he was but following the popular impulse that had
been given to the study of ancient architecture by the disinter
ment of Roman remains, both literary and artistic. But the
peculiar energy of Bramante's character, and the favour which
he enjoyed at the Papal court under Alexander VI. and
Julius II., and which afforded him so wide a field for the exer
cise of his genius, rendered him perhaps the most influential
and effective of all the promoters of classic art at the period to
which we are referring.
Among the foremost of those who zealously seconded Bra
mante's efforts for the resuscitation of ancient architecture, was
Baldassare Peruzzi. Although his immediate successor in the
fabric of St. Peter's, Peruzzi was an artist of widely different
character; of far less vigour but of much more refinement, most
painstaking and laborious, but diffident, retiring, and unambi
tious, Peruzzi wanted those intrinsic qualities without which
talent often fails to attract the merit which it deserves. Bra
mante, bold and energetic in the prosecution of his works, yet
joyous and festive in his social habits, attained the highest fa
vour and the utmost popularity; whilst his successor, of a very
different turn of mind, lived, as his biographer tells us, amidst
constant vexations and difficulties, and died in penury. Yet, in
mockery as it were of his hard fate while living, a pompous
monument was erected in his hononr after death by the pope,
in the Pantheon, close to the resting-place of his fellow-pupil
Raffaelle.
There are lessons to be learnt from a careful study of the
works of these earlier masters of the Renaissance to whom I have
been referring, which I think it particularly behoves me to dwell
upon in this place.
I can call to mind no work of the best masters of this period
which does not clearly indicate that in their estimation it was a
leading principle of design to distinguish very widely, and in a
most marked manner, between the treatment of interior and
exterior architecture. In the works of both the masters to whom
I have adverted—namely, Bramante and Peruzzi, but perhaps
more especially of the latter, a degree of interior ornamentation
was indulged in that might to our cold northern tastes appear
almost excessive, and which we should probably be disposed to
condemn, were the excesses not redeemed, and I may say in most
cases fully justified, by the extreme beauty of these ornamental
details, and by the judicious treatment of them. Nothing, for
example, can well exceed the elaborate elegance of the decora
tions of the halls and corridors of the two Massimi palaces at
Rome, which I own struck me as among the most finished
studies of interior architectural composition that I had ever seen.
The rapid advance made towards the perfecting of the new style
is rendered remarkably apparent by a comparison of the orna
mental details of Bramante's Cancellaria with those of the highly
finished works of Peruzzi to which I have just referred.
Now if we look to the exterior of these same buildings we shall
find the most marked difference of treatment;— a general abste
miousness prevails iu respect to mere ornamentation. The evi
dences of care and study in the composition of the leading forms
as well as of the details are quite as apparent outside as within.
There is not a moulding that does not bear the impress of thought
and care; but you will find breadth and simplicity the chief
objects aimed at throughout, whether in the principal features or
in the minor details. It is clear that these great masters, with
one accord, were wont to say to themselves, " We will indulge
our love of the beautiful on the walls and ceilings of our saloons
and corridors, where the eye has leisure to dwell upon them, and
where, sheltered from the vicissitudes of the seasons, our cunning
intricacies and our mimic foliage may endure, and be a permanent
source of pleasant contemplation for future generations; but we
must, in our exterior work, have regard to the altered circum
stances of position. A building cannot be very critically exa
mined, or even seen with convenience, from a very proximate
point of view: the eye must be moved to some distance in order
to appreciate or comprehend the design of the exterior when
the building is large. It is not then in these elaborate details
that we can hope to win the applause of cultivated critics; for in
truth such details will be too far off to be seen. We must
rather have regard to the ensemble, to pleasing outlines, to variety
of light and shadow, to symmetrical arrangement of the several
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parts. Such are the considerations that must be foremost in our
minds whilst we are designing external architecture. If we
introduce on the outside the minute and intricate ornaments in
which our fancy disports within, we shall find the breadth of
our lights broken up, and their effect destroyed. We shall be
inviting attention to details the merits of which will be unapEreciated, and run the risk of losing the labour we have
estowed on the general composition, which may perchance pass
unheeded by the eye, distracted in its attempts to examine un
important minutue. Besides, architecture is a material art: it
deals with substantial realities, and is wholly dependent on
static laws. Moreover if we break up and obliterate our bound
ing lines, we shall deprive our work of the special character of
architecture, and destroy its idiosyncrasy. It behoves us too to
reflect that by raising up a structure composed of trivial little
nesses, and overlaid with festoons of little leaves, and flowers,
and ribbons, or crowded with crockets, fiuials, and intricate cor
belling, and by fretting the surface over with niches and imagery,
and so forth, we shall be setting the elements against us. We
shall find that the rain, and the frost, and the invisible chemical
atmospheric agencies for ever acting with determined hostility
against the substances we work in, will ultimately—possibly
slowly, but perhaps rapidly, at all events most surely—render
our sculptural labours nugatory, and perchance indeed annihi
late our building; and if those who follow us are not perpetually
employed in renovating our work—patching and mending, re
storing or renewing—our structure wdl inevitably become a pic
turesque ruin, the established residence of bats and owls."
Such may have been the reasoning of those experienced,
thoughtful, and sagacious masters who ruled the destinies of
our art at the end of the fifteenth century; and hence we find
that Raffaelle, when he designed the Palazzo Pandoltini at Flo
rence, his work is a model of symmetry and elegance, but wholly
without wreath, swagg, or crocket. It is the admired of all
beholders, as much so now as when it was just erected; and
lastly, it remains unaffected in its stability after exposure to the
elements for three centuries and a half. The same discrimina
tion in the use of decorative details will be found to charac
terise the architecture of the Vatican Loggia, the Cancellaria,
and the Palazzo Massimi, at Rome; the Church of San Francesco
at Rimini, the Palazzo del T at Mantua, and I believe I may
add every other building by the leading artists of that memo
rable period which remains to us uudistigured by the hands of
more recent spoilers.
I feel it incumbent on me to invite the attention of the student
in architecture of the present day to a thoughtful consideration
of this lesson, as taught us by the best masters of the best period
of modern art It is the more incumbent on roe to do so,
because it is impossible to deuy that the fault of the present
day is a tendency to excessive and inappropriate ornament.
I trust I shall be exonerated from any charge of personal
criticism. I can truly say 1 have not the remotest idea of assail
ing individual sinners; it is the sin I would condemn. If we
critically examine the growicg architecture of any of our great
commercial or manufacturing towns, we shall see ostentatious—I
may call them presumptuous—edifices rising around us, in every
possible respect the reverse of those graceful yet unassuming
works to which I have been adverting. Their outside is decked
out and weighed down by ornament, showy, obtrusive, and mere
tricious; whilst their interior presents usually bare black walls,
as indeed they should be, seeing that they are occupied solely
by clerks and merchandise. I cannot in too strong terms raise
my feeble voice against this vulgarism, which, while it panders
to the worst tastes of the uneducated throng, sets an example
that tends to perpetuate the grievance, and to lower the stand
ard of public taste by inuring our eyes to these pretentious
solecisms. From warehouses and counting-houses the plague
may spread to edifices of other and higher character.
But let us turn from the further contemplation of these un
happy errors; and as the Spartan youth were taught sobriety
and moderation by the repulsive exhibition of vice in its worst
forms, so let us hope that the exhibition of so much vicious taste
may operate as a warning to our ingenuous youth, and thus
tend to bring back architecture to its ancient and becoming
purity.
Whilst thus venturing to denounce offences against purity and
good taste, it may be permitted me to touch on what I am
apprehensive must be regarded as another prevalent error—I
mean the growing tendency to disregard consistency of style
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in design. By style in art I presume is meant a certain homo
geneous system or manner of design, productive of a combina
tion of analogous forms bearing an harmonious relation to each
other. Thus when a particular style or manner is adopted and
carefully adhered to, a pleasing effect is produced by the general
air of consistency which is the result, even when higher apathetic
qualities are wanting.
To adhere accurately to any given style demands an intimate
knowledge and close observation of its peculiarities, involving
the necessity of a laborious and attentive study. This necessity
is apt to breed a disposition, first, to depreciate, and then to
disregard all study of this nature,—a study very unwelcome to
the indolent and very distasteful to the self-sufficient student,
who spurns the trammels of consistency, and who, ambitious to
strike out a path of his own, would fain believe it to be beneath
him to regard very narrowly the trodden paths and the more
frequented highways of his art. No mistake is more dangerous
than this;—the only safe ground for hope of future progress lies
in a clear and comprehensive knowledge of the past; and he
who is earnestly anxious to extend the bounds of art must first
make himself thoroughly acquainted with all that lies within
those bounds.
The contempt for consistency of style gives birth sometimes to
very strange spectacles, many singular compounds of discordant
types. We shall find perhaps very high-pitched roofs of French
rococo work laid upon a structure having visible pretensions to
Palladian art, whilst scattered glimpses of Elizabethan manner
give to the heterogeneous mass still greater grotesqueness. Such
are the deplorable results of the neglect of style. Be assured that
no genius, however conim inding, can indulge in these anomalies
with impunity; whilst for the student of ordinary powers to
venture upon them would be an act of imprudence which no
sensible man would commit.
I may perhaps be told, that to inculcate so careful an adherence
to style would be to set up a slavish doctrine,—to shackle the
fancy, and to limit the freedom of genius. But this would be an
error. As consistency of conduct in the ordinary affairs of life is
an evidence of stability of judgment, so aesthetic consistency is a
proof of a taste based on sound and intelligent principles. This
consistency of style is peculiarly a mark of the best periods of
art, and will never fail to be fouud to distinguish the productions
of the best masters. If for example we examine the cheft daiuvret
of the thirteenth century, we shall be offended by no inconsisten
cies. Une portion of the building appears to arise necessarily
out of or to be necessarily dependent on the adjacent portions,
and generally a natural sequence of parts tending to one homoge
neous whole seems at once manifest;—a pervading principle, in
short, appears throughout the structure. So in the best works of
the great masters of the Renaissance period, there is a well
regulated congruity of manner, testifying that the artist was
influenced by fixed principles, and that his work was as much
the result of good sense as of good taste; or rather, that these
two qualities are necessarily associates of each other, for I cannot
too strongly impress upon you how close a relationship it is which
exists between them. The educated eye refuses to be pleased
with that which is irreconcilable to reason, iu however fascina
ting a form it may be presented to the eye.
It is for this reason that all false bearings in architecture are
a deformity, for by offending the judgment they offend the taste,
Every apparent insufficiency of support, every pillar and corbel
and beam that is apparently incompetent to bear the weight
charged upon it, disquiets the critical eye. I would suggest it to
you as a useful exercise to test all the best works of architecture,
of whatever date, with reference to this rule.
You will find for example the lower parts of the building
always designed with fewer breaks, smaller openings, and gene
rally a greater breadth of parts, in order to convey to the mind
of an observer the idea of greater strength there than in the
superstructure. An abundance of illustrative examples might
readily be adduced, but it may be sufficient that I should name
but two, both works of high repute, and familiar to all—the
Campanile at Florence, and the Doge's palace at Venice. In the
former, stability is one of its most prominent characteristics.
Giotto its author was, we know, remarkable for his constructive
sagacity; and his biographer reports to us the infiuite pains he
took to secure the stability of his work, fashioning each indivi
dual stone to its special place and purpose. Yet we see plainly
that he was equally anxious to give to his tower the appearance
as well as the reality of strength. In truth, to act otherwise
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would have been to practise a species of architectural jugglery,
which was far beneath the dignity of his art, as well as incon
sistent with his character as an artist. He built a tower, in
short, which has stood unmoved for six centuries, and bears upon
its very aspect the promise of permanence during at least another
like period. In the Doge's palace at Venice, on the contrary, we
see a building, which is no doubt strong enough, for it has stood
some centuries, but in which all its beauty of detail will not
redeem it from the charge of being built in defiance of static
propriety. A vast, plain, ponderous mass of brick walling, light
ened by few windows, relieved by very few breaks, is upheld by
a continuous row of not very substantial looking arches, ulti
mately resting on pillars of no great bulk, and having scarcely a
base to receive them.
In the tower at Florence we see solidity below and lightness
above; whilst in the palace at Venice all the solidity is above,
and the substructure is weakened, or apparently weakened—
which is sufficient for my argument—by a series of deep perfora
tions or excavations. To give a structure of adequate strength
the appearance of infirmity is a gratuitous piece of absurdity,
which no ingenuity of construction or beauty of detail will justify.
Were it necessary to enforce this principle by further illustra
tions I might invite you to compare the dome of the Pantheon
with that of St. Peter's; the latter growing abruptly out of and
apparently resting on a flat roof, the former, on the contrary,
having all the attributes of strength, its weight visibly and
adequately borne by walls traceable down to the earth, upon
which it manifestly reposes. It is but doing justice to the
memory of the great artist who first designed St. Peter's, to add,
that this serious aesthetic error is due to a departure from his
original design.
Let us revert now to the consideration of the works of that
particular period to which i have for the most part confined
my remarks on the present occasion. I have called your atten
tion to the general propriety of design that pervades the works
of the best masters of the period; and I have shown how inva
riably they kept in mind the difference which it is obviously
and naturally desirable to preserve between the treatment of
interior and exterior architecture. I have attempted to show,
too, how discriminating they were in the use of ornament, exer
cising a wise and judicious abstemiousness, or a generous profu
sion, according to the relative position of the work and the cha
racter of the building.
I would now invite you to observe how careful those masters
were to consider well the nature of the situation of their work,
and the difference which they evidently thought it fitting to
maintain between works of architecture erected in cities, and
those which are erected amidst natural scenery. In these two
cases the building is seen under circumstances so widely differ
ent, that a corresponding difference of treatment seems obviously
called for. A certain air of reserve and dignity, a subdued for
mality of manner, seems the most appropriate average character
for buildings in the one case, whilst a riant and playful aspect
seems generally the most appropriate in the other; although no
doubt it would- not be difficult to state exceptions, still I appre
hend that such is the broad distinction which may aptly and
properly be laid down.
In civic architecture, then, though there may be contrasts in
the colour of the several parts, as well as in the form and or
namentation of the several features of the design, still it is
expedient I think to preserve a generally symmetrical arrange
ment and uniformity of appearance, in order to give to the
work that staiduess of character which seems most in accordance
with civic life.
My observation is intended of course to apply with more force
to buildings of a public nature, but it applies also with, I think,
but little less force to domestic architecture. In the thorough
fares of a great city, good taste suggests that individual feeling
should give way to public considerations; and a man who ob
trudes his residence upon the public notice too conspicuously,
lays himself open to the charge of a vulgar presumption. Hem
med in as every building usually is, whether private or public,
by numerous other buildings, when in the centre of a town, each
is liable to be judged with reference to its neighbour, and each
fronp of buildings forms, or should form, a homogeneous whole,
must not be so far mistaken as to be supposed to recommend
that cold, monotonous uniformity, which we occasionally meet
with in continental cities, and too frequently in our own. Yet,
too great a variety of treatment should not, I think, be indulged
31*
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in. I have however already on a former occasion ventured to
express this opinion, I will not therefore farther insist on it.
Widely different are the circumstances attending rural archi
tecture, surrounded by the endless variety of natural objects,
where those with which our work is in contact, or in the imme
diate proximity of which our building stands, are broken into
many parts and into various altitudes. To group well and to
amalgamate agreeably with such forms, a building must not be
marked by too great severity of aspect; it should be broken and
somewhat diversi6ed in form and chiaroscuro.
This is the sentiment that seems constantly to have influenced
the best masters, not of the age only to which I have this
evening been particularly referring, but of every age when ac
complished architects have existed. Look, for example, at the
Villa de Medici at Rome, attributed in great part at least to
Michael Angelo. The front uext the city, where it is placed
formally in the presence of other buildings, presents a somewhat
plaiu, uniform, and pefectly symmetrical design; whilst the rear
of the very same building, where the facade is surrounded by
the varied accompaniments of ornamental gardening, parterres,
fountains, terraces, and the like, assumes a totally different cha
racter; its outlines seem to relax into the picturesque and irre
gular. So that beautiful villa in the vicinity of Rome, well
known to all who have visited that city—the Villa Doria Pamfili.
Abounding in sculpture of the most rich and elegant character,
it seems to be in perfect harmony with the smiling gardens
with which it is associated; so harmonious indeed that the
edifice appears to grow imperceptibly out of the terraces which
surround it, and one can hardly define where the domain of the
gardener ends and that of the architect begins. Compare this
villa, its broken outlines and varied heights, with the palaces
of the best masters in the adjacent city, such as the Palazzo
Farnese, and others that might be readily named, and you will
see in the latter dignified masses of architecture with unbroken
outlines, generally of uniform height, and always great modera
tion in the use of ornament. Look too at the Villa Pia, by Pirro
Ligorio, a contemporary of Michael Angelo; the light and grace
ful building scatters itself, as it were, over the gardens of the
Belvedere, in the freest and most fantastic manner; while the
same artist when he designed the Palazzo Lancelotti, at no
great distance off, but in the streets of Rome, produced a simple,
grave, uniform, and almost heavy structure.
But evidences of the systematic adherence to this principle
of de-ign crowd upon our recollection among the works of the
most eminent in. the age of which we are speaking. Palladio
adorned the cities of the North of Italy with buildings that have
ever since been the types of architectural beauty; but I re
member not one example of a strictly civic building of his
desigu that does not, with all its elegance and refinement, pre
serve a somewhat subdued, dignified, and decorous tone, marked
by the uniformity and simplicity of its general lines; whilst the
same architect, when relieved from the realrant apparently im
posed on his pencil by the publicity as it were of the site, will
never fail to be found to relax into a freer and more playful
design. I need hardly do more than remind you of the graceful
Villa Capri, on the banks of the Brenta, those banks so rich in
examples of that fine taste which distinguished Italian art in
the earlier half of the sixteenth century, yet abounding also, it
must be owned, in architectural capriccios of a very different
character of a later date.
When adverting to the excellence of the masters at this aus
picious period, it behoves me not wholly to omit certain other
illustrious names. Among the immediate followers of Raffaelle,
none I think deserves our regard more than Giulio Romano.
He was one of the master spirits of that remarkable age.
Whether as an engineer engaged on the drainage of the marshes
of the Po and the Mincio; or as a painter of the very highest
powers, and endowed, in the opinion of Sir Joshua Reynolds,
with a poetic genius beyond that of any painter before or since;
or us an architect, the designer of the Villa Madama at Rome,
and of the Palazzo del T at Mantua,—in whatever light we
view him we must place him in the first rank of those who by
their works have bequeathed to ns important lessons in our art.
As architect only I presume to speak of him here; and as such
certainly he was fully worthy of his great master Raffaelle, and
of the period at which he lived. To the Mantuan palace I
would point as a striking illustration of the principle of design
to which I have been adverting. With all its elegance nothing
can well exceed the extreme simplicity of the exterior of that
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building, although built for the personal enjoyment and under
the eye of a prince devotedly fond of art, and with the command
of abundant means, Giulio Romano has lavished on his work
no pompous Corinthian display; he has indulged in no super
fluities of friezes, festoons, and foliage. There is not, in fact,
a single column in the whole building, although it is true we see
on every inch of surface ample evidence of the nicest taste, and
of infinite painstaking in the adjustment of the proportions of
each individual part as well as of the whole. Such is the cha
racter of the exterior. It would difficult to form an adequate
conception of the obloquy that would be the fate of any mistaken
individual who in these days of masonic floriculture would dare
to erect so plain a building in Hyde-park. Poor, tame, heavy,
barren, cold, dry, &a, Buch are a few of the adjectives that would
be coutumeliously assigned to the unhappy artist by the current
criticism of the day. Such however is the character of the exte
rior which Giulio Romano, the favourite pupil of Raffaelle,
thought proper to give to the outside of his royal master's
palace. But enter that palace, and you will there find the poetic
genius of the artist in all its radiance; the richest display of all
the three sister arts in happiest combination and in most gene
rous abundance.
It might seem superfluous to dwell so much in detail on a
principle the propriety of which appears too obvious to need
enforcing, but he must be little versed in the erring tendencies
of our art, and in the eccentricities of her votaries, who will not
admit but too readily that the principle I urge has been far too
often deplorably overlooked. How often do we meet in situa
tions of the most romantic beauty with buildings of that
Boeotian age of English architecture, the latter part of the last
century, whose plain, heavy, cubical masses too truly deserve
the ridicule of Uvedale Price, who likens to a "a huge clump of
bricks" their ungainly shape, "if shape it maybe called which
shape hath none." How often too may we encounter, in the
very heart of our soot-begrimed towns, some tawdry piece of
affected picturesqueness, obtruding itself on us like an ill-timed
joke, jarring on the feelings, and out of tune with the tone of the
mind.
Having now touched upon the merits of some few of the most
distinguished among the worthies of the earlier part of the
sixteenth century, I have but little time left to review the merits
of those artists who illustrated the remainder of the century.
Indeed, to do even the scantiest justice to that brilliant epoch
we need a long course of lectures, and what is far more import
ant, a long course of study. It is a singular fact in the history
of our art that, limiting our view to the period of modern civili
sation, nearly all that is excellent in architecture will be found
to be centred within about a hundred years, dating from the
latter end of the fifteenth to the latter end of the sixteenth cen
tury, and that, too, within very narrow geographical limits—
namely, the northern and central parts of the Italian peninsula.
No doubt within that period works of great merit and genius
may be found outside those geographical limits; but they will
prove on examination to be for the most part but weak and infe
rior emanations from the real active centre to which I have
referred. Italy was in fact the school of art for all Europe, and
whatever was fine at that period in France, Germany, and I
believe I may mid Spain, may be traced to an Italian origin, for
Italian artists scattered themselves over those countries, or by
their teaching and example influenced the progress of art there.
Of course I here speak not of our own country, for we had then
hardly emerged from Medieevalism, and our art then formed part
of a totally different cycle, and belonged to another civilisation.
In stating that the culminating period of what we call by the
borrowed term " the Renaissance," extends from the latter part
of the fifteenth century to the latter part of the sixteenth cen
tury, I would observe that even within those hundred years it is
by no means to be asserted that an equally sustained excellence
prevailed. For whilst in the north of Italy, Palladio, Sansovino,
and others nobly sustained the character of their art, the Roman
school certainly deteriorated within that period.
Michael Angelo was beyond any question whatever one of the
greatest artists the world has yet known, and it seems almost
profane to utter a single derogatory syllable respecting him,
especially within these walls, where his transcendent merits
have been so often recognised and proclaimed; yet truth, or at
least what I honestly believe to be the truth, obliges me to say,
that the intense vigour and potent genius of Michael Angelo led
him to set examples which did in fact, through his numerous and
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leas-gifted imitators, very seriously debase the Roman school of
architecture.
In the earlier, purer days every form had its mechanical pur
pose, and every stone its special use, and even every ornament
was but an emphasized stone. In the works of Bramante, and
Raffaelle, and Giulio Romano, the removal of a single ornament
would have been a manifest mutilation of the building; whereas
in the works of the later masters ornament became a redundancy
—an object that would seem to be capable of being plucked away
or hacked off without any concern to the fabric itself. These
decorative adjuncts were, I am most ready to admit, often very
beautiful works in themselves, but their individual beauty is no
justification of them when improperly placed, or when used for
the unworthy purpose of winning applause for their novelty
alone or for their fine execution.
A learned divine of the last century, speaking as a literary
censor, says, " Vicious examples are most noxious when set off
and recommended by the charms of oratory and poetry; as some
poisoDous plants growing on a mountain in China are said to kill
only when they are in flower." So was it with the seductive
embellishments of artists who, heedless of the simple habits of
their predecessors, cultivated a noxious exuberance of ornament;
degenerating from plenty into excess, from legitimate indulgence
into a sort of aesthetic inebriety; wholly forgetting that the
highest art and the most commanding powers must submit to be
subject to the guidauce of reason and good sense.
It is therefore that I have on this occasion held out for your
special consideration and study the works of the distinguished
men of those better times to which I refer. I would recommend
to you to ascertain exactly wherein their merits appeared to lie,
and what were their faults. Consider well how the peculiarities
of each master's style arose out of the circumstances of the time
when he lived, or from the climate under which he worked, or
from some other local circumstances; and however much yon
may admire or even reverence his style, think how far it suits
our modern English wants before you adopt any portion of it as
your own.
I know some very transcendental critics may say, "Why adopt
any other man's ideas J Scorn rather to repeat that which has
been done, and let every idea that you embody in brick and
stone be your own original conception, the offspring of your own
pure invention." Such advice would be founded on a theory
most attractive and exalted; but it is a theory which I should
fear to recommend here for your unrestrained, unqualified adop
tion. Some of the most atrocious sins in our art have been
committed under the influence of this seductive and dangerous
theory. Under the flattering term of invention men have in
dulged in the vainest conceits, and have perpetuated in stone
some of the most ridiculous errors. I feel it to be my duty, at
the risk perhaps of being charged with timidity and want of
vigour, to advise the young student not to allow his ambition to
seduce him into abortive attempts at novelty.
An eminent writer of the seventeenth century says with much
point—"A man coins not a new word without some peril, and
less fruit; for if it happen to be received the praise is but mode
rate, if refused the scorn is assured." It is in truth the privilege
only of the highest genius to venture upon deliberate innovations
upon established modes of expression, or to add to his native
vocabulary; and the ordinary student would do wisely to confine
himself to that which has received the sanction of time.
Such, too, are the risks run by him who without the utmost
circumspection would venture to coin new forms and arrange
ments of architecture. Nor am I imposing on him any severe
restraint. A wide field still lies open before him for the exercise
of his imagination, and for the production of beauty and grandeur.
He may find his ingenuity sufficiently taxed in doing that well,
without even attempting to mount into the higher regions of
imagination. To torment his brain by spasmodic attempts at
novelty, when the result of that effort is perhaps but to do what
might just as well have been done by ordinary means, is like a
man who would prefer to lose himself in the tangled forest rather
than submit to pursue the path that is straight before him.
Let the studeut then and the younger practitioner beware lest
he be led into danger and difficulties in the pursuit of so unsafe
an object—so treacherous an ignis fatuus as mere novelty. The
good general is he who, in preparing for an engagement, begins
by making himself thoroughly acquainted with his fightingground,—who ascertains his weak points and strengthens them,
and secures his ground by first making himself intimately ac
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quainted with its capabilities. Such I apprehend would be his
surest way of effecting a permanent and safe advance and of
securing ultimate triumphs; and such I apprehend is the type of
that process by which in our art real progress may be made and
her true interests promoted.
Above all things, enter into no sectarian views: do not confine
your studies to the narrow limits of a special period or style.
Were a man to open a book in one place only, and after thumbing
and dog's-earing the one page to leave the rest uncared for and
unread, his profit would be small, and his knowledge of the book
extremely limited. The great volume of our art must be read
with no such parsimony of labour; for no deep and compendious
knowledge of the subject of that volume will be acquired without
a diligent, impartial, painstaking study of all its pages.

THE THUL GHAUT INCLINE ON THE GREAT
INDIAN PENINSULA RAILWAY.
This great undertaking, and its predecessor on the same rail
way, the Bhore Ghaut incline, are rendered especially interesting
by their magnitude, practical characteristics, and by the fact that
they are situated in a country where, with all the advantages of the
national enterprise and government support of England, success,
economy, and despatch were dependent upon the resources of a
foreign and distant land.
The Thul Ghaut incline was described by Mr. Jas. J. Berkley,
chief resident engineer of the Great Indian Peninsula Railway,
in an address delivered to the members of the Bombay Mechanics'
Institution, in December last. A paper on the Bhore Ghaut
Incline by the same author was read before that institution three
years since, a report of which will be found at page 247, vul. xxi.
of this Journal. Mr. Berkley mentions some of the peculiar fea
tures in which both a resemblance and a contrast may be traced
between these two inclines. He says—
" Both of them ascend the same chain of mountains, in which
the geological formation is similar. The altitudes of the two
Ghauts closely correspond; the summit of the Bhore Ghaut
incline being 2027 feet, and that of the Thul Ghaut 1912 feet
above the sea. Both of the ascents are effected in proximity to
the public mail roads. The maximum gradient of both inclines
is the same, being 1 in 37. The extreme curvature is almost
identical, that of the Bhore Ghaut being 15 chains, and of the
Thul 17 chains radius. The character cf the incline has in each
case been improved by the adoption of the same contrivance of
a reversing station, and under singularly parallel circumstances.
The same description of permanent way is being adopted for
them both. In local peculiarities we find the same difficulty
in procuring a due supply of water for our labourers and works.
The points of variance between the two inclines are numerous
and remarkable. It is true that they traverse the same chain of
mountains, yet the clue to the laying out of the railway in each
case was as different as can well be conceived. For instance,
at the Bhore Ghaut the course of the great ravine of the river
Oolassa defined the general route of our railway ascent from
the base to the summit; whereas at the Thul Ghaut the acci
dental existence of the Koshen, Lara, and Mussoba Khinds, or
passes through the hills, were our principal guide to the selec
tion of the line we are constructing. They are cut through the
same geological formation; but upon the Bhore Ghaut we fre
quently find the mountains precipitously scarped, and have to
deal with deep faces of bare rock. Not so upon the Thul, for
the physical contour of the hills generally presents an undulating
surface, and the rock is covered with a thick superstratum of
moorura and boulders, so that it is only for short lengths near
the summit that an escarpment is encountered. In the tunnels
of the Bhore Ghaut incline we have certainly exposed several
varieties of trap-rock with which our geologists are familiar;
but in the estimation of a miner they are invariably hard. The
circumstances of the Thul Ghaut tunnels are of a very different
nature; for there we have to deal with extremes of hardness,
earthiness, dryness, and a copious flow of water.
The altitudes of the two Ghauts above the sea are very nearly
equal upon both ascents; yet the height to be surmounted by the
Thul incline proper is only 972 feet as compared with 1831 feet
upon the Bhore. This great disparity in the height of the
inclines arises from a remarkable variation in the physical geo
graphy of the two districts; for while at the Bhore Ghaut the
mountain spur abruptly terminates at a distance in a straight
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line of only 11 miles from the crest of the main range, that upon
which the north-eastern extension has beea laid out stretches
for 30 miles westward into the Concan, and ends in scattered
hills within a short distance of the sea-shore. Although a public
road exists in the vicinity of both Ghauts, they afford very un
equal facilities to our works. The Bhore Ghaut road is steep,
tortuous, and ill-made; nor does it touch upon the line, or yield
us any accommodation, except on its near approach to Khandalla. On the other hand the Thul Ghaut road is a master
piece of engineering, and is in no part distant from the railway
works. Indeed for 7 out of 9$ miles it lies within a stone's-throw
of them. It has been compulsory to adopt the same maximum
gradient of 1 in 37 along a portion of both inclines, yet at the
Thul Ghaut we have been able to flatten the plane to a very
considerable degree for a distance of nearly one-third the ascent.
Upon the Bhore Ghaut we have derived some advantages from
the station of Khandalla, with its bazaar and water supply;
while in the vicinity of the Thul Ghaut the villages are small
and remote.
Egutpoora, and especially Kussarah, have how
ever greatly increased, and appear at the present time to be
reaping the benefits of our works by a thriving trade. Both of
the inclines possess the peculiarity of presenting upon their sec
tion an enormous mass of heavy work; and although in this
respect the magnitude of the Bhore Ghaut incline very far sur
passes that of the Thul, yet we have been compelled upon the
latter to design works of grander dimensions; and its longest
tunnel and viaduct exceed anything to be met witli on the Bhore
Ghaut section. Indeed, the unusual proportions of the Ehegaum
viaduct have driven us to another distinguishing expedient, in
the adoption of iron girders of 150 feet span, instead of the stone
arches which it has been our practice to build at the Bhore
Ghaut.
There is one other discrepancy of practical importance. It is
the fact of the railway having been opened to the foot of the
Bhore Ghaut incline at the commencement of the works; whereas
upon the Thul Ghaut we have had for the last three years to
labour at the haulage of our heavy materials along an indifferent
road from Wassind to Kussarah. This description will serve to
show that, while in some general points the two inclines are
strictly analogous, they display many essential and peculiar
features which materially distinguish them in their scientific
aspects, as well as in regard to construction and to the working
properties of the railway."
The author describes the long preliminary operations in design
ing, and establishing the merits of, the Thul Ghaut incline, and
the official delays and difficulties which had to be dealt with in
connection with the Thul Ghaut project; and then proceeds to
describe the works themselves.
" The railway incline now constructing at the Thul Ghaut
commences upon the left bank of the Rotunda Nullah, near the
Bombay and Agra road, and proceeds over some heavy ground
■with one tunnel, through the Lara Khind to the Mandasheyt
Nullah, which it crosses by means of a large viaduct. It then
perforates a high spur of the mountains by a long tunnel.
Emerging from this it passes over two rocky ravines, and
through the intervening ridge by a tunnel. It thence ascends
along the flank of the hills which overhang the village of Kussara,
and spanning the Kussara Nullah by a viaduct, crosses the Tbui
Ghaut road below the toll-house, and enters upon the site
selected for the reversing station, between the mail road and
the Paithur Nullah. The reversing station is very similar in its
engineering aud physical characteristics to that of the Bhore
Ghaut. From the reversing station the line strikes out at an
acute angle through the Mussoba Khind, and rises by a cnrvilineal route along the northern flank of the lofty mountain called
' Beulah,' the spurs and ravines of which have necessitated the
construction of several tunnels and two viaducts. After leaving
our longest tunnel the incline crosses the enormous gorge at the
head of the Ehegaum Nullah bv a viaduct of extreme dimen
sions; and, traversing very rough ground by means of high em
bankments and two tunnels, it enters nearly at right angles
the spur up which runs the old Ghaut road. With another
tunnel through this hill it reaches the left bank of the Beena
Nullah, which it crosses and recrosses by two bridges, and then
ascends to the summit upon the open level ground close to the
mail road on the western side of the village of Egutpoora. This
incline is 9 miles 26 chaias long; the level of its base is 940 feet,
and of its summit 1912 feet above high-water mark in Bombay,
so that its total altitude is 972 feet. Its average gradient is

[May 1, 1SC1

consequently 1 in 56, that of the Bhore Ghaut being 1 in 48.
The gradients, which are all ascending, are as follows:—
Miles ffawint.
Miles chains.
1 in 88
. 0
35
Level
0
3
Level
. 0
20
1 in 60
0
47
10
Level
...
... 0
16
. 0
1 in 60
29
1 in 60
1
3
. 4
lin37
13
. 0
1 in 45
1 in 60
0
42
70
Level
0
8
. 0
1 in 102
lin60
0
85
.. 0
12
Level
1 in 148
0
23
The curves are—
1 7 chains radius ...
20 chains radius
Between 20 and 30 chains radius
„
30 and 40 chains radius
,,
40 and 50 chains radius
60 chains radius ...
80 chains radius
1110 chains radius
Straight ...

..

Miles chains.
0
33 long.

47 .7
33
68
10
80
24
4
27

The works consist of 13 tunnels, of an aggregate length of
2652 yards, and of the following respective lengths:—
Tank.
Yards.
... 130 Tunnel No. 8
412
Tunnel No i
... 490
70
»
2
...
80
10
60
3
261
... 235
11
4
140
... 113
12
5
68
... 123
13
6
»•
... 490
7
j>

So that upon the Ghaut inclines we are at present making as
many as 38 tunnels.
There are six viaducts, of the following dimensions: —
Yards
feet
Viaduct No. 1
66 long 90 high.

2
143 „
84 „
3
66 „
87 „
90 „
4
66 „
5
250 „ 200 „
6
150 „
60 „
The total quantity of cutting amounts to 1,241,000 cubic yards.
The greatest depth of cutting is 60 feet, and the largest cuttings
contain—
Cutting No. 1
58,000 cubic yards.
„
6
40,000
The quantity of embankment amounts to 1,245,000 cubic yards.
Their maximum height is 90 feet, and the heaviest embankments
contain—
Embankment No. 4
190,000 cubic yards.
„
6
90,000
„
„
18
220,000
„
These details of the earthwork will be liable to alteration
during construction, in order to provide for the security of the
line by flatter slopes wherever the material may prove to be of
a soft or treacherous nature. There are 15 bridges, of various
spans from 7 to 30 feet, and 62 culverts.
The estimated cost of this incline is about .£45,000 per mile,
and its completion has been contracted for on the 31st May,
1863. The probable cost of the Bhore Ghaut will be about
£46,000 per mile. This presents conclusive evidence that mile
for mile the works of the Thul Ghaut are nearly as extensive
as those of its formidable rival. The tunnels all contain traprock, and the two near the bottom of the incline consist through
out of basalt of the hardest description. Of these, the Manda
sheyt tunnel, 490 yards long, deserves more particular notice.
The process of blasting the basalt which it contains was so slow,
that it has been necessary, at considerable cost, to sink two
shafts; and as these are charged with water during six months
of the year, we find our operations encumbered not only with
the difficulties of mining such extremely hard rock, for which
steel drills are used, but also with the contingency of pumping.
It is probably upon this work that the completion of the incline
will ultimately depend; and situated as it is near the foot of
the Ghauts, aud attended with every disadvantage, it will call
for the utmost exertions and perseverance to accomplish in due
time that important object. The only other tunnel upon which
I shall offer any observation is the long one near the middle of
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the incline. Its great length formerly led us to regard it as
the key to the opening of a railway communication np the Ghaut;
but on proceeding with our mining operations we fortunately
discovered that the mass of the hill consisted of rock of a favour
able nature; and the consequence has been that, although the
work was not begun until March 1859, we have already carried
a heading through 258 lineal yards, or about five-ninths of the
total length of the tunnel, in one year and a half. No progress
which we have hitherto attained has equalled the rapidity
with which this tunnel has been executed; so you see a prize
may be drawn even in the lottery of Ghaut contingencies.
Of the six viaducts there are three which specially invite at
tention. The Mandasheyt viaduct, at the entrance to the tunnel
of that name, is a large structure, already in a very forward state.
The great viaduct over the Ehegaum raviue is believed to be
the highest viaduct that has been designed in India. The level
of the railway is 188 feet above the surface of the ground, and
as we have a depth of upwards of 20 feet to excavate for good
foundations, the two central piers will be 200 feet high. The
iron girders will be on Warren's principle, and 150 feet in span
from end to end. One practical difficulty which lies before us is
the lifting the girders from the bottom of the ravine to their
resting place upon the tops of those lofty piers. The difficulty
of the problem consists not so much in the weight of the girders
(each of which may be calculated at about 32 tons), but in the
following peculiarities:—that the triangular girders, strong as
they are when framed complete for sustaining a vertical pres
sure, are laterally very weak; and that the ends of the girders,
which are to bear upon the piers and abutments, must be carried
up through recesses in the masonry. To obviate the imminent
risk of damage to the girders from lateral motion while they are
being lifted separately so great a height as 200 feet, we have
made our arrangements for hoisting them in pairs, so that they
may be stiffened by those connecting parts which are intended
to steady them when the permanent road is laid. To lift them
in pairs, as we propose to do, will require a recess 8 ft. 6 in. wide
and 4 feet deep in each side of the piers, from the surface of the
ground to the bed of the girders; and you will thus observe that
the design of the piers, themselves of that enormous height,
has demanded careful study. The plan we have adopted is to
build a rectangular pier 15 ft. 6 in. thick, with two counterforts
at each corner of the recesses. By this means we have not only
strengthened that part of the pier which would be endangered
by the existence of the recesses, but without adding materially
to the quantity of masonry we have increased the steadiness
and stability of the whole structure by widening its base. The
lifting power to be employed might consist either of crabs or
screws, but as the motion of the screw is so smooth and its
action so regular, we intend to use it for hoisting, and crabs for
securing the girders against any accidents in the process. The
screw will be placed upon the top of the pier, and immediately
over the recess. From it will be suspended strong iron links,
each several feet in length, down to the top table of the girders;
the lifting will then commence, and as the girders ascend they
will be propped from stage to stage, and the links be succes
sively disconnected as the girders rise in pairs towards their
bed upon the viaduct. Should any casualty happen in the per
formance of this operation, we shall be prepared with crabs and
derricks and strong chains to keep a constant hold of the girders,
and thus prevent any fall or jerk while they are suspended on
the lift. The present condition of this stupendous work is
already worthy of examination, from the admirable arrange
ments which the contractors (Messrs. Wythes and Jackson) have
made for its execution, and in which the peculiar form of the
great ravine has afforded them extraordinary facilities. As it
advances, the proximity of this colossal viaduct to the public
road, the magnitude of its dimensions, and the peculiarity of its
design, will no doubt be deemed by many travellers a sufficient
inducement to pay a visit to the scene of operations; and the
viaduct will I trust, when finished, with its iron superstructure
and its lofty piers, be no unworthy memorial of the bold enter
prise and practical skill of our countrymen, as well as of the ex
cellent materials and industrial classes of India.
The last viaduct to be here noticed is that situated at the
upper end of the tunnel under the old Thul Ghaut road; and
although its design presents no peculiar feature, its position is
remarkable, for it will stand upon a rock scarp overhanging the
gorge of the Beena Nullah, the piers and abutments being
notched and bedded into the rock escarpment
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In the earthwork there is little to claim attention, except the
mode by which large quantities of materials are tipped into
such high embankments as those three which are near the base
and middle of the incline. The material of which they are made
has to be procured from the bottoms and sides of the adjacent
hills at suitable and various levels; and from the faces where
these side cuttings are excavated, temporary waggon-tramways
are laid to the embankment In one of the large embankments
there are twenty-seven, and in another sixteen, different lines of
tramway in daily use for the conveyance of the earth. The
lofty embankment above the reversing station is likewise re
markable, for it will have to be made in such a manner as to
carry two double lines of railway, one of which will stand
at an extreme height of 51 feet above the other. It will also
present another peculiarity, for the lower line upon one side
of the embankment will ascend towards the reversing station,
while the upper line will rise rapidly away from it. The
large viaduct which spans the public road a quarter of a mile
above the toll-house, upon the Bhore Ghaut incline, corresponds
by a close analogy of position with the embankment now being
described upon the Thul Ghaut incline; and it may therefore
be well to explain the reason why in one case a viaduct should
have been designed, while in the other the object is effected by
earthwork. At the Bhore Ghaut the railway at that point
stands upon the narrow crest of a hill, and if an embankment
had been made its slopes would have descended the mountain
sides to an enormous depth, and its stability have been con
stantly endangered. Upon the Thul Ghaut on the contrary, the
two lines, which are in close contiguity on emerging from the
reversing station, pass over a nearly level plot of ground, afford
ing a safe and firm basement for the bank. We have therefore
economically adopted that course which would on the Bhore
Ghaut have been attended with so much damage to the perma
nent safety of the incline.
In my previous paper on the Bhore Ghaut incline allusion
was made to the extensive slips which were apprehended upon
the slopes of its cuttings; and in that respect the works of the
Thul Ghaut present the same demand upon the vigilance and
precautions of our engineers. To anyone not conversant with the
details of the works, the appearance of these casualties would no
doubt give rise to serious misgivings concerning the ultimate
security of portions of the railway; but we who are engaged in
these extensive operations have the ground constantly before our
eyes, and its every movement becomes familiar to us. The prac
tice and experience of several years, and (he instructive effects
of our heavy monsoons, will enable us to overcome the contin
gencies of the Ghaut hill-sides with complete success.
If I now give the names of my colleagues in the engineering
department of the undertaking, who have taken part in our
operations, it may give some idea of the great amount of profes
sional labour that has been bestowed upon a section of only
9J miles of railway. They are Messrs. Ker, Graham, Darke,
W. J. Wright (deceased), Inglis, Sanderson, Butt, Gale, Winteringham, Dickenson, A. A. West, Tate, F. A. Hawkes, Teasdale,
Dangerfield, O'Brien, Cameron, Thompson, and Pocock."
A just tribute to the memory of Robert Stephenson follows,
pointing out how greatly India is indebted to him for the exer
cise of bis great professional weight in obtaining the introduction
of railways into that country; and in which we heartily concur.
Mr. Berkley says—
" But above all, there is one element of our unity and strength,
one talisman of our success, in the great name of Stephenson ! This
is the first and a very appropriate occasion for me publicly to
declare how much the railway system of Western India owes to
our late consulting engineer. It was mainly upon the favour
able report of Robert Stephenson that the government resolved
to take the bold step of introducing railways into this country.
They were then regarded merely as experimental, and strange
notions had been formed of their incompatibility with the means
and habits of the people; yet, encouraged by his opinion, the
government of the day entered into that contract with the Great
Indian Peninsula Railway Company which has formed the basis
of our subsequent proceedings. It was Robert Stephenson who
created the large professional establishment by which our designs
and works are being accomplished. He it was who, with the
able aid of George Berkley, our present consulting engineer,
adopted and procured those vast supplies of mechanical appli
ances which the British Islands have contributed to our wants.
By his influence, and the shelter of his prestige, we were enabled
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to find eminent contractors to undertake the execution of our
extensive works; and it was to his council the government ap
pealed with confidence in any doubt or difficulty that beset the
prosecution of our plans. He indeed has been the one great
bond that has cemented all the practical members of the execu
tive of this immense concern, just as his experience and example,
and those of his distinguished father, have constituted the prin
ciple of all our designs and operations. When I visited him last
year he thoroughly acquainted himself with the details of our
Ghaut inclines, and although I had previously felt considerable
anxiety lest his long familiarity with works on a gigantic scale
should lead him to entertain a less flattering appreciation of
our Ghaut ascents; yet, to my infinite delight, I discovered that
he of all men was the one who formed the most accurate and
generous conception of the magnitude and difficulty of those
undertakings. I deeply lament that he was not permitted to
fulfil his intention of visiting this Presidency; for while he
would have witnessed for himself the progress of our works,
several public projects of Bombay would nave derived inesti
mable benefit from his presence and advice. After a connec
tion of eleven years with Indian railways, and within a short
period of the completion of our Ghaut inclines, I grieve to
say that we can now no longer look for his influence to support,
his example to guide, his advice to help, or his approbation
to animate us in our arduous labours. Still, if his loss be
great to us who are conducting merely one small section of the
great railway system of the age, how severely must it be felt
throughout that wide range of public undertakings with which
he was identified. Nor is it alone in connection with his own
works that we can form a just estimate of his claim upon the
gratitude and admiration of his country. His professional life
displayed a powerful inventive intellect, a sound judgment, a
clear perception and philosophical appreciation of facts, a
thorough knowledge of physical laws, a strong grasp of science,
which made it subservient to all the practical purposes of his
essentially useful projects, and a strict regard for that wise eco
nomy which, aiming not solely at saving money, keeps expendi
ture in its due proportion to every important feature of the
scheme. These were undoubtedly precious gifts, but the influ
ence and position they acquired were strengthened by a noble
disposition, which won for him the zeal and attachment of all
whose agency was instrumental to his great designs, and the
esteem of everyone with whom he was associated. All his
dealings with men of business were characterised by fairness and
generosity; and who can fail to admire that fine balance of mind
which imparted to his decisions the accuracy of law, yet tem
pered them with the experience and sympathies of the man?
His magnificent railways in all parts of the world, his colossal
bridges—the Berwick, the Newcastle, the Victoria, and the
Britannia,—these are lasting monuments of his fame; but his
greatest triumph was the establishment of a general and acknow
ledged principle of equity in the control of public works, which
derived its force and prevalence from his illustrious career. It
may be difficult for the present audience to attach this result to
the practice and example of Robert Stephenson; hut there are
thousands in England who, from their own personal experience,
will heartily concede that honour to his reputation. And let
not the value of this principle be disparaged. It has tended
in a remarkable degree to aid public enterprise, by commanding
the extraordinary resources of capital; by extending the power
ful agency of the contract system; by concentrating the skill and
exertions of vast bodies of able men drawn from the working
classes of England, and by establishing a feeling of confidence
between them and their employers. If the progress of such
grand undertakings as have left our age without a rival in the
istory of the civilised world is to be maintained, then the
sterling principles of equity, and the just appreciation of the
interests of others, which contributed so much to Stephenson's
renowD, must continue to be the guide of all who may succeed
him in conducting them. I earnestly hope, that so long as those
tunnels which we are now piercing through the 'everlasting hills,'
so long as those massive structures which are now uprearing
their lofty forms in the ravines and depressions of our Western
Ghauts, shall endure, the honoured names of George and Robert
Stephenson may be remembered in this distant region, which
will assuredly prosper, even as their native land has prospered,
by their genius."

P£»rl,lMl

NOTES ON THE NATURE AND ACTION OF STEAM
IN RELATION TO BOILER EXPLOSIONS.
At a meeting of the Literary and Philosophical Society, at
Manchester, on the 2nd ult, a paper entitled as above was
read by Mr. J. C. Dter, the vice-president, in which he stated
that several essays on boiler explosions had lately appeared,
wherein discordant theories and opinious are offered on the
action of steam in some anomalous cases of explosion, and which
may justify reference to a few established facts and principles
relating to the subject, in the hope in such cases of arriving at
more settled views concerning causes and effects than appear to
prevail at present among our most distinguished engineers. The
author objected to the appeals made to Dr. Dalton's theory of
atoms for explaining the nature of steam as an elastic force
mechanically employed, since the law of definite proportions of
Dalton had no reference to elastic vapours except as to the con
stituents of the liquors whence they arise. He then cited the
fact that water, like steam, is an elastic body, and the pressure
would therefore be of the same nature and force above and below
the water-line in a boiler; but that explosions from fractures
above or below that line would have different effects, owing to
the amount of expansion of water and steam being so widely
different when issuing from similar apertures and under the
same pressure. Many obscure cases of explosion would be
explained by the more or less rapid generation of steam issuing
under those circumstances, as set forth in the paper. Thus free
space, when suddenly and amply afforded, is to highly-heated
water under great pressure nearly the same as fire is to gun
powder. And this will account for the most destructive cases of
boiler explosions, whilst those of a more harmless nature show
that the fractures were small at first and then gradually extended.
He also objected to the term " superheated steam," as being
inapplicable to it in any state—because when steam is in contact
with water it will be of the same temperature as the water; and
if heated apart from the water, the same laws of expansion by
heat apply to steam as to air, and neither can be superheated,
though made very hot.
Again, steam can never be " mixed up with the water" in a
boiler when both are under the same statical pressure, and the
steam formed will rise into the chamber, so that the water will
always be in contact with the boiler except when steam is drawn
off. Still, in rapid escapes it may drive out water, and become
entangled therewith, as in many explosions.
It having been shown that most if not all explosions are occa
sioned by simple steam-pressure acting on the weakest parts at
first, and thence extending more or less rapidly, it would seem
needless to seek for any other cause or force to account for them;
yet in some cases the effects appear to imply a more sudden and
violent action, like that of explosive compounds. In such in
stances, may they not arise from the actual decomposition of
the water by heat alone? Although we have high authority
(cited) against this, yet the author held it rash to conclude that
water could not be resolved into its constituent gases by direct
action of heat from the boiler upon water pressed into contact
with the metal plates. It has been proved long since, that by
heat, in the most intense form known to us—that of electricity
—water is decomposed, and both of its constituent gases are libe
rated. Therefore, since no evidence has been adduced to show
that this does not take place in any water when so confined and
heated, the affirmative may at least be possible, and seems pro
bable in some instances, as before named.
However, the author held it desirable that the question should,
if possible, be set at rest by experiment; and to this end a method
was suggested for putting the matter to a direct test; but he
might not be able to make the experiment himself, and hoped it
might be done by some one more competent to the task.

Electric Light.—A first experiment was made a short time
since, of illuminating the famous Falls of Schaffhausen on the
Rhine, 30 yards in height, by means of five electric lights: the
effect is said to have been marvellous, especially when viewed
through coloured glasses; the waves of the river resembled a sea
of fire. The experiment was instituted at the request of the
directors of the Swiss Railroad Company, who propose to orga
nise a series of night-fetes, of which this illumination will be
the greatest attraction.—Cosmos.
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NOTES ON ROMANESQUE ART IN THE
SOUTH OF FRANCE.
By J. B. Waring.
(Concluded from page 117.)
I will now revert to a still earlier period of Christian art, as
exemplified in the very important and interesting series of sar
cophagi preserved in the Museum at Aries; dates are unfortu
nately wanting, and the names, which are Roman, though the
persons were probahly Gauls, afford no aid; they may however
be generally assigned to between the third and sixth centuries:
they are of the usual Roman sarcophagus shape, carved with
subjects from the Old and New Testaments. Those most in
vogue were the Saviour and the Apostles, sometimes in a con
tinuous row, sometimes separated by columns. Once here, and
once at Narbonne, we find trees instead of columns, very taste
fully arranged, with birds in the foliage; the trees are apparently
olive, the birds are doves. The miracles of the Saviour are also
shown: these also are sometimes continuous, sometimes divided
by colonettes: in the centre is usually a female figure with hands
outstretched, intended no doubt for the Virgin Mary. From the
Old Testament we have mostly Moses striking the Rock, Pharaoh
in the Red Sea, Daniel in the Lion's den, and the Sacrifice of
Isaac.
The tomb of the Labarum is carved with the Twelve Apostles
without divisions, a line of cloud passes behind their heads with
stars, and over each head a lion's paw holds a wreath or crown:
in the centre is a large wreath containing the monogram of the
Saviour resting on a cross, with two doves; two soldiers kneel at
the foot of the cross, one on each side: over the Apostles are two
genii or angels supporting circular medallions containing a male
and female bust, and again two geni holding an oblong tablet
without an inscription. Each angle terminates in a large mask,
the facial line forming the angle. On one end is St. John bap
tising, and on the other Moses striking the Rock. This tomb is
known locally as that of Constantine, it not improbably belonged
to his family, and we may conclude it to be a work of the second
half of the fourth century.
Sculpture is here seen founded on a good model, but some
what rough of execution and heavy in proportion; the faces
are singularly a Vantique, some of the Apostles are also of the
Jewish cast of the best kind. No nimbi occur in these, or in
any other example (except a very rough and unimportant one)
in the collection. The dress consists of tunic and sandals; all
the eye3 have holes in the pupils, and generally also at the
angle of the nose, to give expression. The whole character is
strongly marked Roman; and though the heads are large, the
hands clumsy, and the style conventional, yet there is a certain
simplicity and nobleness about them by no means to be despised;
some few of the heads are indeed lirRt-rate, exhibiting such pecu
liarities as to lead one to conclude they are portraits At any
rate, we find here a school of sculpture at an early Christian
period; the best, I should say, then existing, and which ranks
much above the stupid faces and lanky figures, the streaky
hair and stiff drapery, the minute folds and jewelled borders,
of sculptured art in the same district, which reached its bathos
in the twelfth century. However tempting it is, I must not
continue my meditation among the tombs, and will only add
that at Narbonne, Toulouse, Lyons, Vienne, and Moissac we
meet with numerous sarcophagi in which foliage and Christian
emblems take the place of figures, which fell into disuse pro
bably from want of good sculptors; and yet it is curious to see
how closely the same model conch-shell, columns, and figures
were followed at a later period, i.e., the eleventh and twelfth
centuries.
No one should leave Aries without paying a visit to the
ruined abbey of Montmajour. Not to speak of its situation—
perched on a rocky island as it were, rising from the wellwatered plain, encircled with the olive and laurustinus, capped
by the frowning tower of defence and refuge—the palatial ruins
of the Italian style and the gray sombre Romanesque abbey, with
its dark, vast, mysterious crypt and sculptured cloister, these
alone would well repay the walk; but besides these are the rockcut church, of a most primitive and remarkable type, and the
mortuary chapel of the Holy Cross. The latter was built in the
early part of the eleventh century, square on plan, with four
semicircular apses and a western porch: the roof consists of a
funnel-shaped dome: there are no openings for light; and when

the concierge slams the door violently a whole park of artillery
seems to be discharged, echoing faintly away into solemn silence.
With the exception of the baptistery at Pisa, it produces the
most extraordinary reverberations I ever heard; and if Mr.
Roger Smith is ever in that part I recommend it to his notice.
The masonry of this building is a perfect model of execution.
Proceeding from this to the primitive church, we remark the
rock honeycombed in all directions with open graves, the former
occupants of which in their simple devotion sought to be interred
as near as possible to the holy cross. Vain however was the
hope ! their resting-places are now bare, and their ashes are scat
tered to the wind; whilst the holy cross, if any true portion of it
ever was there, served probably to light a fire in the revolution
ary troubles of the eighteenth century. Descending by steps in
the rock we enter the narrow passage of the original church, and
a few steps bring us to an oblong space with circular roof cut in
the rock; on one side is a plain window-opening, on the other two
are stone graves, above which are cut two round-headed hollows
or niches, now empty. Beyond this portion is the church, divided
into two aisles by columns: on one side are three round-headed
windows, on the rock side is a long low stone seat: there is a
small semicircular apse to one aisle, and in the other is an altar
in the wall with an open space beneath, probably a place of
interment. Passing beyond this, through a passage barely large
enough to admit one person, we come to four separate apartments,
quite plain, with only one small light at the end of the passage,
a curious rough stone chair by the window, two stone seats, and
a so-called rock-cut bed. The round roof is formed by the rock
itself, except in the chapel, where it is built: it is in the chapel
also that the only ornament is found, its style being probably
that of the tenth or eleventh century. Tradition ascribes this
rock-cut church, with its graves, altars, confessionals, stone seats,
and sleeping apartment, to the saints of the early church at
Aries, and more especially to St Caesaire, bishop of Aries in the
sixth century; nor do I think but that its existence may date
from that epoch, although probably enlarged and ornamented
at the time of the foundation of the great abbey in the early
part of the eleventh century; for this curious monument of
Christianity contains in itself on a small scale catacombs, chapel,
hermitage, and place of refuge and defence,—the whole serving
as a place of safety from the Goths and Saracens, who overran
Aries in the seventh and eighth centuries, and bearing a marked
analogy to the crypts or cubicula of the catacombs at Rome,
which served as mortuary chapels and places of instruction for
the catechumens, having stone benches for pupils and penitents,
and stone chairs for teachers and confessors. The entire group
of buildings here forms a most interesting study for the archroologiat and architect; and I hope if any member of the Institute
visit Aries he may be enabled to devote a few days to their
pictorial and descriptive study.
Nor must we leave this district without saying a few words
about the curious mediaeval village or town of Les Baux. The
traveller leaves Tarascon by omnibus for St. Remy, and must
wend thence about ten miles en voiture to Les Baux. As regards
picturesqueness, nothing can exceed it. A fortified town perched
on the natural fortification of a rugged rock, and surrounded in
all directions by upheaved granitic masses, it is the ideal of a
robber knight's eyrie. Its value however to the antiquary has
been much overrated, for except the ruined castle and hall,
which appear to belong to the thirteenth century, most of the
remains bearing any impress of architectural art are of the six
teenth century. The rock-cut houses, which may belong to any
period, and are of the rudest arrangement, form the most curious
and striking feature of the locality. They are however quite
plain, with the exception of a few ruined chimney-pieces of the
fourteenth and fifteenth centuries. A curious columbarium, or
Eigeon and dove cote—that necessary larder of live stock for the
esieged —formed by numerous holes partly cut in the rock and
partly built, still remains.
The only Romanesque remains at Nismes are to be found in
the cathedral facade, and at a house on the Place: of the former
very little remains, but what there is exhibits a close following
of a Roman model, with frieze and pediment, not often seen even
in this last home of Roman architecture. The frieze, very roughly
executed, illustrates the first books of the Old Testament, com
mencing with the Serpent twined round the Tree of Knowledge;
on one side Eve, whom he addresses, on the other Adam, who
seeks to hide bis nakedness: this combination of different points
in one story is common with the early artists. The next subject
32
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is defaced. In the third, Adam and Eve are hiding themselveB
in trees, their busts only being seen, and the Lord addresses
them. We then have the Expulsion; the Offerings of Cain and
Abel; the Murder of Abel; Noah and the Ark; Lot and his
Sons, and so on: all these subjects being continuous, as in the
early Christian tombs. This fact, and the general character of
the figures and drapery, lead me to conclude them to be of a very
early date. We in England and the north of France have been
perhaps too apt to fix on the first half of the eleventh century as
constituting a clear line of demarcation in the history of architec
tural aud sculptural art. It was so with us, no doubt, in a great
measure, but in the south the course of art was more even; and
iu this particular example I think we may discern one of the
earliest efforts of native artists at constituting a style founded on
the models left them by the Romans, aud which finally received a
peculiar character from its combination with the semicircular
arch, which we remark also on this facade on a small scale, and
quite devoid of moulding or other ornament. The base of this
cathedral appears to have had also a large frieze, on which some
remains seem to indicate the form of the griffin, but all the rest
of the building is too mutilated or altered to admit of investiga
tion. What remains of the house, which was no doubt the
bishop's palace, shows some very good sculpture, which is so
essentially similar in style and subjects to certain parts of the
church of St. Gilles (circa 1090) that we may ascribe it to the
same period.
I am happy to say that M. Revoil, the government architect
at Nismes, is engaged in publishing a work, with carefully
measured drawings and with letterpress, on these monuments
of Romanesque architecture in the south of France, which I
venture to recommend to the notice of the Institute. No com
plicated system of construction is to be found in these buildings:
the semicircular arch and dome in various combinations give, in
this respect, its only claim to anything like science; and these
are frequently heavy, and not well adjusted. Solidity and sim
plicity are however no bad substitutes for the more complicated
and often less reliable systems of after times. The mouldings
are generally Greco-Roman, combined with the hollow and torus
common to Romanesque art everywhere; the ornaments of the
mouldings are generally Roman,—the ovolo, leaf-fret, dentil, .&c.
The capitals of the columns, where not historiated, are mainly
founded on a Corinthian or composite type, and the bases are
usually Attic. The sculpture, as a rule, is stiff and lifeless, and
the drapery, especially on the more richly-clad statues, of a
thoroughly Byzantine character. The masonry is of mediumsize blocks, slightly oblong, well worked, and carefully set in
thin beds of mortar. No ornamental inlay is found, as at
Auvergue and Lyons; no combination of brick and stone, as at
Toulouse; and we may affirm that few more interesting classes
of buildings are to be found for the architect and archaeologist
than these Romanesque churches of the south of France.
It is impossible to leave this district without putting in a
word also for the grand remains of Roman architecture which
ornament its Roil. The noble walls of the theatre at Orange,
the grand arcades of the arenas at Nismes and at Aries, the
richly sculptured triumphal arches of St. Remy and Orange, the
colossal aqueduct of the Pont du Gard, the mausoleums of St.
Remy and Vienne, bear witness with a force stronger than the
most powerful oratory to the manly genius and profound feeling
for what is noble in architecture which characterised the old
Roman race. However admirable, picturesque, and striking,
however full of interest to the lover of Christian art, the most
ambitious works of Mediaeval Europe may be, yet. owing to the
littleness and confusion of their parts, they appear as the work of
pigmies in comparison with the grand simplicity and indestruc
tible strength of these labours of the giants, against which the
violence of man and the corrosive envy of time have expended
themselves in vain.
On the direct route between Nismes and Toulouse there is not
much Romanesque work. The interior of St. Paul, at Narbonne,
exhibits in the sculpture of the capitals some curious applications
of the palm combined with figure subjects, among which appear
some very coarse and matter-of-fact representations of the vices
of man. The exterior of this church is iu the Pointed style, as
are all the other principal monuments of this old but somewhat
uninteresting city. The Museum however, besides the early
Christian tombs before alluded to, contains some good bits of
Romanesque art in the shape of capitals and fragments from
buildings now destroyed; two richly-worked bronze censers; and
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a pastoral staff in ivory, very plain, ending in the usual serpentheaded crook, on which stands an angel regarding an empty chair
or bishop's throne. The eighteenth century is also peculiarly
well illustrated in this Museum, owing to the bequest of a local
collector, who confined his attention almost entirely to that
period.
From this point the traveller should by all means endeavour
to visit Perpignan, with its Mozarabic and Spanish styles of
architecture; and the adjacent church and cloister of St. Elne,
so remarkable for the Egyptian character of several of its capitals,
executed early in the eleventh century.
At Carcassonne, with the exception of some unimportant por
tions of the cathedral in the old town, everything is Medieval.
Carcassonne is M. Leduc's pet patient: he is trying to bring the
old body to life, and rehabilitate its decayed and shrunken form;
but although the doctor appears to have it all his own way, and
to prescribe regardless of expense, I cannot say that the result is
satisfactory. There is something ludicrous, to my mind, iu this
expensive and useless restoration of the old fortifications; nor
can anyone approve of the wholesale manner in which old work
is pulled down aud carted away to make place for new. I must
add that here, and in almost every case where this distinguished
architect—to whose research, taste, and industry we are all so
much indebted—has added designs of his own, whether in stone
or metal, they appear to me to be of the most eccentric and emas
culated character. The same rather anomalous result struck me
also during a late tour through Germany, as regards Herr Heideloff's designs.
At A gen some good bits of Romanesque architecture remain
in the choir and apse of the cathedral, but more interesting than
these are some old arcaded Btreets which still exist in the centre
of the town. The breadth of the pavement is about 25 feet, that
of the street about 40, and the width between arches about
20 feet The houses themselves are modernised or rebuilt, but
the plan1 still holds good; and as the weather was very wet,
and I had not an umbrella, my blessings fell on the manes of
the departed municipal authorities. The same remark applies to
the Bastide, or free-town of Libourno, near Bourdeaux, the great
square of which measures about 180 feet each way: the passages
are about 21 feet broad, the width between the arches about
14 feet: this example, though more complete, is ruined in effect
by the lowness of pitch and narrowness between the piers of the
arcade. The rest of the town, though of modern construction,
still retains the right-angle arrangement of streets common to
most of these (what may be termed) " model towns" of the four
teenth century.
But we are hastening on somewhat too fast, for we have got
beyond Toulouse, a city which, besides its very remarkable
Romanesque churches, possesses decidedly the most important
and interesting museum of antiquities to be found in the south
of France: these are deposited chiefly in the cloisters of the sup
pressed church of the Augustin Friars. The most numerous and
varied section relates to Romanesque art, and we have here
tombs, capitals, statues, and friezes, ranged round the open traceried cloister in a manner which recals pleasurably to mind the
charms of the Campo Santo at Pisa. I do not mean to uphold
the design or contour of these capitals and ornamental bauds,
as exhibiting any remarkable degree of study and refinement;
but they have hardly received the attention they deserve,—
their character is in a high degree rich, bold, and effective.
The Museum contains numerous most interesting inscriptions;
and it is to be remarked that iu one of the oldest, that on the
very curious slab tomb of St. Victor, at Marseilles (1048) we find
the same style abbreviated, by placing small letters within large
ones, as at the Abbey of Moissac, on the sculptured figure of
Abbot Ansquetil (1100). This custom, with the use of Roman
letters, continued down to a comparatively late period; and one
of the earliest examples of the use of Gothic or German letters is
to be seen on a tomb in the Museum, dated 1347. Two of the
figures on the portal of an ancient church now destroyed —that
of La Daurade, I believe—retain the sculptor's name: they are
the best of the series, and the sculptor clearly was proud of his
work: one has "Gilabertus me fecit;" the other, "Unincertus(?)
me celavit Gilibertus." These statues are draped thoroughly in the
rich Byzantine style, with small folds and gem-studded borders.
Amongst the more fragile treasures of antiquity up-stairs—;
although it will not be shown without some trouble probably—
the archseologist should not fail to see the so-called horn of
Roland, which (if it really belonged to him) may be the one the
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hero died blowing, as he vainly sought with its notes to retrieve
the rout of the Paladins. It appears to be the work of a Euro
pean sculptor after the Byzantine manner, and was probably a
tenure horn.
The most noble monument of Romanesque art in Toulouse—
«nd indeed of the south of France—is the celebrated church of
St Sernin. It is built of brick and stone, as a three-aisled Latin
cross basilica, with a semicircular apse and five apsidal chapels.
There is a west entrance, with two north and two south ones.
The general character is large and massive; the ornament pure and
good Romanesque; and the brickwork very careful, judiciously
relieved by courses and dressings of a warm-coloured stone. The
whole is surmounted by the peculiarly fine brick tower, of five
tiers of arcades, with which we are so familiar through eugravings
and photographs. The church is stated to have been fiuished
and consecrated a.d. 1090. The best sculpture is to be found on
the doorways, and I take the south porch (nave entrance) as an
example. The cornice of the projecting wall shows the peculiar
ornament and patera; of Nismes Cathedral, combined with the
brackets of Notre Dame du Port, at Clermont. The archway is
semicircular, and in the centre is the Saviour in glory, attendant
seraphim and angels, and the twelve apostles beneath. The angle
corbels of doorway are formed by, David seated on a lion's back
playing the viol, on one side; on the other, two men seated crosslegged, and caressing lions. The capitals of the columns are
carved with subjects from the life of the Saviour, monsters,
foliage, &c. There are two columns on each side; the mouldings
are the plain hollow and round; the corbels of the cornice show
in succession a monkey with a lion's head in his paws, a bunch
of grapes, a lion, a monster vomiting his own legs, a young
womau's head with wild dishevelled hair, a matron hooded, a
goat, and an animal too much broken to be made out. It would
be difficult to explain the two saints carved on each side of the
portal with allegorical sculpture above and beneath. But how
ever interesting the exterior may be, the^ interior is equally
remarkable; and the marble slabs of the Saviour and the Apostles
on the choir wall, stated to be saved from the old church built
by Charlemagne, particularly merit notice. It is with great
regret that an accident prevents my giving a more detailed
description of this church. I understand that M. Leduc intends
dedicating a monograph to it.
Toulouse is rich in buildings of the Mediaeval and Renaissance
!>eriods. The brick towers of the churches of the Augustius
musie) and the Jacobins {caserne) are modelled on and rival the
tower of St. Saturniu. The cathedral contains many portions of
good Pointed architecture of various dates, and some good painted
glass of the fifteenth and sixteenth centuries: the triforium is
peculiarly rich and effective. Adjoining St. Saturnin is a large
brick house of the fourteenth century, crenellated and arcaded,
with angle turrets: it formerly stood within the walls which
surrounded the church precincts, and is still in fair repair exter
nally. The present Lycee retains many picturesque and remark
able Late-Pointed portions, while its Renaissance court is pecu
liarly striking. The " pestilent" Renaissance buildings (mostly
mansions) of Toulouse are indeed, as a rule, very broadly designed,
noble looking, and well calculated to satisfy the eye of every
properly-educated architect.
There is not much Romanesque art, except at Moissac, on the
direct route between Toulouse and Bordeaux, at which city the
monuments of Mediaeval architecture, civic and ecclesiastic, are
very beautiful and interesting: the artist and architect will find
plenty of work there.
Bnt we have now passed almost beyond the boundaries of the
south of France; and, however tempting the subject, I must leave
for a future day the Romanesque buildings of the centre and the
north, and conclude what I am afraid will already have been to
many present " a twice-told tale."

Fire extinguished by Steam.—Some little time since a fire took
place in the cellars of a candle manufacturer, situated on the
Route d'ltalie, outside the barrier. The engines were of but
little value, and to subdue the flames they had recourse to a
mode but little in use. The cellar doors aud windows having
been hermetically shut, steam was introduced, and the fire in a
few moments extinguished. By this quick and effectual method,
200 tons of oil which the flames were on the point of reaching
were preserved.—Cosmos.

INSTITUTION OF CIVIL ENGINEERS.
George P. Bidder, Esq., President, in the Chair.
Discussion upon Mr. \V. H. Prbkce'b paper " On the Maintenance and
Durability of Submarine Cables in Shallow Waters."*
It was observed that during the last two generations there had been
three marked events in the engineering world,—Watt's introduction of
the Steam Engine, which gave Power; the introduction of Railways,
which supplied Locomotion; and the invention of the Electric Telegraph,
which, as an instantaneous agent for transmitting thought, was fully as
important as either of the others.
It was explained that with a view of limiting the paper, it had been
impossible to notice the effect of temperature upon wires,— a frequent
cause of serious error—the defects of stranded wires, testing under
water, working damaged wires with single currents, the comparative
advantages of screw and padille-wheel steamers in laying and repairing
cables, and particularly the improvements in the testing instruments
introduced by Messrs. Siemens and Halske, of Berlin. It was thought
that the chief points for discussion were, —the necessity of thoroughly
surveying the route before laying a cable, the important question of the
insulating medium, and of applying some exterior protecting coating,
not only to cables intended for shallow water, but also for those to be
laid in deep seas. The neglect of this latter precaution had, it was
believed, been the cause of the recent failures in deep-sea cables, which
had been found to be decayed and rotten when attempted to be lifted for
repairs. The cable laid between Toulon and Algiers was believed to be
nearly the tnw form for deep seas, and if combined with the Red
Sea cable, the desired form would then almost be produced.
When the Channel Islands cable was laid, the electrical condition was
considered to be most satisfactory, as the instruments acted with great
facility, and with very low battery power. The selection of the route
was not left entirely in the hands of the contractors, but was determined
in concert with a government department. The shore ends of cables had
generally been made too light, and in some cases, where rivers or bays
had to be crossed, the plan had been adopted of laying the cable in a
succession of tubes, connected together by universal joints.
One of the principal causes of the failure of telegraph cables was their
not being thoroughly tested under water, until they were deposited in the
ocean. When the Red Sea telegraph was laid, it proved, like most lines
just completed, very successful. It was stated to have been worked
from Alexandria to Aden, at the rate of ten words per minute, with
double relay stations at Koesier and Suakin. There were a few embiyo
faults, but it was thought that it might have been worked successfully
for a considerable time, if a permanent system of daily tests and of
timely repairs had been established. There were other destroying
agencies besides those which had been alluded to, such as excessive
tropical heat, and the effect upon the cable of metallic veins at the
bottom. The sections of the Red Sea cable had lasted altogether for
nine months before the first fault occurred, having only given way the
day before the Indian Extension was completed.
With regard to the government cable to be laid from Rangoon to
Singapore, an opportunity had been afforded of carrying out a complete
system of testing from the first. The old system was to test by the
galvanometer, and to judge the condition of the line by the angle of
deflection, and the battery power employed.
This was not deemed
satisfactory, for reasons which were explained; and instead, the method
was adopted of comparing resistances. First, a constant unit of resis
tance had to be established, and the Messrs. Siemens used for that
purpose the resistance of a column of pure mercury, one niHre in length
and one millimetre in sectional area. This had the advantage of being
easily reproduced, and was thought preferable to the plan adopted by
the author, of taking the resistance of 1 mile of No. 16 copper wire,
as the copper of commerce had been proved to vary in its conductivity
between the limits of 100 and 7. Coils of resistance were next formed
of German silver wire, representing respectively, units, tens, hundreds,
thousands, tens of thousands, of units of resistance. By introducing
these variable resistances into the three sides of a Wheatstone's Bridge,
or Electric Balance, the resistance of the fourth side, which was the
gutta-percha, or copper conductor of the cable under examination, could
be ascertained with the utmost certainty, the limit of error not exceeding
practically one in one thousand. Another feature of this method was,
that the time during which the electric current was allowed to act
before the observation was taken, was noticed. It had been discovered
that inductive tension followed the same simple law of Ohm as the
electric current itself, in passing from the conductor through the insu
lated covering, and admitted therefore of being subjected to the same
precise methods of measurement. Although this system of testing
cables had not been long in use, yet resistance coils hud been employed
for determining the position of faults in subterranean lines ever since
the year 1849. In the case of the Rangoon cable a complete record was
obtained of the copper and gutta-percha resistances of each mile of
cable, so that when the core was joined together it was possible to detect
the slightest defect, which, if allowed to pass, might afterwards develope
itself into a fault. Moreover, in laying the cable, or afterwc rds, any
Bee Journal ante, page 26.
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decrease of the insulation was at onoe known. It had been originally
intended that the Rangoon cable should never leave the water, that it
should be kept in tanks during the process of manufacture, and be payed
out from tanks into the sea. As however the tanks could not bear the
great pressure, the cable became exposed to atmospheric influences. It
was soon observed that there was a decrease of insulation, indicating a
considerable increase of temperature. Subsequently, this became so
great that it was necessary to test the temperature of the coil of cable
in every part. For this purpose a peculiar thermometer was used, con
structed upon the principlo of the resistance of copper wire to the electric
current, or tube of metal. In coiling the cable on board several of
these thermometers were inserted at different layers of the ooiL When
tested, after being on board only one week, it was discovered that a
spontaneous generation of heat had taken place, and that the heat
developed itself unequally throughout the mass, the highest temperature
being about 3 feet below the upper surface of the coil. A large quantity
of water, at a temperature of 42° Fahr. was poured upon the cable,
and this was observed to issue from the bottom of the hold ■-. t 72° Fahr.
This occurrence seemed to show that other cables, more particularly the
Atlantic cable, which had been coiled on board wet, might have been
ruined from the same cause. If the heating had been allowed to con
tinue a few days longer, the gutta-percha would have been softened, and
the copper conductor would have become eccentric to the insulating
material. It was considered probable that this generation of heat was
due to fermentation of the hemp covering, whilst it had also been attri
buted simply to the rusting of the iron.
With regard to the construction of cables, it was considered that a
metallic covering must be adopted, as there were cases were hempcovered cables had been completely destroyed by marine animals; but
that the external iron covering should be protected against the action of
the water. In reference to the insulating material, gutta-percha had
several disadvantages. It was readily softened by heat, was liable to
contain cavities, and was affected chemically by every current that
passed into it.
India-rubber possessed a much higher resistance to
electricity; and certain compounds of that material had also valuable
properties.
It was admitted that the only depths considered to be of primary con
sequence in the early nautical surveys were those under 7 fathoms, the
depth at which a large line-of-battle-ship might strike the bottom. It
was maintained that iron should never be employed as a covering for
submarine cables. Such a defence should be composed of copper, or of
some metal, or other substance, that would not oxydise, and that would
receive a gradual submarine deposit of a calcareous nature, affording a
permanent protection against damage or decay. But, as far as experi
ence had shown, it appeared that in the deep ocean scarcely more than
the insulating covering was generally required.
It was remarked that submarine cables for shallow waters might be
comprised under four classes: — 1. The hempen cable; 2. Galvanised iron
cable; 8. Unprotected iron cable; and, 4. Iron cable with some protect
ing covering. With respect to the first, there were mechanical defects
sufficient to condemn its use, as the action of abrasion against the tide
and rocks would cause it to be destroyed in a few days. On the other
hand, galvanised iron cables, of which there were many hundred miles
laid from the English coast, seemed to be very durable when buried in
mud or sand ; but wherever they were exposed to the free action of the
tide, corrosion commenced.
They however possessed a durability of
about three years beyond unprotected iron cables; but after that time
the zinc generally disappeared, and all cables were alike acted upon by
the sea water, whether originally galvanised or not. This corrosion was
conjectured to result from the cable lying upon protruding veins of
copper ore, or other material which was electro-negative with respect to
iron. The first cable laid between Hurst Castle and the Isle of Wight,
five or six years since, became so deeply corroded in eighteen months
that it was broken by a ship's anchor. This was replaced by a smaller
cable, which did not last a year, and subsequently by a third of stronger
construction, and that was now being superseded by a fourth cable.
Therefore, three cables had been already destroyed, partly by ships'
anchors, and partly by corrosion. It was believed that sea water alone
was not sufficient to produce this destructive action upon iron. A cable
laid from Whitehaven to the Isle of Man, was coated with a serving of
jute saturated with common asphalte. The process was inexpensive,
and appeared calculated to last for on indefinite period.
The failures of the Atlantic and of the Red Sea cables certainly
demanded most serious consideration.
That some mischance should
happen to the Atlantic cable was not surprising, when the limited expe
rience then obtained in submarine telegraphy in deep water was taken
into account. But in the case of the Red Sea cable there was no excuse
for using unprotected iron wire, scarcely larger than bell wire, for the
covering, as there had then been abundant experience to prove that after
being only a few months in the Bea it would become so rusted that
should any repairs lie necessary, it would not lie possible to lift the cable
to the surface. Similarly, the cable about to be sent to Rangoon would
not be fit for use for more than three or four years, under the most
favourable circumstances; rnd if repairs were required the cable would
be found to be so much decayed that it would not be able to be raised.
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It was to be regretted that a cable designed to be laid from Falmouth
to Gibraltar should have its destination changed to a much warmer
climate, because the electrical conductivity of gutta-percha was greatly
increased or its insulation was impaired by heat.
In reference to the Red Sea telegraph, it was remarked that before
the form of cable was determined upon, a specimen of the cable pro
posed to be adopted was submitted to several eminent scientific men,
who generally concurred in the propriety of using it, and on no occasion
were the directors dissuaded from having a cable covered with iron
wire.
In reply it was argued, that at the time the Red Sea cable was
designed, so many instances had occurred of the oxidation of the iron
covering of cables, and their decay was so much a matter of notoriety,
that provision ought to have been made to protect the iron from the
destructive action of the sea water.
In selecting a route for submarine telegraph lines, it was thought that
deep water should be avoided wherever that was possible, even if a con
siderable detour had to be made. In a depth of 100 fathoms a cable
was beyond the reach of attrition, and was as little likely to be injured
as when laid at a depth of 200 or 300 fathoms; whilst it could be
repaired almost as easily as if it lay in water 30 or 40 fathoms deep. The
nature of the bottom was most important, as where rough ground and
rocks existed the cable could not be grappled. To ascertain this cor
rectly, the use of the sounding lead alone was not sufficient; a mushroom
anchor, which would bring up a bucketful of the surface material, and
occasionally deep-pronged grapnels, ought to be employed. The line
should be divided into short sections, of say 100 miles in length; for
although it might be possible to "work" through 500 or 1000 miles, yet
when one section was damaged the consequences were more serious. It
was believed that the Red Sea and Indian telegraph cables might have
been laid where they could easily have been grappled, and lifted for
repairs; and that in the line from Suez to India there would not have
been any difficulty in dividing it into sections of 60 miles each, through
out nearly the whole distance.
With regard to the maintenance and durability of shoal-water cables,
it was remarked that there were two schools of engineers, one adopting
comparatively light cables, the other laying them as heavy as possible.
The earliest submarine cables between Dover and Calais, Dover and
Ostend, the Magnetic Company's lines to Ireland, as well as several
others, were all strong cables, containing several conducting wires,
covered with a thick serving of hemp, and over all massive iron wires of
large gauge. These had been singularly fortunate. It was true that
some of them had been injured by ships' anchors, but those occurrences
were rare, and the cables never suffered from "abrasion," or from being
"washed away by the sea," causes which seemed to have been so fatal
to tho Channel Islands telegraph. The new system of laying light cables
in shoal water was first adopted by the Electric Telegraph Company in
their lines from Orfordness to the Hague, where, instead of laying one
strong heavy iron cable, four comparatively light cables, each with one
conductor only, were laid across the North Sea, on the principle that
the chances were against all the four being broken at the same time.
That experiment, which had also been adopted by the same company
between Dublin and Holyhead, could not apparently have been satisfac
tory, judging from the high annual cost stated for repairs, and from the
fact that a heavy cable had been recently laid by that company from
Dunwich to Zandvoort, in Holland. A somewhat similar plan had been
pursued in the Channel Islands and the Red Sea lines, for the latter was
laid to a great extent in shoal water. With these exceptions all the
shoal-water lines had been Btrong cables, and there were many in exist
ence in different parts of the world which hod never required the most
trifling expenditure for repairs since the date of their submersion. Two
of these belonging to the Magnetic Company, were necessarily laid on a
rocky bottom, subject to the action of strong currents, but they were
laid with sufficient slack to meet any irregularities in the bed of the sea.
The heavy cables laid in 1854 between Spezzia and Corsica, and across the
Straits of Bonifacio, passing over depths of between 700 or 800 fathoms,
and crossing several coral reefs, had worked well and continuously. The
Submarine Company's line from St. Catherine's, in Jersey, to Pirhou,
on the coast of Normandy, although not much larger in dimensions than
the Channel Islands cable, had never given any trouble since it was laid.
Therefore the casulties which had occurred could not be considered as
inherent and of necessity belonging to shoal- water cables, but must have
arisen from the cables themselves not being suited to the workIt was stated that the Red Sea telegraph was divided into six sec
tions, —three in the Red Sea, Suez to Kossier, 254 knots, Kossier to
Suakin, 475 knots, and Simian to Aden, 630 knots, or in all 1359 knots
of direct distance-; and three in the Indian Ocean, Aden to the KooriaMooria Islands, 716 knots, Kooria-Mooria to Muscat. 486 knots, and
Muscat to Kurrachee, 481 knots, or in all 1683 knots; making the total
length of the two lines 3042 knots. Messages had been transmitted
between Suez and Aden for about nine months, and separate sections of
this line had been worked for eighteen months. It was also mentioned
that the line had been worked from Aden to Kurrachee by means of
translation at very good speed; but that the whole distance from Suez
to Kurrachee had never been worked throughout. The cable had been
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under-run and examined for many hundred miles, and was certainly not
corroded to the extent which might be imagined. As a general rule the
strength of the cable had not been diminished one-tenth by corrosion,
after being submerged a year.
With regard to the Rangoon cable, originally intended to be laid
from Falmouth to Gibraltar, and therefore designed for deep water, it
had an outside covering of hemp and steel, and possessed, it was asserted,
a greater tensile strength in proportion to its weight in water than other
cables previously tested. The cable laid from Toulon to Algiers was
constructed upon the same principle, and upon a "kink" occurring, it
was successfully hauled back for S miles out of water 1 600 fathoms in
depth.
The old Biirveys and soundingB might have been sufficient for the pur
poses of navigation, but they were not of that complete character to
render the submergence of a submarine telegraph cable a safe operation.
From the records of such surveys it appeared that the mean interval of
the soundings in deep water was 20 miles. Now, on the Valentia side
of the Atlantic, there was ascertained to be a dip of 7200 feet in 10 miles,
and near the east coast of Greenland of 3468 feet in 3 miles. It was evi
dent therefore that very inaccurate estimates of depth might be arrived at
if the observations were only taken at intervals of 20 miles. The recent
examination of the proposed line from this country to Labrador, showed
that near Iceland there was a series of abrupt elevations and depressions
at short intervals, producing a saw-like disposition of the surface, which
was composed of volcanic rock that never lost its abrasive character
or the angularity of its particles.
Hitherto gutta-percha had been considered as the sole material for
insulation; but recent experiments had shown that india-rubber possessed
a high insulating power, and specific inductive capacity, with great
flexibility and elasticity. Its durability could only be tested by time.
As a proof of its qualifications in that respect, a specimen of wire insu
lated with india-rubber was exhibited which had been used experimen
tally between H.M.S. Pique and Blake in the year 1845, and across
Portsmouth harbour in the following year; also a large coil of wire so
insulated.
In these cases the india-rubber had remained perfectly
durable and hard. The failures of the Atlantic, the lied Sea, and the
Rangoon cables, were believed to be attributable to their want of proper
insulation. This was owing to the porosity of gutta-percha, which ad
mitted a slow transudation of fluids through its mass, to such an extent
that when made into bottles or other vessels they could not be used for
holding chemical fluids.
There were already about thirty undertakings in submarine telegraphy,
owning in the aggregate nearly 3000 miles of cables, a large proportion
of which had been completed and been at work for many years, and some
of which, though more recent, had been successfully laid in very deep
water. These cables had hitherto remained in almost perfect working
order, having cost an inconsiderable percentage in maintenance since
submersion. This was most probably due to the adoption of the model
of the first successful cable hud between Dover and Calais in the year
1851, which was protected by thick iron wires of the best quality, for
the cables between Portpatrick and Donaghadee, Portpatrick and Carrick fergus, Dover and Ostend, and other places.
The failure of the
Irish lines of the Electric Telegraph Company, and of the galvanised
iron cable from Orfordness to the Hague, were believed, to be due to
changes in the character of the cables, made too much for the sake of
change, having reference to anchorage and other risks of breakage; as
they were all cables of small dimensions and of limited strength. In
shallow waters, the thickness and strength of the cable ought to be
limited only by the ability of the machinery to lay it, and the power of
the projectors to pay for it.
In reference to the cables between England and Holland, it was re
marked that these were the first long cables; and it was not then possible
to lay a cable 100 miles in length equal in weight to that between Dover
and Calais, even if it had been thought desirable. That was not how
ever the only reason for the adoption of four light cables. It was con
sidered that there would be less risk in laying them, that it was
improbable all of them would be injured simultaneously, and that when
damaged, they could be more easily and cheaply repaired and renewed;
and it was thought to be still an open question whether a more econo
mical method of insuring a constant communication could be adopted.
In deep-sea cables there -hail been little else than failures, from causes,
it was thought, rather within the scope of the moralist and the man of
the world, than the man of science. The details of the Atlantic cable
were arranged before anything was practically known about deep-sea
cables; but it was designed upon enlightened principles, and perhaps
could be laid at the present day with the probability of enduring,
although the conductor, owing to its small size, would not enable the
same rate of working to be attained that was now possible. Great
mistakes were however made in organising the undertaking— the radical
fault being the precipitate manner in which the contracts were let—pre
cluding any preliminary practical experiments. The laying of the cable
ought also to have been postponed. The Red Sea cable was another
instance in which a disastrous waste of public money had its origin in
c uises entirely apart from scientific difficulties. After the concession
had been purchased, it was found that owing to a complication of ar
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rangements, the directors had also acquired an engineer and a contractor;
that practically the form of the cable was decided upon; and that little
remained for the board to do but to pay. Although at the instance of
Lord Stanley the specimen of the proposed Red Sea cable had been sub
mitted to several scientific authorities, this had not been done until the
form had been so far decided upon, that it had become a foregone conclu
sion, as the contract for its manufacture had actually been entered into.
The Blue Hook showed that there had been previous dealings between
the engineer and the contractor; the concession for an important portion
of the route—namely, that between Constantinople and Alexandria, had
been already sold to the contractor for the Red Sea cable, and thus it
was considered imperative to give the latter contract to Messrs. Newall
and Co., at a higer price, as they alone could promise a direct through
communication with England by a stated time.
The contract was
wrong in principle; one great vice being that it was taken for a lump
sum, thereby offering a premium upon the chances of saving some part
of the slack, or surplus cable. Hence the fractures, which were asserted
to have been occasioned by the tightness with which the cable was laid.
If properly investigated, it would be found that submarine telegraphy
was not an enterprise involving so much of mystery or of risk as hail
been supposed. With regard to the Rangoon cable, it was thought if
the wires surrounding the core had been saturated with tar, as had
always been done in the case of former cables, the heating would not
have taken place.
,
Within the last few months the cable belonging to the Mediterranean
Company, between the Island of Sardinia and the coast of Africa, which
was laid in the year 1857, having failed, it became necessary to repair
it. Tests showed that there were some bad faults about 40 miles from
Sardinia, and that within 5 miles of the coast of Africa the cable was
broken. This break, and another 2 miles further out, were believed to
have been caused by the trawls of coral fishers, after the outer wires had
been corroded. In fact the whole of the deep-sea cable near Africa was
found to be corroded, whilst the thicker shore-end was not injured by
corrosion. On picking up the cable, beginning at the island of Sardinia,
the first 39 miles were found to be as sound as when laid. But at this
point a change occurred in the character of the bottom, and a short dis
tance further out the cable was broken from corrosion as it lay at the
bottom, at a depth of 1200 fathoms. Specimens of the rust or bark
from the cable had been analysed, but it did not appear that the corro
sion was due to the decomposition of the animal matter adhering to the
cable. The cause of the fracture of the Bona cable in deep water was
attributed to its having been laid too tight, so that when the outside
iron wires were decayed, the elasticity of the cable caused it to part.
With respect to the remedies for these disasters, the first appeared to be
the employment of larger gauge wire; but for long deep-sea lines it
would be impossible to adopt heavy wire coverings. A Becond remedy
was coating the external wires with some bituminous composition which
would not injure the gutta-percha by heat when applied, and was not too
expensive in its application. It had also been proposed to make careful
soundings of the bottom along the route which the cable was to be laid ;
but until the nature of the bottom which caused corrosion was better
known, this remedy could not be relied on with safety. It was sub
mitted that the adoption of a light cable not covered by iron wire might
possiby be advantageous; for although small iron-covered cables hail
failed, there was no evidence to show that cables unprotected by iron
wire would also fail. When this subject was discussed at the Insti
tution in tin year 1858, corrosion was not mentioned as a source of
danger to cables. At that time the Malta and Corfu cable, which wa»
somewhat similar in construction to the Atlantic cable, had been in
operation for eighteen months; and the Red Sea cable was then designed,
as well as the Levant cable, both being nearly alike, and the latter
chiefly belonjring to Messrs Newall and Co. It was singular that the
Levant cable had proved to be an exception to the general law of de
struction; inasmuch as all the sections which were laid still remained in
working order—including the lengths between the Dardanelles and Scio,
Scio and Candia, Scio and Syra, Scio and Smyrna, and Syra and Athens,
in all about 600 miles. On the other hand, since 1S58 many instances
of corrosion had occurred in the Atlantic, the Black Sea, the Mediter
ranean, and the Red Sea, and also near the English coasts.
Passing to the electrical part of the paper, it was believed that the
charge waB inversely proportional to the logarithm of the ratios of the
external and internal diameters of the gutta-percha covering, and that
it was not proportional to the surface of the copper conductor. Where
the resistance of the cable formed a large part of the circuit, the deflec
tions given by the water current would not be of much use in detenniniiui
the distance of the fault, or the amount of copper which was bare
The gas currents which had been alluded to were commonly known as
polarisation. The practice of expressing the resistance of gutta-percha
by units was introduced by Prof. W. Thomson in 1857, at the meeting
of the British Association in Dublin. Mr. Jenkin, in 1859, at the
meeting of the British Association at Aberdeen, gave the insulation of
the Red Sea cable in terms of the specific resistance of gutta-percha,
which corresponded to a resistance per knot of 94 millions of Siemens"
units at 60° Fahr. At the same time temperature curves derived from
actual experiment were given, and the great influence of continued eleo
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Irificntion was mentioned. Complete details of all these experiments of national importance, it had also shown it to be a branch of the pro
were presented to the Royal Society in 1880. Although bo much atten
fession the practice of which up to the present time had been signally
tion had been paid to the testing of the Bed Sea cable, it appeared that unsuccessful. Upwards of 9000 miles of submarine telegraph cable
it had not been immersed in water during the tests; and unless that were had been laid down, of which not more than 3000 miles could be said
done faults could not be detected. This omission probably arose from to be in working order; so that there were 6000 miles which were almost
fear of oxidation to the outer wires, but that was scarcely a sufficient utterly useless. This result showed conclusively that there was either a
excuse, as the cable should have been so made as not to be liable to be
lamentable want of knowledge on the subject, or some radical practical
injured by such a cause.
error, which should be carefully inquired into with a view of applying
a remedy. The present deplorable state of submarine telegraphy was
With regard to the question of units, it was urged that it was desi
rable to introduce a system which should be universally adopted. The endeavoured to be accounted for in Blue Books and other published
documents
by reference to causes which practical men could not admit;
system of units first proposed by Weber in Germany, in 1851, and
shortly afterwards hy Prof. W. Thomson in England, was founded upon and the conviction which forced itself upon the minds of unprejudiced
the relation between electricity and mechanical effect, and did not depend men was, that the obstacles to success had been more of a moral than of
upon an arbitrary assumption of some one quantity of the same nature a mechanical nature.
It was hoped that the promised Report of the Government Commission
as the thing to be measured. It was thus possible to express electrical
values in units depending directly upon the absolute unite of force; and on Submarine Cables would give facts which would either confirm this
not only could electrical resistance be so expressed, but also the strength opinion or dispel such an impression. It was understood that the
of a current, the electromotive force of a battery, and the quantity of report would go fully into the questions of the methods of insulation
and of testing cables. These had been already brought within the
electricity.
The results were then given of a Beries of experiments undertaken to Erovince of mathematical certainty, yet the application of the results
ad not been satisfactory; and patents were even recently taken out, as
show that injuries to the core of a submarine cable, caused by accidents
during the manufacture, might be temporarily repaired so as to escape if for the purpose of adding difficulties to processes which were already
sufficiently complex. Patents had in fact proved the curse of telegraphy,
detection, by the " serving"' being saturated with tar and tallow, which
was tea insulating mixture. Other experiments were also made with a for scarcely was the ink of the agreement for the purchase of one patent
view to ascertain what degree of heat would affect the core, when it dry, before another was offered which was warranted to supersede all
appeared that no fear need be entertained bo long as the temperature that had been previously accomplished.
did not exceed 100° Fahr.
The first considerable failure of a submarine cable was that of the
In reply, a hope was expressed that the observations which had been Atlantic Telegraph Company. It would be remembered, that in a dis
cussion before the Institution of Civil Engineers it hail been strongly
made during this discussion would have the effect of inducing the Admi
ralty authorities to give instructions to their hydrographers that in urged that the cable should be tested during its manufacture, and sub
as carefully depicted as the surface of the land was on geological maps, sequently that it should not be laid until it had been tested under water,
future surveys the bottom of the sea surrounding these islands should be as nearly as possible under the conditions to which it would be sub
The Channel Islands cable had been laid with such an amount of tension jected when it was laid in the sea. In violation of all these precautions,
that it was necessarily subject to abrasion; and when its strength was the cable was laid, with the conviction of its not being in a perfect state;
reduced by some of the wires being chafed, the cable was readily broken a capital of upwards of £300,000 was sunk, and the cause of electric
asunder. This fact seemed to show that in shallow waters cables telegraphy was seriously jeopardised. It must be admitted, that even if
should be laid as slack as possible, consistent with avoiding "kinks." the cable had been perfect when it was submerged, there were natural
The failures of submarine cables in shallow water did not appear to be causes in operation which would probably have destroyed its conductidue so much to inherent defects in the cables themselves, as to the bility in little more than twelve months; this however could not excuse
localities in which they were placed. In proof of this it was stated, the recklessness with which so large a capital was risked without ade
that although the Portpatrick and Donaghndee cable, which had been quate precautions.
Several of the deep-sea Mediterranean lines had failed from mechanic
submerged eight years, had never been damaged, yet the Dover and
Calais, the Dover and Ostend, and other cables equally as strong, had cal causeR, some of which had been foretold before the submersion of the
been broken. Then again, the cable connecting Jersey with Pirhou, on cables had been attempted. This demonstrated the necessity for more
the coast of France, which was laid in the latter part of 1859, although careful and accurate surveys of the bottom of the ocean to the depth of
it had remained in good working order, while the Channel Islands cable 500 or 600 fathoms on the lines where cables were to be laid; beyond
hail been broken in five or six places in the same time, yet a similar that depth it might be assumed that there would be little, if any, me
description of cable, 5 or 6 miles in length, laid off Aldemey. when taken chanical action. Corrosion would take place, but commercially that
up a short time ago was found to be in a very bad condition. Again, could be provided for by a fund for replacing the cables when they
although the Hague cables had given a great deal of trouble, a similar became unserviceable.
The last great failure which had attracted public attention was that
cable, laid in 1857 on the coast of Norway, had remained in good work
ing order. The decay of cables from corrosion was duo to three causes, of the Red Sea telegraph. This assumed more than ordinary import
—1st, to simple oxidation from water running over the cable; 2nd, ance, because the country was under engagement to pay about £36,000
to the cable lying upon a metallic surface; and 3rd, to the formation per annum as guaranteed interest upon an outlay which, up to the
of vegetation upon the cable. From the evidence already obtained it present time, was utterly useless, and which did not appear to afford
would seem to be essential in the submersion of future cables that some much hope of ever being otherwise. The history of this undertaking, as
means should be adopted to prevent the rapid deterioration and decay of far as it had been made public, was given in the parliamentary papers on
"Telegraphic Communication in the Mediterranean, and with India''
cables at present experienced.
(1859 and 1 860). These published documents only would be quoted from
The credit of the invention of resistance coils was attributed to Prof.
Wheatstone, who in 1843 described them in a paper read before the —and, without entering into all the minute details, it would suffice to
Royal Society. Their introduction and useful application in England lay before the meeting the broad facts, whence it would be seen that
was believed to be due to Mr. Cromwell Varley; and they had been moral causes had entered largely into the fate of this unfortunate under
taking.
used by the Electric Telegraph Company some time before the year 1852.
It had been stated that the sanction of the late Mr. Robert Stephenson
It frequently happened in repairing a cable, that on the surface of the
gutta-percha there was found a small lump, a little hole, or a piece blown had been obtained as to the form of the Red Sea cable. This was pro
bable, as he was always ready to give advice to whoever asked it; but
out, as if burnt by a flash of lightning. These effects had been, errone
ously it was maintained, attributed to lightning. On the other hand, when responsibility was attempted to be fixed upon him, it became
it was contended that the great enemy in the working of a cable was necessary to ascertain to what extent his sanction had been given. Did
ozone. When the smallest puncture admitted the least drop of water in the gentlemen who consulted Mr. Stephenson as to the construction of
connection with tie cable, the decomposition which took place generated the cable inform him who was to be the contractor;— did they communi
cate to him the conditions of the contract, or the restrictions under
ozone, which was known to attack in a rapid manner all inorganic sub
stances Uke india-rubber or gutta-percha. As to the comparative merits which it was to be carried out ? U they did not do so, his opinion as to
of india-rubber and gutta-percha as insulating materials, the electrical the mere form of a bit of cable, given probably in the free communica
qualities of the former had been proved to be far superior to the other; tion of one gentleman to another, and not as a professional opinion, with
and the only thing wanting to justify the use of india-rubber for long all the circumstances of the case before him, should not be made use of
to shift the onus of failure from the living to the dead.
deep-sea cables was positive proof of its durability. Now the sub
Now as to some of the dry facts relative to the Red Sea cable. The
marine cables laid in 1852 for connecting Hampshire with Hurst
Castle, and also crossing the Yarmouth river in the Isle of Wight, letter of Messrs. Glass and Elliot, of June 26th, 1 858, addressed to the
Lords
Commissioners of the Treasury, said—
were coated with india-rubber, which was now as durable and as good
as when first laid down. There was no reason why cables should not
"We beg most respectfully to address your lordships on the subject
he taken up, examined, and repaired, periodically; and it was believed of the proposed line of telegraph to India, by way of the Red Sea,
that submarine telegraphy would shortly have arrived at that state when which project is now under the consideration of your lordships at the
it would be possible to preserve the communication uninjured for an instance of the Red Sea Telegraph Company. That your lordships may
almost indefinite period.
be fully informed of the circumstances which have led to this com
If the paper and the discussion had exhibited the subject ;vs one munication, it becomes necessary to lay before you the following brief
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history in connection with the progress of the undertaking, and our con
nection with the same.
"In the year 1355 application was made to us by Mr. Lionel Gis
borne, who represented himself as acting for and under the authority of
Her Majesty's government, for information to enable him to prepare
estimates for the carrying out of a telegraphic line to the East; and on
his assurance that we should be placed in a position to tender for the
execution of the work, upon his completing certain arrangements with
the Turkish government, we provided the necessary information, accom
panied with many specimens of submarine cables best suited for the
contemplated line, with estimates, &c, upon which Mr. Gisborne pro
ceeded to Constantinople, and obtained the necessary firman from the
Sultan to lay down the line now under consideration. Shortly after his
return to this country, these concessions were placed at the disposal of
a body of gentlemen, who formed themselves into a company (the Bed
Sea Telegraph Company), for the purpose of carrying out the lines under
the concessions obtained by Mr. Gisborne. In the month of August
last the directors called upon us to assist them with information, and
afterwards to tender for the execution of the whole or one-half the line;
which we did, and a prospectus was issued founded on this estimate, but
an insufficient amount of capital was subscribed, caused by certain
statements in the public newspapers to the effect that it was impossible
to lay a cable in the Red Sea, from its great depth and other causes.
In this state of things we suggested the propriety of an application
to Her Majesty^ government to cause a survey to be made, with a view
of testing the truth of these statements: this course was adopted, and
the Cyclops was ordered on the expedition, and instructions, forwarded
on our suggestion to the Admiralty through the hydrographer, were sent
out to the officer in command of the Cyclops, and the result having been
highly satisfactory, a further attempt was then made by the directors to
carry out the line; hence the proposal now under the consideration of
your lordships. The undertaking having thus far proceeded, it was
found that the agreement between Mr. Gisborne and the directors of the
Bed Sea Telegraph Company had in the meantime lapsed by a few days;
and on being called upon by the company to renew the same, he con
sented, but insisted, as we have been informed, that in addition to the
sum of £15,000 agreed to be paid to him in consideration for the conces
sions, that he should be appointed engineer to the company, and that the
whole of the work should be given to Messrs. Newall and Company,
without tender; Messrs. Newall and Company having become interested
with him in the concessions, and he was bound to them accordingly.
The directors have felt themselves constrained, under the peculiar
circumstances of the case, to submit to the terms imposed by Mr. Gis
borne; and a conditional contract has been entered into with Messrs.
Newall and Company, approved by Mr. Gisbome, to carry out the works
for the sum of £650,000, or thereabouts. The directors having given us
an opportunity of seeing these estimates, we are in a position to inform
your lordships that we are prepared to execute similar work for £100,000
less than that amount. Should your lordships find on inquiry that our
statements are correct, we feel sure that your lordships will not, under
such circumstances, sanction the application of public money to this
purpose, for the private gains of individuals to the prejudice of the
public."
Upon tins there followed a Treasury Minute, dated Aug. 4, 1858:—
"Inform Messrs. Glass, Elliot, and Company, that my lords have
made an arrangement with the Red Sea Telegraph Company, by which,
on certain conditions, a guarantee on the part of Her Majesty's govern
ment is granted to that company.
It is one of the conditions in the arrangement that the line of tele
graph shall be laid down on the responsibility of the company; my
lords do not propose to interfere in the selection of the parties who are
to execute the work, further than to see that its proper execution is suf
ficiently secured. My lords have no doubt the company will adopt the
proper means of procuring contracts for the execution of the works on
the best terras, and can only refer Messrs. Glass, Elliot, and Company,
to the directors of the company."
The first of these documents proceeded from rival manufacturers, but
no public explanation had ever been offered of the facts alleged.
On the 27th of August, 1858, the chairmain of the board of the Red
Sea Telegraph Company, in a letter to the Treasury, said— "As regards
the selection of contractors, they (the directors) beg to state that the
choice lay between two firms, and that, in a matter of so much import
ance, and with so limited a number of competitors, it appeared to them
that the early and satisfactory completion of the enterprise would be
most effectually promoted by the selection of the contractors who com
bined the highest reputation with the greatest experience in laying sub
marine cables. The reputation of Messrs. Newall and Co. stood pre
eminent, and they had already succeeded in laying several telegraphic
lines."
Inclosed in this letter was " A memorandum of agreement made and
entered into between the Red Sea and India Telegraph Company, of the
one part, and Robert Stirling Newall, Charles Liddell, and LewiB Dun
bar Brodie Gordon, all of Abingdon-street, Westminster, trading under
the firm of Newall and Co., of the other part," covenanting that "the
said Messrs. Newall and Co. shall manufacture and lay down the cable
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from Suez to Aden, and, if the board should require it, and announce
their desire to that effect, within four weeks from the date hereof (left
blank in the Blue Book), from Aden to Kurrachee, at their own risk
and responsibility, and deliver the cable complete and in full working
order and condition for the sum following, viz.:—From Suez to Aden for
the sum of £225,000; from Aden to Kurrachee for the additional sum of
£246,425. The board are to have the right of inspecting the cable
and materials during manufacture and while laying, by their own mem
bers and by their officers and persons appointed by them, in such manner
and at such times as they may think fit."
On the 23rd September, 1858, Mr. J. Cosmo Melvill wrote:—
" With regard to the proposed arrangements for executing the work,
Lord Stanley is not aware of the reasons which induced the directors of
the (Red Sea) Telegraph Company to enter into a contract for the cable
without resorting to the system of competition; and he does not perceive
why that principle could not have been advantageously applied in this
case, or why both the firms engaged in the manufacture of the cable
which the directors appear to have taken for their model, should not have
had the opportunity of making a tender.
With regard to the description of cable which has been fixed upon,
Lord Stanley is inclined to urge that every precaution should be taken
to secure the best that can be devised for the purpose. It is well known
that grave doubts are entertained by some authorities as to whether the
Atlantic cable meets all the requirements of a submarine telegraph
work, and he would suggest therefore the desirableness of obtaining
the concurrent opinion of two or more eminent authorities upon the
subject, before making final arrangements.
Having perused the proposed agreement with the contractors, the
only observations with regard to its terms which I am desired to make
are, that it would be desirable to modify the first clause so as to oblige
the contractors to keep the cable in working order for one month at least
from the date of the first message passing through it; and that clause 4
should bo made quite clear upon the power of the Telegraph Company
to test as well as inspect the cable and its component parts in all stages
of its manufacture."
This letter must be borne in mind, as it related to the important points
of the contract being given without competition, the form of the cable
—referring to the "grave doubts" entertained with respect to the
Atlantic cable, which at that period had virtually failed, —and the obli
gation to be imposed on the contractor to keep tlu cable in working
order for one month at least from the date of the first message passing
through it, the original proposed period of maintenance being only ten
days.
It should be observed that up to this point no mention was made of
the testing, or of the reception of "sections" of the cable; but "the
cable"— meaning the whole extent of the cable from Suez to Kurrachee
■— was evidently intended by the government and by the Red Sea Tele
graph Company.
In the letter of the 28th of September, 1858, from the chairman of
the Red Sea Telegraph Company to the Treasury, after repeating the
former reasons for giving the contract to Messrs. Newall and Co., it
was stated: — "But it was also supported by the consideration that the
firman from the Turkish authorities, which was the basis of their opera
tions, would lapse unless the telegraph was established between Con
stantinople and Alexandria before the end of the present year (1858);
and that Messrs. Newall and Co. engaged, on receiving the Red Sea
contract, to complete that telegraphic communication from their own
resources in time to save the Turkish concessions."
Now it must be observed that up to the present time (1861) no com
munication between Constantinople and Alexandria had ever been made;
yet that was one of the chief reasons for not submitting the contract to
public competition.
In the same letter it was said: —"The board have communicated to
the contractors the desire of Lord Stanley that the period for which they
should be bound to maintain the cable in working order be extended
from ten to thirty days, and they hope to be able to effect the arrange
ment."
In the contract with Messrs. R. S. Newall and Co., dated 23rd Oct.
1858, it was stipulated that they "shall manufacture and lay down the
cable from Suez to Kurrachee, at their own risk and responsibility, and
deliver over the same to the company, complete in full working order,
and in condition to transmit ten words per minute."
In clause 5 of this contract, which stipulated for certain payments
being made to the contractors as the work proceeded, it was said: "And
no part of the money is to be considered as due until the cable, for each
section, shall have been efficiently at work, as hereinbefore specified, for
one clear calendar month," &c. "Any surplus cable remaining, after the
final completion of the contract, is to belong to the parties of the second
part (the contractors)."
These documents exhibited prominently the duty of an engineer to
exercise great care in drawing up a contract, as well as to see all the
provisions scrupulously carried out.
It would be observed that when the tender of Messrs. Glass, Elliot,
and Co. was £460,000; that of Messrs. Newall and Co. was £471,425;
yet the general result involved in the tender of the former firm was
evaded.
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It mast be borne in mind also, that Messrs. Glass, Elliot, and Co. had
stated in their first letter to the Treasury that they had examined the
estimates and were prepared to execute the same work at £100,000 less.
The directors however overlooked this, and only said they considered the
question of £10,000 was immaterial, because they got an undertaking
from Messrs. Newall and Co. to complete the cable from Constantinople
to Alexandria, and thus to connect India with Europe, which however
had not yet been done. It was to be remarked however that no formal
undertaking on the part of Messrs. Newall and Co to complete this com
munication appeared among the official papers.
These details might appear prolix, but it was impossible otherwise to
lay clearly before the meeting even the outline of the case, and much
more to give a notion of the causes which had led to that lamentable
failure.
In the contract, clause 4, it was provided that the board itself, or by
its officers, were to have the right of inspecting and testing the cable
and all the materials during manufacture and whilst being laid, but so
as not to interfere with the process of manufacture. But as regarded
the laying, the meeting had been told by one of toe engineers of the
company that they never had any responsibility, as they never were
permitted to interfere in the laying of the cable.
Another condition of the contract was that the estimates allowed
20 per cent, of extra length, in order that the cable might be laid suf
ficiently slack. Another clause, however, gave to the contractors all
such portions of the extra length as were not actually laid; thus actually
offering a premium for laying the cable as "taut" as possible. The
obvious result was that in consequence of the engineers not having any
authority to interfere with the mode of submerging, the cable was laid
with so little slack that failures declared themselves almost immediately.
Eventually, a vessel was engaged for 182 days in abortive attempts to
repair 184 miles of cable.
It was evident that a contract had been made which absolved all
parties from responsibility. The engineers had not any power to inter
fere, and the liability of the contractors was restricted to thirty days.
Even here however there was an ambiguity, the government demanded
that "the cable"—meaning the entire cable— should be kept in perfect
working order during thirty days at least; but the company apparently
omitted to insist upon this condition in their dealings with the con
tractors, as although it was admitted that each of the subdivisions of the
cable when laid had conveyed messages during the minimum period, yet
no messages had ever travelled throughout the line (beyond one or two
days), according to the evident intention and provision of the govern
ment, and on the faith of which a guarantee had been granted. It had
recently been stated that Messrs. Newall declined to enter into the
contract if they were held to the maintenance of the entire line for
thirty dayB. The question appeared to have been settled by a compro
mise between the company and the contractors, and the public was
saddled with the payment of nearly £36,000 per annum; whilst probably
all the work would have to be done over again, as the present cable, now
lodged on the bottom of the Red Sea, was of no earthly utility, save to
the zoophytes, which no doubt were closely attached to it.
Now as to the Rangoon cable. The government requested the opinion
of the late Mr. Stephenson upon the form of a cable to be laid between
England and Gibraltar, and the suitable construction was pointed out.
This recommendation was reported upon by the engineer who was
appointed to the project. It was however imagined that the line might
be interfered with in case of hostilities; and this cable, which was origi
nally designed for laving in a deep sea, was now ordered to be trans
ferred to Rangoon, in order to its being laid between that place and
Singapore, a considerable portion of which route was through compara
tively shallow water. The next that was heard of this unhappy cable
was, that it was in a state of fermentation, whether from the hemp
covering or the oxidation of the iron was not stated ; but its destination
was again changed, and it was now apparently to be transferred to the
station between Malta and Alexandria, to supersede the cable which
Messrs. Newall and Co had undertaken to lay for establishing a commu
nication between Constantinople and Alexandria, but which had not yet
been completed. The statements of the Blue Books on this subject were
curious, and deserved careful attention. As to the construction of the
cable, it appeared to be of superior character, and it was a matter of
regret that it had not been laid in the place for which it was originally
designed.
It was evident that there were in electric telegraphy other considera
tions bevond scientific knowledge and mechanical skill, and those who
had to deal with the subject must be prepared to cope with difficulties
arising from other and far different causes. A piece of cable on the
table was an instance in point, it was taken from a line laid between
England and the Continent for the International Telegraph Company.
It contained four conducting wires, and whilst the cable was coiled the
whole acted perfectly, but when it was laid only three of the wires were
capable of performing their duty. The contractors expended a large sum
in ineffectual attempts to raise the cable, and to discover the cause of the
failure, during a stormy season. On the return of propitious weather
they were more successful, and they then discovered that a nail had been
very skilfully inserted into the cable, in such a manner as to destroy the
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action of one wire. A person who had been on board during the sub
mersion of the cable at length confessed that he had been in the pay of
other parties, had at their instigation sought for employment under the
contractors, and had, under instruction, inserted the naiL As the case
would very shortly be brought before a court of justice, it would be
improper to enter into further particulars, but the occurrence justified
the severe remarks as to "moral causes" that had been made during the
discussion.
Now as to the proper steps for insuring something like a satisfactory
submarine telegraphic communication. Although it was essential that
a proper route should be selected, it was not requisite to have the entire
bottom of the sea mapped out with as great accuracy as had been sometimes
contended for, the expense would be too great; and as experience had shown
that the destruction from mechanical abrasion only took place within limited
depths, the more elaborate survey might be restricted to practical depths,
and there it should be minute. For that depth the cable should be
strong, and beyond that a smaller section might be used. The extent of
corrosion was a serious question, especially where the cable reposed upon
sand; and provision should be made for renewal at intervals, say of seven
or eight years.
A main point was the form of contract which the government should
enter into with parties offering to lay down cables. It appeared that
at present few, if any, of the submarine telegraphs were remunerative
per *e, — and with the failures of the Atlantic and the Red Sea cables
as precedents, companies would scarcely be found to embark in such
undertakings without some government assistance. Then came the
question of the terms upon which the government might safely enter into
such engagements. After considering all that had been done up to the
present time, as described in the Blue Books, it appeared that the safe
course would be to negotiate only with such contractors as were known
to be responsible and trustworthy, to pay them a Bum not exceeding the
actual cost of the cable, and then to covenant to pay a liberal per
centage for the use of the cable for the period during which it actually
remained in working order. The question of the amount paid for effec
tive service was a minor consideration when compared with the fact of
saddling the country with an annual payment of nearly £36,000 without
the chance of deriving any practical benefit. The subject was one of
vital importance, and it was hoped that the expression of opinion during
the discussion of the subject would lead to a more business-like conside
ration of the question elsewhere than it had hitherto received.

March 12.—A statement was read by permission of the council in
reference to the remarks which had been made at the last meeting upon
the paper on "Floating Beacon*." It was stated that seventeen keel
buoys had been already constructed, and that there were two on the Arklow Bank and one on the Codling Bank, coast of Wicklow, one on the
Butter Pladdy Reef, coast of Down, and one on the north-west Good
win, in the Gull Stream. The effect which had been attributed to the
keel, or prolonged sides, was not only consistent with theory, but had
been corroborated in practice, and its action was similar to bilge-pieces,
as the function of both was to press against a mass of water which by
its inertia steadied the floating body. The principles on which the
cone-bottomed buoy and the keel buoy were based, and the mode in
which they were carried into practice, were essentially different. For
the former it was said, "the mooring ring should be attached near to
the centre of gravity and to the plane of flotation;" whereas in the
latter, a flat metal plate or keel was added, to steady the buoy by its
impact against the water, and by causing the mooring point to be at the
centre of lateral pressure, which point could never coincide with the
plane of flotation, and in practice was far below the centre of gravity.
If properly constructed neither the oone nor the flat bottom would give
way; though there was some risk of the rivets which attached the moor
ing ring on the outside of the cone-bottom becoming loose and leaky,
from the continual jerking of the chain; whilst in the keel buoy the
mooring casting was like a flat button on the inside of the bottom, the
shank only projecting through a central aperture.

The paper read was "On the North Sea or German Ocean; mth
Remark* on tome of it* Ettvarie*, Mirers, and Harbour*." By John
Mcbbay, M. ln-t. C.E.
The author first referred to the charts as now published by the best
authorities being generally little else than a mass of figures, which even
after attentive study could not be long retained in the memory. In this
respect they differed from geographical maps, which, being tinted to show
the separate states and provinces, conveyed a more lasting image to the
mind. If instead of the present Bystein the bottom of the sea were con
toured from the original soundings with faint lines, and at every 5 or
10 fathoms dotted; and if the surface between the dotted lines were
tinted, and the deep sea engraved in a stippled or darkened manner;
the charts would give at a glance a correct notion of the bed of the sea,
of a bay on its verge, or of an estuary with a river falling into it. The
charts illustrating this paper were contoured and coloured on this
principle. Between the land and 10 fathoms inclusive the bed was re
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presented by a tint of yellow; then every succeeding depth of 5 fathoms
by orange, red, purple, light and dark blue colours.
The western shores of Ireland, Scotland, and Norway, exposed to the
' fury of the waves of the Atlantic Ocean, had a great similarity of out
line; each being rent into numerous inlets, creeks, and bays.
The great stream of flood from the Atlantic, after traversing the
western const of Scotland, approached the Orkney and Shetland Isles
from the north-west, passing eastward through these groups, and after
combining with the stream through the Pentland Frith, ran southward
along the east coast of Caithness. The same great stream of flood also
reached the coast of Norway, and in latitude 62° separated, one branch
running to the north and the other to the south. The latter stream
impinged upon Kinnaird Head and Rattray Point, throwing a branch
into the Moray Frith. The eastern branch of this stream continued its
course southward until checked by St. Andrew's Bay and the shoals off
the coast of Fife, passing from thence into the Friths of Tay and Forth.
In consequence of the Bell Rock and other patches north of it, the
stream of flood was divided; and as the flood in the deep water was
pressed forward with greater velocity than the streams which traversed
the more shallow water of the coast, the main stream arrived sooner, and
split off Dunbar and St. Abb's Head, entering the Frith of Forth in a
north-westerly direction, and penetrating a considerable distance within
it before the other streams which run parallel with the coast. Southward
from St. Abb's Head the Btream of flood was uninterrupted until it
encountered the projecting coast from Redcar eastward, and the tidal
waters were in consequence heaped up in Tees Bay.
This stream
continued its course, and off Whitby joined the main stream coming
due south from the deep water. The united streams continued their
course to Flamborough Head, sending a branch suddenly round this
point to the westward, which swept Bridlington Ba}' and the low coast
of Holderness. Another branch made for the mouth of the Humber;
but the main stream took a south-easterly direction, and as the depth of
the sea was reduced by an extensive shoal off the coast of Norfolk the
stream of flood was forced forward, scooping out in its passage the Inner
Sil /er Pit. From thence it ran into Lynn Deeps, and filled the Great
Wash. Another branch scooped out the channels called the Coal and
Sole Pit*, and continued ite course between numerous long narrow
banks, which much retarded the velocity of the tidal stream.
The
stream of flood off Yarmouth resumed its southerly course, hugging the
coasts of Suffolk and Essex, until it fell into the estuary of the Thames.
The tidal wave trnversed the distance from Kinnaird Head to the
East Nook of Fife at the rate of 56 nautical miles per hour, and from
St. Abb's Head to Flamborough Head at the rate of 54 miles per hour;
but in the deeper water from opposite Kinnaird Head to Flamborough
Head the velocity was (50 miles per hour. From Flamborough Head to
the Spurn Point, the rate was 38 miles per hour, aud from thence to the
Well in Lynn Deeps, 49 miles per hour. Over the shoal ground off the
coast of Norfolk the speed did not exceed 14 miles per hour; but from
Yarmouth Roads to the mouth of the Thames it attained a velocity of
about 29 miles per hour.
Returning now to the great flood stream off Flamborough Head, the
main set ran almost due east between the shoal ground off the coast of
Norfolk and the Outer Well Bonk, scouring out a channel, called the
Outer Silver Pit, between it and the shoals. Continuing onwards to
the Texel, it threw off a branch southward, which made for the mouth
of the Thames and the Scheldt; and this current met with the flood
issuing through the Straits of Dover, the one neutralising the other.
Observations made by the late Capt. Hewett, R.N., inlat. 52° 27' 30" N.,
long. 3° 14' 30" E., showed, as had been previously pointed out by the
Rev. Dr. Whewell, that no rise and fall of the tide could exist in that
part of tli ■ North Sea; and that therefore the surface between the two
opposite coasts must assume a convex form at low-water by the shores,
and a concave one at high-water. The great stream of flood made for
the mouths of the Weser and the Elbe, sweeping the coast of Friesland;
and being forced in a northerly direction along the coast of Denmark, it
impinged on an extensive reef off the extreme point of Jutland which
altered its course. It then took the name of an ebb-tide, and after
uniting with the constant outset from the Baltic, ran in a north-easterly
direction, meeting the flood entering the North Sea between Norway
and Scotland, to renew the race it had just run.
The velocity of the tidal wave from Flamborough Head to the Texel
was at the rate of 30 miles per hour. From thence to Heligoland it
appeared to be propagated at about the same rate; but from thence
northwards in the open sea it had not yet been ascertained with
accuracy.
The debri* on the littoral of this sea generally accumulated with off
shore winds, lieing set in motion by the waves with on-shore gales, and
carried along by the stream of flood. A great part of the east coasts
of Scotland and England, as far south as the mouth of the Humber,
was wasted away by tho action of the sea. That of Scotland was car
ried into its bays and estuaries; but from the Frith of Forth to the
Humber, the debrit, including also the alluvial matter brought by diffe
rent tributaries into the rivers, and from thence swept by land floods,
found a resting-place in tho great receptacle of the ocean. As these
materials could not pass outwardly through the Straits, of Dover, nor
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northward between Norway and Scotland, the filling process was gradu
ally going on. Hence the gradual shoaling of this sea, the silting
up of the mouths of the Rhine and the Scheldt, the formation of the
numerous sand-banks on the coast of Holland, and the deposits at the
mouth of the Baltic, forming the islands in the Kattegat, and indeed
the whole country of Sohleawig and Jutland.
The changes which had taken place within historic times on many
parts of the east coasts of England and Scotland, were then referred to;
as well as the successive inroads of the ocean on the whole line of
coast from the Scheldt to the northern part of J utland, including par
ticularly Holland and Friesland.
The great isolated shoal of the North Sea was the Dogger Bank,
situated in the middle of the basin. This was attributable to the im
mense whirl of the stream of flood, which had been described; and
the inference was drawn that, if the tides continued to take their present
course, sooner or later this extensive shoal would become an island.
The author next proceeded to consider the effects produced by the
action of the tide amidst the Orkney and Shetland Isles, and in the
Pentland Frith and on the mouths of some of the estuaries of Scotland:
reserving for a future opportunity his remarks on some of the harbours
and rivers of the same coast and of England.
Referring to the Moray Frith, it was shown that one part of the
stream of flood in this bay had its origin in the Pentland Frith and
the several inruns through the Orkney Isles; and these streams meeting
off Noss Head, carried forward the flood in a south-westerly direction,
and along with it the detritus of the coast into the bay formed by
Tarbet Ness, from whence issued the Frith of Dornoch. Its bar was
in shape like a half-moon, with a depth of 11 feet at low-water, and a
range of tide of 12 to 13 feet at springs. Mr. D. Stevenson, M.Tnst.C.E.,
had ascertained that the level of low- water was the same throughout the
Frith to near Bonar Bridge, 1 7 statute miles from the bar, and that in the
river beyond there was a rise of 6 ft. 6 in. in 1700 yards. Also, that the
range of a spring tide at Portmahomac, without the bar, was 12 ft. 8 in.,
and at Meikle Ferry, Bonar Quarry, and Bonar Bridge, within the estuary,
it was respectively 13 ft. 5 in., 13 ft. 8 in., and 6 ft. 10 in.—the velocity
of the tidal wave between these places being at the rate of 22 miles,
7°4 miles, and 0-66 mile per hour. The diminished rates were caused
by the contraction of the estuary, by the less depth of its channel, and
by the reduced sectional profiles from the mouth upwards. It was then
estimated that the water-Bhed area of the rivers amounted at ordinary
times to 3246 cubic yards per minute, or about -r^jt" part of the total
discharge from the frith; but in the drought of summer the whole of
the fresh-water streams were insignificant in comparison with the
capacity of the estuary below Bonar Bridge, and the Kyle of Suther
land above it. The maximum surface velocity of the ebb tide at Meikle
Ferry was found to be 2'55 miles per hour, and the cubic contents of
the estuary within Dornoch Point amounted to about 155,128,100 cubic
yards. Assuming the duration of the ebb as 6 hours 22 minutes, the
total quantity of water passing out of the frith would average 406,094
cubic yards per minute, giving the maximum velocity through the sec
tion at its mouth of 2'66 miles per hour. In the open sea therefore,
over the bar situated, upwards of 4 miles from Dornoch Point, the
maximum velocity of the ebb could not exceed the rate of 1 mile per
hour. Notwithstanding the gentle velocity of the stream of ebb out of
this estuary, with the duration of flood and ebb nearly alike—conditions
under which it had been contended that no bar could be produced—
there was one at the mouth of this frith as well defined as in any tidal
river. Other authorities were of opinion that bars were composed of
matter held in suspension, and deposited when the current met the still
water of the ocean. But in this case there was not a sufficient quantity
of detritus carried down the rivers falling into the estuary to produce
a bar of sand like that in question, which could only be caused from the
indraught of the sea carrying the finer sands up the estuary. Violent
on-shore gales drew off from the shores as well as raised from the bottom
the sand and gravel accumulated during calm weather and westerly
winds. The sweep of the flood tide carried along the detritus, and
conveyed some of it into the seaward part of the estuary, where it was
deposited.
Other portions formed a beach across its mouth, which
would effectually bar it if there were no tidal currents to maintain a
channel. What was carried into the estuary on the flood with on-shore
gales was, on their cessation, swept away by the outset of the ebb, and
returned to the ocean. The bar of this frith was exposed to the full
force of a gilc from the north-east, and at such periods was found to be
in its worst condition.
Undercurrents on the flood tide, when sub
jected to the stroke of the sea, tended to increase its height, and the
author attributed its formation to this cause more than to any other;
for the bar was in its beat state in calm weather after a continuance of
land floods, especially if these were accompanied by strong spring ebbs.
A second part of the flood tide entered the Moray Frith from tho deep
water, and the consequence of the meeting of this stream with the one
formerly mentioned was an extensive deposit of sand between them.
The stream then passed onwards to the Frith of Cromarty.
A third part of the flood, and evidently the most powerful, also entered
the Moray Frith from the deep water, running parallel with the coast
from Kinnaird Head westward, filling with tidal water the Frith of
33
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Inverness, and carrying along with it the detritus of about 80 statute
miles of coast. The consequence of this sweep of tide was various deposits,
which had reduced the entrance to the Frith of Inverness to 1 400 yards,
with a depth of 23 fathoms at low-water spring tides. Through this
comparatively narrow but deep channel both the streams of flood and
ebb ran with considerable velocity. In former times the mouth must
have been as much exposed to the action of the waves as the Dornoch
Frith, with a similar bar outside; but none now existed.
The entrance to the Frith of Cromarty was through a gorge between
the headlands called the Suters. This gorge had an average width at
high-water of 1600 yards, with a maximum depth of 28 fathoms, and its
length was upwards of 1 J mile. After passing the strait the frith opened
out into a wide expanse, which, afterwards contracting, had an area at
high-water spring tides of 324 square miles, and at low-water of nearly
16 square miles. The rapidity of the regular currents through the strait
caused a vessel to steer well and steadily when seeking shelter; and the
expansion of the estuary allowed the swell of the waves to be dispersed,
a matter of great importance in a haven for shipping adjacent to deep
water outside. Mr. Alan Stevenson, M.I.C.E., had ascertained by ob
servations carefully made, that during flood the surface velocity through
the entrance was IS mile per hour, while at the depth of 50 feet the
velocity was not less than 4 miles per hour. During the ebb the surface
velocity wa« 27 miles per hour, and at 50 feet below the surface the
velocity was Bot less than 41 miles per hour. These under-currents
flowing into and out of the Frith of Cromarty were so interesting, as to
lead to further investigation.
In this frith the action of the flood tide was by far the preponderating
force. The bar, deep as it might be under low water, was no less a for
midable bank beyond the line of the coast, and the flood tide, after pass
ing it, pitched into a pool, then ran through the minimum section in the
gorge, pitched and rose again, and continued this undulatory motion for
several miles up the estuary. This recalled the theory of M. Emy,
named by him the "flots de fond," or action of the waves on the bottom.
A very similar action existed in the Dornoch Frith. It was the same in
the Tay, the Tyne, the Humber, the Thames, the Mersey, and other
rivers. It was met with at still greater depths in the open sea, as in
the English Channel, at the northern entrance of the Irish Sea, in the
Straits of Dover, and particularly well defined at the entrance of Moray
Frith, and at other places noticed in this paper. The author thought it
must be evident that the flood only could produce these depths, and that
the waters of the ebb could have no such effect. It was in his opinion
caused by the tide, accompanied by waves and under-currents from the
deep water of the open sea, acting on the bottom, diminished in force and
perhaps imperceptible at the surface. In all rivers it might be noticed
that, when in flood after excessive rains, the fresh-water appeared on the
surface to overpower the force of the flood tide, and in many cases
throughout nearly its duration; but at such times, if properly examined,
it would be found that an under-current of salt-water was running in
wards from the sea near the bottom, arising from its greater specific
gravity, and the tidal action exerted upon it from the ocean. If the fresh
water were not so powerful, but yet muddy in character, the current
from the sea was often clearly defined, making its way inwards like a
long tapering wedge, but which beneath was spread along the bottom
from side to side of the channel, until it quite overpowered the descend
ing stream, when the whole of the section became salt-water.
In conclusion, it was remarked that these three contiguous friths
afforded information which might prove useful in designing marine
works: —
1. That in the Frith of Dornoch the bar was exposed to the full force
of the sea, and no works of an ordinary character could get' rid of it in
its present situation.
2. That the bar had been removed from the Frith of Inverness by
natural means, well worthy of mature study.
3. That the Frith of Cromarty had, from the peculiar and happilyplaced position of its entrance, a bar, it was true, but submerged at a
depth practically of no inconvenience.

EXHIBITION OF THE SOCIETY OF BRITISH ARTISTS,
SUFFOLK STREET, PALL MALL.
In this, the thirty-eighth annual exhibition, 'will be found the
average proportion of successful and unsuccessful productions,
the numbers perhaps inclining to the former, especially in the
unusually grand figure-compositions of the president, who ap
pears this year to have excelled himself, and the three all-butperfect landscapes by Mr. Vicat Cole. To these may be added a
large subject by Mr. O. Cole, called "Pride and Humility" (595),
in the style of Sir Edwin Landseer's famous works, and painted
with a masterly hand. These constitute the gems of the collec
tion, and will of themselves repay a visit to the gallery; while
of the lighter class we recognise with pleasure the genial and
poetic visions of Mr. Woolmer (seven in number), a beautiful
little picture by the veteran J. B, l'yne (73), some exquisite
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Welsh and other scenery, portrayed with the practised skill of
Mr. H. J. Boddington, and several equally charming sea-pieces
by Mr. Syer. We also noticed, en passant, Mr. F. W. Huline's
"Village green" (47), Mr. T. Banks' "Heath in flower" (539), in
which the pebbles in the bed of a stream 'are shown with preRaphaelite minuteness ; — Mr. Leitch's "Reminiscence of the
Rhone" (646), Mr. Wolfe's two Cornish scenes (659) and (673),
Mr. F. A. Roberts' "Christmas carol" (734), Mr. Delamotte'a
"Lych-gate" (761)—at Beckenham, to all appearances,—and Mr.
Bidding's "Conflicting accounts of the engagement" (244), a
Greenwich Hospital scene, of the Wilkie school, and capitally
rendered.
As may be expected, there is scarcely one exclusively architec
tural subject, those by the Messrs. Rayner being the most so,
and maintaining their well-earned reputation. One of the first
we have noted in our catalogue is by Mr. E. Boddington,
"Albury old church" (20), a very truthful painting of a very
picturesque spot;—then come Mr. G. B. Moore's "Monument of
Can Lignoria, Verona" (132);—Mr. Luckcr's grandly solemn
"Hypostyle Hall, Luxor" (216);— Mr. Bates' "Rochester,—
evening" (392), a good representation of the old bridge, and
castle behind it;—a small and careful sketch by L. J. Wood, of
the "Rue de la Porte, Dinan, Brittany" (4.53);—"The Cavalli
Palace, and Church of Santa della Salute, Venice " (472), by Mr.
W. Henry j and another of the "Entrance to the Ducal Palace,
Venice" (553), by the same artist Mr. J. P. Pettitt's "Neath
Abbey, South Wales" (577), is one of the most charming little
views of the kind, though somewhat crude in the colouring; and
Mr. Bayliss has one or two clever gleanings from abroad, such
as (660) "Malines Cathedral," (682) "The old church of St. Mar
tin, Ghent," and (839) "Rubens' Chapel at Antwerp." From the
latter town we have also another picturesque sketch, by Mr.
H. Jenkin, (792), which shows the curious old houses in the
market-place, and a distant peeo at the cathedral. The " Tower
of Comares, in the Alhambra, Spain " (797), by Mr. J. Dobbin, is
a contribution per se, consisting of a series of strangely com
bined forms, especially in their fancifully broken sky-outline.
Some few others, which are deserving of notice more on account
of isolated scraps of detail than the delineations of their general
mass, will be readily detected, but need not be here particula
rised; our object being to refer to those only which, on the
whole, merit attention.

FOREIGN PUBLICATIONS.
In our last article under this heading the intention was ex
pressed of returning to the Monograpliie de la Cathtdrale de
Chartres; and it is in truth so magnificent a publication, that it is
a pleasure to have to refer to it again.
The later plates issued illustrate the stained glass, and some
fragments of the mural decorations, in colour. The finest of the
stained glass illustrations is one showing a single-light window,
of the twelfth century, from the western front, and executed in
colours to one-sixth of full size. The subject is one of frequent
occurrence—the Tree of Jesse, and is treated in much the same
manner as usual; but the beauty of the colours, the severe
nobleness of the drawing, and the richness of the ornamental
border and of the ornaments attached to the tree itself, all com
bine to render this a fine study. It is also beautifully rendered,
the colours being given with a depth and a brilliancy rare in
chromatic illustrations.
Of thirteenth century glass we have, in bold outline only,
and also to one-sixth of full size, a similar window, known as
" Notre Dame de la belle verriere," and having for the principal
subject the madonna, surrounded by angels with censers; and
below, nine subjects from the history of our Lord, illustrating the
Marriage in Cana, and the Temptation. This is a magnificent
window, the groups in the smaller subjects being especially fiue.
Of the same date, and illustrated in the same style, aud to about
the same scale, we have two noble windows out of a series of
four containing the four evangelists and the four greater pro
phets; and to a smaller scale a window containing a single figure
of St. George.
To a smaller scale (about one-fourteenth of full size) we have
three noble windows, conspicuous alike for the grace and beauty
and inexhaustible variety of the diapers and ornaments, and for the
power shown in the treatment of the subjects. These windows
represent respectively the parable of the Prodigal Son and the his
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tory of Charlemagne and of St. James. A sheet of details to a large
scale are also given from St. James's history, i'he two windows
having scripture subjects are the most nobly executed, and
indeed the one of the Prodigal Son can hardly be surpassed for
the beauty of the various groups it contains; but as an autho
rity on points of civil and military costume the Charlemagne
window will be perhaps the most valued.
Lastly we have some plates of grisaille, of the fourteenth cen
tury, given in colours, and most exquisitely rendering the
peculiar tone of the glass.
The execution of all these plates, it is right to add, is free
from many of the defects that beset French work even of a high
class, and nothing can surpass the genuine artistic feeling shown
both in the representations of stained glass, and in the details
and fragments of sculpture, some of which are executed in litho
graphy, but the majority on copper. This is of course a costly
work, but a more appropriate volume for public institutions, and
for private architectural collections of the first class, can hardly
be pointed out.
Nouvelles Annates de la Construction.—This periodical is one
which would be found interesting by many of the readers of the
Civil Engineer and Architect's Journal. Last month we printed
two short extracts from its columns; we now proceed to give a
slight accouut of the journal itself, as far as the parts for the first
quarter of the present year will enable us to do so.
Nouvelles Annates appears to be distinguished from many of its
contemporaries by a quality which would make it acceptable to
English readers—namely, considerable literary merit. The cha
racteristic of many French publications is the marked superiority
of the illustrations over the text, but we have not to complain of
such a disparity in this instance. The journal is intended to
include designs and suggestions, leading articles, and descriptions
of the buildings and works illustrated by engravings; intelligence
on building and railway matters, and on telegraphy, navigation,
and new materials; reviews of books, and of British and foreign
periodicals; proceedings of learned societies; prices and statistics;
formula?, correspondence, problems. Tho illustrations, though
not equal to much of the best French work, are quite as good as
are needed, and in fact better than could be expected in a pe
riodical published at a very moderate price. The majority of the
subjects are such as will interest the engineer more intimately
than the architect; but matter suitable to both classes of readers,
and very varied intelligence, is to be found in its columns.
We note in the January number plans and a short description
of an ordinary French dwelling-house lately built in Paris; and
as the erection of a class of dwellings arranged in flats like those
of the French is really needed in this country, and is much talked
about, a few particulars are not likely to be out of place here.
This house is built with fire-proof floors on iron joists, and occu
pies, exclusive of courtyard at the back, a site having a frontage
of 14"9 metres by a depth of 9'53. There is a story of cellars,
and seven habitable stories, of which the ground-floor forms as
usual a shop, with a passage leading to the entrance to the apartetnents, or suites of rooms. The attic story is arranged for letting
in single rooms, and the five intervening floors are arranged as
tenements for letting, there being two tenements or apartements
on each floor, and a common staircase from bottom to top. Each
of these sets of rooms—which it is quite needless to say are most
compactly planued, that being a quality in which the French
never fail — contains a sitting-room, measuring 14 ft. 9 in. by
12 ft. 6 in. ; a bed-room, 14 ft. 9 in. by 10 feet; a dining-room,
about 10 feet by 9 feet; a small kitchen of irregular shape, mea
suring about 50 superficial feet, a roomy cupboard, and a conve
nience. The details of cost, &c. are given, from which it appears
that the entire cost w;is at the rate of £224 sterling per square of
100 English feet, which, divided by 8 for the number of stories,
gives an average price of £30. 16*. per square per floor, and the
cost per cubic foot appears to have beeu ~i\d. English. Both
these amounts would be fair average approximate prices for the
same class of work in Loudon, or, if anything, would be above
London prices. The average letting price is stated to be 10 fr.
per superficial metre for each story, or 1413 francs per floor,
which, multiplied by 6 for the habitable floors and shop (exclu
ding the attics and cellars) gives the gross rental of 8478 francs
per annum upon a total outlay of 94,212 francs, or very nearly
9 per cent. From this rate of profits, of course, heavy deductions
must be made for ground-rent, collection of rents, loss by tenants,
&&; but as something has, on the other hand, to be added for
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rent of cellars and attics, it will be clearly seen that, if these
figures are to be relied on, building in Paris, if expeusive, is pro
fitable. It is worth noting, that the average of 1413 francs per
floor gives an average rental of 706 francs, or j£28, per tenement;
and as the rents of the upper floors will be much below the ave
rage, and those of the lower ones much above it, there seems
reason to presume that even the modest suite of rooms we have
described would, on the first floor, cost from £40 to £50 per
annum for rent alone, exclusive of all other expenses whatever.
We give an extract from the Annates in another portion of our
columns, on a subject of great general and engineering interest—
the present position of railways in France.
The Study-Book of Mediteval Architecture and Art (volume ii.),
by Thomas H. King, architect, Bruges, with descriptions by
George J. Hill, M.A., is a work which we feel no hesitation in
including in our notices of foreign books. Although published
in Loudon (by Bell and Daldy), and containing letterpress in
English and by an English writer, this is in reality a foreign
work. Not only are the subjects all continental, but the illus
trations by the Bruges architect far overpower in number and
importance the English accompanying letterpress; they, more
over, are in part lettered iu French, and have been printed at
Paris. This book, of which only two volumes out of four are at
present published, is oue of the most encyclopaediac works ever
attempted on continental Gothic church architecture. A review
of volume i. will be found at page 131 of this Journal for 1858.
Into these two volumes—quartos of not unmanageable size—
there are compressed illustrations of fifty churches, most of them
cathedral churches of the largest size. There is nothing like an
attempt at book-making in the work; on the contrary, the plates
are tilled with information to the utmost extent; each church is
as fully illustrated as possible, and with a praiseworthy desire to
keep down the number of plates, and to compress as luuch in
formation as possible into the volume, no more is given of any
part of any building than is necessary. For instance, crosssections are often divided, half looking east, half west; oue or two
bays of longitudinal sections or side elevations only are given,
instead of complete drawings; and details such as plans of piers,
mouldings, and enrichments, are furnished wherever a space on
the sheet could be found. The excellent plan is also followed of
employing an uniform scale for the same drawings of each church,
so that the main dimensions or relative magnitude of two churches
can be ascertained at a glance. The ground plans are all to
a scale of 1 to 500; elevations and sections to a scale of 1 to
300, aud so on.
The author, in his preface, referring to the accuracy and care
with which the plates are executed, observes—" In this respect
they challenge comparison with auy which have yet been pub
lished. I have not in a siugle instance trusted to the measure
ments of previous archaeologists. The details have been all
drawn, the plans, sections, and elevations measured, expressly
for the work, and under my own eye. I am able, therefore, to
vouch for their authenticity." We do not of course pretend to
have checked all these measurements, but from the painstaking
way in which the book is got up, and the accuracy of the general
drawings of some examples with which we are familiar, we
should be disposed to rely upon the illustrations given here iu
preference to many others. In oue respect, however, they are
n<it very accurate—architectural character, especially iu sculpture,
is not uniformly well preserved, nor aie mouldings always per
fectly contoured; but iu both instances they are near enough to
the truth to give a fairly good idea of what is meant. A mode
rate price rather than a splendid series of plates has beeu aimed
at; and to preserve this, and at the same time to give the pro
fusion of illustration afforded, it was necessary that some amount
of finish should be sacrificed. As a specimen of the fulness
with which interesting subjects are treated, we may instance the
church at Auxerre, to which fifteen plates are devoted. These
plates are only huge quarto size, and yet there are upwards of
oue hundred illustrations of the building compressed into them.
Other churches are illustrated iu like manner, the subjects being
taken from both France and Germany. The inaccuracies of
detail above referred to form the only blemish in this very re
markable and interesting work, but they will not preveut its
being extremely valuable. The descriptions appended to the
plates are brief, and more antiquarian than architectural in their
import; as far as they go they are, however, very good.
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THE EXHIBITION OF 1862, AND THE METAL
MANUFACTURES OF GREAT BRITAIN.
A lecture on the above subject was recently delivered
before the Ironmongers' Association, by the Rev. C. Bontell,
M.A. Referring to the forthcoming Exhibition, the lecturer
said that the preparations had began in good earnest; the
guarantee fund was now more than sufficient. As to the pro
posed building itself, it did not appear to him to be credit
able to the country. What could the engineer-architect mean
by having two domes, one at each end of the building?
though probably one in the centre might have been of some
service;—in an architectural or engineering point of view the
building was by no means satisfactory. At the same time there
was an amount of preparation in active exercise which would
unquestionably secure the erection of a building that would be
suitable to contain what was to be exhibited, and they might be
sure it would be ready at the time required. Then they wanted
to see what was doing in the way of preparing for its contents.
The former exhibition contained an enormous proportion of sin
gularities and eccentricities—odd things, many essential, many
remarkable, and many worthy of the attention paid to them.
All things found a place in the marvellous Exhibition, but many
of them were of such a character as should not be sent again.
It must now be shown that the first Exhibition had had a prac
tical effect on their minds.
He came now to the subject which he had specially before
him,—the representation of the manufactures of metals. They
must make all they made as examples which might be copied
ten thousand times if required. All the things prepared for the
Exhibition, if they wished them to be creditable to themselves,
must not be exceptional, but should be typical specimens of
what was done every day. They must not be eccentricities or
curiosities, but specimens of what could every day be done in
metalwork—never mind how simple the object, or how slight
the apparent use. If that idea was carried out the Exhibition
would not only be a grand display, but a monument of the high
position of the workmanship of England. With reference to
the metal manufactures, they stood in a most prominent position
among the manufactures of Eugland. In fact, the hard metals
were endless in their varieties and use, and possessed almost a
national character. The iron and copper of England worked up
in the form of brass had beeu for ages especially regarded as
English work. Englaud certaiuly stood well in the front of the
producers of the manufactures of iron; but in the coming Ex
hibition it was not one great producer that would have to en
counter another great producer, but all would have to encounter
a keen rivalry from the workmen in iron in foreign countries.
But he was sure they would not allow the manufactures of iron
of foreign countries to beat the manufactures of iron in this
country.
In the Exhibition of 1851 the art character of the object ex
hibited was infinitely inferior to the manipulative skill employed
in their production. All the best metalwork produced in our
time was made1 with the apparent intention of showing that it
did not belong to this age, but to make it appear to have been
the production of mediaeval times. But they should not de
sire to produce good metalwork now because good metalwork
was produced in the middle ages, but they should show that
good metalwork could be produced at the present day. They
should study the art feeling of the mediaeval times, both in
design and execution, and take hints from them; but they should
make their metal works unquestionably modern works, though
Gothic; and let them not call it- Mediaeval. We wanted our
works to express the sentiments of our own times, and to be
suited to our own wants. They ought not to copy, but to exer
cise fresh, independent thought They must not take up an old
design, and copy it without thought of their own; they ought
themselves to produce, and not to imitate or copy something
which a Gothic or Greek master did—though oy the way, it was
not found that much in metalwork had come down from the
Greeks. They should take the best things in all styles by way
of example, and then use their own thought and form of expres
sion. They should exercise their own thought, their own brain,
their own mind. He was most anxious that the metal manufac
tures at the Exhibition next year should stand pre-eminent, and
show to the world that English metalworks were the best.
The lecturer then spoke in favour of wrought work as being
superior to castings; the more they got rid of castings the more
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successful would be the results of punching or cutting either by
hand or machinery. They must aim at producing everything
that was producible; and the commonest thing of whatsoever
kind should, along with the more important, bear the impress
of the same mind and the touch of the same hand. He hoped
that that would be one of the characteristics of the coming Ex
hibition. If the Great Exhibition of 1862 was to be successful
its contents must be specimens of what skilled workmen could
do, and also illustrate what was popular amongst the people.'
Wherever there was any important architectural work they were
sure to find some cleverly-designed and well-executed metalwork;
and in the simplest portions of it, such as the stanchion of a
window, as well as in the highest, there should be evidence of the
same thought and artistic touch.
After remarking that the balusters of staircases might be very
well executed in metalwork, the lecturer said, architectural ac
cessories in metalwork should be well represented at the coming
Exhibition; and then referred to the novel appliances of iron in
naval and military architecture, which in his opinion ought to
have their close attention. He also suggested that iron might
with advantage be more used in the construction of both private
and railway carriages.

NEW CHURCH, INCE-IN-MACKERFIELD,
LANCASHIRE
(With an Engraving.)
Tnis church, of which we give a perspective view and ground
plan, is intended to be built at Ince-in-Mackerfield, in the midst
of the great Lancashire coal-field, and two miles from Wigan.
The district proposed to be assigned to it out of the parish of
Wigan, contains about 7000 inhabitants. The site, which has
beeu given by Cant. Anderton, adjoins the Lancashire and York
shire Railway. The church will be built of Parbould stone,
with dressings of Up-Holland walling stone. The total cost will
be about ,£5000. The architect is Mr. E G. Paley, of Lancaster;
and the work has been taken by Mr. Fairclough, of Wigan.

OUTWELL CHURCH, NORFOLK.
{With an Engraving.)
We give also in Plate X VI. a view of one of the fine old Per
pendicular churches for which the county of Norfolk is famous.
Outwell is situated about six miles south of Wisbeacb, and is
therefore on the borders of Cambridgeshire. The church con
sists of a nave with north and south aisles, chancel with north
and south chapels, an additional chapel on the north side placed
transept-wise, and called the "Lynn Chapel," a western tower,
and south parvise porch. With the exception of the lower part
of the tower the whole church appears of the same date. From
the proportions of the tower it may be easily inferred that the
earlier church to which it belonged was of much smaller dimen
sions than the one now existing. With respect to the present
state of the building, the old story holds good—long neglect and
consequent dilapidation. The chancel, too, is slipping into the
river at the east end: some years ago an attempt was made to
arrest this by means of iron ties, but they have beeu found in
effectual: a new roof was put upon the chancel,—this roof is
a common queen-post roof, with a lead flat over the straining
pieces, and ceiled under the tie-beams, and therefo e cutting the
tracery of the east window in half. All the other roofs are the
original ones, and are richly carved: that over the Lynn Chapel
is oue of the richest and most elaborate we remember to have seen,
and it still retains traces of the coloured decoration. The effec
tive base-course round the exterior of the south aisle is nearly
hidden by the accumulation of soil; and there is a miserable
brick external staircase to the room over the porch, the original
circular staircase inside the aisle being in such a worn and dila
pidated condition as to be useless.
The works proposed are the rebuilding of the chancel, reducing
its length to 34 feet, so as to avoid any danger of the foundation
giving way at a future period, the thorough repairing of the
roofs, &c, the reseating of the whole of the church, and generally
restoring the fabric as requisite. The estimated cost of the work
is nearly £3000. The architect engaged is Mr. William Smith,
of New Adelphi-chambers, London.

pi. le .

E.G.Palev Avnh'

*.'!*!f"Ml
.j
N

L

V IT. W

X i\ W

C HU l(f J I

n ^

LLLJjj. Jj_l!J I ,

[■Mikifl

ii mmp rrrrn ^^iliilHii
GrounJ

lNCt

IN MiGKERIlELD.

Plan

b . k . vikw or nuTwiLi. church. Norfolk
( Reslored )
W» UmiA. Arch':

May 1, 1801 J

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

BUILDING MATERIALS, INTENTIONS AND PATENTS
AT THE ARCHITECTURAL EXHIBITION.
The department of practical art, is a summary expression
which may be used in describing this portiou of the Architec
tural Exhibition, which is slowly, but we hope surely, pro
gressing iu public estimation, if we may judge from the many
exhibitors of last year who have renewed their engagements
for "space," and the fact that the whole of the area contemplated
in origiually planning the rooms, to be allotted to these objects,
is now for the first time completely filled. The importance of
the purposes sought to be accomplished by these means cannot
be over-estimated, whether we regard the art-workmen, archi
tects, or their clients: it therefore behoves the committee to
extend, if possible, the limits already occupied, so that there
may be no cause for rejecting future applicants for show-room,
and thereby checking the full utility of this most important
branch in connection with the interests of the profession gene
rally. It has been suggested that more use might be made of
the central areas in the picture-galleries, but to this we demur—
over-crowding would inevitably ensue; for, as it is, the aspect of
the room is sufficiently cheerful and inviting, and the introduc
tion of more tables and stands would interfere sadly with the
appearance (at any rate) of comfort, and might in other ways
prove undesirable. Should the opportunity offer of enlarging
the galleries, which is said to be by no meatus improbable, we
trust that the committee will feel themselves iu a position to
avail themselves of it on advantageous terms; but to enable them
to do this will require, not merely the good will, but the helping
hands of all who desire the increasing prosperity of the institu
tion.
It will be unavoidable, in pointing out the leading "practical"
objects iu these galleries, if we now and then repeat what we
have in substance recorded on previous occasions; but there is
no need for claiming indulgence on this score, since such matters
have claims which cannot be too frequently pressed upon the
attention even of those persons to whom they are thoroughly
familiar, while not a few strangers will doubtless be induced
by the bare mention to attend and examine for themselves.
Upon the merits of world-famed articles like those manufactured
by such as Minton and Maw in tiles and pottery, by Hardman,
Skidmore, or Hart, in ornamental inetalwork, by others in stoves
and the more ordinary kind of metalwork, with a variety of
handicrafts which are more or less practical accessories to our
profession, it is needless to dilate. Some of these establishments
have been represented in the exhibition galleries from the first,
while the mere fact of trade-emulation has produced, in each
successive year, manifest improvements which it is by no means
likely would have been elicited in the same period of time by
any other means.
With the assistance then of the catalogue, we find, in the
lobby of the North Gallery, (1) "Specimens of Martin's cement,"
an article which has long approved itself as among the best of its
class. It may be applied to various purposes, as the several
specimens on the walls will show. The "Scagliola marble" (2)
of Messrs. Bellman and Ivey we noticed with commendation last
year, and the specimens before us appear to be the same. Messrs.
Peard and Jackson's "Mediaeval metalwork" (3) displays com
mendable zeal and skill in the working, according to ancient
principles. They exhibit, among a host of articles, a wroughtlron grille, well designed and very carefully finished. The same
firm also exhibit (3) "Specimens of Brown's patent cloth-padded
wood strips," for rendering window-sashes, casements, doors,
museum and show-cases, air, dust, and water tight; also models
exhibiting the manner of applying them. No. 4 is devoted to
specimens of Ransome's patent siliceous stone, to which we
have before adverted. The Poole Architectural Pottery Com
pany send, as heretofore, a variety of samples of their produc
tions, which are well and approvingly known. Some large
flower-stands for conservatories, orange trees, &c, constructed of
tiles on a metal framework, are suggestive of purposes to which
these manufactures can be applied.
Zinc, as a material for roofs, is now much in demand, and the
most secure and efficacious mode of laying and jointing it is ne
cessarily an important thing to determine. Mr. J. W. Tyler in
his models (6) appears to have met the difficulties satisfactorily,
by a method which is not effected by atmospheric influences,
the metal being laid without nails or solder, thus allowing of its
contraction or expansion according to circumstances. The models
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of zinc work exhibited by Mr. Tyler are actual working models,
made for works which have been executed upon the new system
introduced by Mr. Edmeston, architect, and which was noticed
at page 85 of this Journal for last year. The zinc is supplied
through Messrs. Charles Devaux and Co., of London, the emi
nent bankers and merchants, under special arrangements, so
that they can give their guarantee of purity by stamping each
sheet with their name. By Mr. Edmeston's advice they also
stamp none but sheets of proper thickness for roofing, and there
fore sheets too thin for the purpose can never be supplied to
those who use their zinc. The workmen employed by Mr. Tyler,
of Wood-street, Westminster, have become expert in the new
method, and a great number of roofs have been laid by them in
London and the country, with great satisfaction to employers
and their architects. By this covering, the constant expenses
attending slate and tile roofs are got rid of; and this relief from
expense and annoyance, it is said, has caused this mode of cover
ing to be so universally adopted on the continent. Mr. Tyler
also shows a small model of his "Patent octagon chimney-head,"
for the cure of smoky chimneys, especially adapted for bleak and
exposed situations.
,
" Wright's patent self-acting water-closet" (7) will still recom
mend itself, as a simple, economical, and effective apparatus, so
constructed (we are told) as to be "free from all defects of the
water-closets in general use." Another arrangement of waterclosets may be seen in (9), exhibited by Messrs. J. Tylor and
Sons.
These do not require any separate cistern apparatus,
cranks, or valves; and by a simple contrivance the amount of
supply of water can be adjusted at pleasure. Great attention
also appears to be given to the construction of the metal valves.
Mr. W. Hood's " Stable fittings" (8) show much ingenuity and
economy of space. " The advantages claimed for them are—1st,
that waste from the rack is prevented by a spring rack top,
which opens back to the wall while the rack is being filled, and
descends as the hay is being withdrawn, always so compressing
it that the horse is unable to remove it wastefully; 2nd, a perfo
rated cover is applied to water cistern, working in slots, so con
trived that only persons acquainted with the use of it cau open
and close it; 3rd, the tubes containing the noiseless tying appa
ratus act as brackets for supporting the stable fittings, and also
keep the halter-balls away from the horse's feet. The price
varies from 35s. to 125s." The lamp-post, panels, and other
ornamental castings exhibited by Mr. Hood, are not in the best
of taste, and rather coarse in execution. Several earthenware
materials, such as draiu pipes, electric pipes for cables, ridge
tiles, &c., are furnished (10) by the Reading Abbey Concrete
Works, London-street, Reading, an establishment of which as
yet but little is known. Brown and Green's kitchen range has
many recommendations. It is warranted a certain cure for a
smoky chimney, and will burn either coals or coke, consuming
only one-half the fuel of an ordinary range. The upper part of
the front of the fire is inclosed, when cooking, with a perforated
iron plate, through which jets of air are directed upon the smnke,
by which means the greater portion of it is consumed, and the
heat of the hot plate, &c. thereby greatly increased. This plate
is in several respects a great improvement upon the usual doors;
it is not liable to get out of order, and not projecting beyond the
line of the fire- bars it economises heat by preventing a draught
of cold air over the fire; also, being brought into immediate con
tact with the fuel it becomes slightly red-hot, and thus renders
the whole depth of the fire available for roasting. The slidingplate over the fire is also much more convenient than covers that
lift off. When not cooking, the front of the fire may be per
fectly open. This range is fitted with two ventilating pipes,
which carry off the odours of cooking. The oven is large, well
ventilated, and thoroughly effective for roasting, or baking bread
or pastry, being constructed on a ulan by which it is heated on
all sides alike. This is attained by means of the hot air passing
from the fire through the iron flue surrounding the oven. Brown
and Green's improved self-acting midland cottage range also sup
plies a desideratum. The ovens and boilers are self-acting, and
are quickly and effectually heated with a remarkably small quan
tity of fuel It is moderate in price. (12) Chantrell and Dutch's
patent economic self-acting water-closet and water-waste preventor has been described by us before. This apparatus combiues
a cheap glazed stoneware cistern, with measuring box, double
action valve, with vulcanised India-rubber washers, overflow,
and air-pipe; white enamelled stoneware hopper basin, and
syphon trap ball-cock, for supply; simple self-acting lever and
3t
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rod; 7 feet of flushing pipe, with connections to cistern; pivot
hinges for seat Price complete, exclusive of timber work, de
livered to rail at Liverpool, £2 15*. The apparatus may be
fixed by any ordinary workman, and the valve may be taken
out for repairs by disconnecting the flushing pipe, and removing
the plates on the underside of the cistern; there being no screws
(to be affected by water) in the valve, it is almost indestructible.
The cistern contains sufficient water for thoroughly flushing the
closet seventeen times, which is a great advantage over many
other apparatuses which have only one charge, so that whenever
the water may be off at the main the closet gets out of order for
want of water for flushing it. The apparatus is adaptable to
slate and other cisterns, and for all flushing purposes.
Messrs. Mauder's varnish maintains its pre-eminent position
as a clear, hard-drying material, admirably adapted for seats of
churches; their white Coburg varnish is the palest in the trade.
A panel coated with the latter is exhibited, for the second year,
without being re-varnished, and it does not display any change
of colour. Moore's clock and illuminated clock-dials, and also
his patent ventilators (14), are now so well known as not to
require description. * Messrs. Sharpe Brothers and Co. have
patented an improvement in closet pans (15), by which the water
is distributed in an efficient and equable manner throughout.
The rim to these pans is formed into a tube, which conveys the
water entirely round the upper edge, and being there acted upon
by the pressure in the supply pipe, it descends vertically (through
proper openings) over every part of the surface. The openings
are made of different shapes and sizes, in order to govern the
action and determine the quantity of water which shall pass over
the several parts, and thus secures a heavier flow where it is
found by experience that most is needed. These pans do not
require fans or spreaders of any kind, and the cost scarcely
exceeds that of ordinary descriptions.
Godwin's encaustic tiles and self-coloured tesserae (16) are
manufactured on an extensive scale at Lugwardine, near Here
ford: and they are now brought to that degree of perfection as
fairly to vie with any others in the market. The purity of
colour and perfection of shape which they now possess can only
have been the result of repeated and persevering experiments.
Gill calorifers are in frequent use for warming churches, public
buildings, mansions, &c. Those produced by Mr. G. Wright, of
Sheffield, are among the best. One of the smaller sizes is shown
in this exhibition (17), and is calculated to warm a building
having an area of 50,000 cubic inches. The feed and ash-pit
doors, or valves, are so constructed as to give perfect control
over the amount of air admitted to support combustion. No. 18
presents an extensive show of locks and lock furniture, exhi
bited by Messrs. Bond and Scammell, of King-street, Snow-hill;
and No. 19 is a similar case, exhibited by Messrs. Hobbs, Ashley,
and Co., of Cheapside. Among these latter may be noticed
an excellent mortice lock, in which, by the application of the
double spring, the latch is made to work independent of the
crank, whereby the necessity of slamming the door is avoided;
while, by the peculiar form of the follower and crank, a rolling
instead of a rubbing motion is produced, which prevents friction,
and conduces to durability.
We are not sufficiently acquainted with the "new substitute
for marble, scagliola, &c," shown in (20) by Mr. Bridell, to speak
from experience as to its qualities, but on the opening night Mr.
Ashpitel spoke of it as among the most important of the new
inventions exhibited in the rooms. He considered that it would
enable architects to put colour on walls, of a durable kind, at a
cheaper rate than can at present be done in other imitations of
marble, or polished coloured surfaces. It is made in slabs of
various sizes ready for fixing on the walls, which do not require
rendering. The slabs are perfectly straight and true, like marble
itself, and are polished and enamelled in a permanent manner.
The colours are embodied in the material as they are in scagliola.
It is applied to lining and decorating walls, and is also manu
factured in chimney-pieces, tabletops, and in every article that
can be made of marble. Slabs are also made in self-colours of
various tints, suitable for bath-rooms, conservatories, and for
panelling dining-rooms, &c. The very handsome dining-room
in the new wing of the Tavistock Hotel, Covent-garden, recently
erected from the designs of Mr. Munt, architect, is lined and
decorated with this patent marble. The price is, we understand,
considerably under that of scagliola or enamelled slate, and it is
applicable to purposes for which neither of those imitations of
marble can be used; and taking into account its durability and
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cost, it may be considered to be cheaper ultimately than good
graining.
In the lobby leading to the East Gallery are a few specimens
of ornamental wood (21), in which the pattern is bnrnt in, being
therefore indelible, and not subject to injury from the heat of
the sun or from damp. Moon's register chimney door, and
conical chimney-pot (22), appear to be well adapted for their
respective purposes. The register is to be fixed at the com
mencement of the flue; the doors are placed underneath on
runners, are easily regulated, and may be partially or entirely
closed when the chimneys are not in use, preventing down-draughts
or soot from entering the rooms. Mr. Moon suggests to archi
tects and builders that a considerable improvement would be
made in chimney construction at the npper part or abaft, by
more completely separating the flues—that is, by having 9-inch
divisions instead of 4-inch, which would prevent the flues inter
fering with each other, so that cowls and other deformities may
be got rid of. A cast-iron label plate should be spiked on each
flue. Top sweeping might be adopted by a light stage of iron,
attached to the 9-inch division of flues. Every stack of chimneys
should have a spare flue for ventilation from each story.

THE EMBANKMENT OF THE THAMES.
This great work, which has occupied public attention for
some years past, and to which frequent reference will be found
in our pages, will in all probability soon be commenced. The
commission which was appointed relative to the matter have
recently received numerous plans in reply to their advertisement,
and are now engaged in the consideration of them; and the
House of Commons, a few evenings back, postponed the second
reading of the Thames Embankment Bill for a fortnight, in order
that they might have the advantage of the result of their deli
berations on this matter, which the formation of the low-level
sewer has rendered an immediate necessity, for the construction
of the sewer along the Strand would occasion such interruption
to London traffic as to make it, commercially Bpeaking, an im
possibility.
On the question as to what line' the embankment should take
there seems to be no difference of opinion, the engineers exa
mined by the committee adopting almost exactly the line known
as Walker's line, being that laid down by Messrs. Walker and
Burges, in their survey made in 1844, and extendiug from
Westminster-bridge to Paul's-wharf, and in some of the plans
to Southwark-bridge, below which the river narrows consider
ably. As to the form the embankment should take, however,
and the mode of dealing with the foreshore, a variety of sugges
tions were submitted; but as we purpose to return to this matter
on a future occasion, we do not at present intend to enter into
the details of the schemes proposed.
Tuking the results which the committee concluded would be
obtained by the successful carrying out of a well-conceived method
of embankment—viz., the improvement of the river, facilities for
the construction of the low-level sewer, relief to the at present
overcrowded streets, and increased facilities for carrying on the
river-side trade, as the objects which all designs for this pur
pose should aim to accomplish, we propose in a future number to
examine briefly the various plans which have from time to
time been put forth, and to endeavour to give some suggestions
useful for the work; premising only that to those objects as set
forth by the committee we would add the architectural embel
lishment of the metropolis, and the securing of an open space
along the river side vvhich, if not in all cases equal to the present
foreshore, shall at least be as large as it is possible to make it.
We hope the grandeur of the work will not be sacrificed to a
timid economy; while in these days, when the value of open
spaces and fresh air is so well understood, it will need no argu
ment from us to show how undesirable it would be to contract
this great air-passage with high embankments and viaducts, or
handsome terraces, however remunerative such might be. We
are no advocates for a lavish expenditure, but we do hope that
the question " Can it be made to pay'/" —a most appropriate one
in the case of a private enterprise—will never be asked in refe
rence to this matter. Pay it certainly will, if well carried out;
and in a much better, though less immediately appreciable sense,
than if it brought in handsome dividends. What is required is
a work that shall be a credit to the age, and, in a sanitary
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aspect, advantageous to the metropolis; an incalculable conve
nience to the traffic of London it cannot fail to be.
To these considerations we hope all prospects of remunerative
returns from railways, tolls, shops, hotels, or warehouses, will be
subordinated, and that the work, when completed, will be some
thing very different from the ordinary style of engineering archi
tecture, of which we have unfortunately so many specimens.
The present opportunity is one which might be seized for the
introduction of a comprehensive scheme for the improvement of
the river-side property, as considerable alterations will be re
quired in many instances by the construction of docks, while
the great scope there is for improvement in nearly the whole of
the buildings and premises along the shore would, in all pro
bability, ensure the support of the parties immediately inte
rested.
*
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STRENGTH OF A BEAM FIXED AT BOTH ENDS*
By Thko. Cooper, C.E.
The strength of such a. beam, when loaded at the centre is
stated by many to be, when compared with a similar beam
supported at both ends, as 3 : 2. By theory, however, it should
be as 4 : 2, or 2:1. In the case of a single beam, owing to
the difficulty of perfectly fixing the ends, this theoretical result
is not obtained; but there is a practical case in which we think
it could be obtained, and would be of great importance,—that
of a continuous beam extending over several points of support.
Let A B be 6uch a beam, exteudiug over several equidistant
supports, a, b, c, &c, and loaded at the centre of the openings
with weights, W. The reactions at a, b, c, &c will also be equal
to W, and the convex portions o m of the beam will be equal
and similar to the concave portions m »; since both are acted
WWW

GENERAL STATISTICS OF FRENCH RAILWAYS*
The French railways completed to the 1st of January last
occupy an area of upwards of 30,000 hectares (74,200 acres).
More than 300 millions of francs have been expended in the
purchase of properties.
The crossings of roads and footways are 1 1,500 in number, of
which 5500 are level crossings, 4000 are under the rails, and 2000
over the rails. There are numerous other engineering works
designed for the escape of water, such as aqueducts, archways,
and bridges under 65 feet span. The wide bridges across water
courses have spans which, put together, amount to more than
30 kilometres. The tunnels form a length of 100 kilometres;
out of 9076 kilometres worked at the commencement of 1860 the
length of the lines with a single way was, at the utmost, 3600 kilo
metres. The way laid down in stations, and for traffic, turntables,
switches, and crossings, may be estimated as having cost one
milliard of francs, and the quantity of cast-iron consumed on
them at 1,000,700,000 tons. The wood employed for sleepers
and longitudinals is supposed to amount to 1,000,700,000 gteret
(cubic metres).
Besides guard-houses and watch-boxes built for the superin
tendence ot the lines, the working of them has rendered neces
sary the construction of numerous edifices of very considerable
importance. Twelve stations of a rank above first class are
enumerated, among them are those of Paris, Lyons, Marseilles,
Bordeaux. There are 130 stations of the first-class, including
junctions, termini, and the stations in the principal cities or
towns traversed. There remain 1058 additional stations, which
may be divided into two classes, 200 of them falling into the
second class, and 858 into the third.
The important stations include:—Buildings lor. the passengerstations, with its dependencies and out-buildings, such as various
sheltering places, courts, and barriers;—buildings for the goodsstations, platforms and sheds for loading and unloading, inclines,
cranes, and drawbridges;—constructions for feeding the engines
with water, pipes, reservoirs, water-cranes, and stationary-engines;
—buildings for stores, for fuel, and for tools, engines-houses, car
riage-houses, and sheds for plant;—shops for maintenance and re
pair, and manufactories for construction, of engines and carriages,
their shafting aud machinery, and stationary engines;—lastly,
buildings for the use of octroi and customs, the offices of the
different companies, stabling, and coach-houses.
The rolling stock comprises 3000 locomotives and tenders,
7000 passenger-carriages, and 60,000 trucks of various descrip
tions.
The length of the lines of rails conceded was in 1850 nearly
4000 kilometres, representing an outlay of about 7 milliards, at
the rate of 425,000 francs per kilometre. Of this expense the
state bears a share, amounting to about one-seventh.
When the entire network is completed, all the departments
will be crossed, aud all the principal places communicated
with, excepting only Mende and Digne. The principal ports
will be in communication with the lines of rails, and the fron
tiers will be reached by twenty different lines.
Belgium by
seven, the German States by five, Switzerland by four, Italy by
three, and Spain by one. The length of the railways opened
for traffic on the 1st of January, 1860, was 9075 kilometres.
Seventy-four departments were traversed, and sixty-five of the
principal towns communicated with.
• From A'ouwUm AnnaUt de la Construction.

w
w
upon by the same forces. Evidently at the sections o, m, n, of
the beam there will be no strain of compression or extension;
and were the beam separated at these points, and the parts sus
pended from each other, the relation of the forces in the beam
would not be altered. This would divide the beam A B into a
number of beams, with a length equal to one-half the opening
ab, and supported at the ends. The strength of each of these,
representing the strength of A B, would be twice that of sepa
rated beams spanning the openings ab, be, &c.
We see moreover that the beam thus loaded would break at
both the centre and supports simultaneously. If however we
suppose the beam A B to be loaded uniformly over its whole
length, the reaction then being greater than the force acting
between the supports reduced to the centre, the relation of the
forces will be different, and we shall have as follows:— Repre
senting the strain at the centre of the opening by 1; that for
the strain over the supports will be 2; and that for the centre of
a detached beam of the same span will be 3. A beam thus
loaded would break first over the supports, and then at the
centre; and its strength would be to that of a supported beam
of the same span and load as 3 : 2 (Moseley says as 3 : 1, but
he assumes it to break at the centre.) The points o, m, n, will be
at a distance of 0'26289 of the opening from the supports. This
last case may be applied to a bridge continued over several piers,
and supporting a distributed load, as a train of locomotives.
As we gain 50 per cent, in strength by thus continuing even
a girder of uniform chords over the piers, we see the importance
of considering these facts. And in proportioning the chords to
the strains we would have very different results from the case of
a single span; for in the parts o m of the girder, the position
of the compressive and extensile forces would be the reverse of
that for the parts ran; the chords should be the strongest over
the piers, and decrease towards o and ra, and then again increase
to the centre, where the strength must be to that at the piers
as 1 : 2. When only one span is loaded our assumption of a
distributed load may still be considered as true, by making a
proper application of a system of counter-braces, to prevent the
uprising of the unloaded spans. When we have a girder ex
tending over but two or three openings, our statements are
subject to modification.

THE NEW DISTRICT POST OFFICES OF LONDON.
Within the last three years, great improvements have been
made in the postal system of the metropolis, which when com
pleted will greatly accelerate the business of the department.
Within a radius of three miles from the General Post-office, St.
Martin's-le-Grand, several District Offices have been erected,
aud others are in progress or contemplated. Of those already
erected and in operation, one is at the corner of Southamptonstreet, High Holboru; oue at Islington; one at Bethnal-green;
and another on the eastern side of Vere-street, Oxford-street;
which latter, having inspected, and it being a type of the others,
we will briefly describe.
* From the ' Journal oi the Franklin Institute.'
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The District Post-office in Vere-street stands upon an irre
gular site, extending 100 feet in depth to Chapel-place at the
rear. The Vere-street front is faced with malm bricks, having
cement-dressings to the windows, &c, and is 34 feet from centre
to centre of the party-walls, and 50 feet high from the footpath
to the top of the parapet. Beneath this level there are large
and commodious basements, occupying the whole area of the
site. The Chapel-place elevation is 55 feet in width.
The ground-floor is in two divisions, the Vere-street portion
being occupied as the money-order office, with a clerks' private
office at the back; and that extending to Chapel-place being
appropriated to the sorting-room, public inquiry office, and
entrance lobby.
The sorting-room is 57 ft 6 in. long, by 46 feet wide, and
33 feet high from its floor to the upper part of the roof, from
which it is lighted by louvres. One of the peculiarities of this
room is its roof, which, instead of being supported by beams of
timber of large scantling, is sustained by comparatively slender
iron principals, by which there is no obstruction of light. On
the centre of the floor are four sorting-tables, each having con
nected with it twenty "swing seats." These peculiar seats have
circular tops, and work on a vertical crane-like pivot, and when
not occupied are swung under the tables, thus leaving the
avenues perfectly clear for traffic. The wall fittings comprise
four double tables, arranged for stamping letters, and partly for
sorting; and at the southern side of the room are the chargetaker's and registrar's offices. On the western side of the room
is the comptroller's rostrum, which being elevated commands a
perfect view of all the operations in progress over the whole area
of the room. The ventilation of this department is effected by
by side lights in the lantern, the lights being regulated at the
floor level by turning a handle, by which any desired quantity
of air can be admitted.
The basement is fitted up for the comfort and convenience of
the employes. The drainage is unexceptionable; and the foun
dations rest on good concrete embedded on a dense gravel, and
consequently the walls are perfectly dry. The supply of water is
abundant; the lavatories are spacious, and supplied with spring
taps for preventing waste; and the water-closets being con
structed of slate and enamelled tiles, are durable and cleanly.
On the Vere-street side there is a sorters' .kitchen, and a small
library well stocked with books and periodicals, for the special
use of the men connected with the establishment; and at the
rear is a kitchen of larger dimensions for the use of the large
body of letter-carriers employed.
This structure altogether fully expresses its especial purpose
without superfluous or unmeaning embellishment Mr. James
Williams, of Whitehall-place, surveyor of post-offices to the
Office of Works, furnished the designs, which have been satis
factorily carried out under his supervision by Mr. Stair Walker,
the clerk of works. Mr. Hebb, of New North-road, Islington,
was the contractor.
NOTES OF THE MONTH.
St. John's Church, Chester —During the restorations which
have been recently carried on in this church, amongst other less
important decorations, as tiles, &c, there was found on the re
moval of the whitewash from a shaft in the north-west corner,
a figure representing the patron of the church, painted of the
size of life, with the action of speakiug or reading from a
book borne in one hand; on the cover of the volume is re
presented a lamb, symbolic of Jesus Crucified, with the red-cross
banner and the cross on the head of the staff, denoting the
Resurrection. Some of the ancient gilding remains upon the
nimbus surrounding this. The background represents a city,
probably Chester, with Norman towers, and a woodland with
deer.
Westminster Street Railway.—On the 15th ult. Mr. Train
opened the second portion of a line from Victoria Station to
Westminster Abbey, about a mile in length. Another line is
commenced from Westminster-bridge to Keunington-oval; and
as it will probably not be difficult to take the Westminster cars
across Westminster-bridge, where tramways already exist, the
Eublic will get a useful line of some length. The vestry of Isngton have given Mr. Train permission to lay down his rail
way from the end of King-street, Lower-road, to the bridge in
New North-road.
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The Bank of England.—The stone employed in the building of
the exterior of the Bank of England has manifested evidence of
a rapid decay; of a character similar to that in the stone of the
New Houses of Parliament. With a view to arrest the progress
of the decomposition a coating of a newly-invented composition
is now, by way of experiment, in course of being applied to the
surface of that portion of the building in Threadneedle-street
fronting the Boyal Exchange, where the principal entrance is
situated. The buildings of the establishment of the Bank of
England were erected in 1732, enlarged in 1771, improved in
1796, and partly rebuilt in 1824.
Inventors and the Exhibition o/1862.—In 1851, before the pas
sage of the Patent Law Amendment Act, "The Protection of
Inventions' Act" was passed, to enable inventors to exhibit their
inventions in the Great Exhibition without prejudicing their
rights to secure a patent afterwards. No fees were required
under this act, and about 600 inventors availed themselves of
the privilege which it afforded. The commissioners of the ap
proaching exhibition, having had the matter under consideration,
have concluded that no similar protection will be again required,
the present patent law being adequate to all needful protection,
and at very moderate cost.
Photo-Zincography.—Mr. Gladstone, a short time ago, says the
Athenteum, consulted Sir Henry James on the possibility of
copying our ancient records by means of his process of photo
zincography. A small deed of the date of Edward I. was copied
and printed with so much success, and at so trifling an expense,
that Lord Herbert of Lea, the Secret ry-at-War, ordered the im
pressions to be bound up with the yearly report on the Ordnance
[survey. Thus encouraged, Sir Henry James got permission from
the Lords of the Treasury to copy that part of the Doomsday
Book which relates to Cornwall, as an experiment. He has now
achieved this commission, with a result which should certainly
encourage the further prosecution of the design, county by county,
as appears to have been originally proposed by him. Those
who care to have no more of Doomsday Book on their shelves
than relates to their own shire can buy the local part; those who
wish to have the whole can bind the several parts into volumes.
The work is to be published, we believe, at cost price, or nearly
so.
The Chapel Royal in the Savoy.—The restoration of the ancient
Chapel Boyal in the Savoy, which is in connection with the
Duchy of Lancaster, is in every way complete, and has just been
re-opened for worship. The beautiful heraldic devices on the
ceiling have been brought out with great effect, and are perhaps
the finest specimens of such works of art in the kingdom. For
a long series of years they were hidden under repeated coats of
whitewash, but in 1843 Mr. John Cochrane, a bookseller in the
Strand, having been appointed chapel-warden, brought his anti
quarian knowledge to bear ou the neglected ceiling. His exer
tions were rewarded by the discovery of these exquisite devices,
which from the south to the centre are those of the Houses of
York and Lancaster, while those from the centre to the north
represent various incidents connected with the Cross and Passion
of the Saviour. Two new panels and several pipes have been
added to the organ. One or two modern monuments at the
south end, which were injured by the fire, have been restored;
all the ancient monuments at the north end were fortunately
uninjured.
Dwellings for Working Men at Leeds.— An experiment, of con
siderable social interest, has just been commenced at Leeds, to
provide model cottages suitable for working men. The pro
moters of the scheme are anxious that the better class of working
people should possess houses of their own; and the society now
organised proposes to hand over a cottage to a proper applicant
on payment of £25 in cash, and the weekly sum of 5». during
thirteen years. It has been decided to erect ten houses, each
having a garden in front and a yard and outbuildings at the rear.
Mr. Ambler, architect, hns made the design, which is Elizabethan.
On the ground-floor will be a parlour, 15 ft. 2 in. by 11 ft. 6 in.;
and kitchen, 15 ft. 2 in. by 12 feet. On the floor above are
three bedrooms, having separate doors, the front one same size
as the parlour. The staircase runs from the kitchen. The cost,
including land and mortgage, is not to exceed £150 on each
house. This is an excellent scheme. If the cottages now com
menced are taken up by the class for whom they are intended,
the movement is to be at once extended, and a number of
cheaper cottages built ou a similar principle.

IB.

XENDAL J3RIDGK, OVK.R THE OUSE.YOHK. w.dkedgh
Detuile of Girders.
Sty. 1.
o

o
o

D

o

o
O O

ooo

o

C.E.

Fvff . S .
O

O

O

o

ooloo
OjO •
00:00
« 0:0a
J9 Jti^ats e'pitch/
o o;tf o
OiO
ojo
oooo oooooooo 00:00

J* I OLsTV
FCa.Z.

ffffl^"*

2*
Wf'^M
By

n
1

P

i:
1

>

:

1

J
'

1

J 1
T*
A
EltvatF'of'end: portCorv of Gtrder'.
o

o o 0 o
0000

0

00:00
o!o o
OO'OO
O'O o
O OiO o
00; OO

o

If''
„Q, J>, _0. J?n rQ "..0- ^ J>^_Q^JJL

-ElevatF'ofportion- of Girder at centre' of Bridge, .
O

o

[o c!o o
o o 00:00

0

C'OO 0
O'O 0 0
oloo
00,0

0

0

°0°

0:0
00 iO
0 000 0 0
000 0 0 0

0

0

0000 0
c: 0 00
000 c
0

0

0
0

0

0

0

0000 0
0 0 000 0
00000 0
0
0 0 0 0000
000 00 0
000000 0

Ph CUTIS

J.rt Jobbing

June 1, 18(1]

155

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

LENDAL BRIDGE, YORK.
(With Engravingt.)
The iion girder bridge of which we give illustrations in Plates
XVII. and XVIII. is now being erected from the designs of
Mr. Dredge, C.E., across the river Ouse, at Lendal Ferry, York.
It crosses the river at an angle of 84 degrees, and has a clear
span of 175 ft. 6 in. The width of the bridge is 41 ft. 6 in.,
divided into two footways each 7 ft. 6 in., and a central carriage
way of 19 feet, making in all 34 feet, the remaining 7 ft. 6 in.
being occupied by the width of the girders.
The approach walls are of brick and the abutments of masonry,
built on piled foundations. The bearing piles are driven about
28 ft. in the gravel; they are 13 in. by 13 in., and spaced 3 ft.
apart, measured from centre to centre; there are 160 of these
piles under each abutment, and they are surrounded with sheet
piles. Within the Rheet piling and between the bearing piles the
ground is excavated to the depth of about 10 feet below summer
level of the water; and the space so excavated up to about 6 feet
below the same level is filled with concrete. The bearing piles
are cut off at this level, and York landings laid thereon, upon
which the masonry of the abutments is built.
The girders are each 183 ft. 6 in. long and 15 feet deep. The road
way is constructed within the girders at the level indicated in the
elevation, Plate XVII. The headway between the summer level
of the river and the underside of the girders is 22 ft. 6 in. The
girders are constructed with top and bottom members of plate
and angle irons, connected with a web of lattice-bars at an angle
of 45°, strongly rivetted to top and bottom members.
At a
distance of 7 ft. 6 in. apart, measuring along the entire length of
the girders, vertical stiffening plates are fixed, for the purpose of
giviug lateral stiffness on both sides of the girders, as shown in
the elevation. The ends of girders are finished off with ver
tical plates and angle-bars of the section of top member, upon
rollers on beil plates, haviug a bearing of 4 feet on each side.
The two central large girders are each constructed of two girders
precisely the same as those just described, and connected both
at top and bottom members by covering plates 30 inches wide,
as shown in the plan: the interior vertical stiffening plates
being connected by diagonal bracings. Tho bed-plates upon which
the girders rest, lay upon the abutments and are secured thereto,
those beneath the central girders are 8 feet by 5, and the outside
one 8 feet by 3 ft. 6 in. These bed-plates are of cast-iron 2j inches
thick, having the surface planed, upon which are placed the
roller-frames, each containing eight 4-inch steel rollers, turned,
and which carry the main girders of the bridge.
The footway girders are braced to the large girders by strong
horizontal and diagonal bracing, rivetted to top member, as
shown in Fig. 5, PI. XVIII.; similar bracing being also attached
to the bottom flanges. The two large girders are also similarly
connected and braced at the level of the bottom flange, as seen
in Fig. 5.
Both carriage and foot-ways are carried upon wrought-iron crossgirders, spaced 3 ft. 9. in. apart, and secured at the ends to the
principal girders. A covering of corrugated plate rests upon
the top flange of cross-girders, and is secured thereto; the plates
for the carriageway being »-iuch thick, those for the footway
J-inch thick. Gutters are laid along the side of the carriageway
and footways for drainage, which run towards the North-street
abutment and are then carried down pipes.
The carriageway is formed by laying a concrete of cement and
gravel about 3 inches thick over the corrugated plates, which con
crete is covered with 4 inches of road-metal. The footpaths are
formed with 2 inches of similar concrete, covered with 1 inch of
asphalte. At the ends of the roadway girders lamps are erected
in the positions shown on the plan. At each end of the bridge
gates are fixed, and made when open to fold within the girders.
The approach road across the opening opposite the Northstreet postern is carried by eleven light iron girders, 1 ft. 5 in.
deep, placed 4 feet apart, and resting upon the side walls, the
corrugated plates f-inch thick resting upon the top flanges, and
rivetted thereto. Diagonal bracing is introduced beneath the
roadway to give lateral stiffness. A light cast-iron rail is fixed
on each side of the bridge. The carriageway and footway are
formed of concrete and road-metal, as described for the carriage
way and footway of the bridge. The weight of iron in the bridge
is about 450 tons. The cost, including the abutments and ap
proaches, is estimated at £17,500.
As stated above, Mr. Dredge is the engineer of the bridge,

and it is now being executed under the immediate super
intendence of Mr. Pickersgill, city surveyor, York. Messrs.
Calvert, of York, are the contractors for the ironwork.
References to lllmtrationt.
Plate XVII.—Elevation and Plan.
A. General plan, showing roadway and footways.
B. Portion of bridge with road-metalling removed to show the corru
gated plates.
CC. Exhibits the bracing and cross-girders, with corrugated plates and
road-metalline removed.
The dotted lines a, 0, c, d, e, f, on plan represent central lines of bearers
of the corrugated plates.
Plate XVIII.—Details of Large Road Girders, &c.
Fig. 1 .—Elevation of portion of girder at bearing, and plans of top
and bottom members of ditto.
a, a, a, Double vertical plates, 20 in. d, d, Hearing plate of puddled steel.
4 ft. 3 in. by 2 ft. 6 in. by 1 in.
by | in.
'/. Two angle irons, 34 in. by 34 in. e, e, Cover plates, 2 ft. 6 in. by 1 ft.
by 4 in.
6 in. by j in.
c, c, T"'ron8. 6 >n- by 4 in. by 4 in.
Fig. 2.—Section of portion of girder taken at AA Fig. 1.
/, /, Plate finch.
Fig. 3.—Elevation of portion of girder at centre of bridge, and plans of
top and bottom members of ditto.
g, g, Triple vertical plate, 20 in by i, i, Two angle-irons, 24 in. by 2 in.
| in.
by f in.
h, h, T'irons, same as in Fig. 1.
Fig. i.—Section of portion of girder taken at BB Fig. 3.
j, j, Lattice bars, 14 in. by f in. | k, Four plates, 2 ft. 6 in. by 4 in.
I, Four plates, 2 ft. 6 in. by J in.
Fig. 5.—Transverse section of half of bridge, showing one footway and
half of roadway.
m. Concreted footway.
| o, o, Corrugated plates, 3 ft. 10 J in.
m 1, Boad-metal.
by ! in.
m 2, Asphalte, 1 in. thick.
of o', Ditto, 4 ft. If in. by 4 in.
n, n, Angle-irons, 24 in. by 24 in. p, p, Angle bars, 2 in. by f in.
q, q, Ditto, 3 in. by 4 in.
by f in.
n', n ', Ditto, 3 in. by 3 in. by j in.

ARCHITECTURE AT THE ROYAL ACADEMY.
During the past twelvemonth considerable alterations have
been made in the internal arrangements of the National Gallery
in Trafalgar-square, alterations which have before been adverted
to in our current notices,* and which materially affect the space
allotted for the exhibition of the national collection of pictures,
and that devoted to the annual exhibition of the Royal Academy.
It will suffice therefore briefly to recapitulate that the whole of
the centre of the building has been remodelled, the two handsome
staircases constituting the respective approaches, with their di
visional screen of columns, being entirely swept away, thus
destroying the unique and most successful architectural effect in
the whole building, the only misfortune of which was that it
occupied, perhaps, too much room in so limited an area; the old
Sculpture Room, so small and gloomy, has given place to a more
ample one, but with too much light, or rather with too many
openings, since there is far too much reflected light to show
the objects properly; while over this room, and by taking in a
portion of the old staircase, an important addition is made to the
National Gallery, in the shape of an entirely new and well
adapted room, of spacious proportions, which with the other
modifications has been very skilfully carried out by Mr. Pennethorne. As may be expected, the half till lately occupied by the
Royal Academy has suffered much by these encroachments, so
that it is now high time that for its own sake it shifted its
quarters to Burlington House, or somewhere else where its requiremeuts may be better met, and without trespassing longer
on space that can so ill be spared.
The access to the Academy exhibition is by the former entrance
under the principal portico, whence the visitor enters the now
meagre and unarchitectural lobby (for it does not deserve the
title of hall), and immediately finds himself at the foot of a narrow
awkwardly-contrived staircase, which ushers him, without cere
mony, at once into the first of the suite of rooms,—in fact, the
original "Miniature Room,'' as it was termed. It will be re
membered that, in the former arrangement, the passage or cor
ridor separated this room from one opposite of corresponding
size, known of yore as the "Architectural Room," but more
" Set C. B. * A.Joumd, vol. Iliii, p. 219.
LJ5
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recently as the "North Room." But the aforesaid corridor no
longer exists, its space being thrown into the North Room and
one beyond. This change has involved, of course, new ceilings
and lighting, while, on the score of comfort for exhibition pur
poses, it is certainly an improvement.
The Sculpture Boom is, as we have intimated, considerably
enlarged, and so planned as to give the appearance of three
apartments with one common approach, not of the most elegant
kind, being, literally, down two or three steps round a dark
corner.
In the now enlarged North Boom the architectural drawings
find their sole locality, and even this is more than twice as large
as either the drawings submitted were deemed worthy to occupy,
or the space which the Academy "hangers" agreed to devote. The
number of architectural works thus exhibited is only between
sixty and seventy; nor is their want of numbers redeemed by
super-excellence of quality, for, both as regards the subjects
themselves, and as specimens of art delineation, they are by no
meaus equal to those of last year. Added to this, we observe
that the R.A. architects are entirely unrepresented, excepting
Mr. Scott (who has since the last season attained to full honours),
and the new Associate, Mr. E. M. Barry; and the contributions
of these two gentlemen are among the most conspicuous, as well
as meritorious, in the room.
To commence our more deliberate survey: the first three pic
tures being hung actually above the door suggests our protesting,
as we are from year to year compelled to do, against the absurd
—not to say unfair—practice of placing works of this class at
such a height above the eye that it is next to impossible, even
with the most persevering scrutiny, to arrive at anything like
an adequate conception of what they are intended to convey.
We shall have to endorse our comments on many a promising
picture with this drawback, and must condole with their authors
under such treatment: but, possibly, out of the evil good may
come; and since the Academy seems to hold our noble professson
in such light esteem, the Architectural Exhibition per ae, in
Conduit-street, may thrive through this neglect—and we heartily
wish it may do so, though there are abundance of reasons why
the two should pursue, with increasing vigour, an uninterrupted
course of prosperity, since each has its special claims, its spe
ciality of purpose, and its special means of diffusing an acquaint
ance with and taste for the art.
Granting for a moment that certain pictures are to have this
lofty destination, there are not any works more telling at a dis
tance than those of Mr. B.W. Billings, whose name inaugurates the
architectural list, and who, in (654 and 656), gives views of parts
of the extensive alterations he is now making in Dalzell Castle.
Mr. Hamilton, the distinguished owner of the mansion, may be
congratulated on having secured the professional services of an
architect who, beyond all others, is conversant with the Baronial
Antiquities of Scotland, and who adds to this knowledge a
facility of design and contrivance which gives the stamp at least
of originality and fitness, which is quite refreshing in these days
of precedent and plagiarism. As Mr. Billings revels in master
ing difficulties of all kinds, and there were doubtless some in
designing the works before us, key-plans would not have been
unserviceable, and, had they been supplied, it is just possible
that the drawings themselves might have found a more covetable
place. As it is, we see the rugged outlines, massive corbelling,
and round turrets, inseparable from Scottish architecture, as
salient points in the design, and distributed with a skilful hand,
having an eye to the markedly picturesque as well as the useful.
No. 655 (which suffers by its position between the two drawings
just named, as well as its being also over the door) professes to
illustrate, in "Villas erected at Boupell-park," the new mode of
half-timbered construction, as practised by the architect, Mr.
Taylor, jun. In a such a position it is absolutely impossible to
examine the diagrams, and we are not sufficiently acquainted
with the practical results of this method to offer any opinion
on its expediency.
"Duncrub Castle, near Perth," now erecting by Mr. Habershon (657), is another of the many Scottish mansions we see
delineated around, and apparently among the most important.
In our opinion it has the fault of not being sufficiently in keeping
with either a castellated edifice or the bold uncompromising cha
racteristics of the country itself. A more successful composition
of this kind is (661), "Additions to Killyleagh Castle," by Mr.
Ferrey, but even this, in spite of its battering walls, and ortho
dox looking gateway, lacks much of the nerve and feeling of
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that genuine ancient work which it too feebly imitates. The
castle itself (which is here seen within the new inclosing wall),
is we presume an old one; it certainly appears to have that cha
racter in a very satisfactory degree. Mr. Ferrey also exhibits
two other residences, "Bulstrode, a seat of the Duke of Somer
set" (693), which is very common-place Gothic, and "Wynnstay
House" (705), now erecting for Sir Watkin W. Wynn, which,
beyond its extent, has little to recommend it; both are exces
sively tame, and unworthy of the author's name and reputation.
Nor can we much commend Mr. Kempsoc's design for the
" Hereford Clock Tower" (659), of which competition so goodly
an array of designs may be seen in the Conduit-street galleries.
It consists of a square tower, of campanile proportions, but
treated iu the more ornate style of Gothic, with an octagonal
staircase at one angle, which is continued up to the top. The
whole is capped by a dwarfish spire, rising behind the parapet.
The "Interior of Grand Staircase" iu Mr. Dickson's new man
sion at Gottenburg, Sweden (662), now being erected by Mr. W.
A. Boulnois, is a very beautiful Classic design. There is abund
ance of space, so that scope is afforded for a thorough archi
tectural composition, in which piers with semi-circular arches
constitute the most prominent feature. These act as a screen.
from the corridor behind—a not uncommon arrangement on the
whole, but susceptible of considerable variety, according to the
fancy of the designer. In the view before us the introduction of
sculptured panels here and there is of great service, as is also
the value of colour, as indicated by the Sienna scagliola and
other marbles, while additional brilliancy is imparted by the
sparkling design of the brass (or gilt?) railing. There is however
one portion which seems hardly in keeping with the rest—viz.
the plain, flat, shallow skylight, but this is a matter that will
perhaps suggest itself for reconsideration. The execution of
the picture is unusually good. Mr. H. Clutton's "Interior of
the New Chapel" iu the Roman Catholic church, at Farmstreet, Loudon (663), and Mr. Beutley's "Study for a Chancel"
(671), may pass almost under the same comments, so all but
identical are they in design. Both are decidedly most praise
worthy deviations from the beaten track, and, making every
allowance for the powerful colouring of the architectural artist,
afford a refreshing field of study. The chancel arch in each is
similarly composed, and its inner rim springs from coupled cor
bel shafts of marble, which, with the parts adjoining, produce a
a very handsome effect. Marble shafts and arcade work are also
liberally employed on the wall surfaces generally, but the most
peculiar exception is in the omission of the window which by all
but universal consent should occupy the east end. In these two
drawings, however, it is entirely wanting, the place being filled
with a blank arcade of a centi e imd two half trefoil arches, their
receding surfaces as well as the rest of the uncarved walling
being enriched with figure subjects in fresco. Colour is, in
truth, the predominant element in the designs, and scattered
with lavish exuberance; but while we cannot but admire the skill
which has so harmoniously blended the most brilliant, and we
might say gaudy hues, we must repeat our regret at finding it
so frequently made the chief instead of a subservient element in
designs.
Among the street improvements for London, none would be
more welcome than a satisfactory solution of the difficulty of
Holborn-hill. Many schemes are, as our readers know, afloat,
proving the desirableness of something definite being arrived at;
while victoria-street and the contemplated openings northward,
which will bring in so large an amount of extra traffic, would
seem to necessitate some practical solution of the question ere
long. In (664, 672) Mr. F. Marrable, the late architect to the
Board of Works, submits au elaborate scheme, in certain respects
not unlike some which have heretofore been brought before the
public, and which appears calculated to accomplish the object
perfectly. Half of the roadway is proposed to be raised (to a
level, we presume) between St. Sepulchre's Church and Hattongarden, forming a viaduct, with a series of shops gained in the
difference between the height of the present and contemplated
levels, while Victoria-street would be spauned by an elliptical
iron girder bridge. The two drawings now exhibited show what
would be the general effect, as viewed respectively from Snowhill to Hatton-garden and vice versd. Bronzed sculpture is intro
duced on pedestals terminating the balustrades of the roadway.
(665) " The Beauchamp Almshouses, to be erected at Newland,
near Malvern," by Mr. P. C. Hardwick, form an extensive range,
planned so as to make three sides of a quadrangle, with additional
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return buildings as wings. In the centre of the principal front
is the gateway, which very properly distinguishes itself as such ;
while immediately contiguous, on the right, is the chapel, whicli
by-the-bye has a chancel, and is otherwise quite ecclesiastical in
character, besides being built of stone, while the almshouses
generally are of red brick with white dressings. We are glad to
notice the snugness of the sheltered doorways, so conducive to
the comfort of the inmates. " Bodelwyddan Church," near St.
Asaph, by Mr. Gibson, and of which a large and showy interior
of the chancel is given in (667), is known as one of the costliest
and most elaborate of modern churches, and, it having been fre
quently illustrated of late, is doubtless already too familiar to our
readers to need describing again. We should be glad to be able
to speak in terms of recommendation of Mr. G. S. Clarke's
" Blind Asylum, Brighton" (668), but the skill which that gen
tleman usually exerts in his domestic buildings appears to have
failed him here. With the shape of its outline perhaps we ought
not to quarrel, as that might have been imposed by circumstances,
but surely Mr. Clarke could have given us something more
agreeable in the shape of windows than a repeated repetition of
the everlasting Ducal Palace windows at Venice. The whole
design has a commonplace look, from which the best of careful
details is not likely to extricate it Messrs. W. and A. Moseley,
in their " Hotel at Liverpool" (670), have apparently succeeded
in producing a clever Italian design, not altogether dissimilar
from the New Westminster Palace Hotel, though of course on a
smaller scale; but the picture being hung above the line, and
withal being diminutive in its parts, it is impossible to allude to
it more critically here.
{To be concluded in our next.)

THE EMBANKMENT OF THE THAMES.
Since we referred to this subject iu our last number, the Royal
Commissioners have been busily engaged in the consideration of
the various plans submitted to them for this undertaking. The
labour has been considerable, upwards of fifty different plans
having been sent in, many of them accompanied by models and
elaborately executed views; while the author of each design has
had full oppoitunity of explaining verbally its ariangements in
detail to the commissioners. We shall look anxiously for the
result of the investigations of the commissioners, and hope that
at last this long-talked-of but as yet uoattempted work will be
efficiently carried out. Of the various metropolitan improve
ments which have from time to time been suggested, there seems
to us not one more obviously needed than this; and yet by some
strange fatality it has hardly ever got beyond the suggestive
stage, except when (in 1844) government took up the matter, and
appointed commissioners upon the subject, who, after the exami
nation of sundry schemes and the preparation of a most valuable
and elaborate report,* finally recommended a modification of that
desigued by Mr. Page—and there the matter ended. May the
labours of the present commissioners have a more substantial
result.
The various plans now submitted may be divided into those
which provide an embankment detached from the present shore,
with either separate docks or a canal between, and those which
merely propose an extension of the present shore further into the
river. Besides these, schemes have been submitted for forming
tidal dams, in one case at Blackwall Beach and in the other at
London-bridge, and for the construction of a navigable cut from
Battersea to Limehouse, communicating with the river at these
points by locks; and converting that part of the Thames lying
between the extremities of the cut into a large lake.
In the detail of what may be termed the supplementary part
of the designs, affecting especially the remunerative character of
the various plans, such as the provision for warehouses and other
buildings, a great variety exists; though into this part of the
question it is hardly necessary to enter, as all designs of the
same character admit of the same modifications, while such con
siderations are of course secondary to the important ones of
affording convenience to the traffic and improving the navigation
of the river.
The navigation of the river being similarly affected by the
detached and attached embankments, the first question to be
considered is the affording facilities to the river-side traffic. And
we think that this point is one deserving of more consideration
* 8e« C. E. tc A. Journal, yol. rii. (IBM), page 158.
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than many of the competitors appear to have given to it: indeed,
in some instances considerable interference with this trade is
admitted to be a necessary accompaniment of the particular
scheme; while, to our thinking, one of the very greatest recom
mendations which any plan could possess would be the diminu
tion of the cost of landing and warehousing goods. The river
carrying-trade is a most important one, ana as much deserving
of encouragement, and as capable of proportional development
as that of our thoroughfares.
The advocates of detached embankments with docks—amongst
whom are to be found Mr. Page, Messrs. Fowler, Fulton, and
Hemans, Mr. Iiendel, Mr.Bazalgette, Mr. Bird,&c.—would by their
plans secure access to the docks for several hours at each tide, while
the vessels, being kept always afloat, would have every facility
for loading and unloading. Any person who has observed the
great amount of labour in unloading barges, in consequence of
the present state of the foreshore, will be at once struck with the
great advantages of this anangement. At present the barges lie
stranded in fiont of the wharves for several hours at each tide,
and the load has to be carried by men across planks for a very
considerable distance. One of the most important features iu
the new arrangement, it will therefore be at once evident, is that
of a direct hoist from the barges to the warehouses, and thence
into the already-existing streets. This would certainly appear to
be more perfectly provided by the plans with the detached em
bankments and docks, than by those which attach the embank
ment to the present shores: the warehouses rising from the water's
edge, and direct hoists being obtainable to every floor, while the
goods can be as readily transferred from the warehouses into
waggons in the existing streets behind them. In the case of
those plans which marely propose an extension of the present
foreshore into the river, these advantages do not appear to be bo
fully secured They all, with we believe but one exception, pro
vide for barges floating to the sides of the quay at all times of the
tide; but it will be at once evident that there cannot be a direct
hoist to all the floors of the adjacent warehouses, as the goods
must pass either under or over the embankment roadway. The
barges in some cases lie six or seven deep alongside the wharf,
and the difficulty of mooring, or, when loaded or unloaded, of
shifting them from the quay side while lying iu the open river
exposed to the swell of the steamers, will be at once observable.
The opponents of the detached embankment contend that
the docks can only be used at certain times at each tide; but
taking into consideration that the bulk of the traffic is ascending
and descending the river during a great portion of each tide, it
would appear that this objection is not really of so much weight
as at first sight it seems to be. It is however of the utmost
importance that free access to the docks should be obtained for
as long a period as possible at each tide; and while, to our think
ing, this requirement presents an insuperable barrier to the
adoption of lock entrances, it will no doubt have great weight in
determining the position of the low-level sewer. The formation
of the sewer in the embankment would be the most economical,
as the solid mass surrounding it would prevent the possibility
of disruption; but, by thus carrying it across the entrances to
the docks, the depth of water at those points must be conside
rably diminished. Let the sewer however be placed on the land
side of the docks, and there need be but slight limitation to the
time during which access can be obtained to them. One thing
however we think is very certain, that there can be no proper
construction of the main sewer along the land side of the docks
without an entire remodelling of the present wharf frontages, as
mentioned in our May number: though, should it be considered
that such an interference would be prejudicial to the scheme, it
might, as has been suggested, be constructed without any inter
ference with the property along the shore, in a solid embankment
or quay outside and immediately in front of the existing wharves
and warehouses; the sewer would thus be more accessible than if
it were carried below the water in the docks; while the only im
pediment to the approach of barges from the river to the docks ;it
certain times of the tide would thus be removed. A direct hoist
to all the floors of the warehouses would be obtainable by this
arrangement at the option of the owners, by simply bringing for
ward the first and upper floors to the face of the quay wail.
These projecting floors would be supported by iron columns,
forming on the ground floor an open colonnade or covered quay.
A most ingenious method of constructing the sewer has been
devised by Mr. Page, which we will give in his own words,
merely premising that he proposes to imbed the circular sewer
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in a mass of concrete: he says—"I should suggest that the lower
half of the circle should be formed of concrete made of Portland
cement and gravel; that the excavation being formed with sloped
sides, a semicircular iron mould should be slung and fixed at the
proper height, of a diameter 18 inches greater than the finished
sewer, to allow of a lining of very hard bricks. This mould or
inverted centre being in place, the concrete would be shot in on
both sides, and the lower half of the structure rapidly completed,
the 9-inch lining formed, and the remainder of the sewer, the
sides and crown above the centre, built in brickwork."
The level of the roadway will of course be mainly determined
by the headway to be provided at the entrances to the docks.
We think however it will be found that the only barges requiring
great height are those loaded with hay and straw; and it is a
question well worth consideration at such a time as this, with
the recollection of the recent disastrous fire at the wharf near
Cannon-row, whether traffic in such a dangerously combustible
commodity should be permitted on the Middlesex shore, in the
midst of so dense a mass of buildings. The ordinary masted
barges could of course lower their masts in passing under the
roadway. It is to be hoped that the embankment will be kept
as nearly as possible at the same level throughout, and that the
symmetry of the work and the convenience of the traffic will
not be impaired by any undue requirements on the part of the
honourable societies of the Temple, or other private interests.
Much has been said in favour of the construction of a railway
along the river side: if it be constructed we hope it will be kept
l>elow the general level, as suggested by Mr. Page, Mr. Bird, Mr.
Brooks, and others; though it appears probable that, with the
facilities afforded by the railways now in progress, there will be
uo urgent necessity for one; and we think a tramway far better
adapted in this instance to the purposes of the passenger traffic.
We must not omit to notice several ingenious plans for forming
the embankment in connection with the present shore, submitted
by Mr. Shields, Mr. Turner (of Dublin), Mr. Walmsley, Mr. H. G.
Coombs, Mr. Brooks, Mr. Gohns, and others. Mr. Turner's plans
are accompanied by some very tastefully-designed warehouse
frontages. We purpose in our next number to give drawings and
descriptions of some of the principal schemes which have been
submitted — this we had hoped to have done in the present
number, but have been compelled to postpone it in consequence
of the lateness of the period at which we received some of the
necessary information.
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which is so printed in flock as to become in relievo, upon
which two golds are applied, thus producing a raised ornamental
design not hitherto executed in paper staining, capable of being
applied to stars or set figures generally over the walls, and
with excellent effect On another panel is shown a new pro
cess of printing, and of repeating the printing of one flock
upon another; this is capable of producing a very high relief.
It is first hung upon the wall, and then painted of any desired
colour, and shows no joint, exhibiting a perfect and beautiful
relievo pattern. The price commences at 8d. per yard." A very
handsome lectern (400) stands in the principal room. The name
of the designer is not mentioned, but it is altogether a superior
production. It is considerably enriched by colour.
Mr. Norman Shaw's Bookcase and Writing Table (212), exe
cuted in oak, and inlaid with different kinds of woods, by Mr.
Forsyth, is a clever Mediaeval conceit. It is large, and minutely
finished in every part, abounding in arcades, shafts, zigzags,
crestings, and other orthodox features; but why the upper stage
should be made to lean forward appears inexplicable; the ano
maly being the more glaring inasmuch as it seems contrary to
the principle of shafted arcades that they should be otherwise than
vertical. The hinges and locks manufactured by Mr. Leaver, of
Maidenhead, are among the most satisfactory parts of the design.
The uses of Davis's Patent Marmolite are shown practically
in several specimens in (214), also generally in a perspective
drawing in the first room of the Exhibition (71). In the first of
these we have silvered glass, with letters in gold and colour, and
painted figures, executed by Mr. Horner, which is well calculated
to display the quality of the invention, which is stated to "pro
tect absolutely the silvered glass and painted design from all
atmospheric influence—heat, cold, or damp, and rendering it in
destructible except by extreme force. This protection, combining
as it does mechanical with chemical agencies, removes one of
the greatest obstacles hitherto presented to the extension of deco
rative art for ornamental and useful purposes, more especially in
the open air, or in superheated chambers, such as theatres,
concert-rooms, &c." There are also various specimens of Imi
tated Marbles, of Stencilling "Marmolited," and of plain Marmolited surfaces for walls, &c On the whole the invention
seems likely to be a serviceable one, but as regards this, and
many other of the "materials" around, no information whatever
is given on the subject of prices. This is a great mistake, and
must surely arise from inadvertence on the part of the several
proprietors, but time is left yet for theiu in some degree to
remedy the omission.

BUILDING MATERIALS, INVENTIONS, &c. AT THE
ARCHITECTURAL EXHIBITION.
SECOND NOTICE.

We conclude our remarks on this department by noticing a
few of the remaining works which the pressure on our space last
month compelled us to postpone.
Several excellent specimens of sculpture will be observed in
different parts of the rooms, but none perhaps is better than the
figure of St. John the Evang'list, which stands on a foliated stone
bracket against the pilaster of the great gallery (199), and is by
Messrs. Swales and Grassby. So also, in another style of art,
the model of a font executed in statuary marble by Mr. J. For
syth, for Whitley Church (138), is deserving of much praise. The
group of angels supporting the bowl is a good idea, and charmingly
carried out. Of models in plaster we may point to those exhibited
by Mr. Phyffers (213), as executed under the direction of Messrs.
Hardwick, Teulon, H. Cluttou, and Burges. Of these, the monu
ment toLadySuffield, executed in alabaster, from the designs of the
latter architect, is a beautiful composition, displaying uuusal skill.
Messrs. Jackson's cartou-pierre and papier-mache ornaments
have been so long approvingly tested by the public that it is need
less to advert to them in detail; but we may draw attention to
the very beautiful door-cap frieze, as introduced in the sumptuous
decorations at Clothworkers'-hall (209). In Mediaeval Metalwork
the show is very superior, especially the contributions of Messrs.
Hart and Son, who have a goodly array, and of Messrs. Johnston,
who exhibit several articles excellently designed by Mr. G.Truefitt.
Messrs. Cox and Son again contribute church furniture and spe
cimens of their excellent wood-carviug.
Specimens of paperhangings are not so abundant as in pre
vious years, but those by Messrs. Scott, Cuthbertson, and Co.
(210), show the high state of eliboration to which this manu
facture has now attained.
In those for dining and drawing
rooms a novel feature is presented, called an "Italian Pilaster,

THE ARCHITECTURAL EXHIBITION.
{Concluded from page 126.)
Resuming our notice of this exhibition, we shall first mention
a sheet of "Old Architectural Drawings" (140), similar to some
that appeared from the same source on a former year. They
include two sketches in Caen bv the celebrated J. S. Cotman,
also a "Design for a ceiling," by Sir James Thornhill. In all of
these the interest centres quite as much in the artists themselves
as on the subjects they have pencilled. (141) and (165) inasmuch
as they are companion pictures, illustrating one another, should
of course have been placed near enough to be examined together,
instead of, as now, quite apart. Each frame contains several
carefully-drawn and tinted perspectives of "Buildings recently
erected on the Spring Grove Estate, Middlesex, W.," by Mr. T.
Page, consisting almost exclusively of detached villas and the
schools. While the latter are quite of the stereotyped kind, we
observe that the former are treated with considerable variety in
design and style, and appear uniformly of good proportions,
though the smallness of the scale to which they are shown
precludes detailed criticism. It may be remarked, however,
that the prevailing materials as indicated are red brick, with
stone dressings. The key-plans which are added appear well
arranged.
Mr. R J. Withers is, as usual, an abundant contributor. In
(144) we have six anastatic views of simple village churches,
designed or restored by that gentleman. In these there is
nothing to call for special remark, unless it be iu commendation
of the novelty of treatment displayed in the west end of the
" New Quay Church, Cardiganshire," as proposed to be rebuilt,
and in which the two massive buttresses which support the bell
turret (square at the base, and octagonal above) are ingeniously
interwoven with the lighter screen which forms an extended
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shelter to the entrances: the grouping of the whole is exceedingly
good.
We now approach (145) one of the very few schemes for poly
chromatic decoration which the exhibition presents. It is eccle
siastical, and executed by Messrs. Clayton and Bell, in the
"Tympanum over chancel arch, Salterhebble Church, York
shire." The subject is the Ascension, the principal figure oc
cupying the centre, above the apex of the arch, and iDcloaed in a
vesica, while, lower down, are ranged the apostles, six on each
side, whose upward gaze is directed to the rising Saviour; while
appropriate texts, in Latin, are interspersed ou scrolls. The
complexion of the whole is in sympathy with archaic precedent,
the figures being severely outlined, and scanty rather than pro
fuse in colour. Good and careful drawing is evident throughout.
In Mr. C. H. Cooke's "Design submitted in competition for
new Almshouses, Faversham" (160), we regret to observe that
an ad captandum style (which may be considered all but syno
nymous with competition) appears to have betrayed him into sacri
ficing the common-sense simplicity which should pervade this
class of building, for the sake of getting a so-called effect by
perpetually irregular forms and broken outlines. This is espe
cially reprehensible in a long-stretched frontage like that before
us, for these uniformly-recurring small breaks ou plan, instead
of insuring variety and picturesqueness, as was probably the
author's aim, are in reality but a species of monotony, and that
of the most meagre kind. We must also take exception, too,
to the crocketting of the spirelet to the chapel staircase, which
would have been better omitted, as also that to the lead (() spires
near the two wings. The chapel is placed exactly in the centre
of the front, the walling material being Kentish rag, while the
prevailing material of the rest is red brick; this change of colour
is a great gain to the design in point of effect, and it would have
been still more serviceable had this centre portion been brought
forward so as to detach itself more palpably from the general
frontage. In Mr. C. N. Beazley's competition design for the
"Darlington Markets" (146), the principal study seems to have
been the effective use of cheap materials, mainly yellow, red,
and black bricks. The window jambs are of stone, except to
the markets, which are of wood, and the brick walls would show
in the interior throughout, except in the Board's offices. There
is an open-timbered roof to the assembly room.
While cordially approving of the endeavours now put forth to
render various coloured materials more serviceable in our modern
buildings, especially in the way of construction, we are not sure
whether the introduction of expensive marbles for such homely
purposes as the drinking fountains in our streets, is not ventu
ring a little too far. Good-looking and durable they should un
questionably be, nor is this incompatible with a certain amount
of elegance, giving them at least an air of .consistency; but in the
present rage for these desirable adjuncts to our highways and by
ways there is a danger of overstepping the proprieties of the
case, even with the most laudable motives. In expressing this
conviction we could illustrate our meaning, if necessary, by re
ference to several recently-erected structures of the kind, and to
others now in preparation, such for instance as that shown in
(148), to be erected from the designs of Mr. Caesar Long, at the
Railway Terminus, Shoreditch. In general idea it bears the
Classic stamp, consisting of four piers, carrying semicircular
arches surmounted by a frieze and cornice, the whole standing
on a deep plinth sloping to the ground. The latter is to be of
blue granite, the piers of red, and the facia of the frieze is to be
inlaid with green and other coloured marbles.
In Mr. H. E. Cooper's "Design for Wedgewood Institute sub
mitted in the second limited competition" (156), we recognise a
closer following of Palladian rules than is usual in modern
buildings: and the same may be said of Messrs. Gi-een and De
Ville's "Hartley Institution, near Southampton" (224), which is
a particularly well composed design, in which the subservient
parts are contrived so as to combine well with the more import
ant features. We are glad to be enabled to compare this—the
selected design—with several others which entered the lists in
the same competition, and to be able to confirm, so far as the
means are afforded us of judging, the wisdom of the decision.
The next best design for this building which is here shown is
(202) by Mr. R. W. Edis. This, though by no means an equally
successful production, has the characteristic of being of the
Domestic Gothic style throughout, as opposed to those ecclesias
tical details which would appear from their general introduction
into every class of work to be all but unavoidable. Two other
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designs for the same institution (175, 259) may be passed over
without comment, save that they are decidedly inferior to those
just referred to, while all four offer a curious illustration of the
diversity of schemes which the same subject will create in diffe
rent minds.
"The Chapel, St. Patrick's Cemetery, Leyton, Essex" (163), by
Messrs. Willson and Nicholl, is shown in an interior view only.
Architecturally speaking there is not in this much to notice, but
poverty in this respect is amply atoned for by the aid of polychromy, which is agreeably interspersed, among the wall surfaces
especially. The roof consists merely of polygonal rafters, shown
in the drawing of far too slender scantling to produce a good
effect, however they might serve their purpose practically. The
"New Corn Exchange," and "New Corn Hall, Norwich," both
by Messrs. T. D. Barry, Goodwin, and Butcher, are exhibited in
(168, 169). The interior of the former has an imposing appear
ance, but errs in proportion, owiug to its undue loftiness. There
are two rows of iron columns dividing the area into three spans,
the principal one being semicircular. Semicircular arches, also
of metal, spring transversely from these columns, and their
spandrels are pierced with well-designed scroll-work in the
same material.
The pervading style may be termed the
Byzantine.
Mr. E. B. Lamb sends several works, all stamped with that
peculiar originality for which he is distinguished. Among these
(172) most approves itself to our taste; it is indeed a genuine
specimen of Tudor work, exemplified in the "Restorations and
additious to Melbury," the Earl of Ilchester's seat, near Dor
chester. We notice on the flank side what seems to be merely a
whim of the designer—viz. that an entrance door, and some suc
cessive small windows above, are placed exactly in the retiring
angle of the building, half of each being in one Wall, and the
other half, at right angles, in the abutting wall. On construc
tive principles this is objectionable; nor do we quite like the
kind of crocketing which is carried up the coping of the several
fables. The " Church of the Holy Triuity, Knightsbridge," by
Ir. R. Brandon, is well elucidated by the exterior (176) and
interior (182) views, so elaborately drawn and coloured. The
difficulties which had to be contended witli in transforming a
most unsightly pile of building into the present more than
sightly form, are only so many proofs of what ingenuity and
good taste can accomplish. For the interior a large amount of
light is obtained in a particularly novel way—namely, by a veri
table clear-story, constructed in the rake of the roof itself, and
extending on both sides to the full length of the church. Some
such expedient was rendered necessary owing to the building being
completely hemmed in among houses, except on the street side.
By this mode of treatment, the roof, though it would produce
externally, if seen, an anomalous effect, assumes within (from its
intersecting timbers, and the play of outline caused by the
curved braces traversing in all directions) an agreeably busy
air. The construction of this is seen more clearly in a large-scale
model of two or three bays, which finds a place on one of the
tables in the room.
From the practical we again turn to the picturesque, our eye
being arrested by the two beautiful architectural groups which
Mr. C. L. Eastlake has so successfully transferred to paper in
(177) and (189), the former being the "Courtyard ou the north
side of Rouen Cathedral," and the latter "Sketch at the foot of
the Tour de Saint Romain, Rouen Cathedral." Of these, suffice
it here to say that the subjects are worthy of the artist, and
the artist equal to the requirements of the subjects. Mr. R.
Brandon, in the "North-east view of Dntchet Church" (179), has
again engrafted not a few continental details, aiming perchance
to gain thereby an additional picturesqueness. This has been,
in outline at any rate, achieved, but at the expense of that
English -looking character which our churches should in the
main unquestionably preserve, whatever hints we borrow from
those of other countries.
Mr. J. L. Pearson's " Church proposed to be built in Loudon"
(183) is a worthy exemplification of what we are endeavouring to
urge: a large buildiug evidently, and grasped by a masterly hand.
The view here given is a north-west exterior, displaying to great
advantage the bold composition of the west end, with its deeplyreceding and gabled entrance, its massive buttresses and flanking
towers; also in the distance (rising nobly at the eastern extre
mity of the aisle, and attached to it only bv its south wall) the
lofty tower and spire, which in every part of its composition is a
perfect study. We may add parenthetically, that a second exte
36
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rior view, as well as an interior of the same church, are exhibited
in the present Architectural Room at the Royal Academy.
The most telling in effect of Mr. Street's contributions is (185),
a bird's-eye view of "All Saints' Church, Parsonage-bouse, and
Schools, in course of erection at Denstone, Staffordshire." The
chief peculiarity noticeable is that the roof of the chancel is made
altogether higher than that of the church, and that the bell-turret
which is attached to the end of the north aisle has a conical ter
mination, and is apparently circular to its base: the apse is octa
gonal. In the four angles of the picture-frame are small vignette
sketches, cleverly touched in, and which explain certain special
portions of the design. The whole are etched, as usual, in peu and
ink. A satisfactory design for a "Villa at Highgate," by Mr. C.
Gray, to some of whose former works of this kind we have before
alluded, forms the subject of (191): it is Italian in character, and
built of red brick, relieved judiciously by bandings of a different
colour. In the '-Interior Views of the Large Coffee Room and
Entrance Hall of the West Midland Hotel, now being erected at
Great Malvern for the Great Malvern Hotel Company," by Mr.
E. W. Elmslie (192), we have two small drawings which promise
well for their originals, so far as means are afforded for judging.
Both the apartments are evidently spacious, and furnished
throughout in the Gothic style, with details of a suitable kind:
we especially note the interiors of the windows, and the wall
surfaces, which are less commonplace than the design of the
ceilings.
(196) The " New Wing at Nnn Appleton, near Tadcaster, now
erecting for Sir Wm. Milner, Bt," presents the same versatility
which is manifested in all Mr. Lamb's designs: it here is evi
denced chiefly in the multitudinous series of brick corbels, which
are most persistently applied over the whole frontage. Cleverly
managed they undoubtedly are, but we question the desirableness
of introducing so many, even where they are intended to form, as
here, the salient feature of a design. The chimneys also appear
overdone in other respects. The " Cricket Pavilion erected for
Tunbridge School, Kent," by Messrs. Wadmore and Baker (198),
has the recommendation of being well suited to its purpose. It
consists of a long brick building, with a projecting open covered
way all along the front, with a second story of the same kind in
the centre, which is gabled back into the main roof. These por
tions are constructed in wood, aud while they supply a convenient
shelter for the visitors, the depth of shadow which their wellproportioned outlines create adds considerably to the vigour of
the design, and fully compensates for the absence of more orna
mental, but in this case unnecessary, features.
(203) "Trinity Church, Shanghai, China," by .Messrs. Stevens
and Robinson, has been so far adapted to the peculiarities of the
Eastern climate as to have its brick walls coated with the
coloured cement of the country, while ironwork is used in the
construction of the roofs, owing to the quick decay of wood
when so exposed. In its design there is consequently a some
what strange aspect, the tower haviug A completely English
ecclesiastical look, while the rest, from the pitch of its roofs,
projecting eaves, barge-boards, aud other features, partakes more
of a domestic character. We venture to suggest whether, with
all these precautions to secure coolness of temperature, the win
dows are not both over numerous and needlessly exposed.
On the end wall of this room are several competition drawings
submitted for the New Church at Torquay, by Mr. C. Buckeridge,
but not mentioned in the catalogue. They are in the Early
style of Gothic, and, both iu respect to design and drawing, equal
to most around. There is no steeple, but a small circular bellturret rises prettily at the east end of the north aisle, grouping
admirably with the surrounding parts, and is the leading feature
of the exterior. Internally, the seats and roof are open, the
latter haviug cambered tie-beams to the principals, with a king
post shaft, from which spring carved brackets in all four direc
tions, the general form of the roof being polygonal. In (220) we
have another desigu for this church, which is by Mr. Appleton,
and much less satisfactory than the one just described. The
selected design (we may mention) is exhibited at the Royal
Academy.
The two competition drawings, by Mr. Joseph James, for the
Congregational Church, Lower Clapton, appear in (218, 222),
and are much above the average. Though there is no plan at
tached, the outlines seem to show that the architect has repeated
the arrangement which he has carried out in a similar edifice at
Barnsley. including the peculiar design of the transepts, aud in
the triple windows of the west end. From the unusual height
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it may be inferred that galleries are provided for. The best
portion, we think, is the tower and spire, which, in the belfry
stage particularly, is very skilfully managed. We allude more
especially to the battering of its four walls from the springing of
the windows upwards, by which means an effective gable is
gained as a hood to the principal windows.
The best arrangement of hospitals is a subject still under dis
cussion, and in (225) Mr. C. Hawkins exhibits a "Design" which
has been evidently well studied. The plan is of the H form,
and cousists of three stories, besides a basement, the centre part
being allotted to the board-room and the apartments of the
physician, secretary, &c There is accommodation for 250 pa
tients in 10 wards, each 100 feet by 24 feet and 15 feet high, and
containing 25 beds. There are also two day-wards for convales
cent patients each 45 feet by 18 feet. Open fireplaces are pro
posed throughout, while, to insure as thorough a ventilation as
possible, the wards have windows on either side carried up to
near the ceiling. The design of the elevations would admit of
considerable improvement
The "Original Sketch for the Interior of St. Peter's Church,
Westminster" (229), by Mr. R. Brandon, may be pronounced
one of his most successful efforts. In producing this result the
aid of colour has been called in, not lavishly, but in due sub
servience (as we think it should always be) to the constructive
elements of the building. The roof is particularly handsome,
the idea being borrowed, if we mistake not, from that of one of
our most beautiful Norfolk churches. For a simple village
church, that now being built by Mr. G. E. Street at Wymeriug,
of which an exterior view is given in (230), presents an excel
lent model. It consists merely of nave, chancel, and south
porch, with a square shingled bell-turret at the west end. In a
clever pencil drawing (236) Mr. Norton shows his design for the
"Proposed College at Clifton," which, though possessing some
good points, is as a whole inferior to many previous ones from
the same hand. There is throughout an unfortunate spikiness
(caused by the everlasting repetition of gable and pinnacle) which
is detrimental to the proper balance of the several parts. For
the want of a plan being given, we are unable to refer to the
arrangements, but in (232) is shown a perspective view of the
school-room.
Mr. Bnrges' two drawings (233, 238) are in pen-and-ink, and
marked by his peculiar eccentricities. The former, termed a
"View of a Mediaeval Town," is a close imitation of the old
style of wood-engraving, for which, indeed, it might readily be
mistaken. The latter shows the water-closets erected by him at
Gayhurst,—a circular building, with radiating divisions, and
having a conical roof terminated by a ventilator masked by the
figure of a Cerberus. "Farnham Church, Essex," as restored by
Mr. J. Clarke, is shown in three drawings (235, 249, 263), which
seem wilfully separated. Some of the building, it is stated, is so
dilapidated as to be " beyond restoration," and the architect has
not adhered by any means to the former work in his present one;
nor can we congratulate him on ottering any better exchange.
Though the old building was partly iu a late style, it was pictu
resque, aud not devoid of character, in both which particulars
the new edifice is wanting.
(243) Is a frame comprising several subjects, by Mr. G. Truefitt, and they comprise "A House in course of erection at Muswell-hill," "Gravestones," and "Houses erected and in course of
erection on the Batson Estate, Holloway, from his designs aud
under his superintendence." In all these is perceptible that
ability which infuses good taste into simplest matters, and Mr.
Truefitt's skill in the treatment of materials, brick aud ironwork
especially, is well known. The sketches before us are but slight,
yet sufficiently indicate what we mean. (250) The "Cabinet Manu
factory and Show Rooms, Liverpool, erected for S. Abbott, Esq.,
from the designs of Henry Sumner," have already appeared as
an illustration in our Journal of March 1859.
Several highly finished and artistic views of Mr. Goldie's
Roman Catholic church at Lanark, have been made by Mr. H. W.
Brewer, and as exhibited in (252) form by far the most showy
drawings in the galleries, being well arranged, and inclosed iu
an appropriate hinged frame, enriched with suitable carving.
There are in all seven views, of which that of the Bapistery
is altogether the best. In this part more especially is there an
elegance of proportion which in all respects pleases the eye,
while the elaborate yet chastely- designed font-cover leaves
nothing to be desired. Daylesford Church, Worcestershire, by
Mr. J. L. Pearson, is prettily rendered in several drawings, some
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in this exhibition, and others in that of the Royal Academy.
Thus (253) gives the north-west view, and shows a cruciform
church with a low tower crowned by a square spire, not much
higher than an equilateral triangle, its large gabled lucarnes
constituting the most striking features. But in other respects
there is in this design a great exception to the ordinary style of
modern work, it being by no means a copy from ancient prece
dents, nor yet an utter ignoring of their legitimate influence;
thus novelty is associated with experience, the result being har
monious and consistent throughout. Totally in contrast with
this we must mention (257) "The Parish Church, Warrington,
Lancashire, as rebuilt a.d. 1860," by Messrs. F. and H. Francis,
which is in that ultra-modern style now happily almost ex
plode. The plan is cruciform, and from the central tower rises
a most attenuated spire. Professiug to be Gothic, its authors
have moreover selected an inferior age—the Flowing Decorated—
whence to glean ideas, aud it is matter of regret the opportunity
for erecting a more worthy structure has been lost.
In (264) Mr. Goldie has another collection of sketches of works
in progress—porches, monuments, drinking fountains, &c No. 3 of
these, the "Porch of St. Pancras Church, Ipswich," has unques
tionable novelty, the entrance doorway being fancifully designed,
while, by way of finial to the main gable, a full length statue (of the
saint, we presume) is introduced, sheltered under an overwhelm
ingly heavy canopy. Two views of the "Malvern Link Hotel,"
by Mr. Elmslie, form the subjects of (272, 273). "We have in
the earlier part of our notice (73), referred to a similar building
by the same architect, for Great Malvern. The same ideas here
prevail again, but they are perhaps better handled; the Gothic
details are apparently more consistent throughout, and the red
brickwork, being well toned with black, imparts a sufficient
variety of colour, while a long half-timbered bridge over the
high road, but for the purposes of the hotel, enlivens the whole
with a great amount of picturesqueness.
Considered as architectural drawings, in the true sense of the
word, there are few in this exhibition that can take rank with
those of the "Morning Chapel of St. Paul's Cathedral," five in
number (267—271), and which obtained the silver medal at the
Pvoyal Academy in December last. They have been prepared
from actual admeasurements (as stipulated by the conditions of
the reward) by Mr. T. H. Watson, and consist of plans, sections,
elevations, and parts at large, all carefully outlined, and slightly
washed in with Indian ink. Such analyses as these, applied
to the best examples, are among the most instructive means of
advancement that can be suggested to the architectural student,
independently of the honourable distinction which awaits his
patient and well directed labours. "Hodnet Hall, Market Dray
ton," as about to be altered by Mr. E. B. Lamb (282), is a halftimbered mansion, worked out in the true spirit of that kind of
construction.
The advertised competition for a Clock Tower to be erected
in the High Town, Hereford, aroused a spirited contest, and no
less than eleven of the designs are brought under our notice
here, which moreover, by some piece of good fortune, are all
placed together. The selected design is not among these, but
out of those before us we should distinguish, as the best de
signed and most appropriate, those by Mr. F. Rogers (300), and
Mr. C. H. Mileham (306). The first is a well-proportioned
Gothic campanile, showiug very good treatment in its different
stages; the upper one is gabled through lengthwise, aud has two
smaller gables on each of the sides. It would have been better
hud the walls tapered more. The second is of less obtrusive
character, and forms part of the continuation of the street, being
gabled, and rising but a trifle abovo the adjoining houses. It
is of red brick, banded. The clock is in this design shown pro
jecting from the tower, over the pavement.
Upon the first screen are two or three specimens of an entirely
new system of decoration by means of "Applique Needlework,"
and suitable for ecclesiastical and other architectural purposes.
The exhibitors are, in (316, 317, 318), Lady Mildred Hope; and,
in (323, 324), Mr. Alfred Bell. The three first-mentioned com
prise a complete specimen, a half-completed ditto, and a cartoon.
" This method of needlework was invented for and applied to the
new choir hangings iu Cologne Cathedral, designed oy M. Ramboux, and executed by 300 ladies of Cologne, under the direc
tion of Mile. Martens. These specimens have been prepared
by Mile. Martens in order to exhibit the process of working in
various stages." To give a general idea of the mode, it may be
described as a kind of patchwork in different colours, remind
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ing one of stained-glass; the minutise, such as features, drapery,
&c, being filled in by subsequent stitchings in different Bilks,
as required. (323) Is an unfinished portion of a "Banner or
Standard Screen," and (324) a portion of a "Piano Front," con
sisting of three larger compartments, containing respectively the
figures of Jubaf, David, and St Cecilia, and two intermediate
and two end compartments, narrower, and containing figures of
a nightingale, blackbird, canary, and lark, all worked in silk
embroidery.
In designs for church furniture, Mr. E. Sedding invariably
excels, and it is a branch of art to which he has almost spe
cially devoted himself. We therefore welcome his beautiful
drawings as shown in (321, 326, and 330). There is a degree
of quaint originality infused, which is congenial with their pur
poses, and all are more or less improved by the enamelling aud
other coloured effects which are tastefully interspersed. Mr.
C. H. Mileham's "Competition Design for a Church near Ram
sey, Isle of Man" (332), is a very creditable one, if we except the
poverty of the nave and aisles. The transepts and semicircular
apses at the east end are skilfully planned, and combine most
satisfactorily with the central tower, which is, with its spire, of
low proportions. The style is Early Pointed.
Mr. Colson's "National Schools and Teacher's Residence,
Farnham, Surrey" (340), in execution look better even than in
the drawing. They are built of local stone, with Box ground
stone dressings, at an expense of £2000. The warehouse erected
a year or two since for Messrs. Sykes in Wellington-street,
Leeds, by Mr. Corson, is scarcely up to his usual standard, if it
may be judged by the photograph in (357). It appears to be
a kind of Gothicised Italian work, principally notable for its
entrance doorway, which is cleverly managed. The shafts to
this entrance are in Peterhead granite. The ordinary walling
materials, brick with stone dressings. (394) shows a "Bank at
Carlisle," as erected by the same architect last year. In a very
fine drawing (381) Messrs. Clayton and Bell submit a "Sketch of
the East Window, Louth Church, Lincolnshire, now in course of
execution," which consists of two rows of subjects extending
across each of the seven lights. Of the late competition for
Grimsby Town-hall we observe but one reminder—viz. (386), by
Mr. J. A. Davies, neither of the selected designs appearing to
enable us to form an opinion as to their comparative merits.
The view before us shows a very tolerable building in what has
been termed the "Victorian" style of brickwork, and it is further '
elucidated by two plans. A number of "Selections from the Il
lustrations for the 'Dictionary of Architecture' issued by the
Architectural Publication Society," are contributed, as usual, by
its hon.-secs., in (393). The subjects are all interesting, and
have been ably lithographed by Mr. Bedford. We are glad to
know that this society is showing signs of revived life. The
last series of drawings to which we can refer is (387—390) a
"Design for a House for four brothers, amateurs of literature
and art, sent in for competition to the Ecole des Beaux Arts,
Paris, and for which first honourable mention was awarded to
Mr. R. Phone" Spiers." This is, in every sense of the word, a
Classic production, evincing throughout a very refined taste. As
specimens of effective colouring, too—aerial, yet sufficiently de
fined—they are unsurpassed by any in the exhibition, and may
be consulted with advantage by certain artists whose practice
would seem to denote their belief in heavy body-colours as the
most reliable means of securing a telling effect.
The exhibition will close on the 30th instant

THE PRESIDENCY OF THE ROYAL INSTITUTE OF
BRITISH ARCHITECTS.
At an adjourned meeting of the Institute, held on the 6th of
May, Mr. Tite, whose name has for many years been well known
to our readers, was elected President for the ensuing year by a
majority of the votes of the Fellows present A second candidate
had been proposed in the person of Mr. Beresford Hope, and
the election had given rise to a good deal of division—or perhaps
it may be more correct to say, has given expression to an existing
division of feeling among the architects of the present day; the
members of the Gothic school having supported Mr. Beresford
Hope, and the followers of an older manner, Mr. Tite. The result
shows that the parties are pretty evenly balanced, even among
the Fellows of the Institute, a body which includes nearly all
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those senior members of the professiou who are of note, while it
does not include some of the younger men, among whom the
great strength of the Medisevalists lies.
It is always preferable that elections of this nature should if
possible be settled unanimously,- but, failing that, we are glad
that iu having to record a contest we are also able to add that
its origin was not to be traced to personal considerations. These
no doubt had their weight, and the desire to have a practising
architect for President had its weight also; but we believe that
the larger share of the contest was caused by the motives we
have referred to.
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Mr. Tito, though not bringing to the presidential chair the
learning, the skill, the artistic taste, and the graceful courtesy of
the accomplished and venerable Cockerell, who has vacated it,
has nevertheless been a distinguished architect; and as a man of
experience, and well practised in public matters, he will, there is
no doubt, prove a very suitable President, and we are glad to
chronicle his election. We should however have preferred to be
able to record a choice under circumstances of perfect unani
mity, and such as would have more thoroughly favoured what is
no doubt one of the greatest movements of the artistic world at
the present day.

THE KECLAMATION EMBANKMENT FOR THE NEW DRY DOCK AT LEITH*
By Georoe Robertson, C.E., F.RS.E.

AX. Ruhhle deposit.
BB. Puddle.

Scale, 16 feet to 1 inch.
CC. SandMliDg.
DD. Original surface of shore.

The question of gaining ground for dock purposes from the
East Sands of Leith is by no means new—the wonder is that it
has not been done before. So long ago as 1799, when Rennie
was consulted as to the position of the proposed wet docks, he
took into consideration the advisability of making use of the east
side of the harbour for that purpose. He gave in designs for at
least one dock of 6f acres, with 18 feet of water, to be constructed
on land reclaimed from the East Sands by a sea-wall parallel
to the shore. As this was to form a cofferdam during the con
struction of the works, he considered it would be necessary to
carry it through the deep sand down to the natural clay. The
clay level on this side of the harbour being below the level of
low-water, this could only be dene by laying the foundations
within cofferdams, and pumping out the water by a steam engine.
The cost of this reclaiming wall Rennie estimated at £35,000, of
which £14,000 was for dams, &c. alone, with the candid but
unpleasant proviso that the item was very uncertain. From my
ex|>erience of the situation, and the running nature of the sand,
I believe that sum would have proved totally inadequate. The
higher and more favourable level of the clay on the west side of
the harbour settled the question against the East Sands; and the
old wet docks were built by Mr. Rennie in the beginning of the
present century.
In 1828 the east side had another chance of being made useful,
for Telford suggested that a rubble wall might be advantageously
thrown out from the back of the old pier, and the laud within
reclaimed by depositing behind the wall the mud obtained from
dredging the old harbour.
In 1M8, when the Victoria Dock was required to accommodate
the increasing number and size of vessels, the situation of the
existing docks weighed too heavily in favour of the west side,
which again gained the day.
When it was proposed some years ago to build a large graving
dock, Mr. Rendel prepared a set of plans in 1854 for a dry dock
* Abstract of a paper read before the Bojtal Scottiah Society of Arts.

KE. Sand.
F K. Clay with boulders on the surface.

entering from the west side of the Victoria Dock. However, the
limited amount of quayage in that dock made the interference
with a berth 300 feet long so serious, that Mr. Rendel transferred
his plans to the East Sands. The sanction of the Treasury was
obtained in 1858, and the works commenced accordingly.
The dry dock is somewhat peculiarly situated, the site being
almost an island, with a circumference of half a mile, of which
only one-eighth is dry land. The harbour side, where the depth
of water is 24 feet, is protected by the old stone pier, built at the
end of Queen Anne's reign: eventually this pier will be removed
to form the entrance to the new dock. The south side is threat
ened by the water in the timber pond; but as the depth here is
not great, and the distance from the dock considerable, nothing
has been done to guard this side. The real danger wbr on the
north and east sides, especially as it was desirable for several
reasons to build the dock as near the embankment as possible.
The level of the natural clay over the whole area may be taken
as 24 feet below high-water of spring tides—the same level as
the cill of the caisson invert. The thickness of the overlying bed
of sand is 14 feet under the bank, and 24 feet at the old bulwark,
the excavation being on the average through 18 feet of sand.
The depth of water along the bank is 10 feet only, but with a
north-east wind the waves roll in over the long expanse of flat
sands with great velocity, and with a force very destructive to
all unfinished or insufficient work.
The embankment has to do the double duty of reclaiming the
sands, and of excluding the water from the excavation within,
the lowest point of which is 33 feet below high-water. The back
of the dock wall is 90 feet from the coping of the bank,—as near
as it was possible to put it, allowing for the necessary slopes and
benches. The success of the bank in excluding the tide depended
on the troth of the principle—that water in traversing a certain
distance of sand encounters so much friction that the initial
pressure is at last destroyed, and the water throttled to such an
extent as to be within easy control of pumps. That, in short,
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within limits a sufficiently watertight cofferdam can be formed
of sand itself. The correctness of the principle has been satis
factorily proved by the very small quantity of water which now
comes through under the bank into the cutting. The leakage
along the whole 1400 feet of cofferdam can be kept down by a
9-inch chain pump, working at most one hour in four; and a
great deal of even this quantity comes from the harbour side of
the works.
The bank is formed of three essential component parts,—a
watertight core of clay in the heart of the work, continued to
the natural clay, where the dock approaches nearest the bank, by
a row of 9-inch sheeting piles; on the sea-side of this a protect
ing wall of dry rubble faced with pitching, and on the land-side
a oacking of common sand from the shore. The puddle-wall
was made 7 feet thick, at considerable expense, in order to obtain
great weight and breadth on the sands below, to cut off the
water as much as possible, and to diminish any risk from
the cracks caused by settlement or imperfect puddling. Any
leakage through the clay would have washed down the sand
backing, and caused the total failure of the dam. For a length
of 580 feet, from the caisson groove to the head of the dock, a
row of 9-inch sheetiDg piles, 18 feet long, has been driven down
to the clay, both to assist the watertightuess of the bank and to
steady the foundations in case of a great run of water through
the sand. Th-se piles were driven by means of a small steamengine, which ran along the stage erected for depositing the
rubble of the northern half of the bauk, and drew up two rams
at once. The north and east halves of the bank were each com
menced at the shore end, and were arranged to meet at the
north-west angle, where the sands are lowest; so that all the
water in the inclosed area might drain off with the falling tide
before the banks were shut. The greater part of the north bank
was built from a staging, with whinstoue rubble, which came
by sea from Queensferry; the east bank from an end tip, with
Craigmillar sandstone, brought on the works by the North
British Eailway. The deposit in the former was faced as the
work proceeded upward: in the latter it was built into a rough
wall and faced after the bank was closed; this was done for
the sake of expedition, but considerable risk was run in leaving
the east bank unfaced for a length of time.
The general routine of work consisted in first getting in a length
of toe-stones, say 40 feet, then excavating the sand behind them,
aud depositing the rubble before the tide came in and filled the
trench again with sand. The rubble was brought up some height,
then the puddle put in, and last of all the filling behind. Each
component part had to be pushed on a length in turn—the rubble
would not stand without the clay behind it, and the clay would
not stand without the sand backing. Whenever a rough sea
came, the unprotected length of each suffered, and was knocked
over; but the sand filling suffered most, for the least swell pulled
it out to a long slope, which required feeding to keep it above
high-water level. When the opening between the two banks
grew so narrow that the ebbing-tide began to plough up a chan
nel in the sands half a mile long, it became a question whether
it would be easy to shut the bank in one tide: in case it was
found desirable not to attempt it, a timber shoot several feet in
area, was built into the deposit, to be continued if wanted
through the puddle and backing. By means of a shuttle in this,
the inclosed tide might then be run off at succeeding low waters.
It was very desirable if possible not to make use of this, for
there is great trouble in keeping watertight any communication
through a wall of puddle. I had plenty of experience of this
when engaged on the late extension of the London Docks, where
the leakage along the very bolts through the regular timber
cofferdams, caused more expense and trouble than the Lei th bank
has yet occasioned, though longer, built of dry rubble, aud upon
deep quicksand.
The bauk was closed without much difficulty, in one tide, on
the 25th May, 1860; but before the work could be faced and ren
dered secure, a heavy swell from the north-east broke over and
filled the inclosed area; an opening had therefore to be made, which
was again closed on the 9th of June. After the exclusion of the
tide, all the water with which the shore aud bank was saturated
drained down to the lowest level, making rather a formidable
pond of some two acres in extent. This had to be got rid of
before any excavation could be taken out, or the pumping-well
sunk: it was taken over the ton of the bank by a double syphon
of 2-inch lead-pipe, which in a few days quietly and inexpensively
drained the pond, without the neccessity of putting up pumps

for that purpose alone. The whole reclaimed area of nearly
6 acres then became hard and dry, as if the tide had never rolled
over it, and the excavation has been since taken out to its full
depth. In a similar manner the sea might be excluded from any
extent of the 600 acres of the East Sands which may become
necessary for dock or other purposes. A strong timber parapet
fence has been put up, and bolted on to the coping of the bank,
to throw off the heavy spray of the sea; at some future time,
when all settlement is over, this may be replaced by a masonry
wall.
The bank does not form a separate contract with Mr. Wilson,
the contractor for the dock, but I have made it the subject of a
separate notice, because it stands practically alone, having to be
completed before the dock could be commenced. Mr. A. M.
Rendel is the engineer-in-chief to the Commissioners for the
Harbour and Docks of Leith; and the works are being carried
out under my superintendence.

THE STATICS OF BRIDGES.
HI.— The Arch.
In a preceding paper {ante p. 60) we inquired generally into
the duty imposed upon a bridge. We found that the load im
pressed upon the several parts of the structure tendencies to turn
in opposite directions. On proceeding to examine these ten
dencies to turn, or Moments of Rotation, we found their values
to depend upon so simple a law, that two successive processes of
mere addition would give us either the series of the moments
themselves, or numbers proportionate to them; and we showed
this law to be equally applicable whether the load were carried
by an arch, a chain, or a girder.
These tendencies to rotate would, if not counteracted, of course
lead to the failure of the bridge. Equilibrium results from the
moment of rotation at every point being met by an opposite
Moment of Reaction of equal amount; the tendency of the mo
ments of reaction being to turn the several parts of the bridge
upwards, so as to raise the load,—a tendency that may be seen
partially taking effect when a settlement in the haunches of an
arch is accompanied with a rising at the crown.
The calculation of the moments of rotation, or, as we may call
them in the case of a beam, the Units of Strain, gives us there
fore alike the amounts of these moments, and those of the equal
moments of reaction which are essential to the stability of the
bridge. We can now go a step further, aud look at the various
shapes in which these moments of reaction (of which as yet we
know nothing more than the amounts) are found in different
structures, and the several ways in which they are brought into
play. In other words, we have now to examine how the general
principle we have laid down operates specially in each form of
bridge. In such an inquiry the Arch has a kind of prescriptive
claim to the first place. It is with the arch therefore that we
propose to begin.
The reaction to which the arch owes its stability results from
compression. The principle has been already shown in the simple
case given ante p. 61, Fig. 4, where a load (W) is carried by two
bearers (AB and BE), which lean upwards against each other,
and have their feet kept from slipping outwards. The apex (B)
cannot sink without reducing the length of the bearers; and consequeutly the load no sooner begina to depress this apex than a
compression ensues, which brings a force of reaction into play.
As the deflection increases the reaction gathers strength, until at
length the settlement reaches a point at which reaction balances
action, and further deflection is arrested.
Let us now see what are the conditions of the equilibrium that
has thus prevailed, and what are the consequent compressions in
the bearers. In the right-angled triangle shown in the figure
already referred to, EB represents in direction and amount the
resultant pressure on the bearer AB, and this pressure is resolved
into BR vertical aud ER horizontal. The vertical pressure BR
can be neither more nor less in amount than the portion of the
load W which the bearer AB carries: the horizontal pressure
ER is the thrust of the arch, and evidently results from the
inclined position of the bearer. The less the rise of AB, the less
will be the angle E, and the greater will be the thrust represented
by ER.
Equilibrium (which we are supposing to exist) requires that
the opposite horizontal thrusts on AB and BE at the point B
87
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of compressible materials, and bound together by cement at the
joints.
We have seen that actually the reaction that gives the thrust
is brought out by the compression of the material, and that the
unequal way in which this compression acts upon the voussoirg
causes a bending and consequent spreading, the degree of which
governs the amount of thrust. We must now for a moment shut
our eyes to this truth, and inquire how thrust would be gene
rated in the incompressible dry arch which it is found convenient
to imagine.
Take the elementary arch shown in Fig. 13. Each semi-arch
has its tendency to turn, and it is the horizontal thrust which
keeps it in position. But this thrust, being the reaction brought
out by the effort of the semi-arch to turn, can only come into
play when turning is really beginning to take effect. We must
therefore consider each semi-arch as on the point of turning—the
joints all but opening—before we can say that there is any hori
zontal thrust at all. Now the only fulcra upon which it is
possible for either semi-arch to turn (according to our present
hypothesis, which is inconsistent with the idea of a neutral axis),
are the edges A, M, B, O, E, N; and the downward turning which
the load induces must have for its fulcra the outer edge B at the
crown, and the inner edges A, E, at the springing; the tendency
being to throw the voussoirs into the position shown by the
dotted lines. As the joints AM, BO, and EN, are on the point
of opening, it is necessary to suppose them barely touching,
with no pressure to maintain the contact of the surfaces. Thus,
before thrust can be exerted against the abutments, the whole
of the pressure at the crown must be concentrated at the edge
B, on which the semi-arches pivot, and the whole of the pressure
at the springing must come on the edges, or pivots A, E. The
conclusion is inevitable that the Resultant Line of Pressure
passes through the points A, B, E, thus meeting intrados at
springing ana extrados at crown.
The same appears on examining the case shown in Fig. 14.
Each voussoir here would seek to turn on its edges: the voussoir
a 2 on a and 1 ; 2 4 on 2 and 3; 4* on 4 and c. But these tendencies
in the intermediate joints counteract one another. The joint 1 2,
for example, cannot at the same time open on its outer edge as
a pivot to allow the lower voussoir to turn, and open on its inner
edge to allow the upper voussoir to turn. The separate efforts
of the adjacent voussoirs must therefore combine to bring a
resultant pressure somewhat within the joint 1 2; and the same
may be said as to the action at the joint 3 4. The only fulcra
therefore about which the voussoirs are really free to turn are the
extreme edges a and c of the semi-arch. It is therefore through
these points that the Line of Pressure must pass—extrados at
crown, intrados at springing—in order that thrust may be gene
rated. And equilibrium will ensue if this Line of Pressure lies
wholly within the voussoirs between these its points of contact
with the outer and inner surfaces.
But it will sometimes happeu. that a Line of Pressure drawn
so as to meet extrados at crown and intrados at springing, will
at some intermediate points pass above or below the voussoirs,
so as to come actually outside the arch. It is necessary that our
rule should be made comprehensive enough to take in such cases
as these. In order to this we must first of all inquire into the
conditious which accompauy the passing of the supposed Line of
Pressure beyond the voussoirs.
Take the elementary arch of two voussoirs, shown in Fig. 13.
If the load is all carried at B, the Line of Pressure (on the noncompression theory) is seen in the straight lines AB, BE, which
are wholly contained within the arch, and equilibrium prevails.
But if the load is distributed, the Line of Pressure becomes a
curve; and if drawn through the poiuts A, B, E, it will lie quite
outside the arch for a great part of its length.
What is the meaning of this ? As long as the Line of Pressure
lies within the voussoir we understand it to be actually the path
of the resultant pressure. But when the Line of Pressure passes
outside, as at V, this cannot hold good, for the resultant pressure
must lie somewhere within the arch, as, say, at X. In such a
case the Line of Pressure indicates no longer where the resultant
pressure in, but where it ought to be, in order to produce a moment
of reaction equal to the moment of load.
Thus, in the figure, if the thrust were actually transmitted
through V in the Line of Pressure there would be a moment of
reaction equal to the horizontal thrust multiplied by the rise from
E to V (or by V P): and this would just counteract the moment
caused by the load in SN, Again, the thrust, multiplied by
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the remaining rise from V to B, would give a moment of reac
tion that would just meet the moment of the remainder of the
beam SB.
But as the thrust is really transmitted through X, these condi
tions of equilibrium are no longer fulfilled. The rise from E to X
being less than that from E to V, the actual moment of reaction
created by the thrust in SN is less than the direct moment of the
load. And the rise from X to B being greater than that from
V to B, the moment of reaction created by the thrust in SB is
greater than the direct moment of the load. So that, although
the thrust produces in the entire beam EB a moment just
sufficient to balance the total moment of the load resting upon
it, the parts SN and SB are thrown out of balance by the mo
ment of reaction being improperly divided at RS. Thus, if the
beam were severed at RS, the joint would open and the parts
would turn opposite ways. In SN the load would preponderate,
and it would turn downwards; in SB the thrust would prepon
derate, and it would turn upwards.
If there were no joint at RS, and the beam were strong enough
to resist the tendency of its parts SN and SB to turn opposite
ways, without breaking, the arch would stand. But its stability
would be partly due to the transverse strength exerted at RS—
if indeed we have any right to speak of transverse strength at
all while we ignore compression. The transverse strain at RS
must be such as to supply the deficiency of the moment of reac
tion in SN, or abate the excess of the moment of reaction in
SB. It must therefore be equal to the thrust multiplied by VX;
VX being the difference between the rise from E to V and the
rise from E to X.
It thus appears, that for an arch to stand simply as an arch,
without any exertion of transverse strength, the resultant thrust
must everywhere lie in the Line of Pressure. Where this is not
the case, there will be either rupture or a transverse strain equal
to the vertical distance between the Line of Pressure and the
actual position of the Line of Thrust, multiplied by the hori
zontal thrust; this product forming, in fact, the supplementary
moment required to check the preponderance of the load, and
to restore equilibrium. If the Liue of Pressure passed below the
actual Line of Thrust, the supplementary moment would be of
the opposite kind, aud would occasion a transverse strain tending
to bend the arch upwards.
{To be continued.)

NEW INDEPENDENT CHAPEL AT ABERGELE.
(With an Engraving)
This building, of which we give an external view and a
plan, is now in course of erection at Abergele, a rapidly rising
watering-place on the north coast of North Wales, and situated
between Rhyl and Conway, at the mouth of the picturesque vale
of Clwd. The building is designed with a view to the accom
modation of the English visitors in summer as well as the
ordinary Welsh congregation. Accordingly a schoolroom is pro
vided, which can be thrown into the place of worship by the re
moval of a movable partition, but which during the winter months
will always remain separate. The chapel is 56 ft. 6 in. long by
33 ft. wide, and the sclioolroom alluded to is 33 ft. long by 17 ft.
wide. A vestry is also provided, and at the entrance end a shallow
gallery is to be built, capable of future enlargement. The ar
rangement of these buildings, and the position of the entrances
will be easily understood by consulting the plan which accom
panies our view. The chapel will seat comfortably 300 adults, to
which another 100 sittings can be added by throwing open the
schoolroom, while the proposed enlargement of the gallery will
add some 60 or 70 more sittings. The contract is taken for the
whole work, exclusive only of heating, lighting, and fence walls,
by Mr. Morris, of Rhyl, at £1633, and the work as far as com
pleted has been done in a satisfactory manner. The principal
novelty is the adoption, from motives of economy, of a clerestory
executed entirely of wood, aud of which the external appearance
is shown in our illustration. The walls are of a fine solid local
limestoue, and as a protection from moisture are lined throughout
with 4^-inch brickwork, a space of 2 inches being left between
the masonry and the brick lining: the weather stone is from
Heullan quarries, and the tracery, &c. is executed in stone from
Llanasa and Telaeri quarries. The little spire is to be slated, and
will form a prominent object for many miles along the coast.
The architect is Mr. T. Roger Smith, of 67, Strand, London.
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ON ARCHITECTURAL COMPETITIONS.
(Continued from page 93.)
Among the disadvantages besetting public competitions, the
want of precision, system, and experience, in all those concerned
in regulating the conduct of them, is no doubt one of the most
grievous. The nature of the case renders it probable that the
managers of the undertaking have never engaged in such a thing
before, and even those who have had repeated opportunities of
conducting a competition cannot always be relied upon as able,
even if willing, to trace to their source inconveniences the pres
sure of which they have shared, or to make such arrangements
as shall prevent their recurrence.
The want of perfect accuracy in framing the original instruc
tions, and the readiness with which the framers of those in
structions depart altogether from the rules they have laid dowu,
are misfortunes which meet the competitor at the outset of his
task, and do not leave him till its close. The incompetence of
the tribunal before which the designs have to pass is a second
circumstance that rarely fails to make itself felt— and most
painfully felt: while lastly, the customary attempt at rendering
the sets of plans anonymous, by prescribing that they shall be
marked with a motto only, has probably opened the door for
more real injustice, and certainly has occasioned more suspicion
and disconteut, than all the other evils put together.
The framing of conditions for a competition is a matter of so
much delicacy, and requiring so much care, that even a profes
sional man of great experience might shrink from undertaking it.
The instructions to architects intending to engage in a public
competition ought to comprise as precise a statement as possible
of the requirements of the building, and yet ought to leave the
architect quite free to select the mode that seems to him best for
meeting those requirements. They ought to state the problem,
but to leave the solution entirely untouched. Commonly the
instructions issued fail of both these points, omitting essential
portions of the requirements, and prescribing that certain me
thods of meeting such requirements as they do unfold shall be
followed. The preliminary instructions ought to form a little
code of unalterable laws. They ought to state all the conditions
under which the competitor will stand, aud these conditions once
stated ought to be held binding alike upon competitors and
judges.
That these are essential qualities for a good set of "conditions,"
no one can reasonably doubt, but practically to secure them
would almost seem impossible. In the very part of an under
taking where the counsels of an experienced architect are most
valuable—namely, the maturing the general outline and idea of
an intended building—the committee or other managers usually
■deprive themselves altogether of such assistance; and consequently
they usually fail to form any definite idea of what is wanted, and
what the funds at their disposal can furnish. A much more
serious evil than mere looseness in the language of instructions
is here alluded to—namely, the want of foresight as to the ex
pense of the proposed building. It is so notorious that committees
in this particular allow themselves to be guided by what they
wish, rather than by what they ought to expect, that many
business men have grown quite indifferent to that which is really
a most serious cause of regret, and look upon it as a matter of
course that impossibilities should be asked oy the committee, and
be promised by the competitors. Practically it does not conduce
to satisfactory results, if persons who are employers ask for
more than they can possibly have for their money, and those
who desire to become their confidential agents commence the
transaction by promising more than can be done. Nothing is
more really unbusinesslike, or more injurious to the moral tone
of a profession that ought to stand as high as any other; and no
improvement could be effected in the general regulation of com
petitions which would be of greater value than establishing the
custom—that the requirements should be within the bounds of
possibility, aud that the most rigid scrutiny should be instituted
into the possibility of meeting them by the designs submitted,
without exceeding the originally named expense.
The next serious irregularity is the disregard of the previously
framed conditions by those who have to arrive at a decision upon
designs submitted. The grossest injustice is constantly com
mitted here, and often, we are willing to believe, unconsciously
committed. Very frequently the original defects of the instruc
tions lead to their being disregarded, first by the architects, aud
then by the judges; sometimes the whole of them are summarily
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set aside, because some design, better than the others submitted,
has proceeded in direct violation of them. Very often the
framers of the instructions change their minds, and, being them
selves judges and law-givers all in one, they scruple not to dis
regard what they had once established, forgetting that they are
under a tacit pledge to the gentlemen who have laboured hard
for them, to abide by what they had published.
Most of these defects grow out of the same cause,—the want
of an intimate acquaintance with the business in hand; they are
too often aggravated by a want of inflexible honesty of purpose.
The assistance of a professional man whose skill and integrity
were beyond dispute, would always diminish, if not remove these
causes of complaint.
Professional assistance is however more needed, non-profes
sional incompetence is more shown, in the actual examination
and selection of the plans, than in any other point whatever. It
is no easy thing to understand the geometrical drawings for a
building. Eveu architects sometimes fail to see at a glance the
excellences and defects of a plan submitted to them; and if
"reading" a plan be a matter requiring that eveu those who
spend their lives making plans should devote time and care to it,
how much more will persons not familiar with the nature of
such documents need to give it their best attention? It seems
however clear, that frequently non-professional judges take it for
granted that any arrangement proposed for their adoption will
do, and confine their scrutiny to the external appearance of the
building. Even here, however, they are still to a certain extent
at sea, as they are less frequently competent to tell whether a
perspective view is correct or not, than to tell whether a plan is
rightly arranged.
The inexperience of any ordinary set of business men when
they come to examine a set of drawings lays them open to be
attracted by many circumstances that are purely adventitious,
besides exaggeration or incorrectuess in perspective views,—such
as the scale of the plans, size of colouring, or mode of getting up
in general. To prevent this, as uniform a mode of procedure as
possible ought to be insisted on, both as to scale, mode of colour
ing, and even number of drawings. It is a source of frequent
complaint that those who, having more leisure or more money
than others, are able to produce very voluminous sets of plans,
stand a better chance than others less favourably situated. There
undoubtedly is some ground for this complaint, but it may fairly
be questioned whether it will ever be possible to put competitors
quite on a level in this respect, nor would it perhaps be quite
just, if practicable, to adopt means for doing so. He who exerts
himself the most, and elaborates his design to the fullest extent,
is not unlikely really to deserve best of the judges; and though
his elaborate work may be occasioned by his having ampler re
sources, it is by no means unfrequently the case that more zeal
and greater industry are the real reasons why one set of draw
ings are more in number and better in finish than another.
Among other things, that breach of conditions known as "ex
tension of time," is frequently to be deprecated, though as it is
usually an open arrangement, made known to all, it is perhaps
excusable. There can however be no excuse for the impropriety
—constantly committed—of receiving plans after the time ap
pointed for their coming in; a proceeding which very frequently
gives an unfair advantage to the architect who has counted upon
the laxity of the committee, and has overstepped the prescribed
date.
When an adjudication is come to and made known, it is a matter
of grave complaint that the author of the prize design is not inva
riably named the architect of the building. One cannot feel
surprised that committees should desire to be left free to put the
building into the hands of any person they please, after acquir
ing for a very low price the design which out of a large number
strikes their fancy most. Architects however ought not to en
gage in competitions under circumstances which would render
this possible; and public bodies would not resort to the plan
quite so freely, did they know how very much of the success
of a building depends on the care with which it is carried out.
The money-premium is not remuneration enough to induce an
architect to compete: the bare honour of gaining a competition
is not worth much. It is the actual extension of practice, and
the employment, honour, and emolument flowing from actually
building the proposed structure, for which competitors are eager,
and to which they undoubtedly are entitled. Instances have
occurred in which a design only has been advertised for, with the
expressed condition that the author of it was not to superintend
38
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it Under these circumstances the number of competitors has
always been small, and their professional standing moderate; and
in the many cases where the otfer of a premium is accompanied by
an intimation that the committee will not consider themselves
pledged to employ the successful architect, competitors always
entertain the hope that if successful in obtaining the prize tbey
shall also succeed, notwithstanding this stipulation, in procuring
the employment, since, if not promised, it is yet not absolutely
denied them by the terms of the conditions under which they
compete.
The last topic upon which we shall touch is the custom of
inviting anonymous designs, to be submitted marked with a
motto only, and with precautions such as are apparently framed
with a view to exclude anything like personal interest. It will
be a matter for future discussion whether interest, i.e. personal
acquaintance between the competitor and those who propose to
erect the building, ought to be entirely excluded. It is however
certain that the attempt, even if made in the most entire good
faith, will be very open to failure, if the committee or other
employers are themselves judges: and the underhand use of inte
rest, or the suspicion that underhand influence lias been at work,
whether that suspicion be well founded or not, are so extremely
undesirable, that we have no hesitation in saying that if no such
middle course as will be hereafter suggested be adopted, the
mottoes had better be swept away, and architects bad better sign
their own names to their plans; and if they go round to canvas
for votes, do it openly, and allow their rivals to do so too.
Such are some of the undesirable circumstances attending
upon competition. It is not pretended that architects have it in
their power to remedy all of them, but it will be shown that it
would be quite possible by combined action to remove entirely
Borne evils, and to lighten the pressure of others; and it is not
too much to believe that if the profesaiou did its part manfully
and we'I, public opinion would come to its support, and would
cause the removal, or at any rate the palliation, of other just
causes of complaint which it is quite beyond the power of archi
tects to romedy either by acting singly or collectively,
(To be continued.)

COLOUR ON STATUES*
By John Bell.
In March of the year before last, the subject of colouring
statues was brought before the notice of this society in a paper
by Prof. Westmacott. That paper went carefully over a large
portion of the subject. It treated of the degree in which there
were evidences of the old Greek sculptors having added colour to
their statues. It also argued the subject, whether or not this was
an improvement to sculpture. It also registered the professor's
valuable opinion that it was not. The Dean of St. Paul's pre
sided, and gave the weight of his learniug aud testimony to the
view that there was no proof of the Greek statues having been
coloured, except when forming parts of architecture.
Prof.
Donaldson ana Mr. Crace however, who both took part in the
discussion, inclined to the colouring of statues. Even with the
chance thereby of leaving my argument incomplete, I would
avoid recapitulating what passed; nil which is to be found re
ported in the 'Journal of the Society of Arts' for March 2, 1859.
In what follows indeed, I wish, as much as possible, to avoid
going over the same ground, content rather to supplement than
to cover the whole subject. My remarks therefore will be chiefly
addressed to considering—firstly, with what object the Greeks
coloured their statues when they did so, which was by no means
their constant practice; and secondly, to submit the only way in
which I conceive that colour can be suitably associated with
statues at the present day: thirdly, with a few words as respects
the joint exhibition of paintings aud sculpture (as being part of
the subject of colour associated with statues) these notes will con
clude. In order however to attach them to Mr. Westmacott's
address, I must go back a little, to make them overlap and unite,
but will repeat as little as possible.
On the occasion I speak of, the Dean of St. Paul's remarked
that there was a passage in Plato which was a stronghold of Mr
Westmacott's antagonists, to which however the professor had
not alluded. With your leave I will quote this now: it is from
'Plato de Repub.,' lib. iv., and is contained in a rejoinder of
* From a paper read before the Society of Arte.
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Socrates. We may remark by the way, as this gives more
authority to the point of the passage, that this revered Greek
Ehilosopher was not only the son of a sculptor, but for some time
imself wrought at the profession. This is the passage: Socrates
speaks—"Just as if," he says, "when -painting statues, a person
should blame us for not placing the most beautiful colours on the
most beautiful parts of the figure—inasmuch as the eyes, the most
beautiful parts, are not painted purple, but black. We should
answer him by saying, Clever fellow, do not suppose we are to
paint eyes so beautiful that they should not appear to be eyes."
This passage, we may well admit, alludes to the paiutiug of
statues—the word for statue being andria*; but it does not say
that the flesh was painted, nor that these were marble statues
which were so treated. We ourselves in our towns possess
painted statues of wood, as in those of that distinguished North
Briton of which we still remark images in some of our old snuffshops. The Greeks also, as Pausanias informs us, had in their
gardens aud groves figures of plaster and wood which were
painted. By this people however, without doubt, many statues
were painted, of a much higher order than these, and even occa
sionally those of their gods.
Another remarkable passage from the ancient authors, brought
to bear on this subject by the polychromists, is that from Pliny
(lib. xxxv. cap. 2), in which he says, speaking of Nicias the en
caustic painter, that Praxiteles, the great Athenian sculptor,
when asked which of his marble works best satisfied him, replied—
" 'Those which Nicias has had under his hands.' So much," says
Pliny, "did he prize the finishing of Nicias" (Tantum circumlitioni ejus trifiuebat). Now the whole force of this passage turns
upon the meaning of the word circumlitio. In the dictionary this
word is translated "polishing," as indeed its derivation points
out. But the polychromists say that Praxiteles could not have
meant polishing. Nicias, they say, was an encaustic painter, i.e.
one who painted in wax, laid on with heat; and that therefore
circumlitio must have meant painting the statues in encaustic.
This, you see, however, contains no evidence, and may be taken
as an example of what is called " begging the question." A little
circuit perhaps may bring us round to a truer explanation of the
passage. At times of festivity the Greeks delighted to oil their
bodies, as did the Romans also—a somewhat barbarian practice,
as it seems to us now, but so they did. To give a similar shine
aud gloss to their statues they occasionally waxed them, as the
Romans did also. Nicias, as no doubt he used the best wax for
his pictures, may probably have superintended this process for
such of Praxiteles' statues as that sculptor prized the most; and
there ends the whole story, for not a word is said about colour
in it. Moreover, the question put to Praxiteles was rather a
searchiug one—"Which of your statues do you like the best?"
Also a direct answer might have given offence in some quarters.
Thus however did he parry it gracefully, by saying, "Those
which Nicias has had under his hands." The whole misap
plication of this passage seems to arise, not from what Praxi
teles himself said, but from what Pliny has volunteered:
Tantum circumlitioni ejus tribuebat—"So much did he attri
bute (or ascribe) to the polishing of Nicias." The truth is,
that it was a pretty ad captandam speech—one such as Pliny
loved to record, and as such has been handed down with a
force aud meaning attached to it to which examination shows it
has no claim.
In the two quotations I havo made exist the principal strong
holds of the statue-polychromists, as regards ancient authority of
this kind in evidence of Greek practice. Having given prece
dence to these I will now proceed to mention one or two on the
other side of the question.
In the discussion after the paper here on the occasion I have
referred to, the Dean of St. Paul's brought forward a valuable, and
to me a new passage, bearing on the subject—namely, one that
occurs in line 406 of the Agamemnon of ^Eschylns, in which
Iphigenia, when about to be sacrificed, is compared to a statue,
"from the want of life or speculation iu her eyes." "This simile,"
the Dean justly remarks, "would not have been used if the eyes
of statues had usually been coloured."
Now, however, I would return to the practice of Praxiteles, so
much advanced by the statue-polychromists. In support of Mr.
Westmacott's views, in the course of the discussion on the occa
sion I have mentioned, I alluded briefly to the following illustra
tion, which now however I will give a little more in detail in
the following story. In the jEgean sea, not far removed from
each other, are two islands, the island of Cos, and the island of
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Cnidoa. The inhabitants of the former island—that of Cosdesired to have a statue of Venus in the finest marble, and they
commissioned Praxiteles to execute it. Anxious to give satisfac
tion, the sculptor in response made, not one statue, but two of
this divinity, one nude, the other draped. Having done so, he
gave his employers their choice. The inhabitants of Cos selected
the draped version. Perhaps there was an Art Committee on the
occasion, for, as it appears, they did not choose the best. At least,
the other one, afterwards purchased by the inhabitants of the
neighbouring island of Cnidos, became eventually by far the most
celebrated of the two. At that time (about 300 or 400 years before
our Saviour) pretty nearly every island in the ^Egean had its
celebrated statue of its tutelar divinity; but this Cnidian Venus
was by far the most celebrated of all. It was however but lifesize, was in Parian marble, and was no doubt exquisitely con
ceived and worked. A small temple was built for it in the
midst of a beautiful garden: the temple was open on all sides, so
that it could be seen in all views. The Cnidians valued it be
yond all their possessions. The regard for it was not limited to
them however,—Nicomedes, king of Bithynia, a neighbouring
state, having otfered to remit a very large public debt which the
Cnidians had contracted witli him, if he might become the posses
sor of it; but the offer was declined. Moreover, it was not merely
"the cynosure of neighbouring eyes," but strangers came from all
farts of the world to see it. "Many persous," says Pliny, whom
have been quoting passim, "sailed to Cnidos with no other
object but to gaze on this statue. It was," he adds, "not only the
finest statue of Praxiteles, but the finest statue in the world."
Now was this statue painted. Not a bit of it. At least not a
word is mentioned of colour or tint in all Pliny's account of it, or
in the still more detailed one by Lucian. Is it to bo supposed
that if the eyes, for instance, had been painted blue or brown, or
the hair dark or fair, that neither of these two authorities would
have made the slightest allusion to it? Pliuy says that in every
point of view this statue was beautiful, and that visitors remarked
that, whichever way they approached her, "the goddess smiled
benignantly upon them." Also Lucian, in his 'Do Amore' (divi
sion 13, vol. v.) tells us that the mouth was a little open, and
somewhat smiling. In another part he expatiates on the beauty
of the hair and forehead, and admires the precise yet delicate
eyebrows; but not a word about the colour of the hair and eye
brows. He then makes special mention of the swimming softness
of the eyes, but not a word about their hue, which surely he
•would have mentioned had they been tinged, however slightly.
The position of one hand of this statue was similar to that of
the Venus de Medicis, as we see by some coins of Cnidos con
taining representations of her;—for alas ! the statue itself no
longer exists, having been taken away to Eome, and thence
eventually to Constantinople, where it is said to have perished
by fire. The other hand held a pendant of drapery, that fell
over a vase, but there is no mention of colour on either of these
accessories;
But the part of the evidence which is yet to come is far the
most important, as it has direct reference to the surface of the
undraped portions of the figure having been left untouched by
colour. "This statue," Lucian adds, "was of Parian marble, and
a blemish or stain on the left thigh was the more remarkable
on account of the extraordinary brilliancy, (Aajiirpunji, or splen
dour) of the marble." This is the peculiar characteristic of
Parian marble—far more beautiful than the Luna or Carrara
marble we now use—and it illustrates that its native surface and
hue were untouched. There is a very fine specimen of Parian
marble in the British Museum, of a hand holding a butterfly,
probably that of a Psyche, in this marble. There is an exquisite
creamy, glowworm-like look about this marble that is most
charming. It has just the degree of transparency of young flesh
itself, and possesses, as it were, a native semi-lucency of its own,
like that of the Milky Way, or of a summer sea.
Let us however look to the further pertinence of Lucian's de
scription. There was a stain on the marble, he says; but adds,
that the effect of this was only like that of a foil, which rendered
the brilliancy of the rest of the marble more remarkable. Now,
however much this fancied foil, but real blemish, was converted
into an additional charm by the lover-like attachment and conse
quent special pleading of the admirers of this cherished work,
you may be sure that the sculptor himself, when he made it, was
not of this way of thinking. Solicitous as we sculptors are to
obtain the purest and most spotless marble, especially for this
class of work, we may be quite sure that Praxiteles would have
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been very glad, if he could, to have concealed the blemish ill
question; and that if his friend Nicias had really been in the
habit of colouring his statues, it was on an occasion like this
that his services would have been especially in requisition.
Painted therefore, as regards the flesh, it certainly appears
that this chef-d'oeuvre of ancient art was not, or the blemish iu
question would have been the first thing to have been concealed.
Neither could it have been stained, both because there is no men
tion of this, but also the word Xaixtptrris is conclusive on this
point. And I would submit that it were as vain to paint the
lily, or gild refined gold, or varnish a diamond, as to attempt to
add to the poetry of pure Parian marble by any colour enhance
ment whatever.
When also this remarkable instance of the non-colouring of
this celebrated work of ancient art is brought to bear upon the
general practice of those times in respect to colouring marble
statues, the evidence afforded by the passages I have quoted is
the stronger just because it is negative. Had Pliny or Lucian
felt called on to say that the Venus of Cnidos was not painted or
stained, it might have been argued that she was an exception to
a rule that otherwise prevailed; but not a word appears on this
subject. Instead of this, both writers treat the matter just as we
should now, or at any other time when the painting of marble
statues has been, as now, not the general practice. There are
various other points which, having been gone into before, I avoid
repeating, and I rather look to upholding my views by contrast
ing two, as it has happened, on each side, of the principal passages
on this subject, than by an elaborate array of various authorities.
Nevertheless, I am prepared to allow that Archaic and ^Egiusetan
sculpture may have been frequently treated with direct colour,
both from the force of old precedent, and from each art, paiuting
and sculpture, not having been originally sufficiently advanced
to go alone. But assuredly I do not believe, as indeed there is
no proof, that in the best times of Greek art independent marble
statues were ever painted, nor indeed any highly-wrought statues
at all painted, except for purposes of idolatry. And this brings
me at once to the proposition I have to put before you. It is
this—that the ancient Greek statues were only painted when
they were idols, and when they were intended to be worshipped;
and thus, when these statues were painted in Greece, that it was
priestcraft and not art-craft that painted them.
Having now laid this distinct proposition before you, for you
to consider whether it is right or wrong, I will proceed more in
detail. Doubtless there were many ancient Greek statues that
at any rate were not monochrome, but on the other hand, of
various colours, and in many cases I believe painted up to full
tints. These however were not, I conceive, usually in marble,
but their chief examples come under the head of the chrys
elephantine art of the Greeks used in the temples. These Greeks,
like the Egyptians, made gigantic statues of their gods—Jupiter,
Juno, Minerva, Apollo, &c., not however in granite, but some
times iu marble. Usually however these very large figures were
made iu metal, either cast or beaten work, or in ivory and gold,
that is, with a surface of thin veneers of ivory and plates of gold
laid over a framework of wood, so fashioned as just to allow their
thickness to make up the substance, form, and surface required.
This seems, no doubt, a strange patchwork-way of making up a
god, like a piece of upholstery, and vastly inferior in dignity to
hewing him out of granite or marble; and indeed, had we not re
liable data for the practice, we could hardly have believed that
such a people as the Greeks would have so wrought. However,
as my audience are not perhaps conversant with Quatremere de
Quincy's or Miiller's account of these proceedings, I will give a
few sentences on the subject drawn from what they say. First,
I would premise that these chrys-elephautine, or gold and ivory
statues, were not uncommon in Greece and the Grecian islands,
—indeed, that it was a received way of making a god in those
days; and that moreover they were not unfrequeutly of great
size. The Jupiter of Elis, although seated, was 60 feet high; and
the Minerva of the Parthenon, standing, 40 feet. Both of these
were by Phidias. Among various other large examples of this
art were the Juno of Argos, by Polycletus; the ^Esculapius at
Epidauraa, by Thasymedes; and the "Great Goddesses" at Me
galopolis, by Damaphoon.
The first thing to be done in making these giant works, after
the model was prepared, was to put together a great framework
of wood as a core, yet hollow within so that the workmen cculd
get inside to adjust the work and rivet the veneers of ivory and
gold which were to form the surface; and no doubt for convenience
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they had stages and staircases within these great statues, the
wooden framework of which was, as Miiller informs us, strength
ened across with rods of metal. But he shall speak for himself: in
division 312 of his elaborate work on ancient art, this author thus
informs us:—"The ancients received from India, but especially
from Africa, elephants' teeth of considerable size, by the splitting
and bending of which, 'a lost art,' but one which certainly
existed in antiquity, they could obtain plates of ivory from 12 to
20 inches in breadth." I may here be allowed to remark that in
the Exhibition of 1851 this "lost art," so called by Muller,
seemed to have been revived, and carried even further than by
the Greeks. A prize medal was awarded on that occasion to
Messrs. J. Pratt and Co., Meridan, Connecticut, United States,
for specimens of ivory veneers cut by machinery. "These ve
neers were exceedingly delicate" — I am quoting the official
report—"one piece alone being 12 inches in breadth and 40 feet
in length, and having been sawn from a single tusk." Perhaps
some of those present may remember this remarkable example of
the ingenuity of our brothers over the water, pendent spirally, like
a great carpenter's shaving. But to return to these great Greek
statues. "In executing one of these," says Muller, "after the sur
face of the model was distributed in such a way as could best be
reproduced in these plates, the individual portions were accu
rately represented by sawing, planing, and filing the ivory, and
afterwards joined together, especially by the use of isinglass, over
a kernel of wood and metal rods. The holding together how
ever," he adds, "of the pieces required incessant care;" as indeed
we- may well conceive, as ivory is apt to expand and contract,
and warp and curl, iu changes of moisture and temperature.
Indeed, it must be acknowledged that the whole process and
sham nature of the work thus described impresses us with want
of dignity, lack of permanence, and the necessity of repair. From
a passage in Valerius Maximus, it appears that Phidias desired
to make the figure of Minerva for the Parthenon, not after this
fashion, but in marble: he was however overruled. Had the
sculptor had his way, we should probably have had now existing
some grand and noble remains of it, in addition to those invalu
able fragments of some of the subordinate statues which we
possess in the British Museum. But the priests had their will.
Idolatry had its way instead of art, and in consequence—oh, just
retribution !—not a pinch of dust remains of their daughter of
Jove. Now, cateris paribus, the priests must, we suppose, have
desired permanence for their god, and must have been well
aware that this upholstery-manufacture mode of making it was
not likely to last like marble. Also, this mode could not have
been selected, as has been suggested, merely because of its supe
rior costliness, because the introduction to a greater degree of
gems with the gold, as was sometimes done, would easily have
made the marble work as costly as, or mure so than the ivory.
Also, the untouched surface of ivory is by no means more beau
tiful as a representation of flesh than marble,—much less so
indeed as regards permanence, as it gets yellow and discoloured.
But then, on the other hand, it is highly suitable for receiving
the most delicate and pure tints: it is therefore much used by
miniature painters. Most of the beautiful works exhibited last
year in this room, of the late Sir William Ross, were painted on
this material. It is probable however that the ivory surfaces of
these colossal statues were rather stained than painted; and ivory
takes these stains evenly and with facility, which marble does
not. The examples indeed which I have seen of colouring
marble, especially with tinted wax, have been singularly unfor
tunate. Marble is apt to be unequal in its grain, and takes the
colouring matter capriciously. In the imitation of flesh a greasy
unpleasant effect is the result, and where the grain of the marble
shows coarsely, what is vulgarly called a "goose-flesh" appear
ance is produced, which is certainly neither agreeable nor divine.
Doubtless the Greeks imagined that their gods had pure com
plexions as well as beautiful features. The empyrean airs of
heaven might well be supposed to imbue these with an exquisite
delicacy not to be imitated by the permanent treatment of any
surface less capable of refined tints than ivory. I am well aware
that in the few last sentences I have been hazarding a somewhat
novel theory, in this special reason I have submitted for the use
of ivory in the colossal idol art of the Greeks, but pray accept
the explanation that I do this not dogmatically, but only for dis
cussion.
Even however in entertaining this view of the great statues of
the presiding genii of the Greek temples having been thus surfaced
with ivory for the purpose of being coloured up to a refined ver
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sion of the tints of nature, we must not be under the impression
that they had a common vulgar effect, like that of wax figures,
for which we have an instinctive repugnance. This indeed would
have defeated the very object which the priests had in view—that
of impressing the multitude. Indeed, in as far as it could work at
such a disadvantage, no doubt the exquisite taste of the Greeks
was also applied to the finish of these works. The Minerva of
the Parthenon was no mere sham of a great woman, but in the
hands of Phidias was a bold though coerced attempt to realise
the tutelar divinity of Athens, the immortal virgin of Wisdom
—a being solemn and impassive, far above the human level, and
through whose veins coursed, not blood, but celestial ichor.
Dramatic effect in their worship was ever sought by the
Greeks, and it was only at special times that their divinities were
unveiled at all to the general people. On such occasions every
means was taken to work upon the senses. Coloured curtains
tinted the light, ceremony lent its impression, and music and the
chant their charm. Censers filled the air with their ambrosial
vapour, and sacrificial clouds waved before the divinity, like
those of his own imaginary heaven, from behind which, to the
entranced votary, well might the mystic god almost or quite
seem to breathe, frown, or smile. This was a "consummation
devoutly to be wished" by the priests, for then the fame of their
god increased, and offerings flowed into their treasury. To effect
impressions like these doubtless was it that these great statues
were painted up to a key of divine life which assuredly could
not have been reached by the mere natural tints of ivory and
gold. It was to accomplish this that the powers of such as
Phidias were thus coerced, and it was under all these devices
that these magnificent idols were manufactured in those old days
as the agents of polytheism and superstition. Whenever, also,
the statue of the god himself, in the penetralia of his own marble
house, was thus treated with the hues of life, doubtless its own
immediate subordinates around, especially within the building,
had in some degree to wear his livery. Also, when polychromy
spread in addition over the exterior architecture, harmony dic
tated that some variation of colour should be connected also with
the outside sculpture, as especially in the backgrounds of the
tympana, metopes, and friezes. As regards however the statues
themselves in these situations, the variety of tint was probably
confined to that obtained by difference of material, as in shields,
swords, helmets, and bridles of metal, and not by added surface
colour, requiring constant and extensive repairs not capable of
being done in secret, as was the case with the interior figures.
Thus do I conceive that the Greeks did colour some of their
statues, and that they did so in different degrees, which however
may be divided into two general styles of execution. One was
the painting or staining them more or less to imitate reality, for
the higher classes of which work it was, I conceive, that ivory was
used, as in the great gods of the temples. The second was the
obtaining of variety of colour by difference of material. The
former of these treatments can only, I conceive, find its excuse, if
excuse it may be called, in the idolatry of the time. The second
partakes of the character of mosaic work, and is perhaps less ob
jectionable in principle; but as an art it is assuredly more curious
than beautiful, as may be remarked of several late experiments
in this direction by our neighbours the French.
While however it may be readily acknowledged that Greek
artists, coerced by polytheism and superstition, did occasionally
colour some of their most prized works; yet on the other hand,
with respect to the highest class of their independent marble
statues, it is equally evident that they were left untouched in
this respect, as we have seen was the case with that most
cherished work of them all, "the Venus of Cnidos."
I would thus submit that Greek art-craft made beautiful statues
—uncoloured—as works of art, and left them so; and that it was
Greek priestcraft that made them coloured—as idols, and as en
gines of state religion. This is abroad distinction: as such I ven
ture to submit it to you as a clue to what I readily acknowledge
to have been the varied character of old Greek practice in this
respect.
We will now proceed to later times. Here the reflection ob
trudes itself upon us, that even now we meet occasionally with
coloured statues which savour of superstition; but I would avoid
this phase of the subject, and as regards modern times restrict
myself solely to the art-craft of the question. In the Renaissance,
or revival of the arts in Europe, we hear nothing of colouring
marble statues. In the time of the learned Leonardo da Vinci,
Michael Angelo, Kaffaelle, John of Bologna, and others great in
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art, we find no instance of marble statues having been coloured.
Michael Angelo, who was so remarkable for the union in his one
person of all the arts, being at the same time an admirable
architect, painter, sculptor, and decorator, never attempted to
colour his marble statues. It is true that colouring was afterwards
applied to statues and relievi, even of considerable size, by Luca
della Sobbia and others; but these works were not in marble, but
in porcelain, and more subordinate than any fine work of sculp
ture can ever be, however harmonious with the situation in
which it is placed. The marble Moses for the tomb of Julius,
and the wonderful groups of the Medici monuments, have come
down to us in their native monochrome, untouched by change of
tint, except such as time has supplied. Michael Angelo, that
representative in one of all the arts of his time, did not mingle in
one object the two arts; nor does it appear that in the more import
ant works of the Cinqueceuto, marble Btatues were ever coloured;
nor, great as was the attention given to the works of ancient sculp
ture that at this period were from time to time discovered among
the ruins of Italian towns, especially in that of ancient Rome,
does it appear that these great masters ever contemplated the
idea that such works were ever coloured. It appears therefore
improbable that any remains of colour were found on the Apollo,
the Venus, the Laocoou, or other celebrated works when first
exhumed; nor does any colour seem to have been found on the
statues iu Herculaneum and Pompeii, although the colours on
the walls of the apartments in which they were discovered were
still iresh and vivid. Thus neither in ancient nor modern Italy
does there appear any proof of the prevalence at any time of the
colouring of independent marble statues, any more than in
Greece.
Having thus set forth my view as to the practice of the
ancient Greeks in this respect—namely, that they did not colour
their statues except for purposes of idolatry, for which reason we
find this treatment only connected with their temple architecture,
and that not always, we naturally come to the consideration as to
whether we should colour our statues. At any rate, in these
isles we are not idolaters. Our church is not oue of idolatry; and
therefore we have not, as I said before, that excuse, such as it is,
for colouring statues that the Pagans had.
Quitting however for a moment this vantage ground, let us con
sider the matter merely as an art question. Let us first consider,
is ths addition of colouring to statues to be looked upou aR an ad
vance in art, or a retrogression? The polychromists will of course
hold it to be the former, while the monochromist in sculpture
will represent that it is rather a confusion of those arts which
good taste has gradually separated in the progress of civilisation
into distinct languages of human expression. The polychromist
will claim honour for uniting the charms of colour with those of
form, as the evidence of advance and improvement, while the monochromist will point with a significant finger to the earliest efforts
of art, when the arts of form and colour, each barely sufficient in
itself to suggest even an animal, a man, or a god, were obliged to
club their means to produce anything like a clear result. We are
not without illustrations of this even now, in our most inferior
specimens of potteiy, sold about the country to cottagers by
"Cheap Johns," in crude little images of children, dogs, and par
rots, &c, of which the form is so incomplete that the intention
could hardly be recognised but for the aid of colour.
In primceval times the first thing that men attempted in art
was probably in the way of hero worship, in the making of
images of their ancestors, or of great tyrants, as a sort of guar
dians to their houses, and to be prayed to and propitiated in the
chase or war. The more living these could be made to look by the
artist's hand, and the more ferocious, the more effective no doubt
was deemed their mystic power, and hence from these beginnings
arose that evil feature that has played so large and lamentable
a part in the history of man—the idol. This form of supersti
tion we have I trust thrown off for ever, except in a region
in which I have no doubt we shall all allow there is no objection
to it—in the nursery—where it appears with but little change of
name, iu the form of the doll. Doll is only an abbreviation of idol.
It is an infantine abbreviation: it is the way a little child would
strive to say idol. In the original Greek the word is KiSa&sr; in
the Latin, idolum; in the English, idol; and in the nursery, doll.
You may recognise readily that these little images are, to all
effects and purposes, coloured statues. Also, we may say that in
the nursery they are to a great degree worshipped, especially
when they are new: a new doll is to a certain degree a divinity
for the time being. However, these kinds of idols are no longer
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" ferocioua" On the contrary, they are produced as pretty as wax
and carmine and silken tresses cau make them. They even open
and shut their eyes, which is an advance even beyond the cruseoelephautine statues of the ancieuts. At least, I have no lecollection
of any record of winking divinities in those days. We can have no
objection to the harmless and interesting idolatry of the nursery
towards these little images: there is nothing that breaks any
commandment in that. I would here remark that these little
figures possess one great advantage over any coloured marble
statues that I have seen—namely, in having eyelashes. The want
of these natural and beautiful fringes to the eye in such coloured
marble statues as I have seen is very unpleasing. Of course iu
a pure marble statue you do not feel this, but when coloured the
want is sadly apparent, and I do not see how it can be got over.
There are some evidences of bronze eyelashes having been added
iu some of the ancient works, but the effect of these could not
be very happy, one would think. The children's favourites are
more fortunate in this respect. Pray do not conceive that I
introduce these nursery statuettes in any way for the purpose of
throwing ridicule upon the subject of coloured statues, but only
as an illustration of the sole phase of the "coloured statue" which
I conceive to be at the present time legitimate as a matter of art
or regard.
However, I must not let this happier phase of the idol draw
me away from our view of the original type, or from the broad
consideration I desire to illustrate—namely, that all barbarians
and idolaters have been and are more or less polychromists as
regards the art of sculpture. They have all coloured, and while
they remain barbarians and idolaters will continue to colour,
their statues.
I conceive therefore that in these civilised days the colouring
of statues is not an advance, but a palpable retrogression towards
earlier times of less intelligence and of a lower dispensation;
and moreover, as far as art is concerned, that a decadence would
at once ensue on a general adoption of such a practice. A coloured
statue or bust now and then can do no harm, but perhaps rather
good, as they may serve to show they will not do. But there is a
great deal of fashion in art Fashion is often very unreasonable,
and if a fashion were to set in for idols instead of statues, I be
lieve it would do for the time a deal of mischief. Moreover, as
a matter of sense and probability, is it possible to consider that
the uncoloured statues of the Venus of Cnidos, and of the Moses
and Night and Morning of Michael Angelo, and the noble works
of Thorwaldsen and Flaxman, are but incomplete steps, half-way as
it were (and as having left the true track of the arts) between the
first struggling idolatrous attempts when images were all painted
—and a more advanced and perfect period, forsooth, when the
same barbaric principles are to be reproduced and practised ?

INSTITUTION OF CIVIL ENGINEEES.
Geoeoe P. Bidder, Esq., President, in the Chair.
April 16.—The paper read was "On the Floating Railway acrosi the
Forth and Tay Ferria." By William Hall, A. Inst. C.E.
The works described in this paper were undertaken in connection with
the Edinburgh, Perth, and Dundee Railway, for the purpose of establish
ing an unbroken communication between Edinburgh and the country
north of the Tay, by which goods (and even passengers if required) could
be conveyed across the ferries without removal from the waggons.
One of the chief difficulties which had to be overcome arose from the
difference in the levels of low and high water, averaging 16 feet at
spring tides. Several plans were proposed: among others hydraulic and
steam cranes, to lift or lower the waggons, but it was considered that
this would be too slow a process, as well as be liable to damage the waggons. Another design proposed girders 100 feet in length, having one
end hinged on shore, and the other attached to a Boating caisson, to rise
and fall with the tide; but owing to the exposed situation this would
have rendered necessary the construction of costly protecting piers and
jetties.
The works actually carried out at the Forth Ferry consisted, on the
east or sea-side of the piers at Granton and at Burntisland, of a slipway,
having an inclination of 1 in 6, and constructed of solid masonry. Kails
were hud upon this slipway, on which traversed a heavy platform, of a
wedge shape, the upper surface being always horizontal. This platform
was 65 feet in length and 21 feet in breadth, and was formed of a wooden
framework, having four main longitudinal timbers, into which rails were
sunk. The platform rested upon twenty-four cast-iron wheels, each
30 inches in diameter, with a flange cast on the middle of the rim, so as
to allow the wheels to bear evenly on both sides of the rails. To the
sea-end of this travelling platform were attached, by means of universal
89
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joints, four wrought-iron trough girders, for spanning the distance be
tween the platform and the stern of the vessel. The girders were raised
or lowered as required, by two powerful winch crabs, placed on a staging
elevated above the platform, at about the middle of its length. The two
chains, one on each side, for lifting the girders, were passed round the
barrels of the crabs, and thence over two derricks to the ends of the gir
ders, counterbalance weights being attached to the other ends of the
chains. To provide for the safety of the platform, in the event of the
fracture of the hauling chain, two lines of racks were laid along the sur
face of the slipway, into which worked palls, attached to the axles
of the wheels.
Steel points turning on hinges were attached to the
ends of the girders, and also to the pier-ends of the main timbers of the
platform, to prevent an abrupt transition of the waggons to or from the
vessel. Each of the universal joints by which the girders were attached
to the platform consisted of a bolt or pivot 34 inches in diameter, the
middle of which was ball-shaped, and worked in a corresponding portion
of a cup or socket. This socket was circular, and was made in two
parte, having a projecting collar and flanges, which were clipped by and
were bolted to the plates fixed to the main timbers of the platform. The
s.)cket was shaped in a radial form, to allow the pivot full play, and to
permit of the ends of the girders moving 3 feet on each side. By these
means a range of position was obtained to the extent of 6 feet, to com
pensate for the pitching or rolling of the vessel.
A stationary steam-engine of 30 H.P., similar to a locomotive with the
wheels removed, was fixed on the quay, for raising or lowering the pintform and for drawing the waggons off the vessel. On the crank-shaft of
the engine was fixed a pinion working into a wheel, on the shaft of
which were three winding drums, one placed in the middle of each line of
rails, and one in the centre of the intermediate space. The winding
drums were 2 ft. 10 in. in diameter, with flanges, on the periphery of
which wood was bolted, and round which there was a wrought-iron fric
tion band acting as a break. The speed of the engine was decreased by
toothed wheels and pinions ; seventy strokes of the engine giving thirtyfive revolutions to the drums, and, by other intermediate wheels and
pinions, three revolutions and one-fifth to the chain-wheel. The weight
of the platform was about 70 tons, and it was moved up and down the
incline at a velocity of 18 feet per minute.
The steam-vessel, named the Leviathan, for conveying the goods
traffic across the Forth, was built by Mr. R. Napier. It was constructed
of iron, 172 feet long, 54 J feet in breadth over and 34 feet between the
paddle-wheels, with 11 feet depth of hold. The draught of water when
loaded was 6J feet, and when unloaded 4] feet. The vessel was pro
pelled by two steeple-engines, each working its own paddle, of the collec
tive nominal power of 210 HP. On the deck there was standage for
three lines of waggons, the end ones on each line being "scotched." The
description of rail used throughout was the inverted bridge-rail, weighing
53 lb. to the yard, the same as on the Granton Pier; and they were sunk
into the longitudinal timbers so as to be flush with the surface of the deck.
The works at Granton and Burntisland, on. the Forth, including the
slipways, platforms, stationary engines, and gearing, cost £10,000, and
the Leviathan complete, £16,226. The working expenses for six months,
ending July last, were £768 for the stationary engines and machinery,
and £1305 for the vessel.
The Leviathan generally made from four to five double trips, a dis
tance each way of 5A miles, in the day of twenty-four hours, and could
tike from thirty to thirty-five waggons at a time. During the last six
months 37,618 trucks had been so conveyed across the Forth. The time
occupied in making a single trip was twenty-six minutes, and the opera
tions of loading and unloading were performed in from five to eight
minutes.
At the Tay Ferry, some modifications suggested by experience were
made. The inclination of the slipway was 1 in 8, and it was formed of
timbers resting upon wooden piles. The length of the ferry was only
Jths of a mile. The vessel, the Napier, was 140 feet in length, 40] feet
in breadth over and 22 feet clear between the paddle-wheels ; and she
was propelled by a pair of oscillating engines of 112 h.p. There were
two lines of rails on the deck, with standage for fifteen waggons. The
vessel made from six to seven double trips, and carried on an average
one hundred and eighty waggons per day. The works cost, including the
slipways, platforms, stationary engines, and gearing, £8800; and the
vessel Napier complete, £9182.
The works were designed by Mr. Bouch, M. Inst. C.E., and were exe
cuted under his directions by the author; Messrs. Anderson being the
contractors for working the ferries.
In conclusion, the author remarked that the "floating railway"' might
be adopted with advantage in all places where the expense of a bridge or
a tunnel offered an insurmountable obstacle, or where the navigation
would not admit of interruption by the erection of a bridge, as at the
Mersey and Bristol Channels, and across the Straits of Dover.
April 23.—The paper read was "On the National Defence*? By
G. P. Bidder, jun., B.A.
The author commenced by stating that it was not his intention to offer
Any opinions or to propose any schemes of his own, or to dogmatise on
those of others; but merely to bring together and arrange the several
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questions requiring consideration, so as to facilitate their discussion. The
subject was one of intricacy, from the changes which modern improve
ments were necessitating in the art of warfare and in the means of
defence, as well as from the apparent want of any clearly defined prin
ciples of construction. Its importance was undeniable, and might be
judged of from the fact, that daring the last eight yean £29,000,000 had
been expended in the maintenance and reconstruction alone of the navy—
about £8,000,000 representing the value of new ships—besides which
£12,000,000 had been recently voted for the construction of military
coast defences.
The first question which arose was, whether reliance should be placed
on the navy alone, and the energies of the country be devoted to the
task of rendering it of such a character and strength as would insure to
Great Britain the mastery of the seas, especially of those surrounding
these islands; or, whether a part of the resources of the nation should be
employed in providing a supplementary protection to the shores, by means
of land fortifications. The insular position of Great Britain rendered it
peculiarly liable to invasion at a great number of points, which could not
all be protected by land fortifications. But an enemy making such an
attempt must have ample means of transport, as well as convenient
ports of embarkation. Now on the French coast there were but three
ports fit for such a purpose—Cherbourg, Brest, and L'Orient; and there
were not any others between the Cattegat and the coast of Portugal,
excepting Flushing. Again, if the Russian fleet desired to combine with
that of France, it would have to force a passage through the Straits of
Dover, or sail round the whole of the island. The substitution of steam
ships for sailing vessels, while it increased the rapidity and certainty with
which troops could be transported, at the same time augmented the effi
ciency of a marine force in protecting a given extent of coast, and gave
greater facilities for watching or blockading an enemy's parte, as well as
for conveying intelligence. There was scarcely a point round the exten
sive seaboard of this kingdom without an adjacent port or harbour,
capable of being rendered fit at a moderate cost for the reception of
vessels of war, for replenishing stores and ammunition. Added to which,
the railway system would enable an unlimited supply of coal, of ammu
nition, and of warlike stores, to be conveyed to these harbours at the
shortest notice; and would place the entire mineral and mechanical re
sources of the country at the disposal of the government. These facts
were important, as in future warfare a base of operations must be pro
vided for a fleet, as formerly for an army, and the naval base must rest
on an ample supply of coaL
As the main strength of Great Britain lay in her exhaustless mineral
resources and numberless harbours, bo the chief strength of the power
from which alone invasion might be feared lay in its enormous army. A
good steam fleet interposed a barrier which must be destroyed before an
invading expedition could be despatched with a chance of success. Such
an enterprise as an invasion would seem hopeless in the face of a quick,
vigilant, and powerful fleet. But if that fleet were worsted the enemy
would have all the advantage of his superior military organisation. Such
a contingency should be provided for by improvements in the coast lines
of railway; and if it occurred, the labouring power of the country should
be employed in throwing up earthworks, in destroying roads and bridges,
and in impeding the advance of an invading army, — a service in which
the members of the Institution might be made eminently useful.
It was contended that any attempt to protect the shores generally, by
the erection of land fortifications, must be hopeless, on the ground of
expense alone. The question therefore reduced itself to the advisability
of fortifying the dockyards and arsenals, and possibly two or three other
places palpably open to invasion. This could only be effected at great
cost, and the forts when erected would require a large number of troops
to man them. If the same amount of money were employed in the con
struction of additional ships of war, this end might be answered quite as
effectually; and an attack on the arsenals could scarcely be contemplated
so long as the Channel fleet remained intact.
Assuming then that it was considered essential to render the Channel
fleet as strong and as effective as possible, it was submitted, having
regard to the modern improvements in gunnery, and the application of
steam power to propulsion, that vessels of war should be adapted to
utilise and develope to the greatest extent the peculiar resources of this
country—iron and coal. That they should also be adapted to economise
the actual supply of effective seamen. That they should be designed to
attain the highest speed consistent with other qualities, by giving them
finer lines and greater length, such as it was hopeless to attempt with the
heavy bluff bows at present in favour. As to the material which should
be used in the future navy, it had been proved that the present vessels
were indequate to support the additional weight imposed on them; and
it was well known that there was an increasing scarcity of wood suitable
for ship-building purposes. On the other hand, there was at home an
inexhaustible supply of iron, and the skilled labour for producing iron
ships. The principal objections to the use of iron were then noticed; and
it was remarked that the destructive effects of both shot and shell were
now of much greater importance than the secondary effects produced by
splinters. The advantages in the use of iron were, the greater strength
attainable, the comparatively little repair and renovation required, and
the freedom from danger or loss by fire.
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The next point was, the much-vexed question of the fortification of
ships of war by means of iron plates. It had been ascertained that a
thickness of iron of at least 5 inches was required to resist completely
the heavier description of shot. It was clear that such a defensive
armour would involve an immense addition to the weight of a ship, and
must greatly impair her efficiency in other respects. Allusion was then
made to the two notable examples of this system— the French vessel La
Gloire, anil the English ship the Warrior, the former of which was ad
mitted to be a successful and formidable vessel, and the latter, although
much larger, was but partially fortified, having her extremities unpro
tected. This, it had been asserted, was to render her more seaworthy;
but if a necessity, which was more than doubtful, it was a great imper
fection in the system. It was clear that if the Warrior had been con
structed of the game proportions, with plates throughout of the same
thickness, she would have been a faster ship and more seaworthy than
La Gloire, on account of her greater size. It was also suggested whether
the removal of the spar-deck would not so lighten the Warrior, as to
admit of the extremities being plated uniformly with the sides, without
in any way impairing its efficiency. The guns would then be worked
entirely from the Bpar-deck, free from the obstruction of smoke. The
bulwarks might be made sufficiently high and staunch to afford complete
protection to the men. In such a ship, it was contended, the spars and
rigging should be of a subordinate description. But on this subject of
the fortification of ships, it was still a matter for inquiry whether the
greatest general efficiency would not be obtained by adopting the system
of protective armour on a more moderate scale.
Another point bearing on this question was, whether, owing to the
greater range and accuracy of ordnance, naval engagements would not
necessarily be fought at longer distances than formerly. As at long
ranges the height of a target was more important than its breadth, this
seemed to show the propriety of reducing ships to single decks, making
them as low in the water as possible.
If these considerations were correct, it was submitted that they indi
cated as the proper description of vessels to be employed for Channel ser
vice, iron vessels built of great length, having fine lines and considerable
power to insure speed, and carrying an armament of very heavy guns on
the spar-deck alone. That they should be as low in the water as was
consistent with safety, and be protected by plates of moderate thickness
throughout their whole length; and that they should be fitted with spars
and rigging of the lightest description.
As to "steam rams," it could hardly be doubted that if properly con"
Btructed, and of sufficient size, power, and speed, their effect among a
hostile fleet, especially a fleet of transports, would be terrific. Any
attempt, however, to combine the qualities of a "ram" with those of a
fighting ship would only impair its efficiency. The expense attending
the construction of these "rams" would be very great, and the service
would be very dangerous; but still it might be advantageous to construct
these "rams," if by their means three or four of the enemy's ships could
be destroyed before the ram itself.
Attention was next directed to the best mode of dealing with the
present navy, and of converting the old men-of-war into efficient ships.
The usual plan was to lengthen them, and to put in powerful engines,
and an armament of heavy guns of the same number as before; but it
was suggested whether it would not be a wiser course to cut them down,
so as to have all the guns on one—the spar—deck, and to dispense with
the heavy spars and rigging. This would reduce the weight sufficiently
to compensate for the addition of the engines, and perhaps to admit of
the fortification of the sides; while, by bringing the vessel higher out of
the water, it would give a finer line of flotation.
It was noticed Mat the subject of the paper being "The National
Defences," the observations on ships had been exclusively confined to
those intended for service in the home seas; and was therefore not neces
sarily applicable to the case of vessels required for foreign stations.

REVIEWS.
The English Cathedral of the Nineteenth Century. By A. J. B.
Beresford Hope, M.A., D.C.L. With illustrations.—London:
John Murray. 1861. 8vo. pp. 282.
This work can scarcely fail to attract very general notice>
from the iuterest of its subject and the kuowu ability of its
author. To most readers, perhaps to all, it will be found fully
to bear out any anticipations which the announcement of it may
have raised; and on many accounts an extensive circulation, and
more attention than falls to the lot of many works on architec
tural subjects, may fairly be anticipated : the more so, perhaps,
that Mr. Beresford Hope's work is by no means entirely archi
tectural, nor even in the technical sense of the word entirely
ecclesiological. It takes a broad view of a subject interesting to
a large proportion of the intelligent part of the community; and
while there is enough of architecture to commend the volume
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to a professional eye, there is not so much as to incommode
ordinary readers.
By "The English Cathedral" Mr. Beresford Hope intends to
convey not merely the idea of a cathedral as a building, but
also of the cathedral institution as connected with episcopacy;
and the argument running through the work may be concisely
stated to be something like this:—If the Church of England is ex
tending and to extend in this country and our colonies, we require,
to organise and regulate and direct that movement, new bishops,
not merely for the colonies, but also at home; and, for reasons
which are stated at considerable length, if these bishoprics be
established, new cathedrals should be constituted. Thus, having
brought us to the idea of cathedrals to be built in the nineteenth
century, and to be suited to the requirements of that century,
the uuthor inquires, somewhat in detail, into the peculiarities
that such a building should present — an investigation which
involves, as a matter of course, a consideration of the peculiarities
of all cathedrals. Into the ecclesiastical part of the question,
here treated with great ability, it is not perhaps our province to
enter fully, but it lies so at the root of the whole matter that it
will not be proper to disregard it entirely. Among the opening
sentences of the book are some which convey well the aspect of
the question as it is proposed to regard it in the volume.
" A cathedral is, as everyone knows who has thought ever bo little
upon the matter, both a building and an institution. As a building it is
supposed to fulfil certain architectural and artistic conditions; and, as an
institution, to carry out certain religious and charitable objects. It fol
lows from this double nature of a cathedral that the subject of Cathedral
Extension in England—a subject which has within the last thirty years
occupied no inconsiderable portion of public attention, and which is not
likely in the years to come to lose its importance—is in one aspect an
architectural, and in the other a social question, according as the build
ing or the institution fills the more prominent place in the inquirer's
mind. But in this as in every other mixed question, it is neither possi
ble nor desirable so wholly to void either nature of the presence of the
other as to leave it open to treat of the architectural cathedral without
some reference to its practical uses, or to point to those uses without
treating of the building in which they are embodied.
" Westminster Abbey is a quasi-cathedral of the thirteenth, and
St. Paul's an actual one of the seventeenth century; while the idea
which I propose to develope is that of the English Cathedral of the
Nineteenth Century. In adopting this title I desire that every word of
it should be taken in an absolute and exclusive sense. The building and
the institution are to he a cathedral, as distinct from and opposed to a
parish church and its organisation; they are to be English —English that
is, both nationally and ecclesiastically—as distinct from and opposed to
foreign; and last but not least, they are to be of the nineteenth century,
as distinct from and opposed to one of any earlier age. Keeping these
limitations steadily in view, I shall endeavour to show, not only that
there are distinctively such buildings in poue as English cathedrals of
the nineteenth century, but that there are good practical reasons why
they should be built; while I shall, in the second place, suggest certain
data of size, character, and arrangement which ought, in my judgment,
to regulate the architectural construction both of the churches them
selves and of the accessory buildings."
There are some pages of argument as to the desirableness
of an extension of the episcopal system, but none at all as
to whether the style of the buildings shall be Gothic or Classic.
" I take leave," says the writer, " to beg the first and most im
portant consideration, by assuming that, pace Lord Palmerston,
the building must be an exhibition of some phase of that style of
architecture commonly called Gothic or Pointed." Perhaps on
the whole this course has been wisely adopted; it narrows the
scope of argument by assuming a certain basis as admitted: and
for those by whom bishops are held cheap, and Classic architecture
is preferred to Gothic, this book is not written. On the question
of the cathedral system, as a desirable adjunct to all bishoprics,
there is much to be urged, and Mr. Beresford Hope makes out
a strong case in favour of the constitution of chapters, and the
erection, or appropriation where they already exist, of suitable
cathedrals,—buildings which shall possess not only the ritual ar
rangements, but also the dignity proper to such structures, and
which is well characterised in the following sentence: —"A
cathedral ordinarily exhibits an excess of length, and height,
and breadth— a profusion, so to speak, of plan—a stateliness of
ornamentation, an increment of dignity in its appearance, which
lifts it above the level of the ordinary church."
Having now introduced the book and disposed of its prelimi
nary matter, we shall proceed as far as space permits to consider
the more architectural portion of the work, in which the subjects
that come under review are the following:—The most proper,
39*
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variety of Gothic to work in; the cathedrals actually built or
projected for modern Anglican use; the contrast between Roman
Catholic and Protestant cathedrals; the history and characteristic
features of the building; its decoration and its adjuncts.
Perhaps one of the most interesting sections of this volume is
that devoted to actual examples: among these occur St. Ninian's
Cathedral at Perth, by Mr. Buttertield (actually built); Kilmore
Cathedral, by Mr. Slater (actually built); Inverness Cathedral,
by Carpenter (design); Colombo Cathedral, by the same (design);
Brisbane Cathedral, by Mr. Surges (design);—-St. Kitt's Church,
by Mr. Slater (actually built); Memorial Church at Constanti-
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"Inverness Cathedral still only exists in design. The last work of
Carpenter, who was lost to art in 1855, was the preparation of a design
for the west end of the cathedral proposed to be erected at Inverness
for the Scottish diocese of Moray and Ross, which was completed just in
time for the International French Exhibition of that year. After his
death Mr. Slater was commissioned to draw a plan to suit that elevation,
and embody what appeared to be its author's whole mind, and he accord
ingly produced one upon a large and stately type, to be carried out in
the Middle Pointed. Although the size of the church—345 feet long by
170 at the transepts—prevents the hope of its being reared in our gene
ration, the bishop for whom it was prepared expresses his intention to
raise some portion of the building. In the meanwhile the conception
has its value as the dignified idea of a modem cathedral suitable to the
worship of our actual church.
Carpenter—a man who never had the worldly good fortune to com
plete a building equal to himself— had executed, while in more robust
health, the entire set of designs for a cathedral which it was proposed to

Plan or proposed Colombo Cathrdral. 75 fret to inch,
erect at Colombo, the capital of Ceylon. Out of this series, which was
produced in 1847, I have selected not only the plan, but also the longitu
dinal elevation, and the longitudinal aud transverse .sections, alike for
their intrinsic merit, and as memorials of their gifted architect. The
church it will be seen is of ample dimensions; and while the style is
modelled on English First Pointed, the requirements of the oppressive
climate are met by the open external aisle or loggia which encircles the
entire building, in addition to the ordinary internal aisle, and by the
clerestory galleries in the double thickness of the walls, presenting inter
nally almost the appearance of a triforium, while the spacious narthex
or western vestibule, is suitable, according to early precedent, to a
church planted in the midst of a vast heathen population, for practical
no less than ecclesiastical reasons. It is greatly to be regretted that in

Pla* or Inverses* Cathedral.

75 feet to inch.

nople, the design by Mr. Burges now being carried out, and also
the nobler design of Mr. Street;—St. Nicholas' Church, Ham
burgh, by Mr. Scott (in course of erection); Calcutta Cathedral;
Sydney Cathedral. Besides these, various other examples are
given; but of all those named at least the ground plan is given,
and of several there are other illustrations.
We are enabled by the courtesy of the publisher to present
our readers with a liberal specimen of the illustrations with
which the work is embellished, and by which its value is greatly
enhanced. Of these perhaps none are more interesting than
those embodying the as yet unexecuted designs of Mr. Burges
for Brisbane Cathedral, a structure which we may yet hope to
9ee raised, and of which a plan, section, and elevation are given.
The noble design for Colombo Cathedral, which we transfer
from Mr. Bere-ford Hope's pages, has been, it appears, super
seded, and consequently there is every probability that its publi
cation in the work before us will be the most enduring memorial
that it will receive; while of the grandiose design for Inverness
Cathedral—also from the pencil of the late Mr. Carpenter, and
worked out since his death by his coadjutor, Mr. Slater—there
is more hope, as we learn from the description of it contained in
the book under notice that the bishop has expressed his intention
of erecting at least some portion of the structure. The descrip
tion of the accompanying examples we give in Mr. Hope's own
words.

Transverse Sbctiox or proposed Colombo Cathedral.

the construction of the actual cathedral of Colombo this able project
seems to have been entirely overlooked, for, although the cathedral insti
tution exists in the capital of Ceylon, the building in which it is fixed is
merely a modified reproduction of a commonplace parish church, carried
out I fear under non-professional guidance.
The lapse of thirteen years again brought round the completion of
a series of plans for a cathedral on a stately scale, for the use of a newlyconstituted colony to the north of New South Wales, where the con
ditions of a sultry climate had to be considered; and the Bishop of Bris
bane sought his see provided with designs from the pencil of Mr. Burges.
Brisbane, the capital of Queensland (the appropriate name for what used
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EXTERIOR OF PROPOSED COLOMBO CatBSDRAL.

to be termed Moreton Bay) is, to be sure, but a semi-tropical city com
pared with Colombo. Still, the heat there to English feelingB is exces
sive, an 1 demands precautions. Like Carpenter, Mr. Burges has Bought
his style in the earlier epoch of Gothic, though, faithful to hiB penchant,

Burges, for his part, while to a certain extent he adopts that expedient
in his ingenious combination of triforium and clerestory, yet bases his
plan upon what lias been called, by a self-explanatory term, the spluncar principle of tropical architecture. Hence his thick walls, which

LOBOITCDIBAL SECTION Or PROPOSED COLOMBO CATHEDRAL.

and to the now rather fashionable spirit which received so strong an
impetus in that international competition for Lille Cathedral, in which
Mr. Burges in concert with Mr. Clutton came off victorious, he has
adopted the French form of First Pointed. I shall not renew
the discussion upon the applicability of this style to our actual
church architecture. Whatever may be its practical value as
a general rule, the merit of Mr. Burges' special adaptation of
it at Brisbane is incontestable; where ite peculiar massiveness, which might render it less serviceable in England, has

Flax or Bribbabe Cathedral. T5 feet to inch,
its own appropriate use. Carpenter, at Colombo, met the problem of
cooling the air by veiling his abundant openings with external galleries,
themselves pierced in respect to the internal windows, so as to com
bine the maximum of opening with the minimum of Bolar light. Mr.

are so well suited to Early Pointed : his narrow windows, made to exclude
rather than admit light; and hence the coved roof, a feature which we should
hail in the Gothic of any climate. It would lead me too far away from

Exterior or Beisbabe Cathedral.

my own subject if I were to attempt to balance the arguments, practical
and scientific, with which the two systems of architecture for hot climates
— the draught-admitting and the spemncar—are defended and impugned,
for I am only concerned with these tropical cathedrals in to far as they
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are designed by English architects for the service of the English PrayerBook. Abler exemplifications of the adaptation of either to that service,
and to the laws of Gothic, could not be found; and it is only to be
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Tiassviisi Sti-noa or Uiisbam Cathissal
deeply regretted that the opportunity for building one of them (if even
in part only) has passed away, and that the other has not yet, as far as I
know, been set in hand.
The tropical church which I shall next produce, although inferior in
its scale and its pretensions to those for Colombo and Brisbane, is, unlike
them, actually built and in use. It is not, to be sure, technically a
cathedral, but is the principal church of a community which possesses
its own independent representative
constitution, and its construction
*
formed the Bubjeet of parliamentary
solicitude and parliamentary muni
ficence, so that it may very fairly
take its place in the series. It is
the church rebuilt from the designs
of Mr. Slater, in the island of St.
Kitt's, in the West Indies, after the
destruction of a former one by an
earthquake, and consecrated in 1859.
The fear of the recurrence of the
same calamity which had ruined its
predecessor imported one fresh ele
ment into the architect's considera
tions. He had not only to provide
for the admission of air, but to pro
vide against the risk of a sudden
overthrow ly making his church
flexible, and as it were elastic. To
have attempted to stand against,
instead of bowiug to the possible
concussion, would have been to un
PLAff of St. Kitt's Chubcb.
dertake an enterprise against which
75 feet to inch.
the patent costliness was an argu
ment as irrefragable as it was practical. Accordingly the spcluncar
theory waB out of court in this instance, and the point which Mr. Slater
aimed at was to make his building light and well ventilated, and yet suntight. The simple expedient of Middle Pointed windows with jalousies
met the requirements of sun and air. The comparative thinness possible
in this style pleaded in its favour as to tbe remaining requirement. For-
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tunately that usual plague of the tropics, the white ant, is unknown at
St. Kitt's, so timber could be used in the construction; indeed, had this
mischievous insect been found there the jalousies might have been im
possible. Provided with these data, Mr. Slater gave a church broad but
not lofty, the dangerous bulk of triforium and clerestory being dispensed
with. The pillars are slender, but not too slender for the weight they
have to bear. The aisles, instead of being thrown into the relief of deep
shade, are brought forward, as in the large town churches of later Gothic,
to contribute to the general effect of airy spaciousness. Upon these
pillars rests the roof, designed so as to combine lightness and strength,
to hold the building well together, and yet itself to be elastic. The
tie-beams (a feature not generally to be desired) give the necessary
compactness ; while the moderate Bcantlings of the timber employed
obviate the risk of the roof crushing down the substructure. Thus
designed, with a reason for every characteristic, this church is a speci
men, both successful and modest, of the ecclesiastical architecture of the
present day."
These illustrations are accompanied by plans and views of
others of the cathedrals named which are actually existing.
To these and other portions of Mr. Hope's valuable contribu
tion to the literature of ecclesiastical architecture we shall return
in our next number.

The Engineer1! Manual of the Hydrometer; with Rules,
Worked Examples, and Complete Tables, applicable to
Marine Boilers. By Lionel Swift, R.N.— London:
John Weale.
In this small manual Mr. Swift has collected the re
sults of a series of experiments made with a view to
ascertain the best form of hydrometer for determining
the quantity of salt held in solution in the water of
marine boilers. It might be supposed that there was
little difficulty in the adaptation of that instrument for
such a purpose; but Mr. Swift's investigations tend to
show that it is next to impossible to arrive at correct
conclusions respecting the strength of briues under vary
ing circumstances of temperature by a scale of progres
sive displacements. He commences by showing that in
many instances of chemical combinations, there is an
attendant change of a physical character, totally unac
countable, and frequently of a nature apparently para
doxical. That in the alloys of metal, for example,
gold increases in volume when combined with silver, lead, and
iron; and that the alloy diminishes in bulk when gold is com
bined with zinc, tin, bismuth, or antimony. This concentration
of bulk is so great when iron and platinum are melted together,
that the result of a combination of 10 cubic inches of iron with
lj cubic inch of platinum is an alloy that occupies the space of
only 9f cubic inches. From the consideration of these facts, he
is led to remark on the fallacy of the celebrated experiment of
Archimedes for determining the purity of the gold in the crown
of Hiero by its specific gravity. Similar irregularities are found
to exist in various mixtures of salt and water at different tempe
ratures. We need scarcely say that the construction of the
hydrometer is based on the principle that the weight of a float
ing body is equal to the quantity of liquid it displaces; there
fore, as it is assumed that the density of water increases in pro
portion to the quantity of salt it contains in solution, the height
at which the stem of the hydrometer floats is supposed to indi
cate the strength of the brine. Mr. Swift's experiments show
the fallacy of such an assumption. In reference to the conden
sation of volume that takes place when salt is added to pure
water, the proportionate amount of condensation is the greatest
in the very diluted brines: it appears that it gradually dimi
nishes as more salt is added. On this point he observes:
"The specific gravity of the whole of the saline portion of sea-water,
in a perfectly dry state, and slightly pressed together sufficiently to form
a compact mass, we found in varied trials not to exceed 2 000; and
when saturated to its greatest extent it appears to rise to 2'850; and
when saturated to a state corresponding to four times the density of seawater, the specific gravity becomes 3 160; and when containing twice the
amount of salt that sea- water contains, the specific gravity of the salt is
increased to 3476; and the specific gravity of the salt when existing in
the proportions found in sea-water is further increased to 3 933; and
again, when further diluted to a specific gravity of compound of 1-0013,
the specific gravity of the salt becomes about 11 -000, and still regarding
it with the same view of change, the specific gravity of course would
thus increase to an unassignable value when diluted to its greatest
extent."
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The influence of temperature on the volume and specific
gravity of brines is much greater than on pure water. Brines
are far more sensible of the additions of heat at low temperatures,
and are comparatively not so much affected at high temperatures
as fresh-water.

A fully saturated brine expands

of its

volume, by being heated from a temperature of 39° to 212° Fahr.;
while fresh-water expands only

of its volume by the same
Zo '\)o

addition of heat. The dilation of the latter is nine times greater
for the 20° of temperature nearest its boiling poiut, than it is
for the 20° nearest its' maximum density, whilst a fully satu
rated brine expands between those temperatures only in the pro
portion of 1 to 1-34; and between the temperatures of 1 10° and
130° the ratio of expansion is about uniform for both liquids.
Thus it will be seen, as Mr. Swift observes, that not only the
ultimate amount of expansion of a volume of these brines, but
the rate of expansion near the limits of change and temperature,
is eutirely dependent on the intermediate state of saturation;
and we see how impossible it is for any hydrometer to auswer
for brines in different stages of saturation and at varying tempe
ratures, unless corrected by the results of observed experiments.
It appears therefore that no ordinary hydrometer can be safely
relied upon for determining the degree of saturation of the
water in marine boilers, and that it requires some instrument
specially adjusted to the varying circumstances of heat and satu
ration; and yet, strangely enough, the naval hydrometer at pre
sent used by engineers in the royal navy is the same that is con
structed for the excise officer to determine the strength of worts.
Mr. Swift shows that the use of this instrument involves very
considerable error, so that when the scale stands at 30 there
is an excess of nearly 9 ounces of salt in a cubic foot more than
the common mode of reading the indications would lead the
engineer to suspect, and the error would go on increasing in the
more saturated brines. The relative economy of using fresh
water or sea-water in a boiler is stated by Mr. Swift to be only
■75 per cent, in favour of fresh-water, not taking into considera
tion the loss from "blowing out." But the loss of fuel occasioned
by the latter operation is stated to be so great, that the total
percentage of loss from blowing out and using sea-water, when
working at a pressure of 30 lb. per square inch, amounts to
about 1012. Tables showing the specific gravities of brines,
and their dilations by heat at temperatures from 60° to 200°,
and the corresponding temperature in using the naval hydro
meter, are appended to the Manual for the purpose of correcting
the indications of that anomalous instrument.

Rudimentary and Practical Instructions on the Science of Railway
Construction.—London: John Weale.
This is one of Mr. Weale'a valuable series of rudimentary pub
lications, in which the science and art of constructing railways
are explained and set forth very lucidly within a small compass,
and illustrated with upwards of 160 woodcuts. Directions are
given for land surveying, levelling, the laying-ont of railways,
tunnelling, and the construction of the permanent way in all its
details. It is the second edition of the work written in 1850 by
Sir Maedonald Stephenson, and in this new issue copious use is
made of Mr. Holley's quarto volume, particularly in the division
relating to the formation of the permanent way. The following
concluding remarks on the construction of rails, and on the
system of jointing them, deserve attention:—
" It is not the practice in England to roll the steel into the rail-pile,
as has been done to some extent in the United States, without much
success, since the hard material peels from the soft, for reasons already
stated. It is probable however that puddled or semi steel, possessing so
muoh of the nature of iron together with its steel qualities, can be rolled
so firmly upon iron that it will not peel. By this process the cost of
steel- headed rails may not be greater than that of iron rails, sinoe less
material will have equal strength and stiffness.
The present movement as to rails tumB chiefly on a better proportion
of bar and a better quality of iron. It has been customary to waste
12 tons of iron per mde, worth £140, under the heads of our rails, for
no other reason than that such inferior iron was used as to crumble
down on the edge. All the iron put in rails should be worked to double
the amount generally practised, and while the whole cost might be
increased one-third, the wear of the iron would be fully doubled. Expe
rience has proved this again and again. English roads are taking up
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this reform in earnest, and some are paying above twice as much for
their iron as the current prices of ordinary bars.
....
No track is complete, nor can it economically carry a heavy traffic,
excepting with thoroughly spliced joints, making the rails practically
continuous. No mere chair or seat can be sufficient, since the founda
tion upon which the whole rests—the earthwork—cannot be depended
upon for its permanent support. Thoroughly jointing low pear- headed
rails is impracticable; any cheap fixture which will preserve the stiffness
of the joint will be destructively rigid. For a deep rail the fish-joint is
probably the most cheap, simple, and durable that can be devised. And
a deep rail, especially if it forms a part of the sandwich system, is certain
to be a feature of the best permanent way. The sandwich system finally
settles the question of rail-joints, by embodying the fish-joint in the
most simple manner; indeed, nothing but the fish-joint would be appro
priate to it. No excellence of joint fastenings can compensate for defec
tive earthwork or drainage; bad ballast; small, irregular, and decayed
sleepers; or for weak, unsound rails. Before we can have good, smooth
roads, admitting of easy traction at high speeds with a low rate of main
tenance, each detail must be perfected so far as the means have been
indicated conjointly by science and experience."

Iron: its History, Properties, and Processes of Manufacture. By
William Fairbairn, C.E., LL.D., &c—Edinburgh: Adam and
Charles Black.
A work by William Fairbairn on the manufacture of iron is
sure to command attention, for it is certain to contain much
valuable information and many useful suggestions on the most
important branch of our national industry. Mr. Fairbairn—we
prefer the simple title by which be has always lieen known, to the
prefix of "Doctor" with which he has recently been honoured—
is enabled from his own experience to trace the history of the
furnaces and machinery employed in the production of iron
almost from their primitive condition to their present high state
of improvement, and in this small volume he gives the public a
summary of his knowledge. A considerable portion of the matter
has appeared in the article on Iron Manufacture in the eighth
edition of the 'Eneyclopaadia Britannica,' but it is now presented
in a more complete state, and with large additions. The subject
is divided into twelve distinct heads, comprising the history of
the iron manufacture; the various kinds of ores; the kind of
fuel employed in the manufacture; smelting by the hot and cold
blast; the manufacture of wrought- iron; the mechanical opera
tions of the cast-iron manufacture; the forge; Mr. Bessemer's
process; the manufacture of steel; the mechanical properties of
cast and wrought iron and steel; the chemical constituents of
iron in its manufactured states; and, finally, the statistics of the
iron trade. It could not be expected that in a small book of
230 pages all these branches of the subject could be developed,
and some of them are dismissed with very brief notice. Th*'
points of most interest, so far as they have a bearing on
questions respecting which much difference of opinion exists
among ironmasters, are the consideration of the relative merits
of the hot and cold blast; the processes of the conversion of crude
into malleable iron; aud Mr. Bessemer's process: to which points
we shall therefore principally direct attention.
It is a curious fact as noticed by Mr. Fairbairn, that previous to
Mr. Neilson's invention of the hot-blast in 1828, practical men gene
rally believed that the colder the blast the better was the quality
and the greater the quantity of the iron produced, and ironmasters
sometimes resorted to the practice of refrigerating the air. That
opinion was founded on the observation that the furnaces worked
better in winter than in summer.—a circumstance which Mr.
Fairbairn attributes to the diminished amount of vapour in the
air in cold weather. Mr. Neilson's earliest hot-blast oven for
heating the air to be supplied to the furnace, consisted of a
wrought-iron chamber, about 4£ feet long by 3 feet high and
2 feet wide, set in brickwork like a steani3x>iler, with partitions
inside, against which the air impinged in passing through. The
woodcut (Fig. 1) represents this original contrivance, in which
the letters 0, 0, O, show the oven in which the heating chamber
H, was set, and p, p, p, are the partitions over and beneath which
the air passed. By this means a moderate current of air was
heated to 300° or 400° Fahr. Mr. Neilson afterwards introduced
long ranges of tubes to increase the heating surface, by which
means a temperature of 600° was first attained. By subsequent
improvements in the ovens, many of which are described and
figured, the blast for three tuyeres can be heated to 800°. The
consumption of coal in these ovens varies from 9 cwt, to 5 cwt.
per ton of iron produced.
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The hot-blast process met with great opposition when first
introduced. The invention was more than once on the point of
being abandoned, and Mr. Neilson was obliged to transfer the
greater portion of his interest in it to others, whose combined
Fio. l.

efforts and influence were necessary to insure its success. It has
now however triumphed over its early difficulties, and is adopted
at the greater number of ironworks in other parts of Europe as
well as in Great Britain. Mr. Fairbairn speaks favourably of
the hot-blast, not only economically, but as a means, if properly
applied, of improving the quality of the iron. He observes—
"With regard to the advantages and defects of the hot-blast process
much has been said on both sides, and the question does not appear by
any means exactly settled. It is asserted on the one hand that iron
reduced by the hot-blast loses much of its strength, whilst on the other
it is contended that the quality of the iron is richer, more fluid, and
better adapted for general purposes than that produced by the cold-blast.
The advocates of the hot-blast say that the process has increased the pro
duction and diminished the consumption of coal 'three or four fold; and
the upholders of the cold-blast maintain that the same effects may be
produced to almost the same extent, by a judicious proportion of the
shape and size of the interior of the furnace, a denser blast, and greater
attention on the part of the superintendent to the process. On these
points, it appears to us that although the hot-blast has enabled the manu
facturer to smelt inferior ores, cinder heaps, and other improper mate
rials, and to send into the market an inferior description of iron, this is no
reason for its rejection, but rather an argument in its favour. It is true
that when a strong rigid iron is required for such works as bridges or
artillery, the somewhat uncertain character of hot-blast metal renders it
objectionable, but this appears to be due rather to carelessness or want of
attention in the manufacture, than to the use of heated air or defects in
the process. On the other hand, the hot-blast, by maintaining a higher
temperature in the furnace, insures more effectually the combination of
the carbon with the iron, and produces a fluid metal of good working
qualities, generally superior to cold-blast imn_ in cases where great
strength is not required; and moreover we have yet to learn why even
the strongest and most rigid iron cannot be made by this process. The
comparative strength of hot and cold blast iron will however be given in
another part of this treatise; for the present it is sufficient to observe
that the results of the experiments are not unfavourable to the hot- blast
iron, either as regards its resistance to a transverse strain, or its power
to resist impact."
The utilisation of the waste gases of blast furnaces, which has
been successfully adopted on the Continent, is but very little
practised in this country, where the abundance of fuel makes the
ironmaster indifferent about saving the heat that escapes. In
South Wales the plan has been adopted advantageously to some
extent, but the closing of the top of the furnace to confine the
gases is found to produce white iron; on which account the pro
cess has been often abandoned. We have seen it used suc
cessfully in the ironworks near Swansea, where the gases from
the furnace are applied to heat steam boilers, and Mr. Fairbairn
notices this method of economising fuel very favourably.
The conversion of crude iron into malleable iron is effected
by separating in a gaseous state the carbon contained in the
iron, by combining it with oxygen, whilst the other foreign
matters combined with the iron pass into the slag. The several
processes to which the iron is subjected to deprive it of carbon
are—first to heat it in a refining furnace, and afterwards in
a reverberating furnace, where the fuel and metal are kept
apart by a bridge, and the combination of the carbon with oxygen
is facilitated by puddling or agitating the surface of the melted
mass. The refining process may however be dispensed with,
and methods have been recently introduced for facilitating the
combination of the carbon with oxygen by the introduction of
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steam. When all the carbon has to be expelled in one furnace,
the generation of gas is much more energetic, and as the fluid
iron is greatly agitated by the bubbles of gas, the operation has
been called the ''boiling process." The use of steam in the "boil
ing" was patented by Mr. James Nasmyth in 1854, and it has
been very successful in those puddling furnaces in which it has
been adopted. The steam is introduced at about 5 lb. pressure to
the square inch, as soon as the metal is fused. The oxygen of
the steam having a greater affinity for the carbon at that high
temperature than for hydrogen or iron, the carbon is rapidly con
verted into carbonic acid or carbonic oxide, and escapes in a
gaseous form. The liberated hydrogen of the steam unites with
sulphur, phosphorus, or other substances contained in the iron
or fuel, which, if they remain, have a very prejudicial effect on
the quality of the iron. The mode of operating by Mr. Nasmyth's
process is shown in the diagram (see Fig. 2). The steam from
the boiler descends through the vertical jointed pipe a, and is con
ducted into the furnace through the tube or rabble D D, which is
bent at the end so as to inject the steam on the liquid metal G6.
This tube is introduced into the furnace immediately the iron is
melted, and the workman moves it slowly about in the molten
metal; the mass begins to thicken in about five or eight minutes,
when the steam tube is withdrawn, and the operation is finished
in the ordinary way with the common "rabble." There is a great
saving of time by this method, during the 'hottest and most la
borious part of the operation, and the iron is said to be more
effectually purified, and with greater economy, than by the pro
cesses previously in use.
A mode of puddling iron by gas is in extensive use on the
Continent, in what is called the Silesian Gas Furnace, which Mr.
Fairbairn earnestly recommends to the attention of the irouFlG. 2.

masters of this country. The advantages attending the use of
gas instead of other kinds of fuel are stated to be the entire
absence of smoke in consequence of complete combustion, the
saving of 33 per cent, in fuel, the absolute control the attendant
has over the furnace, the simplicity with which it can be worked,
and the absence of ash or other impurities.
A. considerable portion of Mr. Fairbairn's book is devoted to a
description of Mr. Bessemer's process, of which he entertains a
very favourable opinion, especially with the recent improvements
that have been added to it, and of which Mr. Bessemer has fur-,
nished an account. When this ingenious plan of refining crude,
iron—by making the carbon to be removed serve as fuel for its
own combustion—was first announced, it took the world by sur
prise, and exalted expectations were raised of the advantages to
be derived from this self-acting method of purification. There
were however many practical difficulties to be overcome, which
tended to throw a damp on the hopes of the inventor and his
friends, but he has nevertheless continued his endeavours to
bring the process to perfection; and in its present state it bids
fair to realise the original expectations. Mr. Bessemer's furnaces
are made of boiler-plate lined with fire-brick or loam, and they
are so contrived, that the instant the molten crude iron is run
into them from the blast furnace jets of air are forced in, the
oxygen of which immediately combines with the carbon in the
iron and produces vivid combustion. The effect is thus de
scribed:—
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"A rapid boiling up of the metal was heard going on within the vessel,
the iron being tossed violently about and dashed from eide to side,
Bhaking the vessel by the force with which it moved. Flame, accom
panied by a few bright sparks, immediately issued from the throat of
the converting vessel. This state of things lasted for about fifteen or
twenty minutes, during which time the oxygen in the atmospheric air
combined with the carbon contained in the iron, producing carbonic acid
gas, and at the same time evolving a powerful heat. Now as this heat
is generated in the interior of, and iB diffused in innumerable fiery bubbles
throughout the whole fluid mass, the vessel absorbs the greater part of
it, and its temperature becomes immensely increased; and by the expira
tion of the fifteen or twenty minutes before named, that part of the
carbon which appears mechanically mixed and diffused through the crude
iron has been entirely consumed. The temperature however is so high
that the chemically combined carbon now begins to separate from the
metal, as is at once indicated by an immense increase in the volume of
flame rushing out of the throat of the vessel. The metal in the vessel
now rises several inches al>ove its natural level, and a light frothy slag
make its appearance, and is thrown out in large foam-like masses. This
violent eruption of cinder generally lasts about five or six minutes, when
all further appearance of it ceases, a steady and powerful flame replacing
the shower of sparks and cinders which always accompanies the boil.
The rapid union of carbon and oxygen which thus takes place adds still
further to the temperature of the metal, while the diminished quantity
of carbon present allows a part of the oxygen to combine with the iron,
whicl) undergoes a combustion, and is converted into an oxide. At

forwarder state of manufacture, than a pile formed of ordinary puddlebars. And thus by a single process, requiring no manipulation or par
ticular skill, and with only one workman, from three to five tons of
crude iron pass into the condition of several piles of malleable iron, in
from thirty to thirty-five minutes, with the expenditure of about onethird part of the blast now used in a finery furnace with an equal charge
of iron, and with the consumption of no other fuel than is contained in
the crude iron."
The quality of the iron thus produced in the earlier experi
ments was defective. The difficulty to be overcome was the
removal of the sulphur and phosphorus which most cast-iron
contains, and which neither the high temperature nor the copious
supplies of air seemed to effect. Steam, hydrogen, and silicates
of iron and manganese were tried, with but partial success; and
the employment of crude iron as free as possible from those
impurities is the best expedient hitherto ascertained for the pro
duction of good malleable iron by this process. Several important
improvements have been made in the form of the furnace, and
the appliances to facilitate its operations. As originally con
structed the air-pipes entered from the bottom, so that it was ne
cessary to put on the blast before the charge of molten iron was
introduced. The annexed diagrams show the form of the appa
ratus as at present constructed, in elevation and in section. The
furnace is made of a globular form, and is supported on trunnions,
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the excessive temperature that the metal has now acquired, the oxide as
soon as formed undergoes fusion, and forms a powerful Bolvent of those
earthy bases that are associated with the iron. The violent ebullition
that is going on mixes most intimately the scoria and metal, every part
of which is thus brought into contact with the fluid oxide, which will
thus wash and cleanse the metal most thoroughly from the silica and
other earthy bases which are combined with the crude iron; while the
sulphur and other volatile maters, which oling so tenaciously to iron at
ordinary temperatures, are driven off, the sulphur combining with the
oxygen, and forming sulphurous acid gas. The loss in weight of crude
iron during its conversion into an ingot of malleable iron was found, on a
mean of four experiments, to be 124 P°T cent., to which will have to be
added the loss of metal in the finishing-rolls. This will make the entire
loss probably not less than 18 per cent, instead of about 28 per cent.,
which is the loss on the present system. A large portion of this metal is
however recoverable by treating with carbonaceous gases the rich oxides
thrown out of the furnace during the boil. These slags are found to con
tain innumerable small grains of metallic iron, which are mechanically
held in suspension in the slags, and may be easily recovered. It has
already been stated that after the boil has taken place, a steady and
powerful flame succeeds, which continues without any change for about
ten minutes, when it rapidly falls off. As Boon as this diminution of
flame is apparent, the workman knows that the process is completed, and
that the crude iron has been converted into pure malleable iron, which he
will form into ingots of any suitable size and shape, by simply opening
the tap-hole of the converting vessel, and allowing the fluid malleable iron
to flow into the iron ingot-moulds placed there to receive it. The masses
of iron thus formed wul be perfectly free from any admixture of cinder
oxide, or other extraneous matters, and will be far more pure, and in a
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and on one of them carries a pulley-wheel B, round which a
wire rope passes attached to a hydraulic lift. The blast is
brought downwards from the top by a single tuyere D, and may
be raised or lowered as required by a small hydraulic crane E.
The blast-pipe G, rises perpendicularly from the floor level. The
tuyere is composed of circular bricks having a central hole,
through which an iron rod passes, by means of which the tuyere
is held firmly together. The molten metal in poured from the
globular vessel into the castiDg ladle by turning it partly on the
trunnions, so as to lower the mouth. When the process is
finished the casting ladle is attached to the arm of an hydraulic
crane, and is so arranged that it swings round over the ingotmoulds, placed in a circle, and the metal runs out from a hole
in the bottom of the ladle, that is stopped by a conical valve
when each ingot is filled. The globular vessel or furnace is 7 feet
in external diameter.
One part of Mr. Bessemer's process, to which Mr. Fairbairn
attaches much importance, is the facility it affords for the pro
duction of what is called »emi-tteel.
"At the stage of the process immediately following the boil, the whole
of the crude iron has passed into the condition of cast-steel of ordinary
quality. By the continuation of the process the steel so produced gradu
ally loses its small remaining portion of carbon, and passes successively
from hard to soft steel, and from Boftened steel to steely iron, and
eventually to very soft iron; hence at a certain period of the process any
quality may be obtained: there is one in particular, which by way of dis
tinction he calls senu-stevl, being in hardness about midway between
40
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ordinary cast-steel and soft malleable iron. This metal possesses the
advantage of much greater tensile strength than soft iron; it is also more
elastic, and does not readily take a permanent set, while it is much
harder, and is not worn or indented so easily as soft iron; at the same
time it is not so brittle or hard to work as ordinary cast-steel. These
qualities render it eminently well adapted to purposes where lightness
and strength are specially required, or where there is much wear, as in
the ease of railway bars, which, from their softness and lamellar texture
scon become destroyed. The cost of semi-steel will be a fraction less
than iron, because the loss of metal that takes place by oxidation in the
converting vessel is about 2 4 per cent, less than it is with iron; but as it
is a little more difficult to roll its cost per ton may fairly be considered
to be the same as iron. As its tensile strength is some 30 or 40 per cent,
greater than bar-iron, it follows that for most purposes a much less
weight of metal may be used, so that taken in that way the semi-steel will
form a much cheaper metal than any we are at present acquainted with."
The conversion of crude cast-iron into steel and malleable soft
iron, by expelling different quantities of carbon, suggests the idea
of producing steel by arresting the process when sufficient of the
carbon has been driven off to render the remaining mass steel.
When in the state of cast-irou the metal contains 4 per cent, of
carbon, has a teDsile strength of 18,000 lb. per square inch, and
is worth £3 per ton. When entirely deprived of carbon it be
comes malleable iron, it has a tensile strength of 56,000 lb. per
square iucb, and its value is £S per ton; but if 1 per cent, of the
original carbon be allowed to remain, the iron becomes converted
into steel, the tensile strength is then 130,000 lb. per square
inch, and its value is increased to £50 per ton. The question
then occurs, Mr. Fairburn observes, cannot iron be purified, and
this 1 per cent, of carbon be left in it, so that the valuable pro
perties of steel may be gained without raising the cost above that
of malleable iron ?
We cannot follow Mr. Fairbairn into the consideration of the
modes of producing steel, the comparative strength and other
properties of iron and steel under different circumstances, the
chemical composition of iron, and the statistics of the iron trade.
There is indeed but little novelty in these branches of the subject,
and the statistics of the trade are not brought down to a more
recent period than 1857.
There is an appendix to the volume, on "armour-plated ships,"
in which Mr. Fairbairn, as the father of iron shipbuilding, natu
rally takes the part of iron against wood, for the purposes of war
as well as for the commercial marine. "In my opinion," he says,
"the whole navy of Great Britain must be remodelled, and rebuilt
of iron; and no administration in this country should venture to
put another wooden vessel on the stocks." After expressing his
belief that ships of war should be made entirely bomb-proof, and
invulnerable to the heaviest shot, he alludes to "a new and
important branch of manufacture," consisting in the production
of wrought-iron in very large masses, which in all probability
will shortly be established. This subject, Mr. Fairbairn states,
is now under consideration by a committee, and though he men
tions it somewhat mysteriously, we believe it is nothing more
than the plan recently recommended by Mr. Samuda, at a meet
ing of the United Service Institution, of constructing the sides of
invulnerable ships with iron of the required thickness to be shotproof, instead of adding the armour-plates subsequently.
We cannot conclude our notice of this volume on iron and its
manufactures without strongly recommending it as a valuable
summary of practical knowledge on that important branch of
manufacture.
A Practical Treatise on Coal, Petroleum, and other Distilled OilsBy Abraham Gesnfir.—New York: Bailliere Brothers.
The introduction of mineral oils for illumination and other
purposes renders a book of this description very welcome to the
practical chemist, the more so as the art of the proper develop
ment of oils from coal and other bituminous substances is com
paratively of a recent date. The author claims to have been the
first who succeeded, in America, in the manufacture of these oils,
he having used it for lighting the rooms in which he held his
public lectures, at Prince Edward's Island and other places, so
long as fifteen years since. The book, which treats the subject
in all its variety, is of a purely practical character. The author
after recording the history of the progress of the distillation of
mineral oils, and making mention of the introduction of the socalled Kerosene, and the manufacture of other bituminous oils
which formed the subject of patents either in England or abroad,
describes the effect produced on coal when exposed to the influ
ence of heat It is known that all organic bodies when so
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exposed, with free admission of the air, undergo combustion.
Very different however are the changes produced in the combi
nation of the various ingredieuts constituting such bodies when
exposed to heat in a close vessel. This interchange of the ele
ments then is effected by placing the coal iu suitable retorts, in
which, by the action of the heat, the bituminous and gaseous
Ingredients are freed from the other parts of the coal. The gases
and vapours thus produced are next led into a condensing appa
ratus. The object of this condenser is to cool these gaseous aud
vaporous substances, so that they assume the liquid form where
such is possible. It should therefore be of the first importance
that the surface of the condenser be as extensive as possible, it
being quite immaterial whether it be formed of one long pipe or of
a series of pipes, laid either spirally or otherwise in water, which
is maintained at the required temperature by the admission of
cold water. The oils which are in this manner separated are of
different specific gravities, of which the lightest—which have the
character of a spirit rather than of an oil— are first distilled. When
the heat amounts' to about 800° Fahr., a number of pyrogenous
substances are given out, known under the name of dead oil.
The oils and vapours condensed are collected iu the receiver,
consisting of a series of tanks, which are usually placed under
ground, so as to admit of the descent of the products. Those
gases which have not been condensed are either led into a special
gasometer, or allowed to escape into the atmosphere. The oils
which have been thus obtained are iu a very crude state, and
are intermixed in a great measure with water, ammouiacal liquid,
carbonaceous and other impurities. In order to separate these
from the crude oil the whole is pumped into a second receiver,
in which, by means of a spiral steam-pipe, it is heated to about
90° or 100°. By this process the ammouiacal and other impuri
ties are precipitated; and if the ammonia be present in sufficiens
quantity to be commercially valuable, a further separation of thit
product may be effected, by which it may be turned to useful
account. The crude oils obtained in this manner, thus briefly
described, may now be directly submitted to chemical treatment,
but on account of the great quantity of tar which they contain
require generally first to be distilled, which is effected in an iron
still of ordinary construction. The distillation may be done
either with or without the aid of steam. It is however preferred
to employ steam, as the operation is by its use greatly facilitated.
The vapours pass from the still into a condeusing worm, com
posed of tubes, which are surrounded by water of about 100°.
This water, if it were of a low temperature, would cause the
solidification of the paraffiue, which, filling up the worm, might
be attended with dangerous consequences. Oils are distilled
once, twice, or more times, according to the purity desired to be
obtained. In addition to an explicit description of the manu
facture of bituminous oils, the author directs the attention of tin?
reader to the great natural resources which America possesses
with respect to these oils; and concludes by giving a full account
of the chemical products yielded by their distillation. The book
contains many woodcuts clearly illustrating the subject, and may
be recommended to all engaged in chemical pursuits.

THE ARCHITECTURE OF LONDON*
By A. J. B. Beresford Hope.
When I talk of Architecture in London, I do not mean to con
vert myself into an architectural reviewer, and go about from
building to building, criticising them as an art-critic would criti
cise pictures on these walls. What I propose to do is to take up
London as a whole—a great existing whole; and doing so, taking
London past, London present, and London in the future, deduce
from this whole panorama certain teaching for the future, build
ing that teaching on its actual condition, physical as well as
architectural. In short, I want to stir you up to become volun
teers to improve London in the way that I believe London might
now be improved.
What is London ? London is an ancient city—it is a northern
city—it is a picturesque city. That London is an ancient city
hardly requires proof: from Tacitus downwards there are nu
merous indications of its growing greatness and grandeur. That
London is a northern city hardly requires demonstration either
—particularly to those who had the fortune, good or bad, to
be out in the recent snowstorm. I do not speak of London as
a northern city in any contemptuous sense. The people of Eng
* Lecture delivered at the Architectural Exhibition.
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land are all Northerns in descent, in language, and in constitu
tion,—Northerns in every relation of life, Northerns in every
thing that makes either individuals or nations historical and
great. Let us not then be ashamed of being Northerns. Let us
live up to the condition of life in which Providence has placed us,
and let us not think that the being Northerns is any great damage
or misfortune. A great deal has been said about Southern cities
and their delightful climate; but on this point I may mention,
that last summer, when travelling on the railway between Milan
and Como, I met a very intelligent officer of the Italian army,
who said, "Ah, we Italians are oecoming very tired of our sun."
Charles II., who never said a foolish thing, observed that England
had a climate in which a man could take exercise on every day
in the year.
Granting, then, that London is an ancient and a northern city,
I have also stated that it is a picturesque city. It is a pic
turesque, not a monumental city. It might be said, "Why is it
not a monumental city)
There is St. Paul's, Westminster
Abbey, the Tower—not to speak of the Monument on Fishstreet-hill." Here is the great difficulty in lecturing on a scien
tific subject such as architecture, in which the lecturer has to
invent his own terms of art. No term of art comprehended in a
single word can be so explicit, so concise, and at the same time
so comprehensive, as to cover the whole ground for itself, and to
exclude something else from trespassing on its own domain. For
instance, in contrasting a monumental with a picturesque town,
I may be met by the inquiry, " Why should not a picturesque
building or town be monumental, and why should not a monu
mental town be picturesque?" There is really no answer to
this question; but for the convenience of technical art—in short,
to label the different divisions of the subject—it is necessary to
rely upon incomplete, lame, and paltry definitions. The incom
plete, lame, and paltry distinction which I draw between a
monumental and a picturesque city is this: A monumental city
is a city which has been, as it were, thrown out by one effort of the
intellect of its builder, just as one monument or one building is
thrown out by one intellectual effort of its architect. A pictu
resque city is one that has grown up under the different opera
tions of many intellects; which might have more or less of unity
in its general conception, but is not one vigorous shoot from the
ground, sent up by the one inventor, but, as the name implied, a
series of pictures, each picture differing from the one previously
examined. Like Peter Naas's churches, differing each from the
other; like Canaletti's pictures of Venice, differing each from the
other: so Flemish churches, by the testimony of Peter Naas, are
picturesque; and the streeta of Venice, by the testimony of
Caualetti, are picturesque also.
London, then, has grown up, in the course of revolving cen
turies, to be a picturesque city; and it is also, as I have said,
a northern and an ancient city. Suppose you had to do with a
city which was neither of these three. Suppose our accomplished
chairman were called upon to design the federal capital of Aus
tralia, for example—what would he do ) He would have to
build a modern city, a southern city; not merely southern in
respect to its being situated in the southern hemisphere, but
southern because of the climate, which is much hotter than ours.
How would be build this city—how construct a town in a vast
unoccupied plain—
" Where fancy sees
Squares in inoraascs, obelisks in trees ?"
He would do it in this way. He would give sweeps of build
ings, or else each separate building standing in its own garden.
He would also give broad straight streets. But neither Mr. Scott
nor auy architect of eminence would, in building a new city, fall
back on that most clumsy, vulgar, and odious plan, of designing
towns with streets running at right angles to each other1—a plan
which unites the maximum of ugliness with the maximum of
inconvenience. Streets built at right angles are destitute of
perspective; the only view to be obtained is from one end of
the town out to the other end: whilst it is obvious that with
streets at right angles there can be no short cuts from one
point to another. Anyone building a new city would follow the
new plan, adopted in Washington, of building the town radiating
from various centres, the different rays crossing each other. By
this plan the shortest cuts consistent with straight streets would
be obtained. At the centre of every star, some large building
would be placed, so that the spectator would see a public build
ing before him at the end of every street; and at the various
squares made by the intersection of the different rays, there
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would be a group of several large buildings to be seen. This
would be a monumental city,—its streets straight, its buildings
well placed, one or two being at every crossing, and the streets
so broad that even omnibus tramways could run along them
without the slightest inconvenience. Could this be done in Lon
don ? I believe not Ought we to repent of not being able to
do this in London) I believe not. We ought not to dream of
building a new city of prospective eminence, of speculative mag
nificence. We have another task before us, more sure, equally
grand, equally worthy of the whole soul and thought of everyone
who has the broadness of heart to deal with architecture not
as a makeshift but as a science. We have by our individual
exertions—small though they may be on the part of each of
us, but great in the aggregate—to conduce to the convenience,
the healthfulness, and the beauty of our great capital. Louis
Napoleou has riddled Paris with broad boulevards. He may
have done a great deal of good, and made great streets. No
doubt he has. He may have Bwept away ruthlessly many most
picturesque vestiges of old Paris. No doubt lie has: but we
could do neither the one nor the other; and we must accept our
position. It is a position inherent in a free constitution—a na
tion in which the maximum of order combines with the maximum
of independence. If we like to take France with the accidents
and positions of France, let us take it I for one am satisfied
with the British constitution, and with London as it is. In
1666, indeed, we lost the opportunity of building a monumental
London. Sir Christopher Wren made a very grand plan on
the radiating principle, for rebuilding the city of London. That
plan went to pieces, and came to nothing; but whether or not
the city of London, rebuilt by Wren, would be mediocre as re
gards street architecture, or whether it would not have ham
pered us now, is a question into which I cannot enter. I fully
admit the theoretic beauty of Wren's London; but it is a matter
of history, and no more affects U3 practically than the question
of what would have been the result if Harold had conquered
William at the Battle of Hastings. London has been rebuilt,
with all its old inconveniences and old picturesqueness, in the
style of Charles II., and all the rest of the town has grown up
at haphazard around it.
The question is, can we do any great heroic work to reconstruct
and regenerate the map of London ) Great work has been done
in our century, within the last fifty years. Begent's-park, with
all its faults, is a great work. Begent-street, ugly as are the
bnildings at either side of it, is a great artery. Cannon-street
also is a great artery; and there are two main thoroughfares
of recent construction, one to the north of Snow-hill, and the
other near Westminster Abl>ey, both of which I regret to say
bear the name of our gracious Sovereign. Then there is Victoriapark, at Hackney—a pretty thing perhaps, though not a great
work of art. A new bridge is also about to be thrown across
the Thames. When all these things are done, is there much
more of the great and heroic kind to be carried out? A future
generation may accomplish much, but I doubt if more can be
done in our day except that one great, necessary, and noble
work which has been the dream of so many years, and has now
become an imperative reality—the quaying of the Thames. An
old friend of mine, lately deceased, Sir Frederick Trench, who
died in his eightieth year, and whose sterling simplicity of cha
racter must have been appreciated by everyone who knew him,
was the real author of this Thames scheme. People laughed at
him as a visionary, or repudiated him as an intruder. He pub
lished book after book, upwards of thirty years ago, advocating
this scheme. He has not lived to see the realisation of his day
dream, but he was really the man to whom, in our generation,
we owe this great improvement I remember reading a debate
on this subject, which took place in the House of Commons in
1825—thirty-six years ago. Great ministers and officials took
part in that debate. Sir Bobert Peel thought the thing would
never do. Why) Because the Thames scheme would diminish
the value of property in Essex-street, Arundel-street, and other
streets in the same neighbourhood ! He was not the only minister
who raised difficulties about it; there was another member of
Parliament, who in 1825 was a veteran member, having then
been some twenty years in the House, and having held high
office some eighteen or twenty years. He also made difficulties
about that scheme. That veteran official was one of whom we
have all heard by the name of Viscount Palmerston. He also
in 1826, saw difficulties about the Thames scheme, as in 1859 he
saw difficulties about the Foreign Office. When he was sceptical
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as to any great scheme for the regeneration of London being
carried out, he made a sacrifice of much private feeling.
I advocate, and still adhere to the belief, that the greatest
improvement in London would be the construction of a river-side
park between Westminster Abbey and Charing-cross. Whilst
we have the great forest tract of Kensington-gardens and Hydepark—whilst we have the meadow of the Green-park—and the
ornamental garden of St James's-park coming within two or three
hundred yards of the river, it is a shame and a disgrace that this
great sweep of country in the middle of the town should not
come down to its natural basis—the Thames. There are many
other schemes which a fervid imagination might dream of.
Sweeping away—not without a sigh—St James's Palace, opening
St James's-street to the park, and then carrying it forward until
it touched and was lost in the Begent's-park, would be a magni
ficent improvement. But putting all these considerations aside,
the practical question is, how to improve London as it stands.
London is admirably suited by its undulating character to con
duce to a picturesque effect in its buildings. There is hardly
any town of the size of London that lies in a country of so high
an average elevation. Venice and Amsterdam, respectively per
haps the most picturesque southern and northern cities in the
world, are each of them situate in morasses won from the sea.
To be sure, the presence of water up and down the streets of
those towns, and the character of the buildings that fringe the
quays, give to Venice and Amsterdam their peculiar character;
but compared to those cities, London is a series of broken hills,
in fact, almost a mountainous country.
The cause of this vast size of London is nothing to be proud
of. London might have had all its population, all its healthfulness, and a great deal more, and much more convenience than it
has at present, but for the accidental fact of the building of this
city having got from the hands of proprietors into those of
middle-men, and from their hands into those of double-middle
men under them. The system of giving leases, advantageous as
it may be in many cases, produces a spirit of speculation, and the
various proprietors of farms about London throw them into the
market, and endeavour to realise in their lifetime by parting
with them on building leases. The principle is adopted of
erecting buildings which cover the maximum of ground area
with the minimum of vertical height; and so London has grown
up with a combination of different proprietors, and different
building leases under those proprietors, until it has reached
that painful superfluity of area compared with its population
which I hope will enable us to increase London, not into Essex
or Hertford north and south, but upward i into the sky—into
buildings more aerial, more bright, and more elevated. London
being a Northern city, of course depends much on atmospheric
effects. Those Southern suns give a clear sky, a climate which,
excepting when a thunderstorm comes on, is of almost unbroken
brilliancy; but there arc none of those half shades, those mists
that come and go, that play and variety of atmosphere which
represent the same building under different aspects at different
times. Those atmospheric effects are what the Northern archi
tect should rely on. He must not rely too much on combining
foliage with house building. Foliage does very well in climates
where not much coal is burned, where consequently there is no
deleterious atmosphere, and where the warmth of the sun keeps
evergreens verdant, and brings out the deciduous trees early in
spring. In London the combined effect of coal smoke and a colder
climate causes the trees to come out very late, and to turn black
very early. Common-sense has taught Englishmen that the
best way to deal with foliage is to mass it together, to bring as
it were large tracts of country inside the town, and mass the
foliage with broad belts of turf between them. Our parks illus
trate that principle, as do also our principal squares, such as
Grosvenor-square, Lincoln's-inn-fields, &c. In a warmer climate
the planting of trees in streets may be adopted, and it may be
advantageous here also, though it is not to be relied on. In
Amsterdam, for instance, there are rows of trees along the
streets, which in summer conduce much to the picturesqueness
of the city; but even in winter the gables compensate for the
absence of foliage.
Any great scheme of reconstruction is not to be thought of:
the widening of streets and the making of short cuts whenever
that can be effected, are what we should rely on. A great deal
may be done by broad pathways being, as it were, swept out by
a cannon-ball; and the various means to that end—though in
themselves they may seem insignificant—will produce a satis
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factory result To come to the point, what are to be the main
principles of the future architecture of London? Design is one:
material is another. I contend that under the head of design
we 'may come to two main principles, each of considerable im
portance. The first is to play with the sky-line; to take that
sky-line and deal with it boldly as the most important feature of
the whole building. The second is to construct every house as
in itself a unit, standing by itself, looking of course more to its
height than to its width. The principle of building bouses in
terraces, which is the principle that must be adopted in a monu
mental city, and the principle so often adopted in London, can
never be satisfactory. Do what we will, there is something
about it that betrays the sham. In building a town, even if it
were necessary to make a street as straight as an arrow, it would
be better to break up and destroy the uniformity of the terrace.
The idea of causing it to resemble a palace front can never be
realised; and if the builder has to make one house higher than
others it would be better to place it at the corner instead of in
the centre of the mass. The sky-line resolves itself into three
special forms—namely, the pyramid, the tower, and the cupola.
By the pyramid I mean everything that tapers up with two
lines meeting at a central point: it includes the spire, the cone,
and the gable. By the tower I mean everything that rises in a
square mass, and thus the tower includes the massive chimneystack. By the cupola I mean everything that rises with lines
more or less curvilinear, and under that term I include the Man
sard roof. These three include everything out of which the sky
line ought to be formed; and in building in London, with its
varied atmospheric effects, the sky-line ought always to be
taken into consideration. An architect, if he has the selection,
will choose the corner of two places for the erection of his build
ing, on account of the opportunity it gives him for rounding off,
which adds so much to the general effect That is a very laud
able ambition, because he will have scope there which he will fail
to find elsewhere.
Dealing then with houses as units, what are we to come to?
The first thing to look to is the elevation -of the front, which is
all-in-alL It is often very seductive to draw a very pretty geo
metrical elevation; but you may take my word for it, that is very
often little better than a mockery, a delusion, and a snare, when
building in a town. Every building has a front, but it has also
two sides and a back; and the elevation of the front with respect
to the two sides and back, will as often lead astray as lead in the
right direction. Look to what London is—blocks of houses in
closing hollow squares within. These blocks cannot be called
absolutely square, as they are generally longer in front than deep
behind. If buildings are erected nearly on the same elevation, I will
not say you will see an ugly back, because that would be hidden,
but a side that in no way corresponds with the front, and you
will also see an ugly cornice stopping 4^ inches round the corner.
These cornices are the greatest temptations that can come in a
frail and erring architect's way. You should avoid cornices as
you would avoid any other form of evil. If you can carry it
round, you should do so: but if you put a great lump of a cornice,
hanging in front and ending in nothing, you will make a great,
sham, and expose yourself to the criticism you richly deserve
from those who will look more than an inch round the corner.
You should deal with the sky-line as I have stated, run the build
ing up into a cupola, tower, or pyramid, and then you will place
the cornice in its right position. I do not mean to say that the
cornice should not play its part, but its part should be a very
subordinate one in this northern architecture which I advocate.
It should be the base of the sky-line capping, not the termina
tion of the vertical building. For instance, if you had a cornice
as the termination, how could the chimneys be carried out well?
and yet a good solid stack of chimneys, in the hands of a good
architect, is not only virtually but really a tower. It gives ele
vation, and forms a break. It may be to a great degree grand,
and at the same time to as great a degree unsightly. Any stack
of chimneys that requires crockery or metal topping is not only
a failure but a solecism, both architecturally and actually. By
building the stack in a mass, which is not consistent with the
heavy cornices I speak of, you will secure the sky-line, and have
domestic comfort for those within and architectural beauty for
the building. I will give an instance of a great opportunity lost.
If you stand at the north-east corner of the Green-park, you will
have west the whole stretch of Piccadilly; south, the broken
ground of the Green-park, terminating with some of the towers
on the Palace of Westminster. The spires of several churches
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are also to be seen, and a glimpse is also got of Buckingham
Palace, to which distance lends a charm which is said not to
be found nearer. You will see also a large building which I
believe is intended for an hotel. It is an offence to the eye; and
why? Because the details are mean. If it had a Mansard roof,
and a few stacks of chimneys well disposed, then at a distance
of 200 yards you could mass these—but they are wanting; and
where this building might be the turning point of a great town
landscape, it is a huge block of deformity. This may be taken as
an illustration of what I have endeavoured to impress. I do not
know to whom the design of that hotel is owing, and therefore
do not speak from personal feeling, but merely from observation
of the edifice. Lower down, Bridgwater House also fails with
chimneys. They are just sufficient to attract the eye, but not
sufficient to make a rest for the eye which they attract. The
same may be said of Stafford House, though they are both great
masses, with good architecture more or less about them; but
there is want of sky-liue that is more especially needed owing to
the slope of the ground in that direction. If you go to Hanoversquare, to Hyde-park, or anywhere in Grosvenor-square, you will
see the spire of that beautiful building, St. George's Church,
producing, if it be a hazy day, a fine atmospheric effect. The site
of the building may have been an accident, but the effect is
great. Wren's western end of Westminster Abbey, with all its
defects, is a great mass. Near it are Mr. Scott's very picturesque
houses; and in the same neighbourhood, that monument of which
a very high official was able to speak with such a superabundance
of ignorance the other day.
In looking through London, it will be found that street
scenery has not been altogether disregarded. There is the Euston Hotel, with its high elevation; there is also the Great
Western, which is a great improvement; also the Grosvenor Hotel,
near Buckingham Palace, which, without entering into a discus
sion of design, from its altitude boldly thrown skyward, from
the stone of which it is built, and from its pyramidal roof, is to
be admired. Looking at these edifices, nobody will say that the
cause of architecture" is not growing in London. There is a
house lately erected on the west side of Bisbopsgate-street—Mr.
Wilkinson, architect—in which the form of Italian-Gothic has
been introduced, and the cornices have been dealt with so as not
to make the fatal mistake of looking round the corner; the pyra
midal roof has been carried out, and those who approach the
building will find a specimen of magnificent architecture,—a
good outline and great beauty and delicacy of detail. Mr.
Barry's schools at the corner of Endell-street are also works
of very high merit: the height is great, and the gable, which is
one of the elements of the sky-line, successfully handled. Gables
can only be dealt with very gingerly in London, owing to the
restrictions imposed by the Building Act—one of the objects no
doubt being to guard against fires. That should be considered
by architects, and it of course deprives them of full scope. Those
buildings by Mr. Barry have a very good altitude, and a very
sufficient gable, and inside the rooms are airy, light, and well
distributed. That is a locality in which buildings of more or
less merit will be found. The Schools of the parish of St.
Martin show considerable study. The buildings I allude to are
massed together, and the unity contributes to the great whole
of London s future picturesqueness. They show what the town
might be if fairly taken in haud by one person after another, each
person aiming at some particular object. It is a mistake to
think that in Amsterdam and Venice, or in other continental
town, the buildings are all first-rate, or even tenth-rate. They
are generally thirty or fortieth-rate. It is the ensemble to which
they owe their effect, making them appear as if with respect to
each it had been its design and intention to carry out one idea—
and not to the mere mechanical piling of them together.
I will not take you through the city; but in the city there are
many very sumptuous edifices round about our public buildings.
There is Mr. Sari's edifice, and the still more sumptuous Marine
Insurance Office; then there is the somewhat fantastic Telegraph
Office, behind the Royal Exchange, and also the small but pretty
Schools of St. Mary's, Aldermanbury, erected within a few years
by an architect seated in the city. Tf you proceed onwards to
the poorer neighbourhoods, you will traverse street after street,
uniform and monotonous and wretched, and your hearts will
sink within you; yet here and there you will see a sample of
what enlightened enterprise may carry out. In one of the
poorest parts of Bethnal-green, Miss Coutts has built three
great lodging-houses, two of which are complete, the third almost

out of hand. They are solid masses on a huge scale, constructed
of tire-proof material, with some pretensions to architectural
elegance in their sky-line, and with a bulk and solidity which
carry beauty with them. These are full of inhabitants, and are
the representatives and correlatives of many streets and houses,
massed into those great structures. How far the habits of the
population may allow them to live in "flats" instead of houses
is a matter which I cannot enter into; suffice it to say that
here and there the experiment has been tried, and there has
been enough success achieved to warraut its imitation, not
merely by the architect but by the philanthropist.
I have taken you so far through a great deal of London, but
have not yet entered on Belgravia, or Tyburn ia, nor into that
region which has been built in a quarter the name of which I
am afraid I cannot accurately give. A few years ago I should
have called it North Brompton, now I believe I should designate
it South Kensington. Whether it is North Brompton or South
Kensington, there are lai'ge houses and straight streets there.
The height is greater in Tyburuia than in Belgravia, and in
Bromptou-Kensington than in Tyburnia. There is an improve
ment also in the roofing. Still there are many poiuts which do
not admit of so much praise. The material is almost confined
to compo. The distribution of streets is that miserable one of
right angles, square blocks, mutations of palaces—terraces in
short, where we want houses. There is no hatraony in them
with ancient London. They are the last-built specimens of
that style which you ought to avoid if you would make the
metropolis picturesque. There is intended to be in one of these
regions—South Kensington—a building, not yet risen above the
ground, which we are told will be completed by the 1st May,
1862,—I mean the Great Exhibition building. I should havo
hoped and wished that in a lecture on the architecture of Lon
don, one might have wound up with a glowing panegyric on
that very vast expanse of structure. I fear however, that with
all desire to see the Exhibition successful, with all desire to give
praise to every good intention, I cannot be very enthusiastic
iu laudation of that design. People's tongues have been tied
because it is such a very good intention. It would seem like
throwing dirt in the face of one's benefactor to criticise it. On
the other hand, one does not like to cast reproach on anything
that is like an effort of genius, or which might seem to be genius,
emanating from quarters which possess the merit that a gene
rous man always appreciates—that of self-instruction. But still
I must express something not very far distant from profound
disappointment at the design. It is allowable to be disappointed
at a first effort. It is I hope not a crime to be disappointed at
the large cupolas; and disappointment would not have been
changed into approbation had the still larger central cupola con
tinued to form a portion of the design. Here I will leave the
Exhibition of 1862.
Those who have studied the progress of architecture cannot
fail to have realised how much their resources in the way of
material have been developed; how, instead of being confined to
mere Bath and Portland stone, or the ordinary brick, we have
got into the polychromatic development of real material. If you
go into this style at all, you should do so boldly. The mate
rials should be of the best sort, each in its proper place, and all
well and strongly exhibited. We too often see the polychromatic
style of architecture carried out with the yellow brick of London,
with a few red bricks thrown in here and there. That will not
do: the bands should be bold and broad, and the colours distinct.
By some means, fair or foul, you should induce the brick-maker
to give better bricks, such as are used iu many of the brick
buildings on the Continent. The magnificent Hospital of Milan
is built of red bricks, with mouldings carried out in the same
material —hard red bricks, which stand the wear and tesr of cen
turies. If we could get that material in England, well and good;
if not, we should go elsewhere for it. That which we use at
present—the yellow, red, and black—fuses into a uniform choco
late under the London smoke. We should therefore use other
tints, such as green. That colour might be used in painting
window frames, and in other portions of the structure. But
whatever colours are used—yellow, red, black, or green—they
should be of superior quality, and be more boldly dealt with
I have treated exclusively of secular architecture, because I
believe that the brunt of the battle now rests, so far as town
architecture is concerned, with that particular bran h. Churches
which have both gables anil spires take care of themselves.
Ecclesiastical architecture has gone on improving, and has con
41
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tributed, more than anyone has an idea of, to the picturesquenes*
of London; and I leave it as it is, not because I do Dot realise its
great importance in every way, or underrate it, but because it is
not the point which requires expansion and improvement.
I have hardly in the course of the lecture used the words Re
naissance, Gothic, or Classic. I have not adopted that reticence
from cowardice, or from a desire to avoid the subject. I am a
Goth—more than that, a Northern Goth; but I am anxious to
beautify the Northern Gothic with the best points of other styles,
namely, Italian-Gothic, and Italian-Italian — for now that nice
distinction should be drawn. I am willing to give a welcome
to the beet features of Grecian and Italian Gothic, and to extend
the highest admiration to buildings of those classical and various
Htvles. either in or out of London. I look on St. George's,
Hanover-square, as one of the best specimens of picturesque
architecture. Then there is that magnificent structure which
you see when looking up Lndgate-hill—the forest of city spires
to be seen wherever the eye turns—and the grand conceptions of
Hawksmoor, who learned his lessons not in Italy, but on the
Rhine.
If you look at St. George's -in-the-East, you will
realise the inspiration which he must have drawn from styles
very little appreciated by men in those days. I am ready to
give credit wherever credit is due—wherever conception ami
originality get play. I am a Northern Goth in conviction, not
prejudice; because I believe the Gothic best fulfils certain general
rules of taste which ought to be applied in London. If you have
gone with me in treating houses as units, not as component parts
of terraces; if, as I have appealed to you to do, you would play
with the sky-line, and make the cupola, the pyramid, and the
tower the main features of that sky-line; if yon attend to design,
and adopt judicious variety of colour in the materials, then I
leave it to your judgment to answer in what style yon find the
best exemplification of all these principles. I appeal to your
judgment; and the more calm, the more cold, the more critical
that judgment is, the better, for then you would be the more
likely to answer—"The Gothic is the style with which we could
best grapple with these problems." If yon did not say so, I
should be much surprised. My endeavour has been to point out
how, little by little, you all can work, as it were, like ants; so
that contributing by small degrees to the great heap, you may
deal with this London of ours—this vast, sometimes cold, often
foggy, this northern, this great, this inimitable London—and
may each in his own measure help to convert it into a pictu
resque city, in conformity with the natural variations of its soil
and those rides of architecture which you have learned in
northern climates. London will be a picturesque city if you set
your shoulders to the wheel. Its pioturesqueness will not be the
picturesqiieness of abrupt rocks and deep valleys, such as you
have in Edinburgh; but a picturesqiieness in which the vastness of the whole mass of the metropolis much more than com
pensates for those accidental advantages,—where the thousands
and tens of thousands of the houses, its numberless streets, and
the number of reconstructions that go on day after day, may,
with a very small amount of talent expended upon them, pro
duce a great result. The very highest architectural talent is
now available in London. The very highest talent is used here
and there, and in a great many cases a secondary amount of
talent; and that secondary talent, imitating the higher, will carry
on the great work which we all desire to see accomplished. If
there was only something like unity of intention and desire to
build for the sake of the town itself, and not merely for the indi
vidual structure—with a true idea of elevation and aspect as
viewed, not from a few yards distant, but from whatever point
the perspective could be gained; if, above all, the builders
could be got hold of aud made to understand that monotonous
rows of tenth-rate houses, run up with starved dei-igus in horrid
terraces, are not commodious, beautiful, or even cheap; if houses
were built for their own sake, as part of a whole, and not for the
sake of any fancied uniformity with the house next door; if we
could get into the mind of the builder that Loudon is not a
caput mortuum, but a great city in the course of rebuilding—then
it might be rebuilt into something iuo>t picturesque and beau
tiful, by the multitudinous aggregation of units one with another.
Yon might lay the foundation of converting this London of ours
—which is so often (aud so often justly) a mockery and laughing
stock both to people at home and abroad—into a metropi lis
which might in a century or two hence have a name all through
the world for infinite variety, infinite beauty, infinite quaiutne&s,
and also infinite gracefulness of architecture.
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IMPROVEMENTS IN THE WARMING OF BUILDINGS.
Some improvements in the warming of bnildings have recently
been made and patented by Mr. T. Phillips, of Skinner-street,
Snow-hill, London. For warming a conservatory or greenhouse
the patentee employs a cylindrical apparatus, with a plain coni
cal or ornamental top fixed externally at one end of the struc
ture. To this apparatus the gas is conveyed from a simply
constructed gasometer, the size of which is regulated by the
extent of the area to be warmed. Near the base of this cylin
drical standard a set of gas jets are introduced, which arc fixed
on what is termed by the inventor a "patent swing burner"—
very ingeuiously contrived, so that the lighting is effected outside
aud the jets afterwards swing into their proper position within
the cylinder in working order. Over the jets provision is made
for the reception of cold water, conveyed into the standard by
a pipe which enters immediately over the gas jets, when above
this a pipe is inserted through which the water flows after
having been heated by the gas. It is then conveyed by means
of branch pipes in the directions required. One advantage of
this system is, that when employed in structures for horticul
tural and similar purposes, the heat can be maintained at a
uniform temperature throughout the whole night, without per-,
sonal attention. Another advantage is, that in places distant
from gas-works, an apparatus can be readily constructed, on so
simple a plan that it may be easily mauaged by a lad, by which
gas can be made at the rate of 2*. or 2*. 3d. per 1000 feet.
Mr. Phillips' arrangements are equally suitable to the warming
of churches, picture-galleries, and public buildings generally.
The apparatus in which the gas is generated may be of an orna
mental character. The patentee has also introduced for lighting
churches, chapels, aud other buildings, a new light, by which
greater brilliancy of illumination is obtained with half the num
ber of burners, and at a much less cost than by the mode
usually employed.
It would appear that the inventor's cookiug apparatus has
been adopted by the government for military and other esta
blishments. It varies from 1 foot to 6 feet long by 2 ft. 6 in.
wide and 3 feet high; and is so contrived that its various divi
sions are independent of each other, and the arrangements for
the control of the heat are such that the singeing of a feather
or the roasting of a hundredweight, of meat may be effected at
pleasure. One of the large size is in use at the garrison hospital,
Chatham, aud is said to be a perfect success. It carries on
simultaneously the processes of roasting, baking, boiling, and
stewing, for 500 men, at au expenditure of about in. (M. worth
of gas.
,
The baths for domestic purposes a--e simple in their construc
tion, and have the great advantage that the water can be main
tained at a uniform temperature while in use. They are so
contrived as to be readily removed to any part of the house.

UNITED STATES PATENT LAW.
An Act in addition to an "Act topromote the progress of the Uttful ArU.
Approved March 2, 1861.
Be it enacted by the Senate and the House of Representatives of the
United States of America in Congress assembled, that the Commissioner
of Patents may establish rules for taking affidavit* and depositions re
quired in cases pending in the patent office, and such affidavits and depo
sitions may be taken before any justice of peace, or other officer authorised
by law to take depositions to be used in the courts of the United States,
or in the state courts of any state where such officer shall reside; and in
any contested case pending in the patent office it Bhall be lawful for the
clerk of any court of the united States for any district or territory, and
he is hereby required, upon the application of any party to such contested
cose or the agent or attorney of such party, to issue subpoenas for any
witnesses residing or being within the said district or territory, com
manding Buch witnesses to appear and testify before any justice of the
peace or other officer as aforesaid, residing within the said district or ter
ritory, at any time and place in the subpeeua to be stated; and if any
witness after being duly served with Buch subpeeua shall refuse or neglect
to appear, or afier appearing shall refuse to testify (not being privileged
from giving testimony), such refusal or neglect being proved to the satis
faction of any judge of the court whose clerk shall have issued such subpcena, Baid judge may thereupon proceed to enforce obedience to the
process, or to punish the disobedience in like manner as any court of the
United States may do in case of disobedience to process of subpoena ad
testificandum issued by such court; and witnesses in such cases shall be
allowed the same compensation as is allowed to witnesses attending the
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courts of the United States; provided that no witness shall be required
to attend at any place more than 40 miles from the place where the
subpoena Bhall be served upon him to give a deposition under this law:
provided also that no witness shall be deemed guilty of contempt for re
fusing to disclose any secret invention made or owned by him; and pro
vided further that no witness shall be deemed guilty of contempt for
disobeying any subpoena directed to him by virtue of this act unless his
fees for going to, returning from, and one day's attendance at the place
of examination, shall be paid or tendered to him at the time of the service
of the subpoena.
2. That for the purpose of securing greater uniformity of action in the
grant and refusal of letters patent, there shall be appointed by the Presi
dent, by and with the advice and consent of the Senate, three exammersin-chief, at an annual salary of $300(1 each, to be composed of persons of
competent legal knowledge and scientific ability, whose duty it shall be,
on the written petition of the applicant for that purpose being filed, to
revise and determine upon the validity of decisions made by examiners
when adverse to the grant of letters patent; and also to revise and deter
mine in like manner upon the validity of the decisions of examiners in inter
ference cases, and when required by the commissioner in applications for
the extension *of patents, and to perform such other duties as may be
assigned to them by the commissioner; that from thjir decisions appeals
may be taken to the Commissioner of Patents in person, upon payment
of the fee hereinafter prescribed; that the said examiners-in-chief shall be
governed in their actions by the rules to be prescribed by the Commis
sioner of Patents.
3. That no appeal shall be allowed to the examiners-in-chief from the
decisions of the primary examiners, except in interference cases, until
after the application shall have been twice rejected; and the second exa
mination of the application by the primary examiner shall not be had
until the applicant, in view of the reference given on the first rejection,
shall have renewed the oath of invention, as provided for in the 7th
section of the act entitled ■' An act to promote the progress of the useful
arts, and to repeal all acts and parts of acts heretofore made for that
purpose," approved July 4, 1836.
4. That the salary of the Commissioner of Patents, from and after the
passage of this act, shall be $4500 per annum, and the salary of the chief
clerk of the patent office shall be $'2500, and the salary of the librarian of
the patent office shall be $1800.
5. That the Commissioner of Patents is authorised to restore to the
respective applicants, or when not removed by them to otherwise dispose
of such of the models belonging to rejected applications as he shall not
think necessary to be preserved. The same authority is also given in re
lation to all models accompanying applications for designs. He is further
authorised to dispense in future with models of designs when the design
can be sufficiently represented by a drawing.
6. That the 10th section of the act approved March 3rd, 1837, autho
rising the appointment of agents for the transportation of models and
specimens to the patent office, is hereby repealed.
7. That the commissioner is further authorised from time to time to
appoint, in the manner already provided for by law, such an additional
number of principal examiners, first assistant examiners, and second as
sistant examiners, as may be required to transact the current business of
the office with despatch, provided the whole number of additional exa
miners shall not exceed four of each class, and that the total annual
expenses of the patent office shall not exceed the annual receipts.
8. That the commissioner may require all papers filed in the patent
office, if not correctly, legibly, and clearly written, to be printed at the
cost of the parties filing Buch papers; and for gross misconduct he may
refuse to recognise any person as a patent agent, either generally or in
any particular case; but tin- reasons of the commissioner for such refusal
shall be duly recorded, and subject to the approval of the President of
the United States.
9. That no money paid as a fee on any application for a patent after
the passage of this act shall be withdrawn or refunded, nor shall the fee
paid on filing a caveat be considered as part of the sum required to be
paid on filing a subsequent application for a patent for the same in mention.
That the three months' notice given to any caveator, in pursuance of the
requirements of the 12th section of the act of July 4th, 1886, shall be
computed from the day on which such notice is deposited in the postoffice at Washington, with the regular time for the transmission of the
same added thereto, which time shall be endorsed on the notice; and that
so much of the 1 3th section of the act of Congress, approved July 4th,
1836, as authorises the annexing to letters patent of the description and
specification of additional improvements, is hereby repealed, and in all
cases where additional improvements would now be admissible inde
pendent patents must be applied for.
10. That all laws now in force fixing the rates of the patent office fees
to be paid, and discriminating between the inhabitants of the United
States and those of other countries which Bhall not discriminate against
the inhabitants of the United States, are hereby repealed, and in their
stead the following rates are established: —On filing each caveat, $10. On
filing each original application for a patent, except for a design, $15. On
itsuing each original patent, $20. On every appeal from the examinersin-chief to the commissioner, $20. On every application for the re-issue
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of a patent, $30. On every application for the extension of a patent,
$50; and $50 in addition on the granting of every extension. On filing
each disclaimer, $10. For certified copies of patents, and other papers,
10 cents per hundred words. For recording every assignment, agree
ment, power of attorney, and other papers, of 300 words or under, $1.
For recording every assignment and other papers, over 300 and under
1000 words, $2. For recording eveiy assignment or other writings, if
over 1000 words, $3. For copies of drawings, the reasonable cost of
making the same.
11. That any citizen or citizens or alien or aliens, having resided one
year in the United States, and taken 1 he oath of his ot their intention of
becoming a citizen or citizens, who by his, her or their own industry,
geniuB, efforts, and expense, may have invented or produced any new and
original design for a manufacture, whether of metal or other material or
materials, and original design for a bust, statue, or bas-relief, or composi
tions in alto or basso-relievo, or any new and original impression or orna
ment, (or) to be placed on any article of manufacture, the same being
formed in marble or other material, or any new or useful pattern, or
print, or picture, to be either worked into, or worked on, or printed,
or painted, or cast, or otherwise fixed on any article of manufac
ture, or any new and original shape or configuration of any article of
manufacture not known or used by others before his, her, or their
invention or production thereof, and prior to the time of his, her, or their
application for a patent therefor, and who shall desire to obtain an exclu
sive property or right therein to make, use, (and sell) and vend the same
or copies of the same to others, by them to be made, used, and sold, may
make application in writing to the Commissioner of Patents expressing
Buch desire: and the commissioner, on due proceedings had, may grant
a patent therefor, as in the case now of application for a patent, for the
term of three and one-half years, or for the term of seven years, or for the
term of fourteen years, as the said applicant may elect in his application;
provided that the fee to be paid in such application Bhall be, for the term
of three years and six months, $10; for Beven years, $15; and for fourteen
years, $30: and provided that the patentees of designs under this act
shall be entitled to the extension of their respective patents for the term
of seven years from the day on which said patents shall expire, upon the
same terms and restrictions as are now provided for the extension of
letters patent.
12. That all applications for patents shall be completed an,d prepared
for examination within two years after the filing of the petition, and in
default thereof they shall be regarded as abandoned by the parties there
to, unless it be shown to the satisfaction of the Commissioner of Patents
that such delay was unavoidable; and all applications now pending shall
be treated as if filed after the passage of this act; and all applications for
the extension of patents shall be filed at least ninety days before the ex
piration thereof, and notice of the day set for the hearing of the case
shall bepublished, as now required by law, for at least sixty days.
13. That in all cases where an article is made or vended by any person
under the protection of letters patent, it shall be the duty of Buch person
to give sufficient notice to the public that said article is bo patented,
either by affixing thereon the word patented, together with the day and
year the patent was granted, or when from the character of the article
patented that may be impracticable by enveloping one or more of the
said articles, and affixing a label to the package or otherwise attaching
thereto a label on which the notice with the date is printed; on failure of
which, in any suit for the infringement of letters patent by the party
failiug so to mark the article the right to which is infringed upon, no
damage shall lie recovered by the plaintiff, except on proof that the
defendant was duly notified of the infringement, and continued after such
notice to make or vend the article patented. And the 6th section of the
act entitled an "Act in addition to on act to promote the progress of the
useful arte," and so forth, approved August 29th, 1842, be and the same
is hereby repealed.
14. That the Commissioner of Patents be and is hereby authorised to
print, or in his discretion to cause to be printed, ten copies of the descrip
tion and claims of all patents which may hereafter be granted, and ten
copies of the drawings of the same when drawings shall accompany the
patents: provided the cost of printing the text of said descriptions and
claims shall not exceed, exclusive of stationery, the sum of two cents per
hundred words for each of the said copies, and the coBt of the drawing
shall not exceed fifty cents per copy: one copy of the above number shall
be printed on parchment, to be affixed to the letters patent: the work
shall be under the direction and subject to the approval of the Commis
sioner of Patents, and the expense of the said copies shall be paid for out
of the patent fund.
15. That printed copies of the letters j>atent of the United States, with
the seal of the patent office affixed thereto, and certified and signed by
the Commissioner of Patents, shall be legal evidence of the contents of
said letters patent in all cases.
16. That all patents hereafter granted shall remain in force for the
term of seventeen years from the date of issue; and all extensions of such
patents is hereby prohibited.
17. That all acts and parts of acts heretofore passed which are incon
sistent with the provisions of this act, be ana the same are hereby
repealed.
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NOTES OF THE MONTH.

The Dalhousie Institute Competition.—The Committee of the
Council of the Dalhousie Institute appointed to select the designs
from those submitted in competition, have adjudged the first
prize of Rs. 3000 to Mr. C. G. Wray, Executive Engineer, Raraghur Division, Hazareebagh; and the second prize of Ra. 1000 to
Mr. W. S. Granville, 7, Harrington-street, Calcutta. A design
by Mr. John Toner, of 38, John-street, Bedford-row, London,
was held by the committee not to have complied with the terms
of the competition so as to admit of its being placed, but it was
considered to possess such peculiar merit that it was determined
to award to it an extra prize of Rs. 500. Seventeen designs were
submitted for the building—five being sent from England, and
twelve from India. The successful designs and estimates are to
be carefully revised with a view to the speedy submission of
a design for the approval of the government.
Roman Remains.—The city of York, the ancient Eboracum, is
a prolific field for Soman remains. Very lately some interesting
remains were found in the digging of the foundation for a house
ou the Mount, the southern suburb, which was that part of the
city in which the Romans interred their dead, and it is not very
far from the hill erected to the memory of the Emperor Severus. Among the articles found are various articles of pottery,
either sepulchral urns or vessels of domestic use, including one
of the small earthenware vessels employed in feeding infants
by the hand, of which some specimens may be seen in the
museum of the Yorkshire Philosophical Society. A very per
fect and beautiful example was also found of the glass jar which
sometimes took the place of pottery as a receptacle for the
;nhes of the dead. When extracted from the earth it was half
filled with bones. The glass is partially opalised by long lying
in the ground, but it has escaped fracture. The most curious of
the antiquities discovered here is a tablet of grit-stone, dedicated
by her father to the manes of Cornelia Optata, who died at the
age of 13. It is in hexameter verse, and the father, bewailing
his hard lot, declares that he has placed an image of his daughter
over the handful of ashes which alone remained of her. The
upper part of the tablet which contained this figure has been
broken off, only the feet remaining.
Chertsey Abbey.—The site of this ancient abbey, of which no
remains are above grouud, has been recently purchased by Mr.
T. R. Bartrop, one of the honorary secretaries of the Surrey Archreological Society. It is his intention, during the present year,
to have the ground thoroughly excavated, when no doubt many
interesting relics will be found. Iu 1855 it was partly examined,
and a splendid set of encaustic tiles discovered, which are now
in the South Kensington Museum.
British Association for the Advancement of Science.—The thirtyfirst meeting will be held in Manchester, September 4th, 1861,
under the presidency of William Fairbairn, Esq., LL.D., F.R.S.
The local sub-committee of Section A (Mathematical and Phy
sical Science) for the ensuing meeting of the British Association
at Manchester, considering that an Exhibition of Telegraphic
Machinery, illustrating its gradual development, would prove
interesting and instructive, has determined if possible to arrange
such an exhibition. With this view the committee are seeking
from those connected with this subject contributions i f instru
ments, batteries, or specimens of insulation, &c, showing the
history, progressive improvements, and present condition of tele
graphy. Persons willing to assist the committee are requested,
at their earliest convenience, to forward a statement of what in
struments or specimens they would be disposed to contribute.
It is proposed to illustrate the practical working of the various
instruments by opening communications on one evening to the
principal cities of this country and the Continent—say to London,
Aberdeen, Dublin, Cork, Berlin, Vienna, &c; and the committee
will be glad to know upon whom they may depend for aid in
establishing these communications, and to what places it may be
desired to wot'k through special wires to be extended to the Free
Trade Hall, and what amount of accommodation will be likely
to be required in the building. Portraits of men eminent in the
science of telegraphy, photographs of telegraphic works or appa
ratus—in short, anything calculated to increase the interest of
the exhibition, will be gladly received by the committee. Com
munications should be addressed to R. B. Clifton and Thomas
Heelis, the hon. secretaries of the Section.

[June 1, ISO}

Royal Institute of British Architects—Presentation of Prizes.—
The prizes have been awarded to the' following gentlemen:—
To Mr. Walter Paris, Fergusson's 'Handbook of Architecture,'
for the best design for a literary and scientific institution. To
Mr. Richard C. Carpenter, Petit's 'France,' for the second best
design for ditto.
To Mr. Edward Tarver, Gwilt's 'Encyclopcedia,' for the best set of monthly sketches. To Mr. Walter
Paris, 'Parker's Glossary,' for the second best ditto. The .£50
prize claimed by Mr. Thomas Vanghan, jun., of Stoke Newington, the successful competitor for the Soane Medallion in 1859,
was awarded. This gentleman being abroad, his father attended
for him and received the prize, the president requesting him to
convey to his son the congratulations of the Institute. The
president then presented to M. J. H. Le Sueur her Majesty's
gold medal, and said that the Institute had great pleasure in
recording the name of that gentleman among its most illustrious
members.
The Austrian Engineers' Union.—Two prizes are offered for
the ensuing year, one of 400 German dols., and. a second of
200 dpls., for a historical and theoretical account of the latest
roofs of wood and iron, beginning at 8 fathoms, up to the largest
accomplished width of span. Two other prizes of like amount
are offered for a historical, statistical, and critical account of the
apparatus and means used for greasing railway carriages. Com
petitors for these piizes must send in their contributions before
the end of October 1862.
Persons wishing to compete for
these prizes should apply for prize lists to the Ingenieur-Verein,
Vienna,
Giffard's Injector.—The principle of Giffard's Injector appears
to have been known upwards of a century ago. In 1753, Bichard
Savery, of Birmingham, published a book in which he gave a
plan and description of an apparatus for raising water by steam.
A conical nozzle, discharging a jet of steam, was shown within
another similar nozzle, as in the Injector, the water being thug
drawn up through and discharged from the annular passage.
Among other copies of Savery's book, one is now preserved at
Messrs. Elkington and Mason's, of Birmingham.
India-rubber and Gutta-percha Cables for Telegraphic Wires.—
Seven manufacturers having furnished Prof. Wheatstone with a
sample of their coated cables, and he having carefully tested each
separately, the professor records— " 1. That india-rubber sur
passes all other materials in the smallness of the amount of its
inductive discharge, and the perfectness of its insulation. 9. A
coating of india-rubber is fully equal to a gutta-percha coating of
double its thickness." He further says—" Messrs. Silver's indiarubber maintains an insulation almost perfect up to 92° Fahr.,
whilst gutta-percha is very considerably affected. Silver's indiarubber retains its high insulation with little or no change, and
preserves nearly the same amount of discharge from 32° to 165°
Fahr."
The New Houses of Parliament.—A report has been issued by
the Royal Commission appointed in 1841 to inquire whether ad
vantage might not be takeu of the rebuilding of the Palace of
Westminster for promoting and encouraging the fine arts. With
regard to paintings, the commissioners have found that under
existing conditions of lighting, oil pictures prove altogether unfit
for the purpose; and they have therefore restricted the works
now in progress to fresco or to the water-glass process practised
iu Germany. With regard to statues, a committee consisting of
the Prince Consort and Lords Stanhope and Llanover have re
commended in addition to Gibson's marble statue of her Majesty,
already completed for the Prince's Chamber, a series of thirtyseven, comprising Edward the Confessor, Harold, and then from
William the Conqueror downwards; twenty on the landingplaces to be of metal, the other seventeen of white marble; and
they recommend that Mr. W. Theed be invited to undertake two
of the latter (William IV. and George IV.), and Mr. T. Thornycroft other two (Charles I. and James I.) at £800 each. Accord
ingly the report proposes that the vote this year be £3200,
instead of the usual £4000, for the balances of former grants in
hand for payment of works in painting are in advance of those
works.
New German Church.—The foundation stone of a new German
Evangelical Church was laid, on the 27th ult., in Hattou-street,
Islington. The design is by Mr. T. W. Constantine, architect,
London. There were seven competitors. The edifice is intended
to accommodate between 300 and 400 persons-
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THE EMBANKMENT OF THE THAMES.
At a recent meeting of the commissioners the chairman stated
that they had arrived at the opinion that at Hungerford the em
bankment should be filled up solid from the present shore,
and should extend to the pier of the bridge, having a projec
tion of about 300 feet; and that at Blackfriars it should project
130 feet from the existing abutment of the bridge, with access
for barges to the wharves behind it. The designs submitted for
the new Blackfriars-bridge would have to be prepared in accor
dance with the contemplated position of the embankment.
Probably few persons are aware of the great extent to
which encroachments have been made on the river, and of the
urgent necessity which there consequently exists for some com
prehensive scheme which shall at once and for ever bound the
river with a uniform shore. Mr. Page, in the course of his
evidence before the commissioners, presented a copy of a plan of
the Thames as it existed in the seventeenth century, from which
it appeared that since that period the followiug among other
encroachments had been made:—
The embankment made in 1767, in connection with the Black
friars-bridge, 2560 feet in length, advanced into the river to an
extent, at Whitefriars-dock, of 200 feet; the embankment in front
of Arundel house and gardens. 700 feet in length, advanced
60 feet into the river; the embankments for the present Somersethouse and Savoy, making an aggregate length of 950 feet, ad
vanced into the river from 50 to 110 feet. The embankment for
the Adelphi in 1770, a length of 800 feet, projected from 90 to
120 feet.
The embankment for Hungerford-market Wharf,
2.30 feet in length, projected 140 feet. The embankment at
Scotland-yard and Fife-house, 340 feet in length, projected from
30 to 100 feet. The embankments at "Whitehall-gardens and the
Old Bowling-green, 850 feet in length, projected from 60 feet to
100 feet. The embankment for old Westminster-bridge, and
parts adjacent, 500 feet in length, projected from 30 to 100 feet;
and lastly, the embankment in front of the old Houses of Par
liament, 1030 feet in length, projected from 70 to 150 feet;
while the recent embankment for the present Houses of Parlia
ment, nearly 900 feet in length, projects before the last line from
80 to 100 feet.
In our present number illustrations of several of the designs
submitted are inserted, with descriptions in the majority of
instances in the authors' own words, of nearly the whole of the
various schemes. It will be seen by reference to our volume of
1844, to which we alluded last month, that while those schemes
which propose an extension of the present shore may be con
sidered as modifications of the plan proposed by Mr. Walker;
those on the other hand which show detached embankments, are
variations of the design first proposed in 1843 by Mr. Page.
The sections of the various designs are all to a uniform scale
of 32 feet to an inch, and the whole will we think form an inte
resting and useful collection of the ideas which have been sug
gested on the subject.
Design by Mr. Thomas Page, M.I.C.E.
The plan laid before the commissioners by Mr. Page is nearly
the same as was approved by her Majesty's Commissioners for
Metropolitan Improvements in 1844, of which commission the
present Duke of Newcastle was president. The modifications
consist in increasing the width of the carriageway and foot
ways. The priuciple on which it is based is the accommoda
tion of the interests of the wharfingers with the desiderata for
a public carriageway, promenade, railway, and low-level sewer;
and also with the interests of the river as a port, which last
consideration should have due weight in the present inquiry.
It is evident that the plans for a solid embankment would
involve such an amount of interference with the various wharves
as would render it necessary to purchase most of the property
at an enormous expense, while the conversion of so much water
area into land by obstructing the free flow of the flood-tide,
would prejudicially affect the scour of the river in the Pool.
All considerations lead to the conclusion that a detached em
bankment would be the best adapted to the various interests
above mentioned. The plan comprises an embankment from
Westminster-bridge to Blackfriars-bridge, on the line approved
by the royal commissioners in 1844. At Westminster-bridge the
line of the embankment would accord with the abutment of the
new bridge, and the terrace of the Houses of Parliament. Be
tween Westminster-bridge and Scotland-yard, the public prome

nade, 30 feet wide, would occupy the front of the embankment as
far as Whitehall-palace, where the carriage trathc would enter,
being carried across the side channel or tidal-dock to the main
line of the embankment, 70 feet wide, on which it will run by
a viaduct, so as least to interfere with the wharfingers.
It is proposed to fill the embankment up solid between West
minster-bridge and the north end of Whitehall-gardens, which
would afford between Westminster-bridge and Richmond-terrace
a valuable site for building purposes and low-level railwaystation; and between Richmond-terrace and Whitehall-gardens,
a space admirably adapted to the recreation of the public in the
shape of pleasure-gardens. (See illustration, Plate XX.) The
carriageway would commence at Whitehall-place, and extend
thence to Blackfriars-bridge, on an embankment 70 feet wide,
and at a level of 12 feet above Trinity high-water, passing
under the second arch of Waterloo bridge to a point opposite
Norfolk-street, where a junction would be formed with a com
munication to the Strand. The roadway would then gradually
descend to a level of 5 feet above Trinity high-water, at which
level it would pass in front of Temple-gardens, and leaving the
river-liue pass along a broad road in a diagonal direction to
Tudor-street; by which means that portion of the traffic not re
quiring to go to Blackfriars-bridge would avoid the ascent which
would be otherwise necessary, and the crowding and confusion
from too great a concentration of traffic would be obviated.
From the point of junction at the east end of Temple-gardens
with the proposed street to Blackfriars-bridge, the direct line of
the embankment is continued by a viaduct of the reduced width
of 50 feet (the traffic being lighter over this portion), and with
spans of about 50 feet, rising at a gradual inclination of 2\ per
cent, to Chatham-place, 19 feet above Trinity datum.
Free
access is thus given to the barges unloading at the City Gas
Works. As observed by Mr. Page in evidence, the viaduct
could be carried out as far as Southwark or London bridges on
a high level, without damaging or interfering with the wharf
property in that locality.
The side channel or tidal-dock would extend from Whitehallgardens to the Temple, having five entrances with a headway of
9 ft. at high-water, and 18 ft. at half-tide, for the accommodation
of the barges, which would obviate the necessity of swing-bridges.
It is proposed to carry the low-level sewer along the fore
shore between the wharves and embankment, to avoid the
expense, delay, and risk to property, in constructing it under the
Strand and Fleet-street. Mr. Page in his evidence before the
commission stilted that nothing could be more simple and easy
than to provide for and construct the sewer, as proposed by
him, quite distinct from the embaukment, in the foreshore of
the river between the wharves and the embankment.
To execute the work in the least time and at the least expense,
Mr. Page suggests that the lower half of the circle should be
formed of concrete made with Portland cement and gravel: that
the excavation being formed with sloped sides, a semicircular
iron mould should be slung and fixed at the proper height, of a
diameter 18 inches greater than the finished sewer, to allow of a
lining of very hard bricks. This mould or inverted centre being
in place, the concrete would be shot in on both sides, and the
lower half of the structure rapidly completed, the 9-inch lining
formed, and the remainder of the sewer, the sides and orown
above the centre, built in brickwork. Mr. Page considers that
this mode of proceeding possesses very great advantages, as it
would not be required lo pump out the water as for brickwork;
it would be done with great rapidity, and an excellent and eco
nomical sewer would be secured aloug the shore of the river.
The whole could be so arranged that the excavation for one
length of sewer could be filled in immediately river the crown of
a previous length. Mr. Page remarked that the adoption of
this construction in considerable lengths of the great sewer
works under the Metropolitan Board of Works, would be attsnded with a great saving of expense compared with the cost
of brickwork.
The distance of the sewer from the shore in this desigu would
probably vary; it would be brought much nearer the wharves if
a railway were not formed. In reply to a question, Mr. Page
stated before the commission that whether the invert of the sewer
be constructed of brickwork or coucrete, the ground would be
equally pressed upon; but there would lie soft places here and
there, and in such places he would fill up with a certain depth
of concrete. And further: that whether the sewer is made as
proposed by him or whether it is made under the embankment.
42
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the ground would be equally firm or equally loose—the em
bankment would not assist the support of the invert; it would
only assist the support of the sides of the sewer. When the
sewer is made, of course if the ground is soft it would be
piled, or excavated deep and filled up with concrete, depending
upon the nature of the ground. Mr. Page went on to say that
the same operation must be performed if the sower is made in
the embankment; and if it is made in the embankment more
water would have to be contended against, that is, the works of
the sewer would not be so soon out of the water as they would
be if the sewer were made near the wharves. Taking into con
sideration the question of the foundation of the sewer, and sup
posing—which is a certainty—that whether the sewer is near
the wharves or in the line of the embankment, the ground on
which it rests must be either solid or solidified, the only ad
vantage in placing the sewer in the embankment is that so
much support is obtained against lateral pressure, and that sup
port can be very easily seemed by increasing the thickness of
the concrete in which it is proposed to imbed it. If the sewer
were in the embankment there would be a deeper shaft or greater
depth of ground to pass through to reach it in case of repairs.
Mr. Page proceeded to explain that any pressure on the sewer
could be withstood by increasing the thickness of the concrete
round it. It is proposed that the sewer should commence by a
junction with the Victoria sewer at Scotland-yard, and be carried
down to Queenhithe to join the great low-level sewer as proposed
by Mr. Bazalgette.
Design by Mr. Bazalgette, M.I.C.E.
The design now laid by Mr. Bazalgette before the Koyal
Commission is the same or nearly so with that which, in con
junction with Mr. Hemans, he brought before the Parliamentary
Committee last year, but owing to the passing of the London,
Chatham, and Dover Railway Bill last session, and in conse
quence of a more minute inquiry into the value of the river
side property, he has been induced to offer to the consideration
of the commissioners some modifications of his previous scheme
as alternative propositions.
The scheme comprises a river-wall on both sides of the river,
on the north side from Westminster-bridge to Queenhithe, and
on the south side from Westminster-bridge to Hiberuia-wharf,
London-bridge; that on the north side with or without docks,
in front of existing wharves, according to circumstances here
after described, and that on the south side being filled in solid.
The embankment on the north side carries a roadway 100 feet
in width, which extends from Westminster-bridge to Queenhithe
on the embankment; and is ihence proposed to be continued
of a reduced width of 60 feet, in a north-easterly direction to
Cannon-street and the Bank. The low-level sewer is to be con
structed within the embaukment and along the proposed new
street to Cannon-street, and along Cannon-street to the pumpiugstatiou at Abbey Mills.
The embankment wall is proposed to be constructed on both
sides up to a level of 4 ft. above t.h.w.m., and is to be composed
of cast-iron piling aud plates with concrete backing (see illustra
tion, PI. XX.) Its encroachment into the river on the north side
is indicated by a line passing from the abutment of Westminsterbridge close behind the north pier of Hungerford-bridge, and the
second pier of Waterloo-bridge, and terminating at the first
arch of Blackfriars-bridge, or continued behind the second pier
of Blackfriai-s-bridge to the east side of Queenhithe-dock. On
the south side a line representing the face of the wall would
pass from the south abutment of Westminster-bridge, midway
between the southern pier aud the abutment at Hungerford,
close behind the first pier of Waterloo, and onwards to the abut
ments of Blackfriars and Southwark bridges, and eventually
would meet the new wall of Hibernia-wharf at London-bridge.
The width of the river is thus reduced between Hungerford and
Waterloo bridges from about 1400 to 863 feet, the narrowest
Eart of the river at preseut between Southwark aud London
ridges being only about 660 feet in width. To make up for the
deficiency of tidal-water caused by this reduction in the width
of the river, as also with the object of improving the uavigable
channel of river it is proposed to dredge the bed so as to obtain
a minimum depth of 5 feet below low-water level.
If docks be constructed to accommodate the existing trade, it
is proposed to form five docks for the water-side traffic (see plan),
designated after their localities, as the Westminster, Hungerford,
Temple, Whitefriars, and Blackfriars docks, and occupying in all
21 acres; the intermediate portions of solid embankment amount
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to 15 acres exclusive of that part devoted to the roadway, which
covers 20 acres more. Ten entrances in all are proposed for the
docks, with headways varying from 8 to 18 feet above Trinity
high-water, the level of the sills being restricted by the sewer to
14 feet below Trinity, a level which will leave a minimum depth
of 6 feet of water on the sill two hours before and after highwater, during which period barges will be able to leave or enter
the docks. The entrances will be closed by tidal-gates, so as to
leave at all times a minimum depth of 6 feet of water in the
docks, thus enabling the craft to be moved about within the
docks at all times.
The roadway, 100 feet in width, starting from the level of
Westminster-bridge, descends at a gradient of 1 in 60 to the
level of the embankment-wall, 4 feet above Trinity high-water, at
which level it is continued in front of Privy-gardens, rising again
at a gradient of 1 in 60 from a point west of Hungerford-bridge
which it passes under, leaving a headway of 16 feet, and then
proceeds at the same gradient to a point about midway between
Hungerford and Waterloo bridges; at this point the 100 feet is
split iuto two roads of 40 and 60 feet wide respectively, the for
mer being continued at the same gradient, aud curved on plan to
form an approach to Wellington-street; the latter or main road,
60 feet in width, being continued at a descending gradient of
1 in 83 to pass under Waterloo-bridge, leaving there a headway
of 16 feet, and again ascending at a gradient of 1 in 280 to a point
opposite Arundel-street, where it is met by a 40 feet curved road
from Wellington-street, descending at a gradient of 1 in 50.
From this junction the road is continued of its full width of
100 feet, at a level of 14J feet above Trinity high-water, in front
of the Temple-gardens. It was originally intended to carry the
roadway over Blackfriars-bridge, with ascending and descending
gradients on either side, but the passing of the Chatham and Dover
Railway Bill has rendered this impracticable while the present
bridge stands, and it is now suggested that if the embankment be
still extended to Queenhithe, to pass it—the roadway—under the
bridge, with a descending gradient of 1 in 50, leaving a headway
of 18 feet under the bridge, a level approach 40 feet wide being
extended to Chatham-place. On the east side of the bridge,
the main road of the full width ascends at the same gradient to
a level of 17j feet above Trinity high-water, and continues level
thence to Queenhithe. At this place a 40 feet branch roadway
would descend at a rate of 1 in 50 to form a junction with
Thames-street, and a 60 feet main road would ascend at the
same gradient to pass over Thames-street, and continue on a
level or nearly so to Cannon-street and thence to the Bank. The
levels of the roadway generally are so designed as to admit of
approaches at easy gradients to any of the streets now leading
from the Strand, aud other main thoroughfares to the Thames.
Where the roadway is elevated above the level of the embaukment-wall it is designed to be carried on brick arches and
iron girders, supported by iron cylinders resting on the gravel
below the river bed. The appearance presented towards the
river is that of a series of elliptical arches springing from octa
gonal piers, the whole being of cast-iron and highly ornamented.
It is proposed to devote the space beneath the elevated roadway
to the storage of goods or any similar purpose iu connection
with the water-side business. It is also proposed to carry out
projecting landing-stages at intervals, at the same level as the
roadway, so as to admit of goods being lifted direct out of
the barges lying in the docks on to the waggons standing on
the same level as the roadway, thereby avoiding the difficulty
at present experienced in bringing waggons up the steep
approaches from the wharves to the Strand.
The river-side
business will be further facilitated by the increased wharfage
frontage in the docks, which is in some cases as much as
quadrupled.
Owing to the difficulties and uncertainty arising from the
construction of the bridge for the London, Chatham, and Dover
Railway, and the probable reconstruction of Blackfriars-bridge;
having regard also to the great value of the property east
of Blackfriars-bridge, and the strong objection by the* parties
interested in that property to the construction of an embank
ment in front of their premises, Mr. Bazalgette has suggested
an alternative proposition for an embaukmeut-wall terminating
at Blackfriars-bridge, with a roadway continued to New Cannonstreet, along Mr. Running's proposed route of New Earl-street,
and extended on to the Bank. In this case he proposes that
the sewer should leave the river at Blackfriars, and be con
structed from thence along New Earl-street to and along Cannon
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street as before. To avoid the silting up which would pro
bably take place in the bay left on the east side of the bridge,
if the embankment were constructed on the lines previously
described, Mr. Bazalgette purposes in this case to bring the
embankment-wall further inland, to range with the first instead
of the second pier of the bridge, so as to cause the tide to set
into the bay at Queenhithe and wash away the mud.
Mr. Bazalgette has submitted estimates for these propositions,
both with docks and also on the assumption that the provision of
docks be abandoned, the wharf property be bought up, and the re
claimed ground filled in solid between the new and existing river
walls. Whilst this treatment therefore involves the purchase of
the river-side property and trade, it leaves an area of 32£ acres
between Westminster and Blackfriars bridges, and 3j acres be
tween Blackfriars-bridge and Queenhithe, available as building
ground or for other purposes. Mr. Bazalgette considers this
feasible up to the western side of Blackfriars-bridge, but im
practicable on the eastern side owing to the great value of the
property on that side, and the comparatively small amount of
land reclaimed. Mr. Bazalgette's estimates for his scheme and
its several modifications are as follow:—
Ettimate for Design with Docks.
NORTH SIDE.

Embankment from Embankment from
Westminster bridge Westminster bridge
toBlackfriors bridge to Queenhithe.

Iron-faced embankment to level Of
4 feet above Trinity high-water ...
Superstructure, roadway, and ap
proaches
New street from Blackfriars to Can
non-street
New street from Queenhithe to Can
non-street
New street from Cannon-st to Bank
Compensation, &c

£296,000

£384,000

346,000

461,000

650,000

300,000
64,000

175,000
240,000
105,000

£1,566,000

£1,365,000

201,500

201,500

say, 1,758,000

say, 1,567,000

SOUTH BIDE.

Iron-faced embankment to level of
4 ft. above Trinity high-water (from [
Westminster-br. to Hibernia-wharf )

Isttimate for Design for Solid Embanhm cat.
NORTH SIDE.

Embankment from Embankment from
Westminster bridge Westminster bridge
toBlackfriara bridge to Queenhithe.

Iron-faced embankment to level of
4 feet above Trinity high-water ...
Superstructure, roadway, and ap
proaches
New street from Blackfriars to Cannon-Btreet
New street from Queenhithe to Can
non-street
New street from Cannon-st. to Bank
Purchase of property
SOUTH SIDE.

£240,700

£306,000

346,000

461,000

550,000

300,000
750,000

175,000
240,000
2,050,000

say, 2,187,000

£3,232,000

Iron-faced embankment to 4 feet
above Trinity high- water (from West >
minster-bridge to Hibernia-wharf )
)

201,500

201,500

Bay, 2,389,000

say, 3,434,000

Design by Mr. A. M. Rendel, C.E.
In this design docks are provided within the embankment,
having a depth of 1 2 feet at Trinity high-water. Access to them
is provided by locks approached from the river by two large
tidal-basins, one between Hungerford and Waterloo bridges, the
other between Waterloo and Blackfriars bridges. The width of
the river entrances of these basins is 240 feet. The roadway of
the embankment is carried over them by iron arches in one
single span, allowing a clear headway of 12 feet at Trinity highwater, and 30 feet at Trinity low-water. The depth of these
basins at their junction,with the river and at the locks is such,
and the cilia of the locks are laid at such a level, that the
largest billy-boys can pass between the river and docks at any
time of tide between high-water and dead low-water. Branch
roads passing along each of the side walls of the basins and over
the locks, afford four communications with the Strand and Fleetstreet by means of streets already existing.
The embankment passes under all the bridges (except West
minster, which it joins), at a level of 6 feet above Trinity highwater, but rises to 15 feet above that datum at the tidal-basins.
It finally forms a junction with the intended new Earl-street, to

189

the eastward of the London, Chatham, and Dover Railway
bridge. It affords a roadway 90 feet in clear width, with a
towing-path on the inside, as shown in the illustration, PI. XX.
The embankment is continued beyond the road to near Queen
hithe with a width of 30 feet, and incloses another dock ap
proached by a lock at its extremity. The low-level sewer is
carried under the docks in 6-feet cast-iron pipes, fitted together
with bored and turned ends and laid without alteration of the
levels determined on for it. It crosses the basins close under
the wharves at their inuer ends, so as not to interfere with the
depth of water in them. The river-wall of the embankment is
proposed to be founded at an average depth of 33 feet below
.Trinity high-water, on the clay. The part lying below low-water
would be constructed of blocks of concrete or brickwork, weigh
ing from 20 to 30 tons, laid in mortar-beds, but dry-jointed,
from overhead gantries, with the assistance of divers, in a man
ner similar to that adopted with perfect success for the construc
tion of the heads of the Portland breakwater by the late Mr.
Kendel. A little clay backing would make this work quite
water-tight Above low-water the wall would be built in theusual manner of brick faced with granite and blue bricks. The
estimate of the cost of the works of the above plan, prepared on
very careful data, is £650,000.
Design by Mr. Fowler, Mr. Fulton, and Mr. Hemans.
This design comprises a solid embankment with a roadway 80 ft
wide and footway 28 ft. next the river, and a railway between it
and the present shore. The space between the road and railway
—and the rest of the embankment, except where space is reserved
for docks—would be planted. Docks are provided within the em
bankment at the following places,—One at Hungerford, having
an area of 5 acres; one at Norfolk-street, with an area of l£ acre;
and one at Whitefriars, with an area of 1 acre. Entrances to
the docks would be formed below the embankment and railway,
the headway ranging from 17 feet at the highest to 10 ft. 9 in. at
the lowest point The embankment would commence at West
minster-bridge and terminate at Blackfriars. The road would be
connected at Chatham-place with the proposed new street from
Cannon-street, and the railway would join the London, Chatham,
and Dover Bailway at New Bridge-street The area of ground
reclaimed from the river by this plan is about 49| acres; and
the estimated cost, exclusive of compensation, is £700,000.
Design by Mr. Bidder, Mr. T. E. Harrison, &; Mr. G. R. Stephenson.
This design consists of a broad embankment carried out
from the existing shore, with docks occupying several acres,
approached by regular locks, and within the line of the embank
ment and the existing shore. The additional breadth of ground
would be applied to the building of warehouses, the frontages
and rents of which would go in aid to carry out the works.
There would be tramways parallel with the ordinary roads on
the surface of the embankment, communicating with all the
principal thoroughfares. There would also be combined with
the embankment a low-level sewer. It is proposed to utilise the
land reclaimed, to meet the expenditure, the construction of docks,
and compensation to wharfingers.
Design by Mr. H. W. Sich.
It is proposed to build a river-wall of brickwork with granite
coping, extending from Vauxhall or Westminster to Southwarkbridge, of the height of 2 to 3 feet above Trinity high-water, as
shown in the illustration, Plate XX. Between this wall and
the shore there would be an embankment, the height of the
wall, and generally about 100 feet wide, and over this a series of
brick piers, 50 feet apart, would support wronght-iron plate
girders carrying a road 60 feet wide. This road would start
from Westminster-bridge, pass under Hungerford, and rise to
Waterloo-bridge. It would then descend so as to pass under
the first arch of Blackfriars-bridge, and thence rise to Southwark-bridge, where it would terminate.
A series of cross-walls, 25 feet wide, would be placed where
most convenient, connecting the embankment with the shores,
and of the same height as the former. The spaces so inclosed
would be formed into docks having each a communication with
the river through the embankment; the width of the entrance
would be 22 feet, guide piles being drivpn out in the river to
enable barges to enter more easily. Single gates would be placed
near the entrance, their sills being about 1 foot above low-water,
so as to retain the water within the docks when the barges had
entered. The cross-walls would enable the work to be carried
on in sections, serve as a communication between the shore and

190

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

the river at all times of the tide, and be useful for loading and
unloading the barges in the docks.
The construction would be carried on as follows:—Outside
the site of the river-wall part of a coffer-dam would be formed,
and one or two cross-walls, as the case might be, run out
to meet it. These would be formed by rows of iron-piling
and sheet-piling 25 feet apart, 2 feet of concrete being put be
hind the piling next the water, and the remaining space between
the piles filled in with ballast. The iron-piles not intended to
be permanent would be formed with one flange of the groove
for the sheet-pile screwed on, and as they would not require to
be driven to any great depth the flange might be removed when
that section of the river-wall was completed, the plates removed,
and the piles drawn and again used; the same would be done
with the inside row of piles for the coffer-dam, but these last
would be of wood, sawn in half, with a flange screwed on as
above for the sheet-piles between them, the hoops of the piles
being removed and an iron wedge driven to tighten up the
sheet-piles sufficiently to retain the puddle. The wooden-piles
would be afterwards cut off, the ground excavated 2 feet between
the rows, and concrete substituted to protect the wall against scour.
The low-level sewer would pass inside all the docks, and
would be constructed in sections at the same time as the rest
of the work. Where the sewer passes under the cross-walls, a
brick-wall would be substituted above it for the iron-piling, to
retain the filling.
Design by Mr. William BardweU.
The embankment as proposed by Mr. Bardwell would ex
tend from Bridge-street, Westminster, to Cannon-street, City;
would be at least 100 feet wide, raised from two to three feet
above high-water mark; with tramways, but no railroad, and
without any buildings upon it. The embankment would pass
beneath the bridges, and have lateral communications with the
river-side streets on the one side, and spacious stairs and landingplaces for steamboats. Tidal basins and spaces planted with trees
would be provided within the embankment. The planted spaces,
containing an area of about 12 acres, would be formed in front
of the Temple and Privy gardens, Somerset-house, and along the
south end of Surrey, Norfolk, and Arundel streets. The tidal
basins would be about 18 acres in extent. The estimate for
carrying out the whole, in the most substantial manner, is
.£450,000. (See illustration, Plate XX.)
Design by Mr. A. Doull, A.I.CE.
In this design a solid embankment is proposed from West
minster-bridge to Huugerford railway-bridge, as shown in the
illustration, Plate XX., carried about 4 feet above Trinity highwater. About 30 feet broad of this embankment to be appro
priated as a public promenade, and the reclaimed ground to be
added to the adjoining gardens. From Hungerford railwaybridge the solid embankment would be continued at the same
heght above Trinity high-water until within a short distance
from Queenhithe, where the roadway would be placed upon piles
to admit barges to the wharf where the space is much limited.
The lower roadway would also be continued from Hungerford
through Scotland-yard, and thus a low-level road for heavy traffic
principally connected with the wharves would be formed from
Upper Thames-street to Cbaring-cross.
There would be openings in the embankment, with gates to
retain the water in the docks when desirable, and also swingbridges over these entrances to admit straw-barges or craft with
masts, but as the bridges could be raised some distance above
the embankment there would be 5 feet clear headway above the
highest point of spring-tides, which would admit coal-barges and
all barges similarly laden without disturbing the bridges; and
under no circumstances would it be necessary to open the bridges
unless during one hour and a half before and the same time
after high-water, and this would admit of an uninterrupted
good level road from Upper Thames- street to Charing-cross
during nine hours out of every twelve, also connecting with any
of the adjoining streets where the levels would suit. This it is
presumed would be a great boon to the wharfingers, and if ad
ditional wharfage accommodation should at any future time be
necessary, jetties could be thrown out from the inside of the
embankment.
A high-level road is proposed, commencing at Whitehall-place,
passing under the railway-bridge at Hungerford, and then rising
to the level of Waterloo-bridge, and continued to the level of
Blackfriars and Southwark bridges, and terminating on the level
of London- bridge. This roadway would be supported for the
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whole distance on cast-iron columns, placed about 80 or 100 feet
apart. From Queenhithe to London-bridge the columns would
be placed in the water so that neither the flow of the stream
nor the access to the wharves would be interfered with. The
upper roadway would be constructed in the first instance of a
width to take four lines of light traffic, with a 12-feet footpath on
the side nearest the river, and could easily be increased iu width
at any future period when an increase of traffic might require it.
The low-level sewer would be placed in the embankment or
in a cast-iron pipe along the foreshore, where it would be suffi
ciently under the surface to guard against injury.
The foundation of the embankment-wall is proposed to be
formed thus,—Cast-iron sheet-piling, 10 or 12 feet long, 2 or
3 feet broad, and about 2 inches thick, strengthened by ribs,
would be driven down to the level of low water spring-tides,
and but for the construction of the intercepting sewer this would
be the level of the sill of the dock-entrances. Inside the sheetpiling the ground would be excavated to a depth of 4 or 5 feet
below the top of said piles, so that the foundation of the em
bankment would be placed lower than the bottom of the river
outside the piles. Concrete in blocks, lowered into position from
a travelling-platform, would fill the excavated space to within
6 inches of the head of the piles. This would be surmounted by
a course of blocks of stone about 4 feet high, and bringing the
work about 3 ft. 6 in, above low-water. Should bricks be used
for the facing of the wall, they would be built in cement in large
blocks and lowered into position in the same manner as the
blocks of concrete referred to. This mode of building in block
courses could be continued until the work was sufficiently out
of water to be carried on more advantageously by tide-work.
By this mode of construction the work could be carried on
rapidly and economically, without coffer-dams. Estimate, in
cluding sewer, £502,000.
Design by Mr. I. F. Stanford.
The author proposes an embankment for both sides of the
Thames from Millbank to St. Paul's-wharf, with a promenade,
carriageway, wharves, docks, and railway. Tanks are provided
for sluicing the shores in the docks. The sewer is constructed
in the embankment, with access to it at iutervals from the wharfway (see illustration, Plate XX.) The manner of providing for
the sluicing of the docks is by having tanks iu the wharves, with
wharfways in the embankment, also wharfways between the
docks and at the ends thereof, so constructed with regard to
height that they will be filled when the tide rises through the
medium of an iron pipe, about 4 or 5 inches in diameter, with a
self-acting valve at the inner end. And the supply from such
tanks is proposed to be through a pipe passing from or near
to the bottom of such tanks, down or within the face of the
wharf or inner side of the embaukments, to within about 3 feet
of the bottom of such docks, and applied through the medium of a
hose affixed by screwing it to the end of such pipe. Thus the
sluicing would be performed without expense, very simply, and
would require no skill in the operator.
Design by Mr. if. G. Coombs.
This consists of an embankment adjoining the present shore, and
extending from Westminster to Tower-stairs, the low-level sewer
being formed in it; and a roadway reaching from Westminsterbridge to London-bridge, and communicating with the several
bridges in its transit, being formed on it. The embankment
would commence at Westminster-bridge, on a line with the em
bankment wall of the Houses of Parliament, and proceed by an
easy curve until it arrived at Waterloo-bridge, where it would
merge into the present embankment of Somerset-house. Recom
mencing again at the east end of the Somerset-house embankment
it would continue on its course to London-bridge, having an
average width of 45 feet, forming an extension of the present
wharfage on the bed of the river to that amount: from Londonbridge to Tower-stairs it would be reduced to 15 feet iu width, or
merely of sufficient capacity to contain within it the construction
of the sewer, which would here be turned1 inland, and be carried
along Mint-street directly to its destination. Between Whitehallstairs and Waterloo-bridge a dock would be formed between the
embankment and the existing shore, and extending between
these two points, having at its widest part a width of about 300
feet. The roadway would run on the embankment from West
minster-bridge to Whitehall-stairs, and from thence would rise
gradually and be carried on iron columns above it, the space
below the roadway affording access to the river aud wharfage to
the owners of property along the route.
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Design by Mr. H. R. Newton.
From half-way between Blackfriars and Southwark bridges
to the Horse-ferry at Lambeth, a viaduct or causeway would be
placed on both sides of the river, 700 feet apart, this being
the width of the river at the narrowest parts—viz. at Southwark-bridge and above the Horseferry, Lambeth. The viaducts
would be 60 feet broad if without, and 100 feet if with, houses.
The piers of causeway varying from 20 feet from centre to centre
to as ranch as (under roadway only) 50 or 60 feet, and this merely
at certain points for special reasons. By running a construction
(in which the intercepting low level main sewer could be placed)
through the causeway, and keeping the crown of it 7 feet or
any other depth below Trinity high-water mark (so as ordinarily
to allow barges to pass over at the openings at that period of
the tide), the water on the bank sides would not fall away below
that point, while for the regular variation of high-tide special
openings would also be formed, being in fact the ordinary en
trances for large craft. The roadway (the same height as West
minster and present Blackfriars bridges, to be level throughout,
except at Waterloo-bridge, where it would go up an incline.
Declines however are suggested in addition to pass under these
bridges, so as to prevent the cross-traffic from impeding the
thoroughfares. No communication except by staircases are ne
cessary with new Hungerford-bridge, it being for the public only
a foot-bridge. The additional construction on which the build
ings would Btand could be built at any time, as the roadway
portion of the viaduct and the sewer under it is suggested to
meet the embankment question; and by not touching the exist
ing shores except at the terminals, or any point where com
munication might be required between them and the embank
ment, and at the bridges, the river-side property would not be
interfered with, with the advantage of a canal, the water of
which would be changed every tide. On carryiug out the pro
vision for buildings, it would convert the embankment into a
government estate of the greatest immediate and prospective
value; and at the same time, as a natural consequence, and with
out costliness or extravagance, would afford an opportunity of.
the highest artistic importance. The author declined to give
his estimate of the cost of carrying out his design, in conse
quence of the chairman of the commission having informed
him that his scheme, although very elaborate and beautiful,
scarcely came within the scope of their instructions.
Design by Capt. W. S. Moorsom, M.I.C.E.
This design consists of an embankment along the present
shore, inclosing a large sub-tramway or tunnel, with a subway
for the sewer in the bottom part of the tunnel, the double tram
way occupying all the other part of it. Along the top of the
embankment the space next the river would be available for
wharfage, having inside it a wide macadamised roadway, and
also—next to the warehouses or buildings—a public footway.
The embankment would extend from Westminster bridge to
Queenhithe, reclaiming space from the river, varying at places
along the line from an extreme width of 150 feet to a minimum
of 80 feet, available for roadway, footpaths, or promenades,
public buildings, wharves, and private accommodation. The
estimated cost of carrying out the plan is £588,562; against
which Capt. Moorsom estimates the receipts to arise from the sale
of reclaimed land and frontages at about £600,000, exclusive of
.£50,000 to be contributed by the Metropolitan Board of Works.
Design by Mr. J. Sewett, A.I.C.E.
This plan purposes to provide an embankment below highwater (which may be called a low-level embankment), for sewage,
gas, or other mains, and a railway—all by private enterprise.
As a consideration for the use of the foreshore, a railway com
pany to provide a bank 5, 6, or 7 feet above low-water, laying
down a cast-iron main to form the channel boundary of the
foreshore; the space within to the wharves to be filled up by
gravel dredged from the shoals in the river; and the bank to
be completed by the usual sheet piling on the channel side of
the main. The author states that this bank would have ample
water way over it to the wharves, be cheaply made, easily kept,
and water, gas, or sewage drains be more readily got at during
low-water than street mains. The sewer would be laid to the
natural fall of the river, and have a tidal door at each end, so
that it might be flushed by each ebbing-tide. The sewer might
be continued below London-bridge in a low-level bank down the
river, which would at the same time form a bed for craft and
improve the foreshore. Mr. Sewell is of opinion that so long as
the scouring power of the tide is available to clear the mains,

neither their dip to pass dock-entrances, nor their form, nor the
route, whether by the river or by a shorter way, is material,
provided that the mains emerge into the river at the points
chosen for their separate discharge therein. On the south side
of the river is proposed a similar low-level bank to that described
for the north side. The railway and low-level embankment
would commence at the city side of London-bridge, and proceed
by or near the low-water line, on that side of the river, under
all the street and railway bridges, to form junctions with the
Crystal Palace line near Pimlico, and the West London line at
King's-road, near Fulham. The length of the line would be
about 6j miles. The route has been selected, not as the shortest
one, but as one that will give the utmost accommodation to
both sides of the river. Opposite the wharves the line to be
erected on iron columns of sufficient height to enable barges to
pass underneath it to the wharves, at any available state of the
tide, but opposite the Houses of Parliament and other places
on banks or arches, as the architecture of the places may re
quire. The line would be at from 100 to 220 feet from the
wharves, and the supporting columns of the railway be no
more in the way than the present piles, which divide a number
of wharves: the existing waterways of the wharfingers and
others would be preserved with the same freedom as now, whilst
the embankment would make an excellent bed for craft during
low-water.
Design by Mr. T. E. Weller.
The embankment commences in a line with the Houses of Par
liament and ends near Queenhithe, with tidal or floating docks
behind, and a viaduct 12 feet high on the embankment, from
Whitehall-place to Broken-wharf. Thence it would be carried
upon that projecting quay (across the entrance of Queenhithe)
to the terminus behind Hambro'-wharf, Southwark-bridge, thus
avoiding any encroachment upon the narrowest part of the
river. Upon that projecting quay there are only wooden
sheds for landing goods under, and the substitution of the
roof of the viaduct in their place would provide an equal,
if not better shelter. Where the embankment becomes too
narrow to allow of any water-space behind it—between Black
friars and Queenhithe — the effect on the wharves in those
parts would simply be to extend them further into the river;
and where desirable to build warehouses close 'to the edge of a
wharf the plan allows of such arrangement. The upper viaduct
would commence at Whitehall-place, alongside the lower one,
and gradually rise high enough to pass on to the top of it a little
before arriving at Waterloo-bridge: it would then remain upon
it until approaching Blackfriars-bridge, when it would diverge
to the north, and land in the angle of Chatham-place. The
crossing of the London, Chatham, and Dover Railway at this
point would prevent the viaduct passing over the bridge, and
indeed it would be almost useless to carry it farther, inasmuch
as the new diagonal street called New "Earl-street, leading out of
Cannon-street, will ultimately be continued to Chatham-place,
and thus complete the line of road from- Whitehall-place into
the City. But the continuation of the under or railway viaduct
to Southwark-bridge, Mr. Weller considers, would be of immense
advantage to the traffic between the City and Westminster. The
low-level sewer would pass easily beneath the embankment;
and as the sewer is intended to turn inland at Queenhithe, it
would part company with its protector just where the latter
comes to its end.
Design by Mr. Thos. Thompson.
This embankment is proposed to commence at Westminsterbridge, in a line with the Houses of Parliament, to follow the
bend of the river, pass under the railway bridge now constructing
at Hungerford, under Waterloo-bridge, and in front of Somersethouse and Temple-gardens; thence the roadway gradually to rise
above the embankment to a sufficient height, adjoining the new
railway bridge to be constructed at Blackfriars, as to allow of the
embankment underneath being used by the wharves between
that point and London-bridge. The embankment to quit the
river between Paul's-wharf and Southwark-bridge; to keep the
present line of the bank at the narrow part of the river; to cross
on a level the approach to Southwark-bridge; to enter the river
again where it widens shortly below; to continue on and termi
nate at London-bridge on a level. The embankment at its com
mencement at Westminster would be only a few feet above highwater mark, to allow of the various streets now running out of
Whitehall and the Strand opening on to it, and also to prevent
injury to the first-class property already existing, and would
43
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continue on that level till its approach to Blackfriars. The
embankment would consist of—1st, a footway or promenade, at
least 20 feet wide, adjoining the river; 2nd, a roadway 60 or 70 ft.
wide; 3rd, a 12-feet pavement: these widths might require some
alterations on the approach to Blackfriars. It is proposed that
the ground obtained from the river, where it did not interfere
with the property already existing or which could not be pur
chased, should be used for the erection of public buildings or
terraces of houses. The cost of the whole of the embaukment
from Westminster to the Temple it is estimated would not exceed
£180,000. The ground recovered from the river, independent of
the road between Westminster and the eastern end of Templegardens, would be about 25 acres in extent.
Design by Mr. H. H. Bird.
This design, which was illustrated by numerous and elaborate
drawings, consisted of an embankment extending from West
minster to Queenhithe. There would be a road and railway, the
latter running from Queenhithe to Hungerford, and thence by
the end of Manchester-buildings, Parliament-street, and Victoriastreet, to the Victoria Station of the London and Brighton
Railway. Within the embankment docks would be formed, with
lock-entrances to them. Mr. Bird also proposes the construction
of a compensatory dock opposite Battersea church, and one at
Fulham: by these means the flow of tidal-water would be in
creased, the water-level in the docks within the embankment
maintained, while by letting out the water occasionally the scour
of the river could be increased as found desirable. The estimated
cost of the whole would amount to £700,000.
Design by Capt. Vetch, R.E.
Capt. Vetch proposes embanking the Thames from West
minster-bridge to Queenhithe-dock, following nearly the Hue of
the plan laid down by Mr. Walker. He states that this is the line
which would meet the requirements of the Admiralty. The line
of embankment would take in two arches of Waterloo-bridge
and one of Blackfriars-bridge.
Capt. Vetch considers that if
there were to be an uniform width of the river it would im
prove the current. When old London-bridge was removed it
made a difference of 5 feet at Chelsea at low-water, but at highwater the tide rose 6 inches more than it had ever done before.
Design by Mr. R. Turner, C.E.
This design consists of an embankment with open wharves
and landing-quay, and a low-level street adjoining the present
warehouses. Above the embankment there would be a range of
warehouses in frontof the present wharf buildings, communicating
by bridges with the existing premises, and the main roadway for
the through-traffic would be carried above these. The low-level
sewer is placed in the embankment, and the author also suggests
that a roadway and railway might be constructed therein in
tunnels, with vertical shafts for the passage of light and air
from the wharf level above. The estimated total cost is £560,00*).
See illustration, Plate XX.
Design by Mr. F. W. Sheilas, M.I.C.E.
It is proposed in this design to construct a river-wall as an
embankment face, a little beyond the line of low-water, with a
solid embankment within it extending to the present shore, as
shown in the illustration, Plate XX. A road, 80 feet wide,
is carried on the level along the centre of this space, passing
under Hungerford and Waterloo bridges, and communicating with
all the existing streets. A breadth of land is thus left between
the road and the new face wall, whereof the portions in front
of their premises would be given up to the owners of the more
valuable waterside properties, in order to furnish them a new
water frontage in place of their present one, which would be
separated from the river. These properties, whether business
premises or pleasure-grounds, would thus retain all their present
advantages, with large additions to their space.
The less important wharves are proposed by Mr. Sheilds to be
bought up altogether, as with the reclaimed ground adjoining
they would form a most valuable property, having frontages to
the new main road and to the river, the proceeds of which would
go far to diminish the cost of the undertaking.
The advantages claimed for this plan are, that while it pro
vides an additional great thoroughfare, a site for a main sewer,
and the improvement of the condition of the river, it offers a
maximum of accommodation to the various private interests con
cerned at a minimum of cost. By replacing the wharves in
their natural position next the river, it avoids the construction
of docks and lock gates, and of the series of arches necessary to
carry the main road over them; and reduces the work to the
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formation of a simple embankment. Should it be desired to
carry the main road by the Bide of the river as a promenade,
this plan admits of it with equal facility. The wharves in this
case, or at least the less valuable ones along the portion of the
embankment so treated, would be bought up, and done away
with; and the reclaimed space within the road might either be
laid out as ornamental grounds, or sold as first-class building
land in reduction of the expenses of the work.
The cost of carrying out this design, exclusive of compensation
to the owners of private property, is given in detail by the
author. It amounts to £250,000; and includes the entire com
pletion of the face wall, embankment, and sewer, the construction
of an approach to Waterloo-bridge, the formation of all the new
roads, and a sum of £20,000 for contingencies.
Design by Mr. W. Haggett.
By this plan the embankments are kept pretty much the height
of the present quays, and consequently the adjoining property
would not be depreciated in value. The embankments are re
commended to be made about 100 feet wide on each side of the
river from Millbank to London-bridge, in a series of easy curves
in the present direction of the river, which would be left about
600 feet wide. On the north side the embankment would be
10,200 feet, and on the south 9300 feet in length; and the land
thus reclaimed, of various widths, would be—on the north,
1,514,000 square feet, and on the south, 1,117,000 square feet;
being together about 60^ acres. Although the outside or river
wall would be solid throughout, with landing-steps for boats, it
is proposed, instead of filling up, to arch over the residue of the
space thus acquired for the following purposes, and make the
street aud quays over the whole.
In the inner compartment
against the present frontages would be laid the low-level sewer,
which may be built at once; aud in this space would also be
placed the gas and water mains, which could at all times be
examined without injury to the streets above. The next two
compartments would be used or sold for stores, warehouses,
aud offices, with approaches from the quays or present houses;
aud the outer compartment, which would be sufficient for four
lines of rails, might be used or sold for railway purposes, to
take the heavy traffic from the docks and railways in the east
to the west, so as to relieve the present streets, which could, if
these the only sites are thus preserved, be carried out by private
enterprise. The space thus arched over could then be formed
into new streets and quays, the whole about 100 feet wide.
Wherever there is wharf property, the quays, 20 feet wide, would
be ornameutally separated from the streets—which in such places
would still be 80 feet wide—beneath which the arches would
be so arranged as not to interfere with the road above, but form
corridors aud additional stores from the new quays to the present
buildings, for the owners thereof, and who would then have
direct railway communication with all parts. In other places the
entire width would be left open, and any additional land not
required for the 100-feet street be planted as gardens, or used
for building purposes hereafter. The clear space which would
be left under the road and quays, after the river and other walls,
piers, and works are completed, will amouut to about 19,790,900
cubic feet. The approaches from all the present streets would
be brought down to and finish on the proposed new roads—thus
providing au outlet from every part to relieve the present over
crowded thoroughfares. The level would be kept so as not to
injure the adjoining property, which would be the case if the
streets were raised, as it would then interfere with the frontages.

SUBMARINE TELEGRAPHS.
The joint committee appointed at the close of 1859 by the
Board of Trade and by the Atlantic Telegraph Company, to
inquire into the construction of submarine telegraph cables, have
just made their report, which has been presented to both Houses
of Parliament, aud been printed with the evidence in a volumi
nous blue book of 564 pages. The committee consisted of four
gentlemen appointed by the Board of Trade—viz. Capt. Douglas
Galton, Prof Wheatstone, Mr. W. Fairbairn, and Mr. Bidder; and
of the same number appointed by the committee of the Atlantic
Telegraph Company—viz. Mr. E. Clark, Mr. C. F. Varley, Mr. Lati
mer Clark, and Mr. Geo. Saward,—all of them well known as
civil engineers and electricians. They commenced their labours
on the 1st of December, 1859, and sat at intervals till the 4th of
September last; during which period they examined thirty-eight
witnesses, and in addition to their evidence there is a copious
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appendix to the report—which occupies nearly as much space as
the evidence—containing records of experiments aud abstracts
of various reports relating to the transmission of electricity
through submarine telegraph cables, and to the insulators em
ployed. The mass of information thus collected, and the opinions
expressed by so many gentlemen who have been practically
engaged in the construction and laying of submarine cables, and
in investigating the mysterious condition of electricity when
transmitted through submerged wires, cannot fail to produce
valuable results, and may lead to the removal of the difficulties
that obstruct the establishment of submarine telegraphic com
munication between distant countries; but at present the evidence
is too conflicting, and the causes of the retardation of the elec
tric current in passing through long submarine cables, are so
imperfectly understood, that the principal immediate advantage
gained is knowledge of what to avoid.
The report is divided into three general heads—under the first
of which an account is given of the 11,364 miles of submarine
telegraph cables that have been laid, of which however about
3000 miles only are in work; the second comprises the construc
tion and laying of submarine cables; and under the third head
the committee give a summary of the principles which they con
sider should govern submarine telegraph undertakings in future.
In noticing the Atlantic telegraph, the committee attribute the
failure of the enterprise "to the original design of the cable
having been faulty, owing to the absence of experimental data,
to the manufacture having been conducted without proper super
vision, and to the cable not having been handled after manufac
ture with sufficient care." "We have had before us," say the
committee, "samples of the bad joints which existed in the cable
before it was laid; and we cannot but observe that practical
men ought to have known that the cable was defective, and to
have been aware of the locality of the defects before it was laid."
This is a hard blow on all those who were concerned in the
manipulation of the cable, and it may seem to come with ad
ditional force considering that four members of the committee
were appointed by the Atlantic Telegraph Company, and that
one of them was secretary to the undertaking. It may be said
however on the other hand, that as it is the present object of the
direct Atlantic Company to show that the failure of the cable
was owing to causes within control, the charge of incompetency
aud neglect is made for that special purpose. It appears from
the evidence of the witnesses who were engaged in laying the
cable and in working it afterwards, that it was in a most defec
tive state; and that even whilst laying the cable the electric
communication was for a short time interrupted, as is supposed
by the breaking of the conducting wire, and it was only restored
by the accidental contact of the broken strand of wires when
the strain upon the gutta-percha covering was removed. Even
in its best condition there was a leakage of nine-tenths of the
electricity transmitted, owing to defective insulation. One of
the documents presented to the committee was a complete re
cord of the messages sent from Valeutia to Newfoundland and
back during the twenty-three days that the communication was
open—viz. from the 10th of August to the 1st of September
inclusive. This curious record was presented, not by the Atlantic
Telegraph Company, nor by anyone connected with it, but by
Col. Shaffner, the American telegraphist, the promoter of the
rival scheme by which it is proposed to connect Europe with
the new world telegraphically by way of Greenland, Iceland, and
the Faroe islands. It may be supposed that his object was to
show the difficulty of transmitting messages through a con
tinuous submarine cable of upwards of 2000 miles; and on
looking at the results of the working on each day there does
undoubtedly appear to be evidence that, even had the commu
nication been continued, the messages transmitted during a day
could have been very few. It required generally upwards of a
minute to transmit one word, and the transmission was continually
interrupted because the signals could not be understood. The
first transmitted word read at Newfoundland was "Atlantic,"
on the fourth day; and on the fifth day the first connected mes
sage was received at Valentia. The message from the Queen to
the President of the United States was sent on the seventh
day, and from that time the signals improved and continued
good until the twentieth day, on which no signals were received
from Newfoundland. During that short period, when important
messages on both sides were waiting to be transmitted, the fol
lowing communication was received across the Atlantic: "Mosquitos keep biting. This is u funny place to live in—fearfully
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swampy." The operators appeared at that time to have had no
apprehension that the means of transmitting information from
the new world to the old would have been so soon ended. Tho
last message sent from Valentia to Newfoundland, of which the
following is a copy, may be adduced as a striking illustration
of the uncertainty of human expectations. The words in italics
were those only that were received: " C. W. Field, New York,—
Pietue inform American government we are now in position to do
best to forward their government messages to Englaud. Saward,
London;" and the last words received at Valentia were: "Right,
right!" During the twenty-three days that the communication
continued, there were transmitted from Valentia to Newfound
land 1474 words, and from Newfoundland to Valentia 2885; but
a great number of those words were orders to repeat signals and
directions about working the instruments.
The committee notice briefly the Red Sea and other telegraph
cables which have been laid since the Atlantic, the failures
which have occurred, and their causes, and thus conclude their
comments on this part of the subject:—
"It will be observed that the failures of all these submarine lineR are
attributable to defined causes which might have been guarded against.
It is possible that as our experience progresses other causes of failure
besides those already ascertained may be discovered, but we believe
there are no difficulties to be encountered in laying submarine cables,
and maintaining them when laid, which skill and prudence cannot and
will not overcome."
In considering the next branch of their subject—the construc
tion aud laying of submarine cables—they pass in review the
principal plaus that have been devised for insulating the con
ducting wire and subsequently strengthening it, and they devote
much attention to what is termed the induction of electricity in
the insulating covering, which has proved to be the great elec
trical difficulty in transmitting signals through submerged wires
of great length. This peculiar electrical effect was first made
known in 18.j4, and it has been a source of annoyance and per
plexity in all underground or submarine telegraph wires that
extend above 100 miles, especially when those instruments are
used in which the electric current continually passes in the same
direction. The gutta-percha iusulating covering produces the
same electrical condition as if the wire were an elongated Leyden
jar, of which the coudu ting wire is the inner coating, the gutta
percha the non-conducting envelope, and the water in which it is
immersed the outer coating. A wire in this condition may be
charged with electricity, aud it may retain the charge so as to
give a shock after its connection with the voltaic battery has
been broken. This condition of the wire is commonly said to be
produced by "induction;" that is to say, the positive or negative
charge in the wire induces an equal charge of the opposite kind
of electricity iu the surrounding gutta-percha. Now it is well
known, that when a large Leyden jar is discharged the whole
charge docs not immediately pass away, but a second, third, and
even a tenth spark, may be observed on repeatedly applying the
discharging rod. A similar effect takes place when a submerged
wire is charged by contact with a voltaic battery; and the quantity
of electricity retained in the wire, or the covering, after the trans
mission of a few signals prevents succeeding signals from being
distinguished, for the wire continues charged with electricity for
several seconds, according to the length of the wire. Some
mathematical electricians think they have discovered the law
which governs this pheuoineuou, aud have given formula: to
determine the relative thickness of the wire and of the gutta
percha best adapted to prevent the obstruction: but the attempt
to found mathematical formulas on the verv imperfect data at
present possessed only tends to mislead, aud the failure of the
Atlantic telegraph may iu a great measure be attributed to the
application of such calculations. Instead of considering the tele
graph wire as a conductor of electricity, it appears to have been
regarded as the receiver of an electric charge, aud that by making
the interior wire as small as practicable, it would be the more
readily charged and discharged. This notion of charge still
holds possession of the minds of many of the electricians who were
examined before the committee; but it was objected to entirely
by Mr. Allan in his evidence, and without any attempt to mys
tify what is explainable by well-understood causes, he .contended
that the wire should be considered as a conductor, aud that it
should be so large as not to become "charged" with the elec
tricity transmitted by it. It is indeed now generally admitted
that the larger the conducting wire tho better, but it is still
attempted to prove by formula; that a thick wire requires such
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a thickness of gutta-percha as would render the insulation a much
more expensive matter than it has hitherto been. The evidence
adduced on this point was contradictory, and tended to show
that mathematical calculations cannot yet be brought to bear on
the question, and that they may do much mischief by inducing
the adoption of formulce without experimental inquiry.
We cannot follow the committee through the various portions
of their extended report. Even their "Summary of principles
which should govern the construction and laying of submarine
telegraphs" occupies too much space for us to extract entire,
aud we must content ourselves with briefly indicating what they
are. They comprise, generally, the construction of the cable, and
the laying and maintenance of it. Under the first head are
included the conducting wire, the insulating covering, the ex
ternal protection, and a general conclusion as to the form of
cable; and under the second head the preliminary survey, the
apparatus for laying submarine cables, and contracts for laying
them, are considered.
The conducting wire, it is observed, should be formed of the
material which possesses the highest conducting power which
can be selected, and should be of some metal or alloy not liable
to oxidise, nor subject to rapid variation in conductivity from
change of temperature. The strand form is recommended as
best, so as to prevent the fracture of one wire from rendering
the whole cable useless.
Of the insulating covering the committee observe:—
"Of the materials which have been submitted to us the beat insulator
by far is india-rubber; Wray's compound and pure gutta-percha nearly
resemble india-rubber in its insulating properties.
The induction discbarge is directly as the length of a wire. The
amount of induction discharge from wires of different diameters with
coverings of various thicknesses of the same insulating material may be
assumed to be, for practical purposes, directly as the square root of the
diameter of the wire, and inversely as the square root of the thickness
of the insulating envelope.
Hence, by increasing the diameter of the wire and the thickness of
insulating covering in the same proportion, the amount of inductive
discharge remains the same. The force of a current in a voltaic circuit
increases as the square of the diameter of the wire (the length of circuit
being constant, and the resistance of the battery being inconsiderable
as compared with that of the metallic portion of the circuit); conse
quently, if it be found inconvenient to increase the conducting wire and
the insulating covering proportionately, greater advantage will be ob
tained by increasing the diameter of the wire than the thickness of in
sulating covering; for whilst the covering remains the same the induction
discharge increases only as the square root of the diameter of the wire,
whilst the force of the current increases as the square of the diameter;
and if the insulating covering be varied, the conducting wire being con
stant, the strength of the current will remain the same, but the induc
tion will only decrease as the square root of the thickness.
India-rubber surpasses all other materials in the smallness of the
amount of its inductive discharge and the perfection of its insulation.
A coating of india-rubber is fully equal to a coating of the gutta-percha
hitherto in use of double its thickness. Wray's compound and the re
cently manufactured pure gutta-percha, closely resemble india-rubber in
both these respects. The mixture of imperfectly conducting materials
with gutta-percha has the disadvantage of greatly reducing the insula
tion and increasing the induction. The interposition of cotton thread
between the wire and an insulating coating considerably increases the
induction and diminishes the insulation. The induction is augmented
because tho cotton thread, which is a bad insulator, increases the surface
of the conductor; and the insulation is impaired, not only because the
insulating coating is diminished by the thickness of the cotton, but
probably also in consequence of the greater inductive action. The
interposition of cotton between two layers of insulating material is
equally disadvantageous. The interposition of a viscid insulator be
tween two coatings of insulating material neither decreases the induction
nor improves the insulation of the line, but the viscid fluid has a ten
dency to fill up air-boles or flaws in the insulating coatings. Generally
speaking, the more perfect the insulating property of the material is,
the less is its inductive capacity.
India-rubber and Wray's compound are not perceptibly affected by
any ordinary increase of temperature, but increase of temperature has a
very decided influence in diminishing the insulation of gutta-percha.
This substance is therefore not well suited for cables to be laid in
tropical regions. Temperature affects the induction discharge only in so
far as it affects the insulation.
India-rubber and gutta-percha are subject to deterioration by expo
sure to the action of oxygen in the presence of solar light; but when
light is excluded gutta-percha will remain for months, and india-rubber
for a considerable period, unchanged in air, and both will remain un
altered for years in water when light is excluded; indeed sea-water is
peculiarly favourable to the preservation of gutta-percha, especially
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when coated with Stockholm tar. As regards Wray's compound, we
have seen a specimen of his No. 2 material, which it is stated has been
exposed to alternations of temperature and exposure during two years,
but sufficient time has not elapsed since its introduction to enable us to
express a definite opinion as to its durability.
Pressure greatly improves the insulation whilst it is being applied,
and this effect is more perceptible as the substance is a worse insulator.
But it does not appear that pressure asserts any influence on the
amount of induction discharge."
The foregoing observations show us that no calculations can
be made with mathematical precision respecting the propor
tionate thickness of the conducting wire and the insulating
covering; for as some substances are stated to possess much less
inductive power than others, the same rule could not apply to
both.
Of the outer covering it is said, that it should be such as to
protect the internal core against injuries or strains in laying, or
in raising for repairs, against the attacks of marine animals,
and against abrasion on a hard bottom; and it must be capable
of having joints made with ease. It should also give the cable
sufficient specific gravity to insure its sinking evenly. In allud
ing to shallow-water cables, one of the "principles" enunciated
by the committee is, " the most desirable covering would, if it
could be found, be a strong metallic covering not liable to cor
rode in sea-water, rather than iron wire covered with hemp or
other material." For cables beyond the reach of anchors, and
even of strong currents, the committee say—
"It may be necessary to employ iron or steel wire to obtain the ne
cessary strength for raising for repairs either during laying or after
they are laid. In this case the danger from abrasion is less, and the
iron or steel wire must be protected from corrosion by means of some
outer covering. We think such an outer covering is to be sought in
tarred yarn, protected by some cheap compound of gutta-percha or indiarubber. The wires by which strength is given should be laid on longi
tudinally, or with a very slow turn, and must be kept in place by a
special binding, or by means of the covering compound. Cables of this
general form may also, we believe, be made applicable to the greatest
depths which will be met with. In any case the outer covering should
be so devised as to prevent a strain coming on the core; and the specific
gravity should be adapted to the depth, and be such as to insure the
cable sinking evenly."
The committee enforce the necessity of more careful prelimi
nary surveys than have been hitherto made before laying a sub
marine cable, and they suggest the desirability of contriving
some instrument which would enable the actual bottom of the
sea to be traced. The committee attribute the failures that have
occurred in laying submarine cables principally to the employ
ment of ships not properly constructed for the purpose, and
they recommend that ships should be built specially for such
purpose. The last of the principles which the committee enun
ciate relates to the contracts for laying submarine cables. They
suggest that "a defined but limited pecuniary responsibility
should be placed on the contractor, who must therefore be al
lowed a certain liberty iu his arrangements."
The committee in the conclusion of their report look con
fidently to the future, and repeat the opinion they had before
expressed, that the failures of the existing submarine lines " have
been due to causes which might have been guarded against had
adequate preliminary investigation been made into the question f
and they conclude by observing, "we are convinced that if
regard be had to the principles we have enunciated, in devising,
manufacturing, laying, and maintaining submarine cables, this
class of enterprise may prove as successful as it has hitherto been
disastrous."
We sincerely hope that this conviction of the
committee may be realised; and the vast variety of information
bearing on the subject contained in the evidence and appendix
of this report is calculated to bring about so desirable a con
summation. We place more reliance on the results arising
from a careful consideration of that information than on regard
to the principles declared by the committee, which are in several
instances but self-evident truths, or vague and impracticable
recommendations. Some disappointment may be felt that the
committee express no explicit opinion respecting the success of
a direct Atlantic telegraph, which was it may be assumed the
chief object they had in view; though it may be inferred from
their expressions of confidence in submarine telegraphs gene
rally, and from their attributing former failures to causes that
may be guarded against, that they wish it to be understood
that such an undertaking, if properly conducted, would be
successful
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ON THE EEVIVAL OF STYLES *
By Eev. J. L. Petit.
It will I think readily be granted, though the proposition is
by no means a mere truism, that if we are to have good architec
ture in England we must have a good national style; and it will
also be granted that it is not necessary for such a style to have
originated entirely at home—for by discarding all that can be
traced to foreign sources we shall leave ourselves very few mate
rials on which we can work. The questions we have to consider
are these:—Have we at present any style of our own 1—Are we
likely to work out a new style from our own resources and from
the materials we can command 1—Ought we to endeavour rather
to revive some ancient style; and if so, in which of those before
us are we most likely to be successful ? I assume of course that
we are desirous of establishing a style applicable to all our pur
poses, capable of combinations of the highest beauty and gran
deur, and opening a sufficient field to the genius of the architect,
as well as to that of the sculptor, painter, and other artists who
may contribute to the perfection of his work,
I am'not sure whether we are not apt to draw too nice a dis
tinction between building and architecture, and to take away
from the province of the latter such works as our ordinary dwel
ling-houses, cottages, street fronts, and the like, unless they claim
a title to it by adopting the most prominent features of some
ancient or medieval style. But, in truth, every structure is
architectural which shows that thought, care, and skill have been
bestowed upon its appearance. A very small amount of orna
mental detail, if it lie well designed or well chosen, and well
applied, will often be sufficient to represent as it were a more
elaborate system; while a careful study of forms and proportions,
even if there be no ornament whatever, according to the common
acceptation of the word, may give a building a high place among
architectural compositions; and therefore I said it was no truism
to assume a good national style to be necessary, if we wonld have
good national architecture. For a building may be architectu
rally good, and yet have no feature which decidedly marks it as
belonging to some recognised style, or the adoption of which
would originate a new style. But though a few examples of this
description may be imagined, and some perhaps are actually to
be found, it is not likely that the taste of architects, unguided by
rules, should concur in the production of such buildings through
out the land.
We must have cheap buildings—of churches I shall presently
speak more at large—but we must have public buildings of
various kinds, as well as private, the erection of which shall
involve little or no unnecessary outlay; whose adornment or
adaptation to style shall form a very insignificant item in the
cost, compared with what is absolutely necessary to insure good
work, convenient arrangement, and sound and durable construc
tion.
Now if there be any style or manner in which these buildings
are generally designed, or have been so lone as anything like
unity of purpose prevailed, are we to consider it, so far as it goes,
to be the national style, with the power of adding such a system
of ornament, whether invented or borrowed from foreign or by
gone styles, as shall best harmonise with its own principles of
construction and composition; so that between buildings of the
highest and humblest class there shall be a certain relationship
and unity ?—or ought we to have one style for our ordinary build
ings, and another for works (to use the expression of our neigh
bours) of a monumental character? And again, does our ordinary
or vernacular architecture belong to or readily assimilate with
any recognised style, so that the ornaments, general forms, rules,
and principles of that style may be adopted and engrafted upon
it, without changing its character or rendering it less fit for its
purposes ?
With regard to the first of these questions,—it strikes me that
any essential incongruity between our vernacular and monu
mental styles would be productive of great inconvenience, and
probably offer a serious obstacle to the advancement of either.
For a large class of buildings, public and private, will necessarily
occupy a place between the two, being neither merely vernacular
nor yet altogether monumental. And it is on these that the
character and aspect of our great towns will depend. In such
buildings something more may be allowed to ornament than in
those of the simplest and cheapest class; and yet considerations
* Lecture delivered at the Architectural Exhibition.

of economy must not be altogether thrown aside. If there be
that congruity between the highest and lowest class which makes
their difference to consist in degree rather than in principle, then
the architect of the middle class has merely to apportion to cir
cumstances his amount of expenditure in ornament. There is no
actual line or barrier by which he must be decidedly controlled,
or which he must decidedly overleap, so as to attach his work to
one or other of two distinct classes, the vernacular and the
monumental. But if there be a manifest break between the two
—a clear line of demarcation, on one side or other of which the
architect must take his stand, is it not likely that the result will
often be, on the one hand pretension, extravagance, and the
sacrifice of convenience to show ? or on the other hand, if the
lower side of the barrier be taken, neglect and indifference on
the part of the architect, as if his employment were beneath his
care and consideration ?
We must inquire, then, if there be any style which we may
call onr own, perfectly suited to the wants of the present day;
expressive, or capable of being made expressive, of the spirit of
the age; and sufficiently comprehensive to embrace both vernacular
and monumental works, and that large class which partakes of
both characters. If we would view the matter in its proper
light we must go back somewhat more than a century. So many
of our cheaper structures are of an ephemeral character, and so
many of our more expensive ones are built according to the
fancy of the architect or his employer, that they cannot be said
to represent any national or permanent style whatever. But if
we look at several domestic structures, whether insulated man
sions or forming parts of streets, of about the date of Queen
Anne's reign, we may find something not at all unworthy to be
taken as a national style; combining many artistic qualities of
no mean order, with dignity, durability, and convenience. There
is a house of about the period of which I speak at the entrance
of Camberwell, which I never pass without being struck with
the beauty of its composition. It owes little or none of this
beauty to ornament, for nothing can be plainer or more simple
in this respect. Owing however to its detached position, it
admits of a ground plan more favourable to variety of outline
and a play of light and shade than can usually be obtained in
houses forming part of a street. But both in the metropolis
and in country towns, we see houses which may be referred to
the same type or style of architecture, more or less enriched,
which give no small degree of grandeur, and some picturesqueness, tb some of our street views. The style, it is true, be
came unpopular when a more formal imitation of the Greek
models was affected; and still more so when, as a natural conse
quence of this depressing formality, Classic architecture became
less in fashion, and the fancy for Mediteval architecture began
to prevail. Many fine specimens were consequently pulled down
to make way fur structures of more pretension, but less real
merit—as, for instance, the School at Birmingham: but this is no
proof that the style is unsuited to the spirit of the age, or of the
English nation, and that it might not with advantage again
occupy the position of a national style. To go no further, it
harmonises with the character of the houses we build when we
work without reference to style, and are guided solely by the
consideration of onr own requirements, the state of society,
climate, and material.
If there be any fitting system of ornament by which such
houses may be enriched, without sacrifice of convenience and
adaptation to purpose, and at the same time ^sanctioned by
antiquity or some recognised school of art, and therefore capable
of being carried out according to certain rules, such system may
be worked into our national style; and, supposing it has already
been applied, it has then become a part of our national style, no
matter from what quarter it may have been derived—provided
that the buildings on which we have engrafted it be what we
should naturally design with a view to our convenience, and that
the style itself or system of ornament be conformable with the
spirit of the age, and with its advancement in art, science, and
general characteristics of civilisation. I believe this is the only
legitimate sense of the term "revival," as applied to an ancient
style. For revival does not consist in the mere reproduction of
forms or decorations, which may at any time be obtained by a
clever copyist; nor even in the occasional appearance of a work
conceived in the true spirit of the period which its architect
intended to represent, such as the kitchen at Alnwick Castlo,
designed by Mr. Salvin, a truly original composition, and one
which will bear comparison with any corresponding work of the
44
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best Mediaeval period;—bnt in the establishment of the style in
such a manner that it shall be universally and I may say instinc
tively employed; that it shall not only admit of, but actually
suggest, such modifications as circumstances may demand; that
it shall never appear to be forced upon the ordinary or verna
cular architecture, but rather to flow from it naturally and
readily; that, so far from exhibiting any tendency to unfit a
building for its proper purposes, it shall even seem to render its
adaptation to them more complete; that, instead of constantly
reminding us of its foreign or remote origin, it shall impress us
with the feeling that it might be the growth of our own age
and country (and this cannot be the case if it bears the stamp of
a totally different era in the progress of refinement); and above
all, it ought to convey the impression that it has been based on
practical grounds, and is not the offspring of mere fancy or
sentiment.
We know that two styles are asserting rival claims to the
architecture of the future. At present they seem to assume a
hostile attitude towards each other, and show but little tendency
to coalesce, though it is certain that any style likely to grow
and flourish and mark the character of the age, must combine
elements possessed by each. At the same time it is equally cer
tain, that to secure that unity which is essential to the very life and
existence of a national style, one of them must occupy a superior
position, and the other take a subordinate one. These two styles
are the Classic and the Gothic or Mediaeval. We will give each
the broadest definition; considering the Classic to comprehend
the Grecian, which its scanty remains present to us under rather
a severe if not monotonous aspect, though a careful study of them
shows its artists to have been gifted with powers of imagination
as vivid and fertile as those which have been developed in any
era of human history,—the Roman, which combined the Greek
with other elements,—and the revived Italian, which was intro
duced about the fifteenth century, and has more or less steadily
held its ground ever since. The Mediaeval style may be con
sidered to have commenced on the decline of the Roman, in the
fifth or sixth century, or earlier; and we may trace its principles
through the Byzantine, Romanesque, Saxon, and Norman, till it
culminates in that Pointed or Gothic style which sheds a lustre
on the thirteenth, fourteenth, and fifteenth centuries.
With which then of these two styles does our vernacular ar
chitecture best harmonise J From which of them does it, with
most propriety, borrow its decoration 1
Let us suppose a house front, forming part of a street, to have
two stories above the ground floor, each with four windows.
This seems as likely an arrangement as any to suit general con
venience. In the first place, we may pay attention to the pro
portions between the length and width of the windows, and to
the breadth of the spaces which divide them. The probability
is that we may satisfy the eye in this respect without the least
sacrifice of comfort. As to the form of the window opening,
there can be little doubt the rectangular is most convenient when
woodwork is required, as it must be in dwelling-houses; and
when the ceiling is flat and the height of the room limited,
the contraction of breadth at the top which an arched window
involves may cause an inconvenient diminution of light. But if
stone lintels are not to be obtained, and brick or small stones
are principally employed in construction, then the head of the
window must be an arch. This ought not to form a perfectly
horizontal line, both as being apt to sink, which produces an
unpleasant effect, and as disguising the construction by giving
an arch the form of a lintel. A decided curve should therefore be
given; but the less it deviates from the straight line, the less
will be the sacrifice of those advantages which belong to the'
rectangular form. A segmental arch comprising a very small
arc of a circle is satisfactory to the eye, easily fitted up with
woodwork, and unites the qualities of convenience and construc
tive truth. It is accordingly very commonly adopted, and is
equally applicable to the palace, the mansion, and the cottage.
We have now obtained a front not unpleasant to the eye, but
altogether devoid of ornament; although the care bestowed upon
its proportions and arrangement entitles it to be classed as an
architectural composition. How are we to begin if we want to
enrich it? There is probably nothing in the internal arrange
ment to suggest a division by vertical lines, for the partitions
between the several rooms may be arbitrary and irregular. The
real lines of the building mnst be horizontal, as it is evidently
divided by ceilings and floors into several stages. If the position
of these be marked by good and effective string-courses, and the
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whole crowned by a rich cornice, we are at once in possession
of a meaning and telling system of ornament, which will give
the front an air of considerable richness, even if we go no further.
As the Classical style is that in which the horizontal line pre
dominates, we shall naturally be led to look to it for examples
of such cornices and string-courses as we require; and we shall
find that it furnishes them abundantly, presenting us with spe
cimens which, for clearnesss, brilliancy of effect, and the sugges
tion of constructive truth, are altogether unrivalled. The Roman
mouldings, as applied to horizontal lines, form a most valuable
study, and have perhaps more of effectiveness and variety than
the Greek, besides being more generally applicable in a style
where the Greek element is so much modified by the intro
duction of others.
But the vertical line, though subordinate, need not be left
wholly unrepresented. The termination of the buildiug, where it
joins the adjacent houses, may be marked by some kind of
pilaster coign ing. The windows, ranged one immediately over
the other, leave vertical stripes, which may also be marked by
pilasters of small projection in one or more of the stages. The
addition of these is right in a constructive point of view, for they
give the wall some apparent and a little real additional strength
where the superstructure is heaviest. And although the intro
duction of these pilasters may seem a step in the direction of
Gothic, which exhibits the predominance of the vertical line so
as to carry out the principle to the verge of exaggeration, yet it
is not at variance with the spirit of Classic architecture, in which
indeed the same principle has sometimes been expressed a little
too prominently. The frequent use of the engaged column is
perhaps one of the least defensible features in the Classic, both
ancient and revived.
Should the engaged column be discarded, or used very spar
ingly, it becomes a question whether we ought also to discard
those parts of the pilaster which give it the air of a substitute
for the column—namely, its base and capital—so leaving it as a
mere vertical strip. I can hardly think we are called upon to
make the sacrifice. If the pilaster preserve or represent the pro
portion of a Classical column (for we must look upon the column
not only as a mechanical support, but also as an expression of
true proportion, and a kind of modulus for the measurement of
the whole building), then it cannot be wrong to preserve those
features which are necessarily included when proportion is con
sidered. And so far as they give the idea of vertical support
they cannot be wrong, since the pilaster does actually add to the
strength by which the superstructure is upheld. But where the
arrangement does not admit of the columnar proportion and the
full development of the entablature, or where the object is rather
abutment than vertical support, regular base and capital had
better be omitted.
Again, the edges of the window jambs might have some simple
moulding of a durable character, or the windows may be fur
nished with dressings, by which an effect of depth is obtained.
Further, it may be desirable to have projecting window-sills,
wide enough to hold flower-pots and the like. These will give
an additional scope for enrichment in the brackets which support
them; and the more so as, the weight being small, such brackets
may be designed with a view rather to elegance than strength.
Those in similar positions—namely, under projections of no great
weight, present some of the most beautiful curves that we find
in the Roman as well as in the revived Classic. A hood, sup
ported in the same manner, may be placed above the window,
giving it some slight protection from rain. In buildings of
a more ornate character the hood may be connected with the
window-sill by small detached columns or engaged pilasters. A
balcony might also be attached to a window opening to the floor
of the room; this will rest on brackets of an apparent as well as
real strength, proportioned to the increased weight. And a
balustrade of stone, wood, or metal may be made tc add to the
beauty and character of the design. These projections give
great life and picturesque charaoter to street views in many Con
tinental towns.
Now here we have arrived at a front of considerable richness,
and altogether falling naturally into the style of the revived
Italian, which will also furnish us with the means of introducing
panels of sculpture, or discs of marble, into such parts of the
surface as may still be considered by the architect or his em
ployer to be too deficient in ornament. In all this, you will
observe, there is no straining at effect; no going out of the way
to meet the exigencies of a style; no sacrifice whatever of con
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venience;—the scale of magnificence, and consequently of expense, they actually belong to different periods, is valuable, both as con
may almost be regulated to a nicety; every addition offers itself ducive to picturesqueness and as forming a sort of historical
record; but when it is no other than the result of caprice, way
in a direct-, straightforward manner; and the result, to an un
prejudiced eye, will be satisfactory if the composition be worked wardness of fancy, or want of unity among artists, it becomes
out with judgment. Of course, a bad architect could out of the unpleasing to the eye, and perplexing to the mind. Nor can it
above materials produce something very tame and meagre— be said that it is necessary to have one style for houses or
for there never has been, and never will be, a style the mere secular buildings, and another for churches, in order that we
adoption of which will be sufficient to insure excellence; but I may know a church when we see it. Of the thousands of
am convinced a good architect would bring out a design full of churches that have been built at different times, whatever may be
grace and vigour, and, however commonplace its elements, give their style or date, how few are there that would be confounded
with secular buildings, and vice versd.
it the stamp of originality.
Undoubtedly it is possible to Gothicise, in a manner, such a
The ecclesiastical character depends very little indeed upon,
street front as I have imagined. We may divide it into bays of style; and it would be possible to build a church, perfectly unex
one or more windows, and mark the division by buttresses or ceptionable in composition, form, aspect, expression, and general
strongly predominating lines. We may choke the windows up arrangement, without introducing any one characteristic of any
by mullions and tracery, and give them pointed heads; or we recoguised style whatever.
may retain the square-headed or slightly segmental window
As an instauce I will notice a Protestant church at Emmerich,
without mullions, placing over it a Gothic arch against the near the Dutch frontier, on the Rhine. In date it corresponds
blank wall, so as to cut the floor-line of the apartment above. with that period to which I have referred as offering something
like a national architecture of our own—namely, the reign of
But neither these, nor any other devices by which modern re
quirements are made to conform to Mediaeval architecture, are Queen Anne. It is of brick, very plain, and devoid of ornament,
suggested by the simple primitive arrangement, nor do they aud worked in rather a meagre manner, the walls being evi
show any congruity with it: indeed, it requires some exercise of dently very thin. The plan is a Greek cross with very short
skill and contrivance to prevent Gothic details from interfering arms, and no arches across the intersection, which might support
a central tower or dome; the whole roofing is consequently of
with the comfort of an arrangement which is really Italian.
wood. This is high pitched and hipped; only one of the fronts
Had I chosen for my illustration a front of five or seven win
dows instead of four, the door would probably have occupied the having a low pediment, which had better have been omitted: a
wooden cupola or lantern, of a very ordinary description, crowns
centre of the ground stage; and the building, arranged symme
trically on each side, might naturally have suggested a Classic the top. The windows are round-arched, and arranged in two
rather than a Gothic treatment. The number of houses without tiers for the sake of galleries. There is but little detail any
much architectural pretension that are so arranged, presenting a where: what there is lias a Classical character. Now I doubt
symmetrical front, and for whose decorations the architect has not that an exclusive admirer of Gothic would pronounce this
an extremely ugly building, and would wonder what made me
instinctively turned to the Classic style, shows that the arrange
ment cannot be otherwise than generally convenient; but by stop in the town an hour for the purpose of examining it; but
choosing a composition that does not form itself symmetrically, I confess I was very much struck both with its appearance and
the door being placed nearer to one side than the other, I would capabilities. From a distance I saw not only tliat it was a
church, but a very good church; nor was I disappointed on a
show that the employment of the Classical style does not tie us
down to so strict an observance of regularity as to involve any nearer approach, when I could judge better of its proportion.
Had the walls been thicker, bo as to give more depth and
sacrifice in point of convenience. It is true that glaringly need
less irregularities are offensive, perhaps more so in Classic than effect to the openings, I should have considered it really a grand
in Gothic; and in most cases it is the part of the architect to building. There is a church of much the same form, and pro
bably date, at Eisenach, in Germany, having however square
combine regularity with convenience: the problem is geuerally
one that can be solved in a satisfactory manner; but where it instead of round headed windows, which do not detract from its
cannot, as in the case we have been considering, the want of ecclesiastical aspect.
symmetrical regularity is felt to be no defect. An utter disre
Another church which I may here notice is one at the Hague,
gard of symmetry is not to be tolerated in any architectural which also has high-pitched timber roofs, and a central turret
of the same material. The plan of this church comprehends
composition, be it Gothic or Classic; though an occasional inter
ference with it—whether it be accidental, as when it results from two intersections by transepts, which, as well as the ends, are
the incomplete carrying out of a design, partial rain, or change apsidal. Externally the style is Classical, having large pilasters
of architects; or whether it be owing to tho exigencies of the with regular capitals and entablature; internally there are no
building—often gives life and picturesqueness to a composition; details belongiug to any style, though the open timber roof gives
and there are many incomplete and irregular fronts—such for an appearance of richness. It is decidedly a striking object, aud
instance as that of itoueu Cathedral—which we should be sorry to well worthy of study. I should think it not impossible to give
it a construction which might admit of a stone central lantern
see reduced to a formal symmetry. But if we build for the pic
turesque we must be careful that our aim be not too apparent; or turret. But even our own Dissenting chapels of the 1 st
for irregularity ceases to possess the charm of picturesqueness century and the beginning of the present, plain and often taste
the moment it ceases to appear accidental or forced upon us by less as they are, have a certain character which marks them as
set apart for religious purposes; and without being different in
circumstances.
We have now to consider the question whether we ought to style (if they can be said to have any) from the houses on each
have two distinct and dissimilar styles—one for secular, the other side of them, are easily distinguishable, and leave no doubt with
for ecclesiastical purposes. And here I think the advocates of the spectator as to the purpose for which they have been erected.
I must however rescue from the charge of tastelessness one at
the Gothic revival have taken a more advantageous stand than
those who oppose its application to secular purposes: for the
York, built I suppose about the middle of last ceutury, and just
latter seem not unwilling to relinquish the Classic style in
as devoid of any preten-ion to style as the plainest of the houses
which surround it. It is nearly in the form of a Greek cross,
church building, so long as they retain it for civil uses; while
the former contend that the Gothic is the best, not only for
and has a wide and low central tower, giving the building an
outline not inferior in dignity to many good Medioeval churches.
churches, but for all structures whatever. In fact, they evi
dently feel how necessary is unison in a national style. I must
If it were not for the existence of structures which we are not
likely again to require or reproduce—I mean cathedrals of the
confess that, if they can establish Gothic as the only legitimate
largest class—I doubt whether the Gothic movement would have
church architecture of the present day, I do not see how their
proceeded with much spirit, even if it had been commenced at
opponents can long resist their claim upon secular architecture
also. Churches must be classed among what we have referred to
all. It is only by such structures that we can be impressed with
a full admiration of the style; and any arguineut in favour of its
as monumental buildings; aud it is clearly adverse to the pro
revival which rests on the irapressiveness of such buildings, falls
gress of art that the architect should have to give up his mind to
to the ground if it can be shown that such impressiveness ia
two sorts of composition, both of them of a high order, grounded
on principles that in many respects are antagonistic to each
what we shall probably never again obtain, at least by similar
other. The dissonance between buildings of different styles, like
means. If this were a cathedral-building age it might be an age
the irregularities in the same building that I have just spoken in which Gothic architecture could be revived. But it is not a
of, if they are clearly the result of accident or necessity, as whea
cathedral -building age.
We may require and build largo
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churches—we may not grudge handsome and expensive ones— shops at Derby, the present plan of this coupling has been ma
we may increase the number and force of choral establishments; tured so that it can be successfully employed.
Fig. 1 shows the process of coupling; Fig. 2 is a side elevation,
but that pile of building which constituted the great cathedral of
the middle ages, whose exterior expressed dominion over the and Fig. 3 a plan of the coupling. The coupling consists of a
adjacent district, whose interior suggested the idea of infinity— straight double link AA, Figs. 2 and 3, connected at one end by
this we are not likely again to call into existence; not because a pin to each side of the shank of the drawhook, -whilst the
we are as a nation wanting in the spirit of liberality, for large outer ends are connected to the coupling link B by means of the
sums are continually expended in the restoration of our old pin C. This pin has a projection or tripping catch D, forged
cathedrals—and if one were to be utterly destroyed, I believe it upon it in the middle, and its ends are flattened and fit into cor
would be rebuilt upon the same scale of magnificence;—but responding holes in the coupling link B, as shown in Fig. 2, so as
because we are a practical nation, and feel that cathedral building not to turn in it. The coupling link has its straight ends pro
in these days is not the only way, nor the moat effective way, of longed backwards beyond the pin for carrying the counterbalance
securing and spreading abroad the blessings of our religion — weights E, which serve to keep it in its proper position for
that an almost unlimited expenditure in mere externals (for being acted upon by the lifting lever when the operation of
cathedral building amounts to this), however it might have been coupling is to be performed. The lifting lever F is worked from
justified in some epochs of the church, is not so in the present, either side of the waggon by handles G, on the ends of the trans
verse shaft H, Fig. 1, which is carried in hangers from the sole
when other necessities and exigencies call for a different applica
tion of our means. It is, I suspect, because this is not a cathedral- bar of the waggon. Each waggon has a similar coupling at
building age (for this practical spirit is not confined to our own each end if desired; and when two waggons are coupled to
country and our own persuasion) that our genius seems to flag gether, the link which is out of use remains suspended in a
and languish when we attempt what is specially the architecture vertical position.
In coupling the waggons together by this apparatus, the lifting
of cathedrals; while in our engineering works we display a power,
lever F is raised by the handle G, and bears against the aose of
and, I will add, a perception of architectural propriety, not sur
the tripping catch D, as shown dotted in Fig. 1 ; thereby raising
passed in the greatest works of the Romans.
the link B, until it obtains a bearing on the underside of the
catch, when it throws out the coupling link B, which is thus
brought over the opposite drawhook, and is then allowed to drop
on the hook by lowering the lever. In order to uncouple the
ON A NEW SAFETY COUPLING FOR RAILWAY
waggons, the link is first raised by the lever till it is disengaged
WAGGONS*
from the drawhook, and is continued to be raised still further
By Charles Markiiam.
until the nose of the tripping catch escapes the end of the lever,
It is remarkable that, notwithstanding the numerous improve
when the coupling link is tipped up by the counterbalance
ments which have been made in all kinds of machinery during weights E, into a vertical position, and is then lowered by the
the last twenty years, some simpler mechanical contrivance has
Fio. l.
not been introduced to supersede the present rude and dange
rous method of coupling railway waggons. Numerous attempts
have been made at different times to accomplish this desirable
object, but they have been abandoned in consequence of being
found defective in working.
In the early period of railways, when the different lines were
isolated one from another, the centres and heights of the waggon
buffers were considered to be of little importance, and each rail
way adopted some dimension of its own. When however it
became evident that, for the accommodation of the traffic, waggon
stock of the same gauge must circulate from one end of the
country to the other, uniformity in the centres and heights of
the buffers became necessary. Resolutions were consequently
agreed upon" at the clearing-house that the height from the rails
to the centre of the buffers should be 3 ft. 3 in., and the distance
o ". .,.
from centre to centre of the buffers, 5 ft. 8$ in.; the length of
I
c>-'
the buffers was fixed at 1 ft 3 in. for dead or solid buffers, and
/.•c
1 ft. 6 in. for spring buffers. These regulations have been in
force for many years, and a considerable degree of uniformity
now prevails in the general construction of railway plant, which
materially tends to facilitate the introduction of a coupling that lever, clear of the drawhook, into its original suspended position.
A stop I, Figs. 2 and 3, is provided inside the coupling link B,
can be connected to any modern description of waggon.
No class of railway servants are subjected to so dangerous an which comes against the side link A, to prevent the coupling
occupation as "shunters," who are employed in marshalling and link tipping over too far back.
The mechanical success of the plan now described for coup
forming goods and mineral trains, and are continually coupling
and uncoupling waggons, frequently whilst in motion; this they ling railway waggons is due to the introduction of the elbow
generally accomplish by leaning on the buffers, and lilting the joint and tripping catch in the middle of the coupling, whereby
coupling link on or off the drawhook. If the buffers are com
pressed together when the engine starts and pulls the waggons
Fio.
forward, or if the engine-driver misunderstands the signals and
suddenly checks the engine when pushing, the shunter is liable
to fall in between the buffers on to the rails, and be crushed or
mutilated by the waggons passing over him; and fatal accidents
from this cause are very numerous.
Fio. 3,
The writer has now the pleasure of bringing before the meet
ing a new Safety Coupling for Railway Waggons, the invention
of which is due to Thomas Osborne, who has been employed for
many years as a fitter on the Midland Railway. A model of the
coupling was shown to the writer by him about two years ago, the coupling link is enabled to pass up clear of the opposite
but the invention at that period was in a crude and imperfect drawhook in lifting, and is then extended forwards to reach
form; and as the coupling operation had still to be performed over the hook for coupling the waggons; while in uncoupling it
by the men going in between the buffers, the plan was con
is first disengaged from the hook and lifted up, and then swings
sidered to be of no practical value. With the assistance however free into a vertical position, so as to drop clear of the hook in
of Mr. Harland, chief foreman of the Midland Railway carriage lowering. The advantages attained in this plan are—safety to the
men, dispatch in the process of coupling and uncoupling, and cer
* From n paper read at the Institution of Mechanical Engineers.
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tainty of action. The coupling consists of few working parts,
and these are not liable to derangement in the ordinary work
ing of railway waggons; but even in the event of the lifting
lever accidentally getting out of order, the coupling can be made
use of as an ordinary coupling by being lifted on or off the drawhook by hand. The coupling can be applied to any waggon
with the same facility as" an ordinary coupling, with the excep
tion of the extra cost of labour and material for the levers for
working it; it can also be easily coupled to another waggon, even
though there should be a difference of 6 inches in the length
of the buffers. The difficulty of coupling waggons together on a
sharp curve, in consequence of their being out of line with one
another, has been provided for by widening the opening of the
coupling link B, and lengthening the centre pin C, as shown in
the plan, Fig. 3, so that the link has a sufficient opening to
insure its always engaging the opposite drawhook, even on a
sharp curve; while the side links AA of the coupling are kept
straight, to withstand the violent jerks which all waggon coup
lings are subjected to.
For testing the efficiency of this coupling a waggon fitted with'
it was attached to the shunting engines that are employed in
sorting and marshalling trains at the Derby station, and was
kept constantly at work both night and day for about two
months; the very heavy trains that had to be shunted, and the
great variety of waggon stock that passed through the station
in transit to different parts of the country, afforded an excellent
opportunity of detecting any defects that might exist in its appli
cation. The result of this trial showed that nearly the whole of
the waggon stock on the Midland Railway, including upwards of
17,000 waggons belonging to colliery proprietors and others con
nected with the coal trade, could be coupled or uncoupled with
the greatest facility by means of the new coupling. The varia
tion in length of the buffers of the different waggons now in
ordinary use, and running in connection with the Midland Bailway, does not exceed 6 inches; and there does not therefore
appear to be the slightest objection to the universal application
of this mode of coupling to all such waggons. Some waggons
however of an old make, belonging to the London and North
Western, and Manchester, Sheffield and Lincolnshire Railways,
have no drawhooks; consequently in such cases the men must
couple the waggons in the ordinary method; but these cases are the
exception to the general rule, and in a few years will be entirely
removed by the substitution of an improved description of wag
gon stock constructed in conformity with the general regulations
of the clearing-house.
The principal impediment to the immediate introduction of
the new safety coupling, will be its extra cost as compared with
the ordinary coupling, the cost of each plan being as follows:—
Ordinary Coupling.
354 lb. of iron at 1 \d. per lb
Labour ...

I. d.
3 4
0 8

Total
..4
New Coupling.
a.
46 lb. of iron for coupling, at ljd. per lb. ...
...
..4
...
...
...
...
...
...
... 5
Labour ...
18 lb. of cast-iron for balance weights, at It. 9d. per cwt. ... 1
Labour
:
0
51 lb. of iron for lifting lever, shaft, hangers, &c. at 1 J(i. per lb. 4
Labour
4

0

d.
4
5
2
5
9
7

Total
20 8
The extra cost of the new coupling is thus 16*. 8<f. for each
coupling, or £1 13*. Ad. for both ends of the waggon.
There does not appear to be any doubt respecting the success
ful application of the new coupling in its present form: but the
writer thinks it may be advisable to increase still further the
size of the rods, levers, and pins, since they may possibly be
found too light as at present made; for experience has shown the
necessity of making every description of rolling stock strong
enough to withstand the violent concussions it is liable to.

Mr. Marbtham showed a full size working specimen of the
coupling in action, which could be altered to allow of 6 inches
variation in the distance between the drawhooks, for exhibiting
the range of action of the coupling. He observed that a previous
attempt had been made at a mechanical coupling to supersede
the present mode of coupling by hand, the coupling link being
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lifted by a lever from the side of the waggon, but the link was
made in a single length without a joint, and would therefore
only work with a uniform length of buffers, and if the buf
fers were at all short the link did not drop into the drawhook till the waggon was started. In the new coupling however '
the principal element of success was the elbow joint in the middle,
which enabled the coupling link to reach over the drawhook
even with the extreme variation that was met with in length of
buffers, amounting to as much as 6 inches. With the present
mode of coupling by hand the loss of life was fearfully great, and
the accidents were extremely numerous, far more so than was
generally known; it was therefore of the greatest importance to
prevent the continuance of such accidents by the adoption of
some such mechanical coupling as that now described. There
were about eight sets of the couplings now in use on the Midland
Railway, and one had recently been put to work on the Man
chester, Sheffield, and Lincolnshire Railway.
Mr. J. Wright fully concurred in the importance of adopting
some mechanical mode of coupling to prevent the loss of life and
accidents occurring under the ordinary mode, which to his own
knowledge were lamentably extensive. He had not yet seen the
new coupling in operation, and hoped a thorough trial would be
made of it on several railways, in order to test its working
under a variety of circumstances. The coupling appeared a good
deal heavier and more costly than the prdinary couplings, and
he thought it would be a great advantage if it could be some
what simplified; for a chief source of expense in waggon repairs
was the loss of the couplings, which were generally broken off at
the piu, so that the whole coupling was Tost; and if any of the
new couplings were lost they would entail a great expense for
renewal.
The Chairman (Mr. Henry Mat/delay) observed that the first
cost of the new coupling must be considered in connection with
its durability, and as a means of saving accidents and loss of life
it deserved the best attention of all railways, and he hoped it
would have a careful trial.

ON THE EESTORATION OF ANCIENT BUILDINGS.*
By G. E. Street, F.R.l.B.A.
This subject is one on which it may be difficult to say any
thing absolutely new or original, and on which nevertheless it is
of no little consequence that from time to time something should
be said by those who feel the whole importance of the charge
with which we are entrusted in the restoration of our ancient
buildings. How is it possible to overstate their value ? They
illustrate almost every page of the history of our country, in
letters which are legible and unmistakable to all who take the
pains to read them; and yet the slightest mistake in the restora
tion of any one of them may go far to destroy all their interest
and all their value. They connect the present with the past in
the liveliest way we can imagine, yet a mistaken mode of resto
ration may end in leaving us nought of the old work or the old
associations, but in their place a completely modern-looking
building, with associations going no further than a tribe of mo
dern workmen, a careless architect, and a committee of enthusi
astic but ignorant restorers. So that, in truth, the restoration of
ancient buildings may very easily—as it does, only too often—
mean their destruction.
Our first duty is to be as justly conservative as possible whereever we have to deal with anything old. Not conservative in the
sense of putting up a new copy of an old work—such as is in
progress at St. Mary Magdalene's, Taunton—but conservative in
the much truer sense of keeping the old work in its old place,
with its old tints, its old weather-stains and lichens, and even its
old defects.
It is almost impossible to overrate the importance of this first
and great condition of all tolerable restoration, and I confess that
as I grow older and think more on the subject, I find myself
even more and more impressed with its invariable truth Some
years ago, at one of the fir it architectural meetings I ever at
tended, I remember having heard a discussion on the restoration
of churches, which was opened by ono who, partly for the sake
of argument, partly because there was a half-truth at least
in his argument, maintained that the only true mode of resto
ration was the "destructive," as he called it; by which term he
* Prom a lecture delivered at the Architectural Exhihitiua.
45
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explained that he meant, that we ought to decide for ourselves
■which in the beat style for oar purposes, to make some one
style our own, and then ruthlessly to pull down everything
that disagrees with it: so that the choir of Lincoln, and the nave
of Peterborough or Ely, not being in that perfect Middle-Pointed
style in which alone he saw any perfection of design or com
pleteness of purpose, were 1 suppose to be pulled down, until
nothing should remain but old works of one date, and new
works in imitation of them; or—to carry the argument to its
legitimate end—so that everywhere old building* should give
way to the perfect style (whatever that may be) of the nine
teenth century. Absurd and extravagant as such a view is,
there is nevertheless a vein of truth in it, for the argument
was founded no doubt upon a careful consideration of the mode
of work adopted by our forefathers, and in exact imitation of
their mode of thought and action. No one who has examined
their work can forget how little they reverenced the work of
their forefathers. We praise William of Wykeham for his grand
nave at Winchester, but what should we say to the man in our
own age who should propose to continue the style of the central
octagon of Ely on into the nave, by paring, destroying, or casing
the old columns, inserting pointed ana moulded arches, and
throwing the aisle and triforium into one by the destruction of
the Norman vault between them? Yet this is precisely what
Wykeham did at Winchester; whilst his predecessor, Edington,
no doubt pulled down a grand Norman west front in order to
substitute his own conception in its place. And the instance I
have given is one of all but universal application—every man in
the middle ages seems to have thought his own work better
than that of his predecessor; and the instances are rare in the
extreme where, as in the naves of Westminster Abbey and
Worcester Cathedral, the architect has distinctly copied the
work of the earlier architect of the choir. And unquestionably,
great part of the admiration we feel for this old work is inti
mately dependent upon that hardihood and self-confidence which
ever characterised its designers; for it needs not to be said that,
if our old architects had reverenced their fathers' works as much
as we respect theirs, we should have had, perhaps, more build
ings of uniform character, but they would have shown far less
originality, and life, and vigour, than they now do. The reason
however for this contempt for their predecessors' work is very
plain, when we consider how. comparatively short the interval
was which separated the latest of our Mediaeval architects from
the earliest, and how completely it had been bridged over by
the very gradual nature of the development in their style.
The destructive system of restoration which was the rule in
the middle ages, however defensible and right it may be in
theory, is entirely indefensible and wrong in practice. For let
us once allow it to be right in practice, and we shall soon find
men on all sides with little reverence for what has gone before,
and much conceit in their own cleverness, ruining in a short
space of time that which no space of time whatever can give back
to us. There are three modes of destructive restoration, and
each equally effectual. The first, that which would pull down
and reconstruct in a new style; the second, that which would
pull dowu and re-erect in the same style; and the third, that
which would tool and scrape every stone in a wall until the
whole should appear to be new. Of these systems the largest
and boldest examples are, fortunately for us, to be seen on the
Continent, and we have suffered comparatively little as yet.
(The lecturer, after commenting upon the destructive system of
restoration pursued upon the Continent, then proceeded—)
How much is lost in the course of destructive restorations it is
almost impossible to calculate. In some cases in England we
have suffered terribly, and nowhere more than at Salisbury.
The destruction of the old campanile, the confounding together
of portions of monuments of various dates in the most indiscrimi
nate fashion, the removal of screens, and the carting away of old
stained glass to the city ditch, are among the architectural sins
for which James Wyatt, "the destructive," as Pugin rightly
called him, has to answer.
The restoration of the west front of Lichfield Cathedral be
tween a.d. 1788 and 1795—one of the most abominable even of
the works of that "ingenious architect Mr. James Wyatt," as
Storer called him—ana the restoration of St. Denis, in France,
are cases of even more grievous spoliation than that of Salisbury;
and we cannot, I think, be too thankful that an age in which
all restoration would necessarily have been destructive in the
extreme, was at the same time an age of such apathy and
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lethargy, that it was the rarest thing for any restoration or
repair of an old building to be undertaken at all.
That third kind of destructive restoration to which I referred is
unfortunately so popular with some people, that if we do not take
care great damage will be done, not always to the architectural
design, but (which is just as important) to the colour, tone,
and interest, of our old buildings. And in reference to this I am
unable to avoid mention of two restorations now or lately in pro
gress, both of which seem to me to be of on unfortunate descrip
tion. They are those of the western fronts of Lincoln and of
Winchester. The former is, I am told, being re-tooled and
repaired wherever defective, so as to make it look like a new
work of our own day. And the history of the whole thing is
worth telling. It seems that a former clerk of the works is
supposed to have had some interest in the use of a Yorkshire
stone in place of the native Btone in repairing the west front.
The Yorkshire stone he used has decayed rapidly, and all his
work now requires renewing with the same stone that was
used in the old work; but not content with repairing defects,
they are carrying the cleaning, tooling, scraping process over
the whole of the work, so as to make it look uniform. I
wish men would consider a little what this cleaning pro
cess involves. Directly you set a mason to clean a piece of
old work, he proceeds to chisel away something like an eighth
of an inch of the surface everywhere. All mouldings assume,
of course, new proportions: the hollows become larger, the bowtells smaller, and each cleaning is therefore one step in the
destruction of the work; whilst it happens continually that an
ignorant workman, will in an hour or two, destroy the special fea
tures of an old moulding, without having the slightest idea that
he has altered the section at all. It ought to be understood,
therefore, that in all cases of cleaning and refacing old carved or
moulded work, no amount of skill on the part of the architect
(who cannot always be on the spot) can secure the work from
irreparable injury; and I hardly know what guarantee we can
have that at Lincoln the damage to old colour, and the altera
tion of the relative proportions of mouldings, are the only things
we shall have to lament in this mistaken work of so-called
"restoration."
At Winchester a most inexplicable work of the same kind is in
Progress. Here the main beauty of the old work was its colour,
t never was a very grand facade, and had many of the usual
faults without the best features of Perpendicular design; but
time had done its work, and the west front was in colour and
general effect fairly in harmony with the rest of the building,
and a work for Englishmen to be proud of. Now, as you go
along the railway to Southampton, you see the new tower and
spire of a church, and beyond it what seem to be the equally
new gable and pinnacles to the cathedral; and I hear that they
propose to polish up the whole west front in the same way, to
match the gable; then, if funds last, I don't see why they should
not undertake the side walls, and finish up with a refresher over
the whole surface of the fine Romanesque central steeple ! When
all this is happily consummated, the good people of Winchester
will, I suppose, be happy, and their grandchildren may hope to
see the cathedral again in its old colour and with its old effect.
I cannot imagine that the stonework required scraping; for not
only is the stone at Winchester generally in very fair condi
tion, but at the same time I have but little doubt that the putting
a new face on it will render its future decay more probable and
rapid than any other course that could have been adopted. The
castle, and much of the exterior of the cathedral, at Norwich, are
also examples of destructive restoration; and here the walls have
been so plastered with cement, coloured to imitate the stone in
the most elaborate way, that I fear most of the original work is
absolutely destroyed.
Destructive restoration is accomplished also by the removal
of furniture or fittings of old buildings as often as by the altera
tion of old detail. For instance, there used some years since to
be a number of very fine carved oak stall or desk ends, of the
fourteenth century, in the choir of Wells Cathedral; their places
are now occupied by new work and designs, and on a recent visit
I could find no trace whatever of any of the old ends, whilst the
verger absolutely refused to allow that there ever hnd been any
such work as I described in the cathedral. Similarly, I remember
seeing the fine wooden gates of the screen at Dorchester in a
builder's yard at Oxford; copies of them having been erected iu
their place, to save the trouble of restoring the old gates, and
probably without the knowledge of the architect. So, too, some

Jol; 1, 1851]

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

one once sent as a present to the Oxford Architectural Society,
a fine seat-end, which I recognised as having been taken from a
church in Staffordshire, probably during some repairs; and in
these cases we architects are by no means always in fault, for
there are some clerical and other restorers who take strong fan
cies and strong dislikes. One man cannot tolerate his old chancel
screen—another does not like poppy-heads; and each of them
banishes his enemy when he has him in his power during the
work of restoration ! And then there are, or at any rate there
have been, some antiquaries who seem to think it no theft to
pocket a curiosity, and have no compunction about giving the last
wrench at an old brass. So of late years the gi aud St. Maur
brass at Higham Ferrers has suffered; and at the present mo
ment, the church having been shut up unused for a couple of
years, one of the older brasses is all but pulled off the stone,
and will probably, unless more care than hitherto be taken, have
disappeared altogether before the restoration is complete.
I was told the other day of a curious example of the effect of
careless or ignorant- restoration on the south doorway of the
north wall of the choir of Lincoln Minster. The central shaft
was of later date than the jambs, and the latter, having become
decayed, have now been restored in imitation of the central
shaft. The result of course is unfortunate in every way; and
the story which the old doorway told has now a third chapter
added, which makes the whole unintelligible.
So far all the examples of destructive restoration have been
such as all will agree in condemning. There are other examples
as to which we may well be more cautious in the expression of
an opinion; because, though they are among the really destruc
tive works, they are also among the best, the most careful,
and the most sumptuous of restorations.
Take the most
remarkable example—the Chapter-house at Salisbury. Here
we see the whole interior restored with new polished marble
shafts; new stonework wherever the old was damaged in any
way; walls and roof covered with new painting; and finally, the
whole of the sculptures from Old Testament story which fill the
spandrels of the arcades restored, repaired, and renewed in the
most elaborate manner, and then covered with painting. Now,
independently of the question whether the chapter-house be or
he not now exactly in the state in which it was left in the
fifteenth century (aud, as far as the colouring is concerned, I
doubt it vehemently), such an elaborate restoration is very dan
gerous. I believe it to be quite impossible, and very wrong, ever
to attempt the restoration of sculpture. If you have a piece of
old sculpture so damaged as to interfere seriously with the pur
pose of the portion of the building in which it occurs, the right
thing to do is to move it bodily to some other place, and there
carefully preserve it; whilst in its place you insert an entirely
new and original work. You have no more moral right to touch
up or patch the work on which an ancient sculptor bestowed his
art, than you have to touch up, finish, and repaint the work of
a Giotto or a Fra Angelico. They are all works of individual
artists; and because their names .happen to be unknown we are
not relieved from the duty of preserving them exactly as they
have been handed down to us.
In the Chapter-house at Salisbury no absolute necessity for
the restoration of the sculpture existed. The old sculpture,
damaged as it was, gave us nevertheless the exact measure of
the artist's power, had all the interest which the certainty of
antiquity imparts, and presented to us in every part the sculp
ture of the fifteenth centnry. Now it is difficult to know what to
trust: the work has been done with singular care; yet I am
confident that it must be impossible to repair and patch any old
work without at the same time running great risk of having the
old work chiselled, filed, and fitted to the new; whilst the final
operation of painting has effectually concealed much of the
delicacy of the sculptor's work. Suppose, for an instant, the
same system adopted elsewhere, and our royal tombs at West
minster, our unsurpassed sculpture at Wells, our sculptures round
the chapel at Ely, and elsewhere, all carefully aud painfully
repaired, restored, scraped, and repainted, aud I think you will
be affrighted at the idea. The truth is, that most of us at the
present day had better, when we want to show our knowledge
of sculpture, do so in our new work; and when we wish for
colour, paint also our new works, aud not our old. The question
of the application of colour upon architectural work is not to be
settled in a sentence; but, fond as I am of colour in its right
place, I should generally dread very much to hear of its being
applied to any old building for which I had much affection.
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Would any of us tolerate the idea of Westminster Abbey being
given up to the colourist? I think not: for though the propor
tions, the mouldings, the traceries, would remain all as they
were before; the marks of age, all that makes the church ve
nerable or connects it to the eye with the associations of the
past, would have disappeared at once; and we ought never to
forget that in all restorations this evidence of antiquity is the
one thing which, above all others, must never be destroyed on
any account; and just as iu all destructive restorations no ac
count whatever is taken of it, so in all restorations well carried
out this is the one thing which, above all others, is most taken
into account The first mode of restoration is fairly called De
structive; the second and safer mode is rightly called the Con
servative—and I will now endeavour to show how this mode
may without difficulty be generally carried out.
The mason must be attentively watched in his mode of doing
his work: he should (if the old work be good) attempt, as far
as possible, to assimilate his own to it in every way—in the bond
of the masonry, iu the mode of dressing or working the stones,
and in the general character of the work. He should be allowed
to indulge in no such ingenious devices for spoiling masonry as
black mortar or ruled joints; and whether the work be new or
restored, he should be compelled to do it at lea3t as solidly and
substantially in all respects as the old work.
Where old buildings are so decayed as to be capable of repair
only by propping or by rebuilding, the former is generally the
better of the two plans, as still leaving most of the old work
intact. When rebuilding is decided upon, if the stone is not
decayed, and the work very good in its character, every stone
of the old work should be marked as it comes down, and should
be re-erected in its old place, and with as little disturbance as
rissible to the old work. This is the true conservative course; but
am not sure that any good example can be given for the course
(so often taken now) of rebuilding entirely new work in imitatation of old work which has been completely destroyed. At
Doucaster, for instance, after the fire it was made a great point
that the steeple (I am not sure about the church) should be ac
curately restored in the new building. The architect's hands
were tied by the condition, and he has given us a steeple and a
church which are evidently compromises. They are not really a
copy of the old work, and yet would probably have been still
better than they are if they had not pretended at all to be a
copy. At St. Mary Magdalene's, Taunton, the steeple is being
rebuilt in exact conformity with the old work, and an euormous
amount of architectural superintendence given to that which
is after all only the proper work of an ordinarily intelligent •
clerk of the works. Finally, at Chichester, the central steepleis a ruin, and the people of Sussex have come forward nobly
with a large part of the funds required for rebuilding it. But
the first condition one hears is that the steeple is to be rebuilt
as of old; and one asks with some astonishment whether it can
really be purposed to erect a copy of the late spire upon the copy
of the early tower! Surely it would be tenfold better, if copying
there must be, to confine it to the tower, and to make the whole
steeple uniform in its style. There ought to be no difficulty
about making a spire at least as good in its outline as the old
spire; and the rebuilding of an exact copy of it, with nothing but
new materials, would not to my mind be a "restoration at all.
Nevertheless, the spirit which prompts this desire for exact
fac-similes of old work -is one full of good, and marks that in
tense love for our old buildings and old customs which still I
hope marks the people of England above all others at the
present day.
In matters of detail, conservative restoration is often possible
when it is not practised. In stained glass, fur instance, Mr.
Ward some time ago gave an example of the best mode of re
storation, in an old window of a church in Berkshire which I
was restoring. A good deal of the glass had been destroyed:
the leading still in the main remained; and he re-leaded the
whole of the glass, filling in the vacant places with plain glass,
opaquely painted; and the result was that, at a small expense,
we had the old work, and nothing more, permanently preserved,
with nothing conjectural, and with an effect which, I confess,
I could scarcely have anticipated. This work was done under
Mr. Winston's supervision.
There are many other points ou which a restorer should take
special pains to conform to the old example.
Wherever old
levels of floors can be discovered, they should be most carefully
copied. Old levels are generally well arranged, and not uufre
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quenlly with great peculiarities. As, for instance, the laying a
floor on a gradual slope up from west to east. Then again, the
local fashion as to seats, &c. in churches, is generally preferable
to any other, expecially where any example exists in the building
under restoration which is at all worth repetition.
Painting on walls should, generally speaking, be carefully
cleaned; and, where it consists of figures and subjects, should
not be restored. If the work be rude, it can hardly be restored
in a rude fashion without beiug absurd: if its character be good,
then it is, as I have said elsewhere in reference to sculpture, a
pity to touch it, lest we destroy any of the characteristic touches
and fire of ihe old artist. I have the authority of Mr Layard
—than whom no one has more zealously exerted himself in the
eause of early Italian art—for saying that the greater portion
of the damage which is done to the old Italian frescoes is in
flicted by their restorers, who recklessly paiut ami repair every
damaged work for which they can induce anyone to pay. And
the fact is the more startling when we consider that the exist
ing government of Italy is engaged in putting down the religious
orders, turning them out of their houses, and converting the
convents and churches—which contaiu the most glorious works
of art in the world—into stables, barracks, aud schools; so that
the restorers must be actively vicious indeed who outdo such a
government in destructiveness !
There is one common reproach in the mouths of those who
have no feeling for our national antiquities, to which a few words
of answer are necessary. They assert that all this work of
restoration is unreal aud untrue, inasmuch as both our religious
life and ourcivil life are quite unlike what they were: they say
that the old buildings of eaeli class are consequently quito un
fitted fur our use on religious and on utilitarian grounds. In
short, Lord Palmerston's "Civis Romunns sum" is interpreted
literally by them, as it is by his lordship, to mean that 'Ionian ar
chitecture is the only art fit for English citizens, aud that we ought
no longer to put up with any revival of English art. The charge
is ingenious, but untrue. Take our churches—and in what re
spect is it necessary to alter them materially for modern use?
As far as the Church is herself concerned, I may safely answer,
hardly in any single respect need they be altered; for whilst Ely
aud Sherborne and a host of smaller restored churches show the
perfect liberty which she enjoys and allows in their restoration
on the most gorgeous scale, we hear now, week after week, of
gatherings in our cathedral naves—either in Westminster or
Exeter to hear sermons, or, as hist week, at Ely aud Peter
borough to join in choral practice —so large that even their
spacious areas are not ample enough to hold the crowds that
throng through their doors. And is it possible that this Eng
lish nation, which prides itself so much upon its practical cha
racter, should be so uu practical as to go on, year after year, ever
more and more actively at work, restoring and refitting old
churches, if those old churches are not the most convenient
and the most suitable buildings that could be devised for their
sacred purposes?
No work perhaps affords better training for an architect than
the study which is involved in the attempt to become a
thoroughly good restorer of ancient buildings. He cannot do his
work even passably well without a hearty love and reverence for
them; this love and reverence cannot be mere abstracting, but
must be followed up by active work, active study, sketching,
measuring, making uotes, and thinking well upon and among
them. This can never be done so well at any time as at first;
and yet I grieve to say that a large majority of young architects
go on year after year without apparently even so much as think
ing of the necessity of studying old buildings for themselves, or
taking the slightest active iuterest in any work beyond that
which is put before thein iu their office. Now what must be the
fite of buildings restored by a class such as this? Is it possible
that they cm be well, scientifically, or in any respect properly
done? Obviously not. Yet— 1 am within the facts in what I
say—I have over and over again had applications from assistants
in want of employment, and it is a painful fact that a very
large majority of them have never studied or sketched any
old building; or if they have done so, have done it once or •
twice only in their lives, in a way so disgracefully careless
as to make the hair stand on one's head at the idea of its
being called study at all. Yet every one of them would un
dertake to restore a church with as much sang froid as it has
been said one of our statesmen would display in taking the
command of the Channel fleet. "We want also educated clerks
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of works, and educated builders; and let me say, without any
lack of respect for the class, that generally speaking it is much,
safer to intrust works of restoration to local builders in only a
moderate way of business than to large contractors, who seldom
themselves see the work which is being executed, and who do
not find it worth their while to enter carefully into those minutiae
which every restorer of an old building is bound to attend to.
Our educated architects must educate themselves, not in Con
tinental examples or from Continental books, but from English
examples aud English books. Whatever may be the value of
foreign study to the architect (aud from some points of view it
cannot be overrated), nothing is more certain than it will be of
no help whatever in fiudiug out the meaning or iutention of
ninety-nine out of every hundred of our old English churches
ami houses. They are thoroughly national, and nil their pecu
liarities are national peculiarities.
They have also provincial
peculiarities, so that none can expect to understand them \
thoroughly without mastering nil their provincial as well as
their broader national peculiarities.
The Pugin Travelling Fund will, I hope, soon be in existence
to encourage men in this branch of their studies; though, if the
entire truth must be told, our art will not prosper while our
students require a premium to iuduce them to study it. For
myself, I should be ashamed of any young student of architec
ture who is content to waste his time and his holidays in indolent
aud selfish amusements, when he might, knapsack ou back, be
at work from day to day, for a month or two in every year at the ,
least, walking from one spot to another of this giorious country;
gathering as he goes the information which will enable him iu
time to distinguish himself iu his art; while the act of obtain
ing it is as full of real pleasure as deer stalking, climbiug Alps,
or any other athletic work.
This, then, is the sum of what I have to urge: that only
after diligent study of our old buildings should we ever venture
upon undertaking the charge of their restoration; and that the
great eud and object of all our restorations should be to preserve
the old fabrics in all their old beauty of colour aud design, for
our children's enjoyment. In our new works we have plenty of
scope for the most ample originality, if we are capable of it.
But we do not want to see Venetian Gothic windows introduced
into our cathedrals or our castles, where they would be out of
all harmony with everything that stirrounds them, and standing
evidences, not of our knowledge and our skill, but of our childish
conceit and affectation of superiority to the men whose work we
so obviously despise, though we pretend to restore it.

INSTITUTION OF CIVIL ENGINEERS.
Georue P. Bidder, Esq., President, in the Chair.March 19 and 26, and April 9.—Discussion upon Mr. Murray's
paper "On the North Sea, with Jtemarki upon tomt of its £stuariea,
Mivers, and Jlarboun.''
In commencing the discussion it was remarked that the North Sea
was one of deep interest, whether viewed commercially or geographically.
The amount of shipping end the value of the commerce traversing that
small sea were almost unparalleled. The approach to the Eibe in the
winter season with northwest gales would lie nearly impossible but for
the situation of Heligoland, which enabled vessels to faks a fresh depar
ture for the mouth of that river. From the Naze to the North Cape
the navigation «aj one of the safest in the world; fo- although the coast
was rugged, it was intersected with harbours of uui »ual extent, in which
ships could obtain refuge in all seasons, and during the most severe
weather, in a very short time. Then again there were the variations in
the range of the tides, which from Dover to the Thames amounted to
from 1 8 to 20 feet, gradually diminishing to C or ti feet ou the coasts of ,
Suffolk and Norfolk, and then rising again to 18 or 20 feet northwards.
The tides upon the Danish and Norwegeian coast presented some sin
gular phenomena. Currents were perpetually Betting eastward from the
Holmen Light up to the Hkaw, varying in intensity according to the
strength of the wind. The currents flowing into the Baltic were also
subject to wind influences. In the narrow channels between Copenhagen
and Kiel, traversing the Danish islands, the water was so fresh that the
steamers using it had no occasion to blow out their boil< rs, and fresh
water fish had been met with in those channels. With regard to the
fiords of Norway, the currents were entirely subservient to the winds,
and sometimes change twice or thrice in the course of the day, the height
of the water varying from 8 to 9 feet, according to the prevailing wind.
It was thought, that without considerable currents the Dogger Bank
could not be increased to the extent which had been predicted in the
paper; and it was more than doubtful whether such currents existed, and
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where the material could come from to raise that large bonk—equal in
area to the principality of Wales—into an island.
It was observed, that along the Dutch coast from the Schelde to the
Toxel, there were two high-waters and two low-waters; the one pro
ceeding from the southerly current of flood in the North Sea, and the
other from the northerly current of flood through the Straits of Dover.
The first was called the proper high-water, and wag named by the Dutch
the 'agger.' It was believed that there was no rise and fall of the tide
on the Ameland Bank, or somewhere about 55° N. lat. and 5£° E. long.;
and that this might be accounted for by the fact of the two streams of
flood, the one making from Flamborough Head to the mouth of the Elbe,
and the other, which ran direct south along the Danish coast, meeting
and neutralising each other at or about that point.
It was suggested, that at one time the North Sea and the Baltic were
one sea, and that Holland, Hanover, Holstein, Jutland, and Denmark
were in great part formed as a spit within this sea, so separating the
Baltic from the North Sea. That the materials of which this spit was
composed were derived from the encroachment of the sea upon the east
coast of England, which must consequently have been of immensely
greater extent, and very possibly towards the south united with the
continent. That the oolitic cliffs to the north of and the chalk cliff off
Flamborough Head, were the remains of a range of hills which must
have at one period extended eastward. That the parallelism of the
Dogger Bank and the White Bank with the granite chain across Scot
land from Islay to Aberdeen, suggested this idea, that these banks were
the remains of the abraded range of hills, and not an accumulation of
sand as supposed by the author. That the encroachment of the sea
which had been spoken of as taking place upon the coast of Holland,
&c. seemed to prove that the action of the sea on the coast of England
had resulted in a form of coast which prevented further rapid encroach
ment; and that the quantity of sand and dtbrit now taken from the
coast of Holland, &c. was larger than that carried to it from the coast of
England. That the sand did not find its resting-place in the southern
part of the North Sea, but was carried across the Jutland reef into the
Sleeve, along which, as a marine river, it was carried round the coast of
Norway into the ocean. That this nearly constant current was produced
by the heaping up of the tidal-waters along the south coast of Nor
way and the west of Jutland. The absence of any rise and fall of
the tide in those parts was accounted for by the continued accession of
tidal waves to that part of the sea—first, the ordinary wave coming in
between Scotland and Norway; followed by the constantly reflected wave
from the coast of Scotland and England, which formed a curve of which
the Naze was nearly the centre, as well as by the wave coming from
Holland.
The study of the tides in the North Sea had been recommended, as
likely to afford to a certain extent a key to the local tides in the friths,
rivers, and harbours, with which engineers had to deal; and it had also
been suggested that a contour map should be made of the bottom of the
sea. Twenty years ago, when Mr. Scott Eussell was pursuing his inves
tigations as to the tides, he laid down contour lines of the bottom of the
sea, at successive depths of 10 fathoms each. This discussion would
lead to an important result if it were the means of inducing the autho
rities to direct the preparation of a contour chart of the sea, within the
depth of 70 or 100 fathoms, all round the British Isles. It was pointed
out that the maps of a series of tides, as actually observed, showed some
remarkable phenomena in the North Sea, as well as in the Frith of
Forth. In some parts of the latter, as on some parts of the coast of Hol
land, there were four tides in twenty-four hours. Some engineers thought
that the occurrence of four successive high-waters was owing to local dis
turbances only; but continuous observations, taken night and day at a
great number of stations on the Frith of Forth, and extended over three
months in the year 1840, under the direction of a committee of the
British Association, showed that these phenomena were not of local
origin. At Stirling there were four high-waters, but the low-water was
like that in other rivers. At Alloa, lower down the Forth, there were
two low-waters in each tide, as well as two high-waters, or four of both
every twenty-four hours; and these, or symptoms of them, were visible
all the way down to the sea. It was argued that these anomalies arose
from the two tides which entered the North Sea from its opposite or
north and south entrances; one effect being due to the northern stream
of flood, and the other to the southern wave passing through the Straits
of Dover, which, when it arrived at the Forth, was twelve hours older
than that from the north, and entered the Forth two hours sooner than
the next following tide from Aberdeen. This reasoning led to the belief
that the early tide was the irregular or Dover one, and that the later tide
was the regular or Aberdeen tide. The diurnal inequality in the
height of the tides was generally known, but the diurnal inequality
of the time of that tide, though known in theory, had not been pre
viously ascertained by observation. If a tide coming in from the south
was of the same age as another coming in by the north of the North
Sea, they would be both larger in the morning and both smaller in the
evening; they would both be earlier in the morning and both later in
the evening. But if they were of different dates—twelve hours apart—
then one was a morning-tide and the other an evening-tide, and the one
would be larger while the other was smaller, and each pair of tides would
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consist of a smaller and a larger and an earlier and a later together.
This was exactly the fact as observed. The tides really traversed the
shores just as if they were great waves of translation, the velocity of
their transmission being regulated by the depth of the water.
Reference was then made to the manner in which the great wave from
the Atlantic reached the Bhores of the United Kingdom; and the course
the northern wave of the North Sea would take if it followed the law of
a wave of translation, moving according to the depth of the sea and the
velocity of the tidal-wave, was pointed out. The course of the southern
wave was then traced; and it was remarked that the channel in the
Straits of Dover was generally deeper in the middle and shallower at the
sides, so that on the wave emerging from the Straits it would cling
to the shallow shore, and form a convex line trending off towards the
coast.
It was argued that the phenomena spoken of as occurring in the
Frith of Forth might be easier accounted for by supposing that one
high-water was produced by a tidal current along the shore, and the
other coming later in from an offing current. Also, that the wave pass
ing through the Straits of Dover would expend itself over the wide area
between the coast of Holland and Lynn Deeps, and then come to a per
fect level; and that, before the tidal-wave from Dover could reach the
Frith of Forth, it must cross low-water—for while it was high-water at
Dover and at the Frith of Forth, it was at the same time low-water in
Lynn Deeps.
It was stated that the soundings north of Flamborough Head, and
from the coast of Norfolk to the Texel, were doubtful, and that the
Admiralty surveys had not been carried out to such an extent, or with
so great minuteness, as to enable contour lines to be correctly drawn
over the whole area of the North Sea in that latitude. Fishermen who
were constantly trawling over the Dogger Bank had reported that there
was a regular north and south stream running over the bank at the rate
of from 2 to 3 miles an hour. If that were the case, it was unreason
able to suppose that any great deposit could take place, and that the
bank could be other than a natural formation.
It was contended that there were but few facts upon which to base a
discussion. In the northern part of the North Sea, there were only two
or three traverse lines of soundings, so that the course which the tidalwave pursued from the entrance to the Baltic to the coast of Scotland
was very doubtful. Again, there were only two observations as to the
rise and fall of the tides in the North Sea, and such observations were
both difficult and costly. As the Straits of Dover were only 25 miles
across, whereas the North Sea immediately opened out to a breadth of
100 miles, and the depth remained about the same, it was argued
that the tidal-wave after passing through the Straits of Dover would be
broken into a number of small waves and be annihilated. With respect
to contouring the bottom of the sea on charts, it should be remembered
that sailors wanted white paper, so as to be able to mark their positions
off in pencil. Under these circumstances it was suggested whether, as
the coast sheets of the Ordnance map were frequently blank, the contour
ing of the shores might not be undertaken by that department.
It was contended that it was the great tide coming from the" south
ward into the Atlantic Ocean which fell upon the shores of the British
Isles, and not that from the north-west. The course of the great ocean
wave, or ocean stream, which was to fall into the North Sea, was then
traced. It split off the west coast of Ireland, part going to the north
and part to the south at Cape Clear. The southern tide thus entered
the Irish, the Bristol, and the English Channels. In the English Chan
nel it first entered a space of about 100 miles, between the Land's End
and Ushant. It was then checked in its progress between Portland and
Cape La Hogue, where the width of the channel was reduced to
about 53 miles; and then between the South Foreland and Cape Grisnez
the width was reduced to 20 miles. The Atlantic was thus pressed into
the English Channel, and being hemmed in at the Straits of Dover the
great rise of tide in that district naturally occurred. The ' same effect
was produced in the Bristol Channel. With regard to the northerly tide,
the width between the Orkneys and the coast of Norway being about
400 miles, and between Yarmouth and the Texel—the narrowest part—
170 miles, it was inconceivable that the north tide stream could be over
come by such a comparatively small stream, only 20 miles in width, as
could pass through the Straits of Dover. It was thought that was suffi
cient to answer the theory that the flood tide of the North Sea was from
the southward, and passed through the English Channel. The late
Admiral Beechey had divided the tide into establishments, and found
that the tides between the Start Point and Lynn Deeps was one
establishment—that was, that the flood-tide came round the Orkneys,
passed along the east shores of England and Scotland, and was
meet by the southern ebb off Lynn Deeps.
The flood-tide then
curved round to the southward of the Dogger Bank, crossed the
Texel, passed on to Heligoland, then deflected into the Sleeve, stopped
from entering the Kattegat at the Skaw, and finally turning round in the
Sleeve towards Christiania, and thence round the Naze of Norway. The
flood-tide in fact going to the north at that point, having made nearly a
circle.
It could not be denied that the Dogger Bank, which mi^'ht be called
the bar of the North Sea, was of vast importance in the consideration,
46
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of the question of the tides. As to its origin and the cause of its present
position, it was urged that it had been formed in the same manner in
which bare of rivers were usually formed; as the result of the conflict of
the two opposite tides or streams, which had been descril>ed as meeting at
Lynn Deeps. There was double the depth of water on the north side
of the Dogger Bank that there was on the south. That was an additional
reason why comparatively shoal water passing through the narrow Dover
Straits over the southern part of the North Sea could not make its way
as flood-tide to the Frith of Forth as had been suggested.
It was remarked that there were two tides in many places; for in
stance at Portsmouth and the places adjacent, the one tide came up the
Solent between the Isle of Wight and Hampshire, and the other south of
the island. It was suggested that the phenomena described as taking
place in the Frith of Forth were more the result of the casual augmenta
tion of the body of water by the sudden discharge of freshes from time
to time, than from any fixed laws producing two tidal-waves. The same
thing had been observed in the upper part of the tidal navigation of the
Tyne. There appeared to be 11 feet of water over the bar at the Frith
of Dornoch at low-water, which was about the average depth of the
river; and it was asserted that extended tidal observations would show
a decided slope in the surface of the water at the time of low-water,
when there was a fair ordinary ebb. Many false tidal results were de
duced from observations token by the Coast Guard officers at improper
places, and which did not give the true sea-flow. At Shields harbour,
with easterly winds, the tide was frequently kept from ebbing to the
ordinary low-water at sea, although there might at tho same time be a
good clean ebb further up the river; thus making the seaward reaches of
the river appear to have little fall at low-water, whilst with a true ebb at
sea a considerable fall would be found to exist.
It was mentioned that the double tides alluded to also extended along
the Dorsetshire coast, and that they might all fairly be attributed to
loci! rather than to any great oceanic causes. One great force which no
doubt exercised a powerful influence in the North Sea had not been re
ferred to —that was the current from the returning Gulf Stream, coming
from a northerly towards a southerly direction, and therefore helping to
keep back in some degree the tide which forced its way tlirough the
Straits of Dover.
The wave from the westward traversed the western seaboard of Ireland
and Scotland in about eight hours, and the English Channel in the same
period of time. The wave from the north-east of Scotland to the mouth
of the Thames made low-water in juxtaposition with high-water on the
other side. It1was low-water off the coast of Yarmouth at the time it
was high-water at the mouth of the Thames: in effect twenty hours
elapsed before high-water reached the entire Bea-board of Great Britain.
At Fair Head and at Arklow—the north-east and south-east points of
Ireland—there was scarcely any rise of tide. This Beemed to show that
the intersection of the reversed waves took place at these neutral points;
for it was low-water in the oiling N. and S. of Ireland when it was highwater in the narrow Irish sea, and vice verm, high-water in tho otiiing
when it was low-water in the Channel. The same thing occurred in the
English Channel, for at Portland the rise of tide was only 7 feet, whereas
at the Land's End and at Dover it was relatively 20 feet and 19 feet.
Again, there was the same extraordinary falling off in the range of the
tide on the Norfolk coast, for in Yarmouth roads the rise of tide was
oidy 8 feet, whilst off Flamborough Head it was 16 feet, and at the
mouth of the Thames it was 15 feet. High and low water at the en
trance to the English Channel and off Flamborough Head would alternate
nearly with the same periods of tide in the Straits of Dover; and Port
land and Yarmouth were situated near the intersection of such reversed
waves.
Attention was called to the article "Tides' in the Encyclopedia Metropolitana, by Prof. Airy, in which it was stated that there was a third
tide in the Forth, locally termed the "Leaky." Also to a paper "On
the bed of the North Sea," by Mr. Robert Stevenson, published in the
Edinburgh Philosophical journal for 1820, in which the effect of shoals
was discussed, and the conclusion arrived at that the shoals were increas
ing, and that there must be a general rising of the water level, upon the
assumption that the same volume of water continued to flow into it.
Those conclusions were at variance with the opinions generally enter
tained on the east coast, as ancient records and present appearances went
to show that the water level was lower than formerly; or at all events
tliat there was a considerable difference between the present and former
r.mge of tide, as compared with the level of the land. It waB contended
that the increased range of the tide on approaching the river Thames
down the east coast was due to the indirect tide from the north over
running the direct tide coming through the Straits of Dover.
In reply, the double tides in the Solent and at Southampton wore
explained, the one stream of flood entering the Solent from the west
ward, making its high-water; and the other Btreain of flood south of the
Isle of Wight, meeting the former off Portsmouth. On the reflux of the
latter it took the course of the Solent, and caused the second high-water
at Yarmouth and other places westward as far as Poole. The Dogger
Fank acted in a similar manner to the Danish coasts as the Isle of Wight
to that of Hampshire, causing two high-waters and two low-waters from
the Horn Point northwards. One tide traversed the coast of Scotland
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and England to Flamborough Head, then passed through the Outer
Silver Pit, and thence made for Heligoland; whilst the other tide from
the north passed east of the Dogger Bank to the same point. Reference
was then made to a series of tidal observations from Heligoland to the
Skaw, the results of which were communicated to the Admiralty in 1838,
from which however deductions only had been made as to the establish
ments of different ports.
These tides were now plotted in diagram,
and it was apparent that they diminished in range as they went north
ward, the evening-tide being the predominant one at certain periods of
the month, and snowing two high and two low waters on different points
of tho coast. With regard to the t'des in the Frith of Forth, it was
thought a more simple theory could be developed than that which had
been suggested. There were three great streams of flood which entered
the Forth, one running down the coast, a second outside the Bell Rock,
and the third stream, traversing the deep water outside, and having the
greatest velocity, entered earlier than the other streams. That was the
cause of the two high-waters, and their ebbing produced the two lowwaters. It was considered that the reason of the morning-tide being the
highest at one time and the evening-tide at another, and vice vena, was
not so much due to the season of the year as to the declination of the
moon. Assuming that the lower morning-tide entering the Forth must
be the higher evening-tide at Heligoland, this on its reflux, being caught
by the entering evening-flood, would be thrown into the Frith of Forth,
and vice versa, causing the irregularity in the diurnal curve, on which
there had been much discussion. In reference to the co-tidal lines shown
on Dr. Whewell's chart, it was suggested that the contouring of the bot
tom of the sea should be a primary object, as unless that were done just
conclusions could not lie arrived at.
A series of observations had been made on the rise and fall of the
water at the Three Crown Battery at the entrance of the harbour of
Copenhagen, extending over a period of twelve years, from which a
datum or daily level had been deduced. By condensing these observa
tions into months during the years 1858 and 1859, the following was
obtained: 1. That for eight months in the year the water varied from
1-885 feet + D.W. (daily water) to 1623 feet — D.W. = a range of
8508 feet.
2. That for three months in the year the water varied from
2098 feet + D.W. to 1885 feet — D.W. = a range of 3983 feet. 3.
That for the remaining month of the year the water varied from
3147 feet + D.W. to 3109 feet — D.W. = a range of 6256 feet.
4. That during the last-named period, for some four or five days in the
year, the water varied from 4-42 feet + D.W. to 4196 feet — D.W. =
a range of 8'616 feet. These effects were produced from the action of
the wind in the North Sea and the Sound on the one hand, and in the
Baltic on the other.
It was noticed that at Copenhagen, whilst the water was only brackish,
and indeed almost fresh, when there was an outset from the Baltic due
to the prevailing wind, yet the water from the chalk at a depth of 25 or
80 feet had been found to be quite salt. As to the Dogger Bank, it was
remarked that the effects of the waves upon the detritus carried along the
shore of the eastern coast of England had been carefully watched; when
it was found that in calm weather with off-shore winds the sand accu
mulated along the littoral, and with on-shore gales it was washed away,
and transported further south. As to the material of the dtbris, refer
ring to the geological map of England, attention was called to the suc
cessive deposits of the old red Bandstone, the mountain limestone, the
millstone grit, and afterwards the coal measures, at this time the whole
of the eastern coast of England being under water. Then succeeded the
new red sandstone, the oolite, and the chalk. In England all these for
mations came from the north, and the detritus of the present day was
brought from the same direction, forming the shoals on the coast of Nor
folk and the Dogger Bank. It was thought that there must lie cm-rents
over that bank, though not so strong as in tho deeper water, as it was
covered with water, and the flood made in one direction and the ebb in
another. In conclusion the hope was expressed that engineers locally
connected with harbour works, and those abo engaged on railways in
immediate connection with harbours, would take the levels from the
Ordnance bench-mark to the established high-water of the place, when
the important question could be solved, whether the sea was level at
low-water or at half-tide.
In closing the discussion it was remarked that it was immaterial to en
gineers how the Dogger Bank was formed, or whether it was rising or sub
siding, provided neither effect was likely to take place for many generations.
But there was no question that as regarded engineering in general the
North Sea possessed features of great interest, and its phenomena were
worthy of attentive consideration. With respect to the statement as to
there being a diurnal variation in the tide at Copenhagen to the extent
of 7 or 8 feet, it was thought that it should be received with hesitation,
as the whole effect in narrow seas arose from the waves of the ocean,
and was not dejiondent on lunar influences, and could only occur at the
time of high winds; but there might lie such a variation at some seasons.
It was urged that there was no surplus flow of water to any extent
from the Baltic into the North Sea; and that all the currents from Elsinore were owing to the prevaling winds. Prof. Airy had shown that the
tides upon the east coast of England were owing entirely to the north
wave coming round the Pentland Frith; whereas the tides on the coast
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of Holland were due to the waves travelling up the English Channel.
The tides on the east coast were remarkably uniform, excepting when
influenced by circumstances, as at Yarmouth. The extraordinary prac
tical results of the wind-tides were then commented upon; and it was
remarked, that whilst in the Thames it was only necessary that the banks
should be i feet above high-water, yet in the Schelde and the Elbe, and
all along the ooast of Jutland, 11 and 13 feet had been found insuffi
cient. It was thought that any current over the Dogger Bank must be
a light one, and quite incapable of conveying sand from the shore to it.
It was evident that there wan a great mechanical action going on in the
North Sea; as there was a considerable current running to the east from
the Dover coast to Christiania and the Nu». That current was con
stant, and its intensity varied with the force of the wind, which was
generally W.S.W.

COLOUR BOUND STATUES.
By John Bell.
While however, for the reasons already given,* I am opposed
to placing various colours on a statue, especially a marble one, I
have no idea of underrating the value of colour in connection
with statues. On the contrary, I am sure that this subject of
the association of various treatments of colour with statues has
not received nearly the study and attention it deserves. My
difference with the statue-polychromists is not that I do not
desire colour and statues together: in that we both agree that it
should be so. Our difference only exists in the mode in which
this should be done: they desiring to place colour on the statue
itself, so as to make it harmonise with the surrounding objects;
■while I submit that this harmony is to be effected far better by
other means—namely, by arranging such colours around the
statue as require the natural pure, creamy, semi-transparent,
local tint of the marble to complete the composition of colour.
And the same, mutatis mutandis, may be said of statues in bronze,
which is indeed a quality of colour frequent in the finest paint
ings, as in those of Titian and Giorgione, and in the landscapes
of Caspar Poussin, and our own Wilson, Crome, and Turner.
■It is thus I conceive that the picture should be made up, with
the statue as the eye of the composition, and that the surface
of the statue itself should not be deteriorated by any colour treat
ment; which, if once commenced, you know not where to stop,
and which, if treated up to the full colour of flesh, only makes
the statue look like a wax image.
I do not attempt to enter now on the treatment of colour with
statues in edifices of which they form an illustrative and inte
gral part. That were a very wide field indeed, including the
whole subject of architecture, painting, sculpture, and decoration,
and their relation—enough indeed for several addresses. On
the present occasion I limit myself to that part of the subject
alone which attaches to the treatment of colour with statues in
art exhibitions, under such arrangements as are practicable on
such occasions. A few weeks ago I touched briefly on this sub
ject in some notes I read at the Department of Art, Kensington,
entitled "the Four Sisters;" but perhaps you will permit me now
for a few minutes to go into more detail. The more so, inas
much as I submit that the inadequate treatment of colour in
connection with sculpture has hitherto formed an important
item in the shortcomings of our current exhibitions of this art.
The situations in which, round a'statue, colour presents itself
are—below it, behind it, and above it; on the floor, the back
ground, and the ceiling. Of these, of course the background is
the most important to the statue, as it is that against which it
is seen, and which contrasts immediately with its outline. Now
it has been the prevailing custom, at least till quite of late years,
to make this contrast a very strong one, and for this purpose a
very strong dark red has been the favourite colour, as at the
Royal Academy. I conceive this to be an error, aud, as far as I
have been able to iufluence decisions on the subject. I have done
my best to introduce a change. On being called on, at the time
of the great Exhibition of 1851 in Hyde-park, to arrange the
British Sculpture there, I made it a stipulation that I should be
allowed to depart from the violent red used and proposed up to
that time aa a background for statues, and to select a modified
tint. Again, in 1855, being employed with Mr. Redgrave, by
the Board of Trade, to arrange the British Sculpture in the
International Exhibition in Paris, I used the same colour, which
however on that occasion was seen under every disadvantage,
■

* See ante page 168.
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from the darkness of the room allotted to that purpose. Since
this, a similar tint has been adopted in the exhibition of British
Sculpture at South Kensington. Also it has been partially used
iu the Crystal Palace at Sydenham, as a background for some
of the ancient statues, and I believe that portion is best liked.
Thus it may be said, I think, that this treatment of tint has
been to some degree endorsed by experience. This colour is not
in a violent key, but a mild one, being a middle tint—a warm
grey, not too dark or sombre. This, while it affords a sufficient
relief for the outlines of the figures placed before it—more how
ever from its atmospheric character and quality of retreating
from the eye, than from its direct contrast—softens the outlines
agreeably, and makes the forms before it look round and fleshy.
If you notice the effect of flesh in nature, you will find the
outlines never harshly projecting from the background, and in
fine paintings accordingly yon perceive this natural softness imi
tated. If we desire therefore by a background to gain the same
agreeable appearance in statues, why should we not use similar
means—viz. by a softening of the outline ? If the background is
such that the edges of the statue melt into it, then the statue
looks round, aud like nature. But if, on the other hand, the
background asserts itself too much, and tumbles forward, as a
strong red is apt to do, instead of retreating, like grey, and is
.moreover harsh and violent in its contrasts, then the outlines of
the statue all round axe thrown out upon you, and the figure
looks flat, harsh, and. unnatural. You know how inferior is
the appearance of a plaster statue to that of one iu marble,
greatly from the opacity and therefore harsh edges of the one,
and the semi-transparency and comparatively soft edges, like
those of flesh, of the other. As a consequence, by a harsh
treatment of background you may thus make a marble statue
look like a plaster one. While on the other hand, by a suitable
tender background of sufficient contrast, and of a retreating
atmospheric character, you may make a plaster statue look
almost like a marble one. For this purpose delicate mixed tints
are nioro appropriate than any more positive. However, pray
do not conceive that I consider this individual warm grey the
only colour suitable for the background of statues. By no means
is this the cose, and I only put it forward as one example of
the class of colours, and not the sole colour, suitable for this
purpose.
The material however in which these colours are presented is
also important. Texture is important as well as tint. In these
cases no material perhaps is more favourable for the background
than drapery of some unglazed material, arranged not rigidly,
but in easy folds, whereby it affords a more natural adjunct to
the statue before it; its lines being adjusted so as to compose
with the lines and masses of the statue, thereby advantaging its
effect. Let us suppose the drapery woollen, of some simple rich
texture, and graceful fall, and of some tender atmospheric tint,
and let it be suspended along a wall space to be occupied in
front by a few statues. Let the drapery hang comparatively
plain immediately behind each statue, but in the intervals
between be gathered somewhat together, so as to form columnar
perpendicular folds. Thus is a semi-architectural effect attained
without rigidity, in which plain panels are simulated behind the
statues, and columns between them. The result of this is plea
santly regular aud yet gracefully varied, and is capable of the
most easy adaptation to the various breadths and scales of
statues or groups placed before it, and also to any changes of
their places which may occur iu the course of arrangement.
Taking this as an example of the principle of arranging drapery
as a background to statues, it may be recognised as capable of
practice in so many ways, in simulation of forms of architecture,
as to suit it to the exhibition of any Kinds or classes of sculpture.
No doubt when a statue is composed especially for some express
architectural space in a building, it ought to look best there,
associated with the actual architecture for which it is designed;
but in exhibitions where the placing of statues is comparatively
unrehearsed, statues will probably harmonise better with drapery
accompaniments than with more rigid and precise forms, in re
lation to which they have not been originally composed, and in
which congruity is difficult if not impossible.
This also is a semi-pictorial treatment of sculpture, inasmuch
as thereby a varying artificial atmospheric background is formed
and composed behind each statue, as a simulation of nature's sky
aud clouds behind a portrait or figure in a picture, whereby the
principal object is enhanced. On several occasions I have sug
gested this mode of enhancing statues by ample drapery back

206

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

Grounds, and on more than one only considerations of expense
are prevented its being adopted. It will be recognised that a
mere flat tint, distempered or painted on the walls, is not calcu
lated to give much idea of the effect of the same tint presented
with the variety and grace of drapery, and therefore it were pre
judicial to judge of the ultimate effect of drapery except by
drapery itself. In the Louvre, behind the famous fragment of
the Venus of Melos, drapery has been hung with excellent effect,
and seats are placed at the best points to view it from—a mode
which, in a gallery of exhibition, has many advantages. But the
background is not the sole consideration. Supposing in a statuegallery a warm grey has been adopted for the background, and the
creamy-white statue stands before it—we have then to complete, by
the choice of tints for the other parts, the composition of colour.
With this starting point of warm grey for the background, I
believe that the pedestal of the statue might well be covered
with cotton velvet of a deep bronze green. The floor on which
it rests might then be stained deep red and black, of a mosaic
character, as seen in encaustic tiles. The ceilings might then
receive some light delicate retreating atmospheric colour, with a
little yellow introduced, which were best done by light gilding.
This is one key of tint for the arrangement of light-coloured
statues, which will rarely, I believe, disappoint the eye. Per
haps it is sufficient as an illustration of the principle I advocate.
In cases where statues are darkened and embrowned by time, a
different key altogether may be required. This however is the
reason which I have received for the intense, and almost furnace
like colour placed behind some of the darker works in the British
Museum.
The whole question however of the effects of statues with
colour presupposes a good light—namely, for most statues, at an
angle of 45 degrees or thereabouts—falling on them from above.
Recumbent statues are more favoured by a lower light, slanting
down so as to show the features. Coloured lights, as in the Napo
leon tomb in the Hotel des Invalides, in the Princess Charlotte's
tomb in the Chapel at Windsor, or in the Ariadne room at
Frankfort, may not appear consistent with the dignity of art.
In the case however of their being admitted as an aid to effect,
as was probably the case in the Greek temples, all the other
adjustments of colour might have to be reconsidered. In these
remarks I only contemplate uncoloured light.
As regards bronze statues, a positive key cannot so well be
given, as their tints are various, extending from dark Florentine
bronze to the light golden browns of Paris. However, as a
general suggestion, it may be remarked that a golden green is
usually an harmonious background for a bronze statue. A
polished black marble pedestal also is effective in taking the
dark out of the bronze which stands on it, lighting up its
shadows by contrast In the absence of black marble, a covering
of black velvet affords an agreeable substitute. In the imme
diate neighbourhood, vigorous warm colours may come in agree
ably, as a Turkey carpet on the floor, and hangings around of
rich velvet looped up with gold cord.
As a general rule, perhaps it may be said that tender colours
in the background harmonise best with marble statues, and full
colours with bronze, as we see the dark races the most attached
to brilliant and powerful tints. With marble statues, delicate
greens, azures, and purple greys, citrons, lilacs, and chocolates,
supply charming backgrounds, the effect of the composition of
colour being of course supplied by the other adjuncts. It may
however be held generally that there should always be some
strong colour somewhere. Of course these modifications of mixed
tints are iu art almost inexhaustible, as they are in nature. Yet,
in connection with this subject of the due exhibition of sculpture,
they require special means and scope for their presentation.
As I observed just now, I have on this occasion only had the
opportunity of considering at all closely the subject of colour
and statues in exhibitions. The same general considerations
however hold when they are associated more intimately and sub
stantially with architecture. Thus I would hope that, although
restricted by my limits from going into the whole subject, the
portion now taken to some degree illustrates my whole view
— namely, that while the harmony of colour of statues with their
entourage is highly important, that this does not necessarily
entail the desecration of the surface of the statue itself, but
that, on the other hand, this is more justly to be done by so
■electing and adjustiug the surrounding colours that they may
require the natural tint of the marble itself to complete the
picture.
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The arrangement together of Painting* and Sculpture.
I am now nearly at an end, and have but few more words to
add, which however will take us a little beyond the consideration
of colour as merely subordinate and subsidiary to sculpture. I
now allude to such cases wherein colour is presented by the
sister art of painting, when exhibited together with sculpture in
one and the same gallery. First, however, we will give a pre
liminary thought to that mode of the presentation of painting
which still may be considered subsidiary, only however from
the method and material in which it is worked—I mean tapestry.
We well know that Raffaelle did not consider his master-mind
and hand debased by designing for tapestry. The noble cartoons
in Hampton Court are a sufficient evidence of this, having been
executed by himself and his assistants expressly for this purpose.
It is not however because the colours are produced in tapestry
by the needle or loom instead of the brush that I speak of it as
subordinate, but only in accordance with general custom. Pic
tures in fine needlework as hangings have usually been con
sidered of the nature of furniture as well as art. Their textile
rich surface expressly fits them for their subsidiary purposes.
We may well suppose, for instance, that a beautiful classic group
in Parian marble of Cupid and Psyche, would appear admirably
on a pedestal of polished sieuna and other marbles, standing in
a room which should be surrounded with rich tapestries por
traying their story, as told by Apuleius and other classic authors.
Actually in practice indeed, tapestry, with its varied hues and
texture, and subjects of interest, will often unite admirably with
sculpture, as some of those present may have had the oppor
tunity of observing.
We will now however pass on to the harmony of works of the
two arts, painting and sculpture, when they meet on a level of
direct equality, as in galleries for their reception. This is a
point not for the sculptor alone to consider, but also for the
painter; also for the general art-lover; also for the public—for
opinions are various on this point. My own is that they may
be made to harmonise perfectly in combined exhibitions, which
thereby may be made the more attractive. Still, however, I
conceive that this would require special arrangements, so that,
on the one hand, the white tint and brilliancy of the marbles
may not iujure the effect of the pictures by too close a juxta
position; and, on the other, that these may not injure the effect
of the statues by the cross-cutting lines of the gold frames which
surround them. Therefore, as a general rule, this might point
to the conclusion that in a picture-gallery where sculptures are
introduced, the latter should be at intervals, where special ar
rangements should be made. In the centre of saloons also, such
statues and groups as look well in a downright line might well
have situations; also at the meeting of cross-ways; also basts, or
even statues on each side of doorways, but in these cases it would
appear that they should have suitable backgrounds afforded by
draperies or other materials.
Of the direct association, however, on a dignified scale, of
works of punting and sculpture of a high class, but few exam
ples exist in galleries of exhibition. Those which most readily
occur are afforded by the celebrated Uffizi gallery at Florence.
This was adapted by Vasari, in the early part of the seventeenth
century, to the reception of works of art. It consists of two
long corridors and about thirty rooms, in which works of paint
ing, sculpture, and decoration are variously arranged. The
Niobe room contains that well-known series of Greek statues.
It also contains some historic pictures by Rubens, some por
traits by Lely, and some hunting subjects by Snyders. The
most celebrated apartment however iu the Uffizi gallery is
the Tribune, which also affords the best example of the
exhibition together of works |of the two arts ; the works
therein exhibited are of the highest excellence, reputation, and
value. The works of sculpture contained in this room are
five in number—the celebrated Venus de Medicis, the Apollino, the Dancing Faun, and the group of the Wrestlers,
Boxers, or Pancratiasts, as they are variously called; also the
Kuife-grinder or Slave whetting his knife. The pictures are
almost of equal celebrity, and are from forty to fifty in number.
Among them is one picture by Michael Angelo, and several by
Baffaelle; as the Madonna with the goldfinch, St. John preach
ing in the Desert, and the portraits of Pope Julius, of the Fornarina, and of a Florentine lady. Titian also has here his
celebrated Venus, also another Venus, and a portrait of an
archbishop. Paul Veronese has a Holy Family with St. John
and St. Catherine. Also, there are examples within these walls
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of the works of other celebrated painters, as Annib.il Caracci,
Spagnoletti, Guercino, Daniel di Volterra, Correggio, Andrea del
Sarto, and Vandyke, as well as the grand Isaiah and Job, by Fra
Bartolomeo: so that this room presents an associated exhibition
of works in both the arts not to be surpassed for beauty and
excellence. Although I acknowledge I have met with some who
have taken exception to the arrangement of this room, yet by
most it is highly admired. I think it may be said generally to
be by far the most interesting room of art in the world. One
more often hears it spoken of, and that with high admiration,
than any other room of art, and in this the works of painting
and sculpture are associated.
There are on the Continent some other examples of galleries
of exhibition (for to that section I restrict myself), in which
works of painting and sculpture are associated more or less
happily. Occasionally also, on a very small scale, we have seen
this done in Loudon, as nt the British Institution. Also, iu the
International Exhibition in Paris, in 1855, this was done with
good effect. In some degree indeed we set the example on that
occasion, as mentioned at page 81 of our bound reports of that
Exhibition, in which it is stated—"After many applications,
the Imperial Commission at length assented to statues being
placed down the centre of our picture-gallery: when arranged,
the general effect was so satisfactory that it led to a like treat'
nient being adopted for foreign statues in the corresponding
galleries of the building." This theory however of combination
is, I conceive, capable of much more development than it has as
yet attained; and that in practice, with due attention and scope,
the exhibition together of the works of these two sister muses
of the fine arts may be made eminently attractive and complete
in effect, perhaps more so than by any other method. As such
I would submit it as a worthy subject for discussion.

DEFLECTION OF SUSPENSION BEIDGES.
By Homersham Cox, M.A.
The following investigation of the deflection of a suspension
bridge due to a deflecting weight placed at an assigned point of
the bridge, is applicable not only to the case of a chain of uniform
thickness, but also to the more common case in practice of a
chain of varying thickness. It is believed that no investigation
of this subject has been published.
The method here adopted is necessarily approximative, as the
form uke of catenaries are so complex, that it would be impossible
to treat the subject with rigorous exactness. But the closeness
of the following approximation to the truth is probably quite
sufficient for practical purposes. It will be here supposed that
the points of suspension are fixed and of equal altitude; that
the platform is perfectly flexible, and subject to no horizontal
tension; that the deflecting weight produces a variation of
the vertical distance of each point of the chain below the points
of suspension which is small compared with that distance; and
that (as in practice) that distance is small compared with the
horizontal Bpan of the bridge.
Let the small arcs in Fig. 1 represent a small element of the
Fio. 1.
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tions of the radii of curvature to the horizon; T, t the tangential
tensions acting on the element before and after deflection respec
tively; C, c the horizontal tensions before and after deflection
respectively.
Then, since the horizontal tension at every part of a catenary.
is the same,
Tsin 0 = C;' «sin# = c
(1)
The angles 6,<b differ little from each other. Also sin 8, sin^>
do not greatly differ from unity, since the inclination of the chain
to the horizontal is everywhere small.

Consequently, -r-r

differs from unity by a quantity which is small compared with
unity.
T
C
Therefore approximately, — — —
(2)
Resolving along the normal the forces acting on the element,
we have
TdO=mgd* sin fl; fif9=tni/iitiiuf.
And as before, putting the ratio of sin 6 to sin d> equal to unity,
T
dtb
(3)
40
Therefore from (2)

^ =2, and ,/<*-*) = ^
Integrating equation (4), dt—0 '■ .C-c 6 -f- a constant

(4
(5)

It is to be observed that m is not here assumed to be constant;
so that the result is not confined to the common catenary. It
may be added that the relation between 6 and <p may be found
by an integrable equation, without assuming sin 6 = sin <p.
In order to determine this constant we may proceed as follows:
Let the curve, Fig. 2, represent the deflectea catenary; W the
deflecting weight acting at an assigned horizontal distance
AD=a from the point of suspension A. Let AC=CB=A. Let
the depth below AB of the middle point of the chain be k. The
Fio. 2.

tension at that point is not horizontal, but has a vertical compo
nent; let this be V. The horizontal component we have already
designated c. Let the half chain suspended from A have its
centre of gravity at a horizontal distance b from A, and let S be
the weight of the half chain. Then taking moments about A for
the equilibrium of the half chain, we have
W.«+S.6 = c.fc+VA.
As the displacement of every part of the chain is small, the
difference between the quantity k and the value of that quan
tity before deflection is small compared with k. The same con
sideration applies to ft. We may therefore define k to be the
depth below AB of the lowest point of the undeflected chain; and,
6 to be the horizontal distance of the centre of gravity of either
half of the undeflected chain from its point of suspension.
Taking moments about B for the equilibrium of the half chain
suspended from B we have

S.6 = c.k-Vh.
From the last two equations we get
W.a = 2V.A; W.ffl + 2S.6= 2c*.
From the last equation, putting W= 0,
S . 6 = C . k. ' Therefore V. h = (c-Q*.
Whence
V.A
c— C

7T = —

W

Let a be the value of d> for that part of the chain which is
horizontal before deflection. Since for that part of the chain
c=t sin a and V=< cos a,
length of the chain before and after the deflection respectively;
B, r the radii of curvature of those arcs; 0,0 their centres of
curvature; ds their length; vtgdt their weight; 6, <p the inclina

— = cotan a = tan[— — a) = — — a nearly,
since a is nearly a right angle. Hence
47
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2

Beturning now to equation (5) we have when 6 is a right angle
and <p—u,
e-C
. 1+ the constant
e
_e — C
Therefore from (7) the constant
(l~ A)'andeqU*'
tion (5) becomes
c-C

<f>-6

(i-«-i)

(3)

Let the curve be referred to rectangular co-ordinates, the origin
of co-ordinates being the lowest point of the undeflected chain,
and the axis of x horizontal. Let x, y be the co-ordinates of the
element before, x', y its co-ordinates after deflection.
dx
**-,*-*
1 = 00.8,
d,-606*'
cos <f> = COB [(<p—ff)+ff] = cos 6 -{<f>—8) sin 6 nearly, since d>—6 is
small.
Hence from (8) .

dy'

dy__e — C

dt

d*

(\-e-j)™6

0)

Now di is equal to Ud8, and since the radius of curvature is
everywhere large and varies little, we may integrate the prece
ding equation, assuming E to be constant.
d tf-y) = -BdS — (~ - 0 - £■ ) sin 8
c \il
hi
y' —y = E_- |(^— - Jcosfl — 6cos8 + Bin8 j + a constant
Let the value of 0 at the summit of the chain be ft then since
at that point y'—y is zero, we have from the last equation
y-jr=E—— J (- _- j(o»fl-ooi3)-ecoee+/Scos/9+sine-«infl[
At the middle point of the chain, where 6 is a right angle and
cos 8 is zero, the deflection is
B

,-{i--M — *(!-!-*)}

or, to express the deflection in terms of the inclination of the
curve at its summit to the horizontal line, let the angle of that
inclination be y = — — ft Then the last-mentioned deflection is
i:When E is taken as constant, B(l—cosy) = fc and Esmy=A.
Hence we may readily show that sin y = ■ 2hk . Put sin y = y
in this expression, since y is very small. Therefore the above
expression for the deflection at the centre of the chain becomes
c-C (
tf 2hk _k \\ _c — C
2ft»

e l* *W+*2

hi)

T~'W+ki

an expression from which the deflection at the centre is easily
computed. The deflection at any other point may also be found
from the general expression for the deflection by substituting
for cos#, sin#, and 6 their equivalents in terms of the rectangular
co-ordinates of the point of which the deflection is required.
The mode of computing c and C is given by the equation (6).
It may be observed that in practice these tensions may be com
puted with sufficient accuracy by assuming the centre of gravity
of each half chain to act at a horizontal distance from the summit
equal to the quarter-span. This is the position which the centre
of gravity would have if each half of the chain were regarded as
a straight uniform bar, and the deviation of that assumption
from the truth produces no considerable error. We have then
for the undeflected chain the following simple formula for the
horizontal tension:—
Horizontal tension _
quarter-span
Weight of half chain
total rise of chain.
In the common catenary this result may be obtained analy

[Joljl.UO

tically, for if the origin be at a distance e below the lowest
point of the catenary, and

,=!(.*+."=)
Since — is very small, we have by expansion
V =*+ ^ nearly, ore. (]/-e) = x.~
which is the equation which would be obtained by equating the
moments about the summit of the forces acting on the half chain,
and assuming the centre of gravity to have the position last
mentioned. In ordinary suspension bridges, is which the chain
is somewhat more massive at the highest points than at the
centre, the same equation is approximately correct, for the varia
tion of the massireness of the chain is not great, and it brings
the centre of gravity of the half chain rather nearer to the point
of suspension than is the case in the common catenary, in which
the centre of gravity is at a distance from that point somewhat
greater than the quarter-span. From the last equation it appears
that the catenary in practical cases is very nearly a parabola.
ON AECHITECTUEAL COMPETITIONS.
(Continued from page 168.)
It is a thankless task to detail grievances or evils for which
there is believed to be no remedy; and had we considered the
disadvantges of the competition system as at present prevalent
among us to be such as admitted of no modification, or so inti
mately connected with the whole system that there could be no
reasonable hope of their removal, it is probable that we should
not have drawn attention to them. It is because these things
are not indispensably necessary that we have thought it right to
make them matterof inquiry; and it has been throughout pro
posed to conclude these observations with some suggestions for
the improvement of our practice in this respect
Clearly the public are not to be expected to take the initiative
in such a reform, although no reform can be of use which is not of
a character at once to influence and to be influenced by the
public. On the general body of architects lies the onus of initia
ting improvements the necessity for which they alone can fully
appreciate. To public opinion, convinced by their representa
tions, or if necessary overpowered by the attitude they take up,
remains the task of giving weight and effect to the measures
proposed
We have then these questions to solve—first, How is unanimity
of feeling and action in relation to competition to be attained
among the members of the architectural profession!—secondly,
How best are they to influence public opinion ?
There can be no denying the truth of the statement, that were
all the architects of Great Britain to concur in pursuing one
course with regard to any part of their practice, the public would
be obliged to perforce submit to their determination. For ex
ample, were it unanimously resolved by them, and the resolu
tion uniformly carried out, that no one should enter into a com
petition where the execution of the work was not unconditionally
promised to the successful competitor, it is easy to see that this
would become an universal rule of all competitions, simply be
cause no drawings would be sent to persons inviting them with
out such a condition. A moment's reflection will however con
vince any thoughtful person that, however simple a mode of
settling the question this may appear, it is an impossibility to
put it in practice. Such unanimity on even a single point would
be unattainable, and even if possible, unless the step received the
concurrence of the public, could not fail to be speedily overthrown.
What we have to look to then is, not a perfectly unanimous
action such as Rhall prescribe a course which the public cannot
choose but follow from necessity; it is rather such an agreement
as, while making action in the main uniform, shall exert its
influence powerfullv on the public mind. For this agreement
nothing more would be needed than a raising of the standard of
the profession, and a cultivation of more of that professional
feeling which among the legal and medical bodies does so much
to promote uniformity and respectability of practice. Both
these things are in progress—they are of slow growth however;
and although perhaps it may be true that till they have come to
maturity no entire and radical rectification of our system is to
be hoped for, a quicker though less complete method ot action
seems to offer itself in combinations of members of the same
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profession into societies, or in other forms of collective delibe
ration and action. The moat high-minded and the most en
lightened often succeed in exerting an influence over public
bodies such as causes the action of those bodies—nay, even
their deliberations—to rise above the standard natural to the
majority of those constituting the assembly; while, in a less
degree, the public press enjoys the privilege of exercising some
thing of the same influence over a large circle of readers.
To the influence of existing societies then, and especially to
the action upon those bodies of the most enlightened of their
members,—to the formation of new societies or a new society for
the express purpose of regulating competition and other matters
of practice,—and to the influence of the public press, we look for
the first steps in the way of improvement.
Here it may not be out of place to observe, that the existing
societies have as yet done but very little indeed to clear up the
question, and that there seems ample scope for the lately pro
posed scheme of an "architectural alliance" among all existing
architectural bodies, having among its leading objects the regu
lation of professional matters such as competitions.
If any one society, or the associated societies, or any other active
nucleus, would set itself to work to ascertain what the views of
the profession are upon various points, so as to be able to publish
a concise statement of them where they agree, and to promote
discussion upon them where they differ, the first step would have
been taken. Could a decision be arrived at upon even only one
or two points, and printed, and the adherence of a large number
of architects obtained,—such a document, even though not includ
ing a pledge in so many words to compete under no other terms,
would yet carry immense weight with the profession, and if means
were taken to obtain a wide circulation for it among public bodies
and in all the leading journals, there can be little doubt that it
would be no less powerful in its influence upon the general public.
Supposing, for instance, such a paper as the following to be ex
tensively and influentially signed: "We the undersigned, being
engaged in the practice of architecture, consider that it is indis
pensable to the equitable and satisfactory conduct of architec
tural competitions that the following regulations should be
observed by those engaged in them and those having the direc
tion of them"—the regulations subjoined to it would no doubt
be constantly adopted, and for the most part adhered to. It
would be desirable that these regulations should be few in num
ber, should have reference to essential points only, and should
be such as would command general assent—disputed points
being left out of them altogether. Possibly the following would
comprise all the points upon which a nearly unanimous agree
ment could be secured, and perhaps even fewer topics ought in
the first instance to be introduced:—
1. That the successful competitor should be the architect of
the building, upon the usual terms.
2. That the drawings be signed with their authors' names in
any case where a professional judge is not employed.
3. That in all cases professional assistance be obtained to as
certain that the plans submitted can be executed for about the
amounts estimated; and ordinarily such assistance ought to be
sought in the entire decision.
4. That any infringement whatever of the rules shall absolutely
exclude a set of plans from the prize.
5. That all plans submitted shall be publicly exhibited after
the award is made; and, if they have been sent in with mottoes,
that their authors shall have an opportunity of affixing their
names.
Supposing even that no opportunity for concerted action of
this description occurred, or that such a paper as the one we
have suggested were found impracticable, it is at any rate certain
that such views-, if advocated at the meetings of the various
architectural societies, and especially if promulgated by the
Royal Institute of British Architects, could not remain alto
gether without influence, and it is above all things desirable that
the subject should be extensively and intelligently discussed.
How far the management of competitions is to be improved
depends, we repeat, upon the conduct of the profession and the
influence which the profession can exert upon the public; and al
though litigation is always a troublesome process for those actually
engaged in it, yet it cannot be forgotten that sometimes a single
decision of the courts exercises a great influence upon the public
—very many things are generally known only through the fact
that they have formed the subjects of conspicuous trials, and we
cannot help believing that an architect—or all the unsuccessful
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architects—in some competition where a notorious breach of
the preliminary conditions may have occurred, would not only
be Justified in proceeding legally against the managers of the
undertaking, but would confer an inestimable public service
upon their fellow-architects by their doing so; nor is it too much
to say that instances have occurred, and will occur again, where
it would be right for a public fund to be raised in order to
establish the right of competitors to a decision in accordance
with the conditions under which they were first invited.
Two former attempts to introduce this subject to professional
notice deserve a record here. The first of these was a discus
sion of it some years ago by the Architectural Association, which
resulted in the proposal to establish a code of laws or regula
tions, which regulations were very carefully framed and were
submitted to the Royal Institute. Though no very tangible results
have followed, yet this effort has no doubt had the effect of
spreading sound views on the point, and has remained unforgotteu if perhaps inoperative. Subsequently the subject of com
petitions came under the notice of the senior architectural society
in London (the Institute), being the subject of a very able and
comprehensive paper read before the members by Mr. George
Morgan; and though no action has been taken, no doubt sound
views have been further extensively diffused by this paper. Were
this plan repeated—were there more opportunities of discussion
afforded, there can be no doubt of a good result.
While these papers have been in course of publication, a
pamphlet on the same subject from the pen of a well-known
French writer on architecture has appeared, and adds one more
published opinion of value. M. Cesar Daly, the editor of the
RC-vue Generale, has published a pamphlet, provoked by thelate
competition for the Opera-house in Paris, in which he reviews
the subject as it affects public monuments. As this opens up
rather new ground, and at any rate introduces several considera
tions of importance, we propose in another article to give an
account of M. Daly's work; and also to refer to some of our own
more celebrated competitions for public works, and to what
could be effected by a thoroughly well regulated system of public
competition, both in public and other works.

IRON GIRDER BRIDGE FOR THE BOSTON AND
WORCESTER RAILROAD, U.S.*
By E. S. Philbeick.
This structure crosses the Watertown road, Brighton, U.S.,
and was built by Adams and Co., of Boston. Though differing
in many of its details from any bridge of the kind hitherto con
structed, the same ratio was used in the proportioning of the
metal to the strains incurred as in other similar English and
American bridges—viz. a maximum tensile strain of 4£ tons and
a compressive strain of 4 tons per square inch of section, incurred
by a live load of 1 ton per lineal foot of track. It consists sub
stantially of three girders of the I form, supporting on their tops
a floor and double-track railway, the girders being braced against
each other in a thorough and rather peculiar manner.
The span is 86 ft 10 in. between bearings, approaching the
limit where a tubular form would be preferable to a series of
separate girders, and therefore requiring a degree of strength
unusual in the I form of girder. The middle girder, having
sometimes to support two trains at once, should they chance to
meet on the bridge, is made proportionally strong and rigid, as
fully proved by the test load described below.
The great obliquity of the bridge (there being an angle of
only 21° 30' between the tracks and the abutments), while largely
increasing the length and cost of both masonry and superstruc
ture, is an advantage when compared with a right-angled . bridge
of a similar span, because each girder is here supported laterally
by the abutment itself throughout one-third of its length.
The horizontal members at the top and bottom of the girders,
devoted to resisting the compressive and tensile forces respec
tively, are all 2 feet in width, varying in thickness to conform to
the strains to which they are subject. Their joints are spliced
with plates of the same width, on both sides. They are attached
to the vertical sheets or web by a 4-inch by 4-inch angle-iron on
each side of the latter, passing along the centre of the horizontal
plates. The joints of these angle-irons are also spliced with a
patch of similar form. All abutting joints are accurately planed,
as well as all sides of the sheets forming the web.
* From the ' Journal of the Franklin Institute.'
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connected at right angles to each other by a 1^ inch angle-iron
riveted to each, giving a section similar to an angle-iron, 6 inches
wide on each side of the angle. As the two members of the X
are placed back to back, they are riveted together at their inter
section. In order to get the strongest available attachment be
tween these braces and the vertical ribs of the girders, that half
of each brace which does not lie in a vertical plane was heated
at the ends, and each end twisted 90", allowing it to be attached to
the ribs alongside the other strip, with the plane of which it here
coincided. The result has been fully satisfactory, for the passage
of heavy trains at high speed produces far less vibration than
in many similar bridges which I have had the opportunity to
examine in this country, and in England and France.
The rivets are, with a few exceptions, all of 1 inch diameter,
being heated and headed in the usual manner. The rivet-holes
are all drilled, being, as I believe, the first case of the kind iu a
work of this size. It can hardly be doubted that drilling secures
a cleanness of cut, if not an accuracy of position, unattainable
by punching. The drill neither disturbs tbe fibre of the iron
near the hole, nor bends or stretches the plates like a punch:
circumstances which often render it difficult for punched plates
to be accurately fitted to each other, or to have that exact
correspondence of holes which is indispensable to a first-rate
joint.
This bridge is to be subject to a traffic of some forty-five trains
daily, many of which trains weigh 400 tons. Previous to open
ing it to the traffic, it was tested as follows:—A large pile of iron
rails was distributed over the floor, and a train placed on each
track, weighing in all 159 3 gross tons. The deflections were
carefully observed at the centre of each girder, the load then
removed and a second observation taken, after which the load
was replaced and again removed, with two more observations.
The first loading produced a permanent set of 0-26 inch, a
considerable portion of which may doubtless be attributed to
the bearings on the abutments, where a white oak cushion,
4 inches thick, was interposed between the iron and masonry.
The second loading of the bridge brought the girders down to
exactly the same point as the first, the deflections being given
below with the loads upon each girder. On removing the load,
these deflections disappeared entirely.
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Load In too*.
Deflection in inches.
North girder
3715
0"S9
Centre „
79-65
0-33
South „
42-50
0-45
The unequal distribution of the load upon the north and south,
girders was due to the different weight of the engines placed
on the two tracks, a difference which was not intended, but
which served to show how nearly the deflections vary with the
weights producing them, proving the great uniformity of the
workmanship in the three girders, while the rigidity of the
centre girder is shown to be fully equal to its double duty. The
materials used in this bridge were entirely of American manu
facture.

THE DENSITY OF STEAM AT DIFFERENT TEMPERATTJRES, AND THE LAW OF EXPANSION OF
SUPERHEATED STEAM.*
We have already had occasion to bring under our readers'
notice (voL xxiL, p. 365) the paper by Mr. Fairbaim and Mr.
Tate, read before the British Association at Aberdeen in 1859.
That paper gave an account of some experiments for ascertaining
the density of steam at various temperatures, and of the approxi
mate results which had up to that time been obtained. The
experiments have since been carried further, and carefully cor
rected, tabulated, and analysed; and the present lecture records
the whole course of the investigation, from the minutest details
of the apparatus to the most general algebraic deduction.
It appears that scientific minds are strongly prompted to
enact " laws" which may be conveniently embodied in mathema
tical formulae. This kind of codification in physics has much to
recommend it, not only to the judgment, but even to the fancy.
It helps the memory by systematizing observed phenomena. It
enables us to tell very proximately (if not always accurately)
what changes to expect under certain conditions. It affords the
mind a final repose from ceaseless questioning or prolonged sus
pension of opinion. It enables us, in fact, to express the mar
vellous constancy of Nature's working in language that is intelli
gible and concise. Nay, we are even tempted to imagine that
we are thus ourselves enacting laws which the elements are con
strained to obey; and to regard our science as rather the mistress
than the interpreter of nature. Nature however occasionally
makes free to deviate from rules which have been sanctioned by
the most eminent scientific authorities. "We are thus at times
(perhaps wholesomely) admonished to return to the humbler
task of patient observation, until we can patch up our approved
formula;, so as to bring them into closer conformity with the real
order of things.
A case of this kind has presented itself in the investigation of
Rteam. What is known as Gay Lussac's or Dalton's law for
determining the relation between the temperature and volume of
gases was not only considered to hold good for all permanently
clastic fluids, but was presumed to be applicable to steam. So
convenient a decision was generally concurred in, and the concise
and manageable formula, deduced on this showing from the expe
riments of Dumas on steam raised at 212°, had until lately been
accepted, without further inquiry, as true for all pressures. The
expansive power of steam under various conditions having how
ever a special economic interest, the matter came in process of
time to be more narrowly and practically gone into by some of
our own countrymen. It was then found out that there was a
considerable want of accord between the actual phenomena and
the supposed law. In 1855 Prof. Bankine gave an entirely new
theoretical formula, which has now been proved to give results
remarkably near the truth. But until the time that Mr. Fairbairn took up the question, the law of the density of steam had
not been sought out by means of actual observation.
The first and main difficulty was the devising an apparatus at
once strong enough, and yet transparent where necessary; and
the discovery of a visible test, sufficiently accurate and delicate,
to determine the point of saturation. A very happy and elegant
test was arrived at, depending on the different increase of pres
sure arising from vaporisation and from simple superheating. A
full explanation of the principle of this "saturation gauge," as
the inventor has named it, and a general account of the whole
* ' The Bakerian Lecture. —Experimental Researches to determine the Density of
Steam at different Temperatures, and to determine the Law of Expansion of Super
heated Steam.' By William Fairbaim, F.K.S., and Thomas Tate.—From the Trans
actions of the Philosophical Society, I860.
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apparatus, will be found in this Journal, in the paper to which
we have already referred (vol. xxii. p. 366).
Although a pressure gauge was connected with the apparatus,
it seems only to have been consulted as giving a rough indication
of the pressure. In each observation calculation was relied on
for finding accurately both the temperature and the pressure of
the steam at the point of saturation. The pressure was computed
so as to agree with the results of the experiments of M. Begnault.
In this respect therefore Mr. Fairbairn's researches must be
regarded as based to some extent on those of M. Begnault; while
as regards specific density and expansion they possess an original
and independent value.
The results which are regarded as established by the investiga
tion before us are—
" Firtt, that the density of saturated steam at all temperatures, above
as well aa below 212° Fabr., is invariably greater than that which is
derived from the gaseous laws; .tecum!, that the law of expansion of a
perfectly elastic fluid does not hold strictly true for superheated steam.
At the maximum temperature of saturation, and for some degrees above
it, the rate of expansion of the steam greatly exceeds that of a perfect
gas."
The widest deviation from the gaseous formula seems to occur
at from 40* to 50° above the boiling point. Here the specific
volume of saturated steam appears, from the diagram appended
to the lecture, to be about 7 per cent, less than the formula
referred to would make it.
Messrs. Fairbairn and Tate now substitute the following for
mula, as a faithful digest of the results of observation:—
" On the Relation of Specific Volume and Preature of Saturated Steam.
Let V be the specific volume of a given weight of saturated steam at
the pressure P, measured by a column of mercury in inches; then
V - 25-62 + 4951S
P+72
49513
•72.'
and
F _
V— 25-62
As to the Law of Expansion of Superheated Steam, the results
are given in the following table, from which the conclusions sub
joined are drawn.
"Table thowing the Coefficient of Expansion of Superheated Steam.
Number of
Experiment.

Maximum
temperature of
saturation.

Temperatures
between which the
expansion is taken.

O

1
2
3
5

136-77
155-33

159-88 J
171-48 j

6
174-92 j
7

182-80 |

8

188-30

1'

242-9

4'

266-5

j

6'

267-21 j

r

269-2

|

a'
279-42 j
13'
292-53 j

Coefficient
of expansion
of steam.

Coefficient
of expansion
of air.

x4t

x4w

vst

«"rB

0

140
160
159-36
170-2
171-48
180
174-92
180
182-3
186
191

170
190
170-2
209-9
180
200
180
200
186
209-5
211

243
257
257
268
271
271
273
283
285
297
299

249
259
264
271
279
273
279
285
289
299
302

TTo*

e-35

vfos
tot

sTC

TOT

ST*

TOT

Til

TOT

wit

TOT

F3T7

T+T

TUV

TOT
TOT
TTT
1

TOT

TOT

TOT

TTtr

TST
1

TOT

TOT

TOT

T^T

TBT

TOT

i

i
i

TOT

" The results recorded in this table distinctly show that, for tempera
tures within about ten degrees from the maximum temperature of satu
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ration, the rate of expansion greatly exceeds that of air, whereas at
higher temperatures from this point the rate of expansion approaches
that of air; thus for example, in Experiment 6, between the tempera
tures of 174-92° and 180°, the coefficient of expansion is Tfoj, that is,
about three times that of air; whereas, between the temperatures of
180° and 200° the coefficient of expansion is very nearly the same as
that of air, and so on in other cases. At temperatures somewhat re
moved from the maximum temperature of saturation, the coefficient of
expansion in the high-pressure experiments is decidedly greater than
that of air, whereas in the low-pressure experiments it does not greatly
differ from that of air."
An intentiou is expressed of extending these researches to
steam of very high pressure, and making a distinct series of
experiments on the expansion of superheated steam. The ulti
mate results will then (as we iufer) be reduced into the most
comprehensive analytical form. Judging from what is already
before us, they can hardly fail to be of very great interest and
importance.
■•■
ARCHITECTURE AT THE ROYAL ACADEMY.
(Concluded from page 167.)
The sketch in Waltham Abbey, by Mr. Burges (673), showing
the new east end as lately executed from his designs, deservedly
finds a place "on the line;" it being on the whole, though small,
one of the most remarkable and attractive pictures in the room.
We refer more especially to the masterly skill which has in
fused the iutensest of pictorial effects into one of the most
shadowy of outlines, yet sufficiently detailed for its purpose.
The indication of the stained glass in the windows is as perfect
as it can be, nor is the general tone of colour less truthful and
satisfactory. But without the help of the catalogue the subject
might rather be imagined to be a foreign one, and not an English
one only a' dozen miles from the metropolis, so many and im
portant are the alterations which the building has lately under
gone. Without opening the question as to how far the architect
of the new work may have been guided by existing ancient re
mains or by authentic documents, it cannot fail to strike any
observer who is at all conversant with the characteristics of
early French architecture, how closety Waltham Abbey, in its
new aspect, presents marks of resemblance. Thus the rose win
dow, and the arcade below (to mention nothing else), are essen
tially French, and being of the kind that Mr. Burges loves to
reproduce, one can scarcely help surmising whether this par
tiality may not have had such an influence that the new work
should rather be designated a substitution than a restoration.
In (674) Mr. Pollen gives a drawing of part of the archway of
the new Oxford Museum as in process of execution, and if this
drawing may be taken as fairly indicating what is being done,
we regret that it should be (to our taste) so unworthy of the pur
pose. Novelty enough there is, truly, but of a very poor and
unintelligible kind. The " Godolphin Schools " competition, which
is pretty fairly represented in the Conduit-street Exhibition, re
appears here in Mr. Mew's design (678), one of the best, in
external appearance, that we have seen. The proportions are
good, and the several parts well balanced. The building, we
notice, is three stories in height, the walling being of light brick,
banded with darker at intervals. Mr. Pearson's "Church to be
built in London" (679), is unmistakably the same of which
another exterior perspective appeared in the Architectural Ex
hibition which has just closed, and which we referred as an
unusually meritorious design. The conception of the whole may
be better realised by examining this drawing with the noble
"interior view" exhibited in (681), simple, grand, and effective in
the extreme. It is groined throughout in stone.
The recent completion of the Royal Horticultural Society's
extensive and handsome buildings at South Kensington lends a
present interest to the "Interior view of the New Council
Chamber" which Capt. Fowke shows in (680), otherwise its veryordinary look would not provoke eveu an inquisitive glance.
This chamber is capable of being used on state occasions for a
vestibule to the gardens. Adjoining this picture is one which
however is not likely to be overlooked—viz. Mr. Owen Jones'
"Ceiling of Show Room at Mr. Hancock's, in Bruton-street,
(685)—a perfect study of design and colouring, rich yet not
gaudy. It is executed in that patent canvas plaster which Mr.
Jones has previously employed so satisfactorily.
A by no means enticing scheme for covering the Royal Ex
change area, with an elliptical roof over the upper order, is
nicely shown by Mr. H. S. Legg in (688), and formed of course
4S
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one of the competition aeries. The centre portion only of this
roof is glazed, there being three panelled coffers on each side,
proposed to be filled with, colour and devices. This part of
the design is not altogether satisfactory. A view of that great
practical mistake, the Victoria Military Hospital, near South
ampton (691), shows the building to its fullest extent, and to the
greatest advantage, being both well drawn and well coloured,
without betraying any trickiness. An equally large drawing is
(691), which in these respects presents a contrast to the last,
being decidly "got up" for effect, but not enough so ns to con
ceal the real poverty of the subject, in spite of its ornate garnishing3. It is somewhat ostentatiously styled a "Proposed
Grand Hotel de la Me"diterranee, Cannes," and is by Messrs. T.
Smith and Son.
Mr. Digby Wyatt exhibits two drawings—we might strictly
say sketches—in brown ink outline (684) and (689). The former
represents the "Gallery for Communication lately erected in
the great hall at Compton-Wyuniates—being a highly-elaborated
Perpendicular addition, carried on huge, ungraceful corbels.
The cresting, too, is in questionable taste. The second drawing
is a large perspective view, every stroke and line in which has
been whimsically drawn by hand, and vaguely entitled " Original
sketch for a Public Building"—query, the proposed New India
House ( But, be its purpose what it may (aud it does not on
the face of it give the least clue to a solution), we shall not, we
think, run counter to public opinion in the wish that it may be
permitted to remain on paper only. The prominent features are
the large round towers which encompass the principal angles,
and with their pyramidal roof give to the design a hybrid look
neither of Scottish nor Continental extraction, but a strange
compound of the two. Of the detail as proposed it is impossible
to speak, it being so slightly indicated.
In (694) we are treated to a small and carefully delineated
view of the new chapel at Exeter College, Oxford, which the
artist, Mr. J. H. Le Keux, has also ably engraved. It shows the
south side of the chapel, from indeed the only point whence the
entire elevation is visible, and, by the close proximity of the
buildings in the College quadrangle, accounts for the new build
ing being much more curtailed in its length than it would pro
bably have been had a more extended site been at the disposal of
the architect. The " Manchester Assize Courts," now erecting
from Mr. Waterhouse's design forms the subject of one of the
most genuine architectural drawings in the room (696). "We
cannot however admire the sombre, heavy tone of the colouring.
In this resect Mr. E. W. Pugin's admirable little drawing close
by (697), has the advantage, for while there is sufficient detail
shown to convey a fair notion of the design itself, there is just
enough tint added to express the light-and-shade effect. The
subject is the "New Exhibition Boom recently erected at Oscott
College, near Birmingham," and it is based on the characteristics
of our "Perpendicular" style, but by no means slavishly fol
lowed. "Daylesford Church, "Worcestershire" (698), by Mr.
J. L. Pearson is, like his other pictures before mentioned, a
subject divided between this exhibition and that at Conduitstreet. The separation of drawings in this manner is much to
be regretted, and it appears the less excusable, because, while
leaving the matter in both cases incomplete, there does not
appear to be any sufficient motive for so doing. The drawing
before us shows, among other things, a very pretty lich-gate.
A view of a portion of the exterior of Hereford Cathedral, as
recently restored by Mr. Gilbert Scott, is contributed by Mr.
J. Drayton Wyatt, in (686). It combines, in a very picturesque
froup, three of the leading features of the exterior—viz. the
forth Transept (with its single aisle), the Central Tower, and
the rich "Perpendicular" North Porch, each illustrating a dif
ferent phase iu architectural history. Mr. E. M. Barry^s only
drawing is of his New Schools in Eudell-street, London (703),
which are unquestionably among the best designed and most
costly erections of the kind, and now so well known as to need
no description here, though it may be mentioned that in this
picture are ranged side by side the two gable ends, each so well
studied, and so picturesquely varied that the contrast is at once
perceptible, whilst another sketch shows the interior of one of
the schoolrooms, ingeniously incorporated with the construction
of the roof. Messrs. Prichard and Seddon's "Church at New
port, Monmouthshire" (704), has already been noticed and illus
trated iu our Journal for June 1860.
i Iu four of the largest aud most striking architectural drawings
in the room (699—702), Mr. G. G. Scott exhibits " Views illus
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trative of Gothic designs for the Government Offices," including
the perspectives as seen from Downing-street, the Park, and the
internal quadrangle. In the principle of these is embodied tho
proposed new India House, which, as now arranged, is to front
St. James's Park. Of the merit of this design and its adaptability
to the requirements of its purpose it is not necessary again to
speak, suffice it to add, that Mr. Scott appears disposed to battle
to the last in carrying out his project, iu spite of the adverse
influences which have been brought to bear, and which at the
present time still predominate. While on this subject we may
call attention to (709), Mr. Green's " Design submitted in compe
tition for the new Houses of Parliament at Ottawa, Canada"—a
by no means prepossessing Classic design, not unlike in some
particulars that submitted by the same gentleman in the Man
chester Assize Courts competition.
Mr. David Brandon's contributions are, as usual, of domestic
buildings in the late style of architecture which he especially
favours; but this year his two houses erected in Worcestershire,
as shown in (710, 711) have not much to recommend them. The
church to be erected by him at Penboyr, Carmarthenshire (713),
appears more promising. Of the new Offices for the Board of
Works, in Spring gardens, there is a careful drawing (714) sent
by the architect, Mr. Marrable, but inasmuch as it has been pro
nounced a bad plagiarism upon Inigo Jones, it does not need
comment at our hands.
Mr. Street is an exhibitor of only one drawing (718), a church
now erecting at Bournemouth, which, in spite of the ability
manifested in many of the subservient details, does not strike ns
as being, on the whole, one of his happiest efforts. Much as we
delight m the broken outlines and picturesque groupings which
Mr. Street generally secures, in the present case these appear to
be so abundant as to produce a lack of unity. The steeple is a
very original conception, having evidently been minutely studied
out, and with great success. The next in the catalogue is Mr.
Blomfield's "New Church at Tor Mohan, Torquay" (719), which
also betokens considerable originality and picturesqneness; the
latter quality being attributable in part to the irregular nature
of the site, and which the architect has judiciously turned to good
account. Some other of the designs for this competition (which
was a limited one) were to be seen in the late Architectural
Exhibition.
The Almshouses which Mr. W. Webbe has just completed at
Rochester form a very effective subject in (908), and are worthy
of the designer of the Printers' Almshouses and of the Royal
Dramatic College. Mr. Herdman's " View in Cartmel Priory
Church" (890), will be noticed with interest; also Mr. W. J.
Boddy's "Chapel of St. Edmund, Westminster Abbey" (891).
We are sorry we can find nothing to commend in (906), the
church now erecting by Mr. Ashpitel at Bipple, near Deal, which
is of the most commonplace kind; nor are Messrs. Aitchison's
" Schools at Barking" (907), in the best of taste. The utmost
praise must however be bestowed upon Mr. E. Falconer's "Oriental
Sketches" (921, 922), which are, as usual, models in their way.
They represent two mosques, one at Mylassa, and the other at
Nicata, in Asia Minor.
ACCIDENTS ON RAILWAYS.
The periodical reports of the inspecting officers of the Railway
Department on the accidents that have occurred on railways are
extremely valuable records, not only because they afford the
most reliable information respecting the causes of such accidents,
and therefore point out the means of guarding against similar
recurrences, but they serve also to remind directors of their
duties to the public, aud urge them to adopt the precautions
which such disasters show are required for giviug to railway
travelling the security of which it is capable. The reports for
the last six months of 1860 and for the two first months of the
present year refer to fifty-four disasters, some of which were
attended with fearful loss of life; and though called "accidents,"
the majority of them were caused by carelessness or want of
proper precaution, to which such a term is scarcely applicable.
Of the fifty-four so called accidents, twenty-nine were occasioned
by collisions, which in almost every case may be attributed to
culpable carelessness or inattention; nine were occasioned by the
engines or carriages leaving the rails, in consequence generally
of defective construction or imperfections in the machinery; eight
were caused by the breaking of tires; only one by the breaking
of an axle; the fracture of a wheel occasioned one accident; ana
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in two other instances the cast-iron girder of a bridge broke,
and a wooden viaduct gave way. Those accidents that arise
from defective construction, either of the permanent way or of
the locomotive mechanism, generally stand apart from those oc
casioned by carelessness and mismanagement; and the investiga
tion of their causes is the most instructive, as it affords the
means of improving and of perfecting the mechanical arrange
ments of railway locomotion.
We shall first notice those accidents caused by the engines
leaving the rails. They were occasioned in two instances by
the tightness of the gauge at curves on the line; one of them on
the London and Blackwall Railway, the other near the Primrosehill tunnel, on the North Western line. Capt. Tyler, who reports
on the first, observes: "I attribute the present accident to the
fact of the gauge not having been sufficiently easy on so 6harp a
curve. In such a case a curve may be used for a length of time
without accident, but a carriage may mount the outer rail once
in a way." Col. Yollaud, who investigated the second case,
observes: ''I am satisfied that the tightness of the gauge at the
commencement of a sharp curve, without any surface elevation of
the outer rail, was a sufficient cause for the wheel mounting."
It must be stated however that in both cases there wei-e points
where the carriages got off the rails.
The state of the permanent road, which was not sufficiently
consolidated before the trains passed over it, is the assigned
cause of two other instances of the carriages leaving the rails,
both on the South Western Railway. In another case on the
same railway a broken rail was the cause. The rail was a turned
one, and Capt. Tyler objects generally to the use of turned
double-headed rails. "There are," he says, "disadvantages at
tending the use of rails iu this manner which more than
counterbalance auy advantage in economy that may be obtained.
The upper surface of the rails, after having beeu worn out or
injured, does not fit well into the beds of the chairs; the lower
surface has always been more or less damaged and rendered un
even by pressure against the chairs; and the rail itself, after
having beeu subjected for a series of years to strains, and having
perhaps received a set in one direction, is the more severely tried
by being exposed to strains of a new description, and in an
opposite direction." The want of proper signalling occasioned
one train to run off the line at a place where the plate-layers
had removed two of the rails; and in the two remaining instances
of such occurrences they are attributed to the use of an improper
engine for the work, and to the breaking of a turn-plate, which
was made of improper materials.
Iu considering the class of accidents caused by the fracture
of tires, both inspectors refer again and agaiu to the imperfect
and dangerous method of fastening on tires with rivets, for in
nearly all instances of fracture they occurred at the rivet-holes;
and both inspectors recommend the adoption of some one of the
modern improvements for the fixing on of tires without the
necessity of weakening them by making rivet-holes. Several
drawings of the various plans contrived for that purpose are
given, and Mr. Beattie's method is mentioned approvingly by
Capt. Tyler and by Col. Yollaud. On this important point we
quote the following remarks by Capt. Tyler, iu his report of au
accident that occurred on the Chatham and Dover Bailway,
near Sittingbourne, on the 4th of January last, and we give also
diagrams of Mr. Beattie's and of Mr. Burke's method of fasten
ing tires, which are particularly referred to, and of improvements
suggested by Capt. Tyler.
"There are various methods, of which some have lxjen in use for
Beveral years, whilst others are of more recent date, for avoiding the
weakness thus arising from rivet-holes in the tires, for securing them to
the rims of the wheels in a more advantageous maimer, and for pre
venting them from separating from the wheels in the event of fracture.
I had occasion to refer to this subject in a report upon an accident
which occurred in the early part of last year, at Tottenham; and I then
forwarded diagrams of a system of fastening that had been adopted with
these objects upon certain railways. I now beg to inclose drawings of a
number of other modes which have been employed ; and I would observe,
in doing so, that they merit the best attention of the locomotive and
carriage superintendents of all railway companies; because the principles
upon which they are designed are calculated, when properly carried out,
to provide completely against the danger which is now so much expe
rienced—and particularly in seasons of low temperature— of accidents
such as that on which I am now engaged in reporting, occasioned by
tires opening out or flying off when they are fractured, from the wheels
of locomotive engines and tenders and of railway vehicles.
It will be observed, on an inspection of these diagrams, that in all the
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different methods which they represent the tire is dovetailed to the rim of
the wheel; and in all but one there is no weakening of the tire by rivet
or other holes bored in to secure it to the rim. Mr. Beattie adopted
this method in the case of engine-wheels, imder the belief that the
weights which the tires of those wheels had to sustain rendered it ne
cessary to give the rim as wide a bearing upon them aa possible, and
undesirable to diminish that bearing for the sake of obtaining a fasten
ing at the interior side of those wheels, such as he had applied to
carriage-wheels.
Mr. Beattie accomplishes this by grooving the tire, as at A, Fig. 8;
by inserting wedge-shaped keys at intervals round the circumference,
Fiu. 1.
Fio. 2.
Fio. 8.'

B, B, B, Fig. 1 ; and by hammering down the portion C (Fig. 3), upon the
keys thus inserted. Whilst employing this system on the Great Northern
Railway very extensively, Mr. Sturrock has found it necessary to place
a key on each side of the weld of the tire, aa an additional security
against its flying, in case of fracture on account of a defective weld.
It cannot be considered that the tire is so firmly secured to the por
tions of the rim between the keys, as when a more continuous means of
fastening it is employed. In a method which he has proposed for enginewheels, for reasons which I have already given, Mr. Beattie has seoured
the outer side of the tire by means of a groove fitting on a notch in the
rim of the wheel, and has attached it, near the inner edge, by bolts
screwed into it from the inner surface of the rim, and inserted at fre
quent intervals.
Mr. Burke's tire is rolled out into the shape shown in Fig. 6, and is
welded, turned to a true surface, heated, slipped on to the wheel, and
allowed to contract in the usual manner. It is then turned over; the
portion M is heated to a red heat, and that portion is hammered down
against the rim all round its cireumference. All of these methods of
fastening tires are superior to that which is now commonly adopted,
and any one of them may be considered, when the materials are well
Fio. t.
Fio. 5.

selected, and when careful workmanship is employed, to afford a high
degree of security. That which is shown in Figs. 4, 5, tl, is perhaps
the most simple, and the most likely to come into general use. The
disadvantage that it would present to some eyes, in the impossibility of
taking it off the wheel for tightening or repair, after It is once fixed on,
and replacing it in its original condition, is by no means so serious as
it might appear to be at first sight. Either security must be more or less
sacrificed when this condition is maintained, or else some more compli
cated arrangement connected with the rim, such as those of Mr. Mansell
and Mr. Brotherhood, must be employed. But in truth, the cases in
which repairs requiring the removal of the tire become necessary, when
good wide tires are carefully attached to well-constructed wheels, are so
rare, that they may fairly be left out of consideration; and a tire which
has worn slack and is re-shrunk on the wheel will almost always become
slack again within a short period. Such an operation is hardly worth
performing; and when a good tire is securely fixed in the first instance,
by means of an efficient continuous clipping attachment, it will then he
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worn out to the thinnest state in which it is fit for use, without any
apprehension of danger in consequence either of its fracture or of its
slipping off the wheel.
Tin,- real disadvantage of this mode of fastening appears to me to lie
either in the liability to an imperfection of fit between the rim and the
tire, or of a want of parallelism in the dovetail surfaces in the first in
stance; or else in an alteration of the shape of the tire, by spreading or
otherwise, from wear and tear, which must always become greater as the
tire becomes thinner, and which would therefore render the fastening
less and less secure, at a time when it was more and more necessary that
it should be efficient. To prevent the possibility of such defects I think
that a modified mode of fastening might be adopted, such as I have
shown in Figs. 7 and 8, which would be well adapted for all wheels,
would give increased security at all times, and remain efficient up to the
last, becoming indeed more Becure as the tire got thinner and hollow from
wear. In the application of this arrangement, the tire would have to be
Fio. 6.
Fio. 7.
Fio. 8.

grooved at 0, Fig. 7, when it was (urned to its proper size, and the rim
of the wheel would have a notch on each side of it. The tire should not
be in too heated a state when the wheel is slipped into it, as the rim
would not in that case penetrate into the recess at 0; but it lias been
found by experience that a sufficient heat may be imparted to the tire
in shrinking it on, without any difficulty of slipping it into a recess of
suitable dimensions being encountered. Fig. 7 exhibits the condition
that would exist between the wheel and tire when the wheel is first in
serted, and Fig. 8 the finished tire, after the inner edge at Q is hammered
down upon the rim.
Although there is greater fear in general with regard to a slack tire, or
a loose tire, or a broken tire, the most dangerous tire of all is that which
has been shrunk too tightly on to the wheel, and whose state of tension
renders it ready to fly upon any violent blow being administered to it by
a bad joint, or an uneven crossing, in the ordinary course of traffic.
This is the Bort of tire that yields the clearest ring to the hammer of the
carriage examiner, and that inspires him frequently with the greatest
degree of confidence; but this is the tire that ought in reality most to be
dreaded; and this is the description of tire that occasioned the present
accident.
But even when a tire has been placed upon the wheel in a condition
of too much strain, there ceases to be danger when it is secured to the
wheel in some manner such as I have now indicated, in which it is pre
vented from separating from the rim, or, as it is termed, from flying,
when fracture takes place."
In reporting on this class of accidents the inspectors comment
in severe terms on the neglect of railway directors to provide
the means of security which fatal experience has shown to be
necessary. Col. Yolland, in reporting on an accident whicli occured on the Great Western Railway on the 14th of January
thus gives vent to his indignation on the subject:—
"There is not the least difficulty in introducing such an amount of
break power as would have enabled the driver to stop in less than onefourth of that distance; but the executive of the Great Western Railway
Company, like the executive of most other railway companies, appear to
slight warnings of this kind, and make no alteration in their system, and
seem to prefer to run the risk of having to pay enormous sums of money
in compensation for accidents and damage to rolling stock than to at
tempt any improvement in this respect.
Had this fracture of the tire taken place at night, the travelling
porter could not have seen that anything was wrong; no passenger in
the carriage would have had any chance of making it known to the
guards; and supposing that to have been effected, it is doubtful whether
the guards could have attracted the driver's attention, and the conse
quences might have been most lamentable.
I am afraid it is hopeless to expect any improvement, and I know
that it is useless for an inspecting officer to continue to call attention
to it.
If warning were taken from accidents of this kind occurring, not only
on one but on most of the railways in England, improvements might be
introduced similar to those which have on some lines been adopted with
reference to the mode of fixing the tires on wheels; but with the Btudied
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persistence in such a vicious system, the reports of the inspecting officers
might almost as well not be made, as they appear to serve no other
useful purpose than to give the sufferers in railway accidents or
their representatives a clue on which to base their demands for
compensation."
The necessity of providing a communication between the
passengers and the guard, and between the latter and the
engine-driver, is often enforced; for on many occasions, had such,
a means of communication existed, the disasters that ensued
might have been avoided by timely notice; and Col. Yolland says:
"It is to be regretted that the law does not make some one
criminally liable for such neglect." It must be observed that all
the fractures of tires noticed occurred during the severe frost of
last winter, which contracted the metal and made it less capable
of bearing a blow.
The accident arising from the fracture of a cast-iron girder occured on the Midland Bail way, on the 26th of September, at a
bridge near Ambergate. A heavy goods train was passing over
the bridge at the speed of about 14 miles an hour, when the
engine-driver found that the wheels of the engine had been
thrown off the line, and that only two of the waggons remained
attached to the tender. He had no idea of the cause of the acci
dent at the time, as the roadway did not fall in. The cause of
the fracture is thus explained by Capt. Tyler.
" The bridge that thus gave way was to all appearance substantially
constructed, with six cast-iron girdere upon masonry abutments. Twogirders carried each line of rails, and the other two supported the para
pets. It was originally built some twenty-three years ago; but in the
course, I believe, of last year, the main girders were placed rather farther
from each other than they had previously been, as it was found that
they were occasionally Btruck by passing vehicles. The platform which
wis then added to them for carrying the permanent way consisted of
old rails which had been taken up from the main line, of the descrip
tion known as Barlow rails, laid transversely, and covered with asphalte
and about 5 inches of ballast; and the wooden sleepers, on which the
rails and chairs were supported, rested in this ballast, also transversely,
in the usual manner. The Barlow rails lay on the inner flanges of the
main girders, and were not as accurately fitted as they might have been,
with a view to their taking a bearing close to the middle webs of the
girders. The weight of the rolling loads which passed over them was
not distributed upon the Barlow rails, except partially, through the me
dium of the asphalte and ballast, but it was carried principally by those
particular Barlow rails over which the sleepers were placed. The main
girders were not bolted together, but were retained in their position,
partly by their own connection with the abutments, and partly by the
stone flagging which lay between them and the outer girders on each
side. The two middle girders were close together, and the distance be
tween each pair of girders earning the railway was rather more than 10 ft.,
the two outer girders having been 2 ft. 6 in. from the edges of the rails
next to them. The girders were 29 ft. 2 in. long, with straight tops, and
they covered a clear span of 23 feet. Their depth was 2 ft. 0\ in., the
area of their top flanges about 194 inches, that of their bottom flanges
about 40 inches, and that of their middle webs about 50 inches. The
breaking weight of each of these girders, supposing the metal to be
sound, may be estimated at 90 tons placed in the centre; and the ulti
mate strength of a pair of these girders, under a load equally distributed
over them, at 360 tons. The heaviest engines in the possession of the
Midland Company— one of which was attached to the train in question
— weigh, when in working order, 31 tons, and their tenders 18 tons,
making a total weight of 49 tons, upon a wheel-base, measured from the
leading axle of the engine to the trailing axle of the tender, of 36 ft. 3 in.
Of this weight however the engine only could be upon a span of 23 ft. at one
time, because the distance from the leading axle of the engine to the leading
axle of the tender measures 24 ft. 9 in. It may therefore be considered that
the factor of safety in this bridge, if the girders had been sound, would have
been about 9 as agi inst the maximum total load, or about 11 as against
the greatest rolling load, after first deducting three times the weight of
a proportion of the superstructure from the ultimate strength of the gir
ders. The girders are in fact heavier than those which are frequently
employed in ordinary railway practice for similar spans at the present
day; and the proportion borne by their top to their bottom flanges is
greater than, as is now well understood, is necessary. The girder which
failed was on the north of the down line from Derby to Normanton; and it
gave way at a distance of 3 ft. 8 J in.—about a ninth of the span—from
the west abutment of the bridge. It would, if sound, have been conside
rably stronger at this point than at the centre; but it appears to have
been seriously defective. Of the half side of the bottom flange an area
of 6} square inches only was sound ; and this was the side on which the
Barlow rails rested, and on which therefore the permanent way was sup
ported. It is impossible to say whether this defect existed to the same
extent when the girder was originally cast, or whether it was compara
tively small in the first instance, and has since increased in the course of
traffic.''
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The wooden viaduct that gave way, though without doing any
injury, is on the Whitehaven Bailway, and it had for some time
been suspected to be in a defective and rotten condition. Capt.
Tyler objects to the employment of timber for viaducts, which
he says should only be done when great economy is required in
the original construction.
The causes of the twenty-nine disasters that arose from collision
may be summed up to have been carelessness and neglect, more
or less culpable. Five of them happened to excursion and to
special trains, which are at all times dangerous, and in one
instance two excursion trains came into collision with one
another, on the Lancashire and Yorkshire Railway, owing to the
breaking of a coupling chain as the train in advance was ascend
ing an incline. The want of additional break power to bring a
train more quickly to rest when an obstacle on the line is visible,
is frequently mentioned with strong condemnation by the in
spectors; and we will conclude this notice of their able reports
with the following extract from Col. Yolland's report on the
collision of the two excursion trains, in which he points out the
increasing necessity of additional break power, in consequence of
the steep inclines now frequently adopted in the construction
of railways.
"There is yet one other point which more particularly concerns the
duties of the inspecting officers, and which should in my opinion be
brought under their notice. The length of railway lines on which steep in
clines occur is increasing every year; and as the legislature has not deemed
it expedient to intrust the Board of Trade with any power as regards the
mode in which traffic shall be conducted, but confines its interference to
unopened lines of railway; and as railway companies have very generally
disregarded the recommendations made from time to time by the Board
of Trade on the subject of increasing the amount of break power, on the
establishment of a communication between guard and driver, and on the
placing of a break at the tail of every train, &c, it remains to be con
sidered whether the inspecting officers, looking Bolely to the question of
the public safety, should not, when inspecting new lines of railway, decline
to sanction any stations which are placed upon inclines, on which carriages
will travel by the force of gravity alone. Accidents from the breaking away
of carriages, or the separation of trains into two or more parts, are very
much more numerous than the public are aware of. Those which are
reported to the Board of Trade do not probably amount to one-tenth of
those that occur: because, happily, in the greater portion of cases they
are not attended with serious injury to life or limb. I know, but not
officially, of instances where vehicles have broken away, and been caught
by sending an engine after them on the same line, only a very short
distance in front of a passenger train ; and of others where—by tie pre
sence of mind of station-masters and pointsmen—descending waggons
have been turned off the main line into a siding, and been destroyed.
In the course of two years, and in two accidents alone, 25 persons have
been killed and 127 injured, from the construction of stations on inclines;
and I submit that such a sacrifice of human life, and such an amount
of injury to persons, should be held sufficient to justify any inspecting
officer in declining to pass a station on an incline on which carriages will
descend by the force of gravity. And with their lordships' sanction, I
think that notice should be sent to all railway companies engaged in
making new lines, if the other inspecting officers agree with this view of
the subject, that stations on such inclines could not be passed in future."
Appropriate to the report on railway accidents, we have had
submitted to us drawings and descriptions of Mr. Wright's
"Bed-plate Iron Safety Bailway," by which carriages would be
prevented from running off the rails by means of a "safetykerb," fixed by the side of the rails, and several inches above its
upper surface. The breaking of wheels, axles, or tires, might
also be rendered harmlesss by a "life-guard" or fixed break,
which would drop on the kerb and support the carriages, and
at the same time effectually retard the motion. There can be
little doubt that by a contrivance of this kind many accidents
might be prevented, but the cost would be a barrier to its adop
tion. It is estimated that the expense per mile of a single line
would be .£2428, and that the application of the safety-kerb to
wooden sleepers could not be effected for less than .£1127 per
mile. There is little hope therefore of the adoption of Sir.
Wright's contrivance generally, though on bridges, embankments,
viaducts, or sharp curves, it could be introduced with advantage,
without great expenditure. It is worth consideration, however,
whether the plan of the safety-sledge might not be applied to
ordinary rails, so that when au axle or wheel breaks the car
riage might drop a few inches safely on to a fixed break, instead
of being turned over, with great danger to the passengers and
injury to the other carriages in the train.

REVIEWS.
The English Cathedral of the Nineteenth Century. By A. J. B.
Beresford Hope, M.A., D.C.L. With illustrations.— London:
John Murray. 1861. 8vo. pp. 282. [Second Notice.]
In our previous notice of Mr. BereBford Hope's book we re
ferred to the contents of the earlier portion of the volume, and
laid before our readers specimens of the illustrations. Some
additional illustrations we here introduce, with their descriptions
from the volume itself.
"The first church to which I shall call attention is St. Ninian's Cathe
dral, erected for the «se of the Scottish Episcopal Church in the flourish
ing town of Perth, by Mr. Butterfield, designed in a somewhat severe
variety of Middle Pointed. The choir, transepts, and one bay of the
nave, were consecrated in 1850, and so have been in use for about ten
years. The rest of the building, with a trifling exception, has yet to be
built. This plan carries simplicity almost to an excess; for example,
the transepts are not apparent in the plan, owing to the manner in which
the nave arcade has been handled.
Of a much later date is the cathedral of Kilmore in Ireland, for the
united dioceses of Kilmore, Elphin, and Ardagh, due to Mr. Slater.

Plan of Pkrth Cathedral. •
Plait or Kii.MouR Cathedra!.
76 feet to inch.
76 feet to inch.
This church, in Middle Pointed, was consecrated in its completed form
in July I860, by the present energetic diocesan, Bishop Beresford, who
carried it through, both as a work practically wanted and as a memorial
to his famous predecessor, Bishop Bedell. It is, as will be at once appa
rent, of very small dimensions in proportion to its ecclesiastical rank,
but yet it aims with much success at the cathedral character, in all
points except the inferior elevation of the transepts. It moreover pos
sesses the practical merit of having been entirely built according to the
original plan. I have heard with much pleasure that the Bishop of
Kilmore has already seriously talked of enlarging it, towards the west,
by the addition of two bays."
It is almost to be regretted that fuller illustrations are not
fiven of one of the most interesting of modern churches—the
lemorial Church at Constantinople. The plan actually to be
carried out cf Mr. Burges, and that of Mr. Street, are indeed
here, but of neither is any elevation or section furnished.
Perhaps however as this church is to be rather a monumental
edifice than anything else, and is certainly not built with the
idea of erecting Constantinople into an English episcopal see, the
author has shown his consistency in adhering to his subject, and
giving the fullest illustration of those buildings which are most
truly cathedrals.
"I must still detain my readers in southern climates while I introduce
the two next plans to them. It has not, I hope, faded out of their recol
lection that on the conclusion of the Crimean war the religious feeling of
the English people led them to the determination of sanctifying the
peace by the erection of a memorial church at Constantinople. The
appeal was made under distinguished auspices, and liberal subscription.-)
flowed in. The choice of the architect was made by unlimited competition.
Although personally concerned both in drawing up the terms of tho
competition and in the adjudication of the prizes, I may I trust be for
given for appealing to this competition as standing out in favourable
contrast to others of a more imposing character, and for a more mag
nificent stake, which have occupied public attention during the last few
years
The character of the structure was to be "monumental," and it is
4 i»
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in this character of "monumental" that I offer the plans of the church
as modified by Mr. Burgea, in a somewhat reduced form, and of the de
sign which won the second prize, by Mr. Street, in its original condition.
With all their high merit, these designs are so different in their concep
tion that I can notice each without a reference to the other.
Mr. Burgess idea, embodied in a style combined of Italian-Gothic and
Early French, seems to have been to reproduce' the general cathedral
or minster type of the Continent upon a small scale, and yet with such
simplicity of plan as to obviate the risk of pettiness and confusion. In
this he was very successful. The plan, as originally drawn, comprised a
groined nave of three vaulting and of six arch bays, aisles to the entire
building, and transepts, and an apsidal choir, comprising a distinct bay,
leading up to the circumambient aisle encircling the apse. In section

Ha. Busobs' Pl.vs, Memorial
Ma. Strut's Plan for Mshorial
Church. 75 feet to inch.
Church. 75 feet to inch.
the church displayed, besides the main arcade, an arcaded triforium, and
a clerestory above. The chief artistic effect after which Mr. Burges
aimed was the perspective of the east end, with its ' chevet '—a feature
which he further defended on practical considerations, about which I
shall have more to say hereafter. The work could not be undertaken at
once, for the Turkish government—always tricky and perfidious—did not
really look upon it with favour. At last, however, the zeal, kindness,
and ability of Lord Stratford de Redcliffe overcame all obstacles, and a
magnificent site in the most conspicuous part of Galata was presented to
the future church by the Sultan. In the meanwhile trade matters at
Constantinople had resumed thir normal state, and uncertain prices made
timid contractors. Accordingly Mr. Burges recast bit plan upon a
diminished scale, substituting a barrel for a groined roof, reducing the
nave to three bays in length, abridging the breadth of the transepts, cur
tailing the length of the eastern limb, and combining the triforium and
clerestory on the same principle as at Brisbane, but retaining the chevet.
In this form the building presents indeed but moderate dimensions, but
yet is invested with a peculiar dignity of plan, well suited to a "monu
mental" church; to a structure that is, which, like the St. Chapelle, or
Merton Chapel, Oxford, possesses attributes which raise it above the general
run of parish churches, and justify it in borrowing some of the forms and
stateliness of a cathedral.
Mr. Street's design, which appears in all the grandeur of its original
dimensions, is composed in an Italianising translation of Middle Pointed,
and will at once recal the plan of Alby Cathedral, although, unlike Alby,
it adds the grandeur of transepts, while it dispenses with that ring of
chapels which have no use in the English ceremonial. Aisles are want
ing, and with them, of course, the triforium and clerestory properly so
called, and so the whole church is one vast vaulted area, like King's
College Chapel. At the same time, as the left-hand moiety of the plan
indicates, Mr. Street provides a low external cloister all round the nave
for purposes of air and communication; and as we see, to the right he
pierces the wall at the window level for a narrow triforial gallery, with
glazed windows on the external plane, and window-like openings, mullioned and traceried, to the church. I must repeat, respecting this
design, what I have already said of Carpenter's Colombo design, that it
would l« a great misfortune to art if a work of such merit were to be
forgotten in its author's portfolio. I do not know whether Mr. Street
would agree with me, but I tliink it would be admirably suited for the
cathedral of some northern city, where the wintors are long and sharp—
Ottawa for instance, or one of the prairie cities, should the episcopal
church of the United States find itself strong enough to raise cathedrals.
Those precautions which Mr. Street with great forethought has taken
against the inconveniences of over-heat, would equally serve to ward off
the inclemency of the biting frost."
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The chapter—or rather the series of chapters—in which that
portion of the book is included which has now passed under
review, concludes thus: "Having now given reasons why the
increase of cathedrals is desirable, having treated of the style in
which it is expedient to build them, and briefly indicated their
general plan, and having shown how far practice has proved
them possible, I shall in the following chapters proceed to con
sider the various portions of the building as they successively
present themselves." This part of the subject occupies the last
five chapters of the work; and is commenced by an examination
into the plan of cathedral churches, which not unnaturally leads
to a discussion of the question of choral and musical services,
their present popularity, and the appliances they require. As
this is a feature of our public services which has become in
creasingly popular of late years, it claims to receive marked
attention in the cathedrals of the present or the future.
Next follows a discussion of the question of basilican churches,
and the nature of their arrangements, and the reasons which
led to their original adoption and which would render them
now unsuitable.
This is perhaps the most able and inte
resting portion of the book, and treats a difficult question with
breadth and intelligence. The differences between the Christian
communities of early Borne and those of the mediaeval period are
first shown, and the fitness of the churches raised in each age
for the wants of that age is then lucidly demonstrated, while it
is shown clearly that to go back to the earlier form would little
suit the arrangements of the modern Anglican church, more di
rectly descended from, and in its ritual more closely allied to,
the mediaeval than the ancient church. The great difference lies
in the superior prominence given in the basilica to the epis
copal throne, and the seats for the assessors, which here form
the central and crowning feature, and in the front of which
stands the altar,—a prominence surrendered early in the middle
ages, and replaced by the exaltation of the high altar, while the
bishop's throne and canons' seats occupy the sides of the ohoir.
The multiplication of altars, however, which was the most dis
tinctive of all the features of a Romish cathedral, caunot possibly
be copied in a Protestant church; and in the opinion of many
the great prominence of the one altar is carried too far. With
out attempting to enter into theological and ecclesiastical dis
cussions, we cannot forbear remarking how near many of the
bodies of Presbyterians and other dissenters have approached to
a return to ancient basilican arrangements. The architect who
can succeed in persuading a congregation of dissenters to build
a place of worship thoroughly in the spirit, and embracing
most of the actual forms, of the early Christian basilica judi
ciously modernised, will produce an architectural work equal to
many a Gothic church or even cathedral, alike for its com
mingled novelty and its venerable prescriptive antiquity, its
suitability to the feelings and requirements of a large part of
the Christian world in the present day, and its connection with
the traditions and customs of the early Church.
A practical chapter or two follow, which treat of the various
parts of a cathedral, its painting and its sculpture, concluding
with suggestions as to the modes of dividing existing dioceses
and creating new sees; on this latter subject we do not intend to
enter, nor will our limits permit us to say much about the other
topics, which indeed we advise our readers to study for them
selves in the book. The advocacy of certain unusual forms of
plan, and the decided preference expressed for groining in stone
or wood, or for some sort of ceiling in preference to an open
roof in cathedral and other large churches, are points especially
deserving notice.
When it is remembered that Mr. Beresford Hope was (as is
stated here) mainly instrumental in promoting the employment
of gorgeous polychromatic decoration iu the church in Mar
garet-street, his observations on that subject will be read with
interest. We subjoin an extract.
"The application of coloured material—marble, brick, and so on—
both to the main features and the decorative details of buildings, is
every day coming into vogue with a fulness which never could have been
compassed while the steam-engine was still unknown. A few years Bince
those who, like myself, were in the van of this movement for ' polychro
matic architecture,' or for 'constructive coloration' (according as the
question was viewed from the one side or the other), had to give our
reasons, and had to prove our opportunities: now wo are almost over
whelmed with success. Architects— Gothic, Italian, 'Victorian' (sacred
and profane)—are all vicing with each other who can produce most red
brick, and yellow brick, and black brick, most granite, serpentine, and
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encaustic tiles, all over their buili lings; while quarries at the Lizard
Point and at Peterhead have become lucrative properties. It is well
that it should be so. There may be here and there exuberance, if not
extravagance; but this is only the natural recoil from the maltbolge of
stock- brick and cement in which we had been so long wandering. I
have almost now to address a caution in another direction, and to re
mind the man who is planning a Gothic interior that there is such a
thing as » paint-pot, and that, while constructive coloration may rightly
be his staple, there were brave men of old who have left immortal
achievements traoed by their brushes in the higher branohea of pictorial
decoration."
In taking leave of this admirable volume we would remark,
that the occasions on which men of great wealth and great taste
give us illustrated hooks on architecture are so few, that we could
have wished this opportunity had been seized for marking a new
era in the history of English wood-engraving. Our readers have
had an opportunity of judging of the excellent nature of the
matter illustrated and of the quality of the woodcuts; that qua
lity is very good, but recollecting the best illustrations in the
works of Viollet-le-Duc, and some other French authors, and
aware that it is only a question of expense whether they shall
not be surpassed by the works of native artists, we should be
glad when a second edition is required to see the opportunity
seized to render a book by so distinguished an author—and a
book, too, so sure to have a large circulation—unquestionably an
advance with respect to its woodcuts, not only upon all previous
English, but upon all French books of the kind. We would
heartily express our sense of the many and great excellences of
the work, and most confidently recommend it to our readers.

Healthy Moral Hornet for Agricultural Labourer/, $c. By C. V.
Bernard, a "Practical Workman" of Forty Years' Experience.
London: James Bidgway. 1860.
In reviewing an elegant book on cottage-building by Mr.
Vincent (see vol. xxiii. p. 841), we pointed out the necessity of
a much cheaper build than that gentleman proposed or at
tempted, before good could accrue to the agricultural population
at large. The work before us is intended to supply this deside
ratum, but most unfortunately cannot be said to have more
than half attained its aim; for if the author has understood what
was to be done, and has by economical arrangement and the
employment of cheap materials, gone far towards attaining his
aim, he has on the other hand shown that, notwithstanding the
"forty years experience" of which he boasts, and the results of
which he offers to the public in the form of "practical advice given
on all matters connected with buildings of every description," add
ing, "we can provide working plans, elevations, and sections, with
detail drawings and specifications, at a very moderate agreed price"
—notwithstanding all this, and much good sense and shrewdness
shown in the observations the book contains, he is anything but
a trustworthy guide, and the book, if depended upon, cannot fail
to lead to disappointment. The fact is this: very good plans
and very cheap materials are pointed out in the work, but the
price at which the various designs could be carried out is rated
so low, and calculated so loosely, that in our opinion it would be
difficult to build anything durable and habitable for from onethird to one-half as much again as the sums named. This per
haps affords the reason why the price charged for professional
services is to be very moderate.
Our professional readers, and all acquainted with building,
can test the truth of these observations, which we feel unwil
lingly compelled to make, if they will, as we have done, care
fully check both the measurements and the prices of one of the
bills of quantities appended to the designs. They will however
find the book in other respects suggestive: the plans are all
compact and economical; perhaps the rooms are rather too small,
but it is of so much importance to get the right number of
rooms in a cottage, that of the two evils we consider small rooms
more endurable than not enough of them. A desirable alte
ration would be in several instances to substitute a straight stair
case for one with winders: it is necessary to construct cottages
so that a coffin can be brought down the staircase in the event of
a death occurring; and this, obvious as it is when pointed out, is
constantly overlooked in the erection of such dwellings.
Some economical modes of construction are pointed out, but
we think in one or two cases that expedients neither quite
durable enough nor quite substantial enough for the purpose
have been resorted to: this is especially the case with the roof
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ing, which it is suggested may be of asphalted felt on boarding.
The roofs so made are not bad as coverings, but they require
re-dressing every year, or they will decay, aud the dressing
besides being an annual expense, brings a very offensive smell
with it, which lasts for some time.
Some very apposite extracts from writers who have given at
tention' to the subject are introduced; and, as we have already
stated, the practical observations in the book are many of them
valuable, as for example the following:—
"The children of a labourer rarely remain at home after they are
fourteen or fifteen; but the separation of the sexes in their sleepingapartment is quite as proper for them as for the landlord's sons and
daughters. The girls' bed-room is larger than the boys' bed-room, so
as to be occasionally used as a work-room for the girls. Every cottage
should possess the convenience of a scullery or back-kitchen, so that it
may not be a matter of necessity that the perpetually recurring wash
ing, with its accompaniment of damp and steam, should take place in
the presence of the assembled family. Foundations to be laid on a dry
soil. If a clay soil, put a bed of concrete 6 inches in height and 6 inches
wider each way than the thickness of the wall. On this place the brick
footings; and in all cases, at 6 inches above the surface of the ground,
place a layer of thick gas- tar mixed with coarse sand, or two courses of
slate, over the horizontal surface of all the walls. The walls to be so
constructed as to completely exclude wind and rain. The groand-floor
should be raised at least 1 foot above the ordinary level of the ground,
contributing most effectually to the dryness of the house. The height
of rooms to be at least 7 ft. 6 in. from floor to ceiling. It is desirable
that the front entrances should be at each end, keeping the two families
separate. All the doors on the ground-floor to be not less than 6 ft.
6 in. high; those to the bedrooms 6 ft. 4 in. 4" tuf' windows to be at
least i feet high, and of good width, to slide. Casements on frictionrollers—bottom and top. The medical profession complain, and appa
rently with great justice, of the evils resulting from the draughts of
Bashes hung to work up and down, as when the lower sash is open the
draught strikes the chest, and the top sash down, the draught strikes
the head. As an established fact, many pulmonary complaints arise
from sitting against windows thus open; ana the oft-repeated inconve
nience of opening the top sash, at times the most important one to open
for good and efficient ventilation, is severely felt even in first-rete
houses, and much more so in cottages; and a broken line to a hangingsash causes much trouble to reinstate. This, in cottage building, is
remedied by the adoption of sliding-easements. The slightest distance
moved creates ventilation by the flow of air the whole height of sash. A
projecting roof is of great importance; besi es protecting the walls, it at
all times gives a certain style to even a very humble dwelling. A porch
adds effect to the building, and adds greatly to the interior warmth of the
cottage. The floors to pantry and coal-cellar to be level with the foot
ings to main walls. A brick bench should be placed in all pantries
as a useful appendage. A sink should be placed in the scullery,
through which slops of every description can pass through a trapped
stoneware or iron sink (stoneware, as the most cleanly, preferred) to a
trapped stoneware drain to the manure tank (a most indispensable re
quisite to the cultivation of a garden). Nothing will contribute so much
to cleanliness in the house and at the door as for the wife to find that
it is less trouble to deposit the slops in the sink than to carry them
to the door
Good drainage is indispensable; this may generally be obtained at a
small cost. The common glazed earthenware pipes, 3 inches diameter,
are sufficiently large to carry off the drainage from a cottage. All drains
should be trapped with a syphon trap, thus preventing the escape of foul
air, and the admission of vermin into the dwelling. The drain should
empty into the manure tank adjoining the n^cessaire, watering-place
and pigstye. Cottages may be divided into several classes or sizes. One
of the smallest size for a labourer and his wife, having no children, con
tains a living-room, bed-room, scullery, and pantry, with porch. Next
size requires living-room, two bed-rooms, scullery, pantry, and porch.
Third size, the same accommodation, with three bed-rooms. The rooms
to each cottage are planned to a minimum size so as to he useful, at a
cost to yield a good investment from a moderate rent."
The plans of cottages given in the book follow pretty well the
indications in the above-mentioned extract, and the specimens
appended show the style in which it is proposed to build them.
It is perhaps proper to mention that earth-walls are proposed to
be used, and that full directions are given in the book for build
ing them; they are not understood in many parts of England,
and consequently the account of them here given may be of value
to persons who are disposed to make use of them, add who con
template building to an extent that would render it worth while
to introduce a new method into their district; for one of the
great secrets of economy in cottage-building is as a rule to
employ only those materials and methods of construction most
common in the district where you build.
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FOREIGN PUBLICATIONS.
Two works likely to he of interest to English readers are before
us, though it is not now intended to give a detailed analysis of
their contents in either instance. The first—entitled ' Cathedral
de Bayeux: reprise en sous-veuvre de la tour centrales (Paris. 1861.
pp. 102, 25 plates)—contains an admirable account of the works
lately undertaken and successfully carried out in repairing the
central tower of Bayeux Cathedral. The recent fall of the tower
and spire at Chichester has given to the works at Bayeux, and
this published account of them, a great interest; for the circum
stances of the two towers were very similar, and the causes of
failure identical. . This account is clearly written and copiously
illustrated with engravings. Without attempting, at any rate in
the present notice, to give anything approaching to a description
of the works actually undertaken at Bayeux, we may in a few
words from the concluding paragraphs of the work give the
summary of the results obtained, which is thus simply and
modestly laid by the authors before the public, after describing
the removal of the last shores and stays.
"The work was now in fact ended; the downward motion of the
tower, which, crushing its disconnected nupports, threatened to carry
after it the whole structure, had been first checked by shores, and
subsequently arrested by the erection of trussed Bhores, for which it
had been necessary to construct most extensive foundations in the
ground; it had then become possible to reconstruct the piers in a very
Solid manner, and they supported the tower, which had not undergone
any movement after the moment when it obtained its bearing on the
trusses. These piers are not only capable of carrying the crowning
feature |(the spire), which will at a future day be added, but they also
present four masses in the centre of the building strong enough to
withstand the thrusts of the surrounding portions, and they afford,
in place of a cause of ruin, a support to the whole remainder of the
cathedral."
This volume very lucidly details the steps here summed up,
and gives the results of experiments made on the strength of
the materials employed during the progress of the works. The
plates are clear, and in sufficient numbers to enable a reader to
follow the various operations very easily, and the representa
tions of the plan of the old pier, and of the cracks that had
occured in those piers, are all the more interesting to an English
reader because they are all but fac-similes of the same portions
at Chichester.
Had works of this nature been undertaken in time at our
English cathedral it is very probable that we should not have had
to deplore the loss of one of the great ornaments of our country,
and that—heavy as the expense would have been—they would
have cost less than the proposed renovation of the tower and
spire. The Bayeux works appear from the volume before us to
have involved a total outlay of 855,000 francs, or about .£34,200.
It is hard to say whether the same works would or would not
have cost more at Chichester—in all probability they would
have been more costly, for the very lofty and ponderous spire
would have required even more care in the treatment of its sup
ports than was needed for those under the comparatively low
lantern that crowns the crossing at Bayeux. Still, cost what it
would, to retain the old spire would have been a great triumph;
and to all who wish to prepare for meeting such an emergency
as the failure of a tower with success, we can recommend this
volume as of much practical value.
'Dei Concours pour let Monuments Publics dans le passi, le pre
sent, et I'avenir,' by M. Cesar Daly. This pamphlet on competi
tions will be more appropriately noticed in our series of articles
on that subject, and a reference to it will be found at p. 209 ante.
Some further numbers of ' NbuveUes Annates de la Construc
tion' are before us, and fully keep up the excellent character
which this work has acquired for variety of information on well
selected subjects. In the number for June there is an excellent
paper, though perhaps open to the objection that it is rather too
elementary in its character, on the water supply of towns; fol
lowed by an account in detail of the system employed at Creteil,
near Paris, with illustrations of the machinery. From the first
part of this article we extract some interesting matter, premis
ing that the measures are given in French litres—a litre being
equal to 61'028 cubic inches, or about '220 of a gallon; the amounts
will therefore be slightly in excess of the truth if each litre be
taken to represent one quart—but in an approximative calcula
tion of this nature the error would not be large enough to be of
serious importance.
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"According to exact experiments a man consumes a daily mean
quantity, for beverage and in his food, of 2 litres of water, and for
external purposes of 18 litres. For a family composed of five members
a mean consumption of 40 litres per diem is allowed. At Paris, the
consumption is reckoned at
Per person daily
20 litres.
Per horse „
75 ,,
Per 2-wheeled carriage, daily
40 „
Per 4-wheeled carriage, daily
75 ,,
Per horse-power for high-pressure engine, hourly
200 ,,
Per horse-power for medium-pressure engine, hourly 400 ,,
Per horse-power for low-pressure engine, hourly
800 ,,
Per square metre of garden, yearly
500 „
Ditto, daily
2 ,,
Per bath, daily
300 „
For flushing gutters, per cock
5000 to 6000 „
For watering roads, per square metre ...
...
1 ,,
With these data, knowing the number of inhabitants, horses,
&c, and of square metres to be watered or maintained, it is pos
sible to calculate approximately the quantity of water it is neces
sary to raise from a stream, or draw from a spring; while the
general lay of the town will give the positions of the different
apparatus necessary for its distribution.
Table of tlie Quantity of Water distributed daily in certain Cities
per Inhabitant.
Quantity.
litres.
Paris
60
(it is possible to give)
120
Ddle
. 15 to 20
Metz
. 20 „ 25
Saint-Etienne ...
. 20 „ 25
Angouleme
. 35 „ 40
Sous-le-Saulnier
. 35 „ 40
Gray
. 40 „ 45
Havre
. 40 „ 45
Clermont
. 50 „ 55
Montpellier
. 50 „ 60
Vienne (Isere) ...
. 60 „ 65
Toulouse
. 62 „ 78
Grenoble
. 60 „ 65
Narbonne
. 80 „ 85
Carcassonne
.300 „ 400
Dijon
.198 „ 678
Besancnn
246
Marseilles
.
470

Name of city.

Name of city.

Bordeaux ...
Cette
Lyons
Nantes
London
Glasgow ...
Geneva
Edinburgh
Manchester
Genoa
Philadelphia
New York
Richmond
Brussels
Munich
Rio Janeiro
Constantinople
Ancient Rome
Modern Rome

Quantity.
litres.
... 170
... 100
...
85
...
60
... 112
... 113
...
74
...
50
...
84
... 120
...
70
... 568
... 180
...
80
...
80
9
...
20
... 1084
... 1105

to.
New System of Arranging Chimneys.—M. De Sanges, an archi
tect, and M. Masson, have addressed to the French Academy
of Sciences a paper regarding their system of arranging chim
neys. It consists in uniting all the flues in one place, so that
the smoke passes into a single chamber or receiver near the roof
of the house, and from which the smoke escapes by an opening
at the top of the chamber, in its centre. The system has been
tried with satisfactory results. Eight flues opening into a single
chamber, and used singly, or two, three, or more at a time, and
with wood, coal, and coke, have been used for eighteen months,
and the draught has been very regular under all circumstances.
The Association for lite Prevention of Steam Boiler Explosions.
—Mr. L. E. Fletcher, chief engineer, in his last monthly report,
after alluding to a case where a tubular boiler had been mate
rially injured by incrustation, states: "I am so constantly meet
ing with cases of this sort, where, from the neglect of the simple
precaution of blowing out, a good deal of property is sacrificed,
that—even at the risk of repetition—I cannot forbear calling
the attention of members to it. I am constantly asked what
should be done to remove incrustation which should never have
been allowed to form; and beg to recommend, as the most simple
means for its prevention, regular blowing out from the surface
when the water is in ebullition, and from the bottom when it
is at rest. I find the blow-out apparatus in many boilers veryinconvenient, if not entirely unfit for use, some of the taps being
so made that they cannot be opened—or, if opened, cannot be
closed; others being rammed full of horse-dung till quite choked,
to prevent leakage; while many have no waste-pipes, so that
the boilers can only be blown out when the pressure is low, for
the fear of scalding the men, and thus the practice is too fre
quently confined to the week's end. I may add, that perhaps as
little trouble is experienced with a tap made with a close bottom,
entirely of brass, and fitted with a gland, as with any other ar
rangement."
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NEW CHAPEL, HAMPSTEAD, MIDDLESEX.
(With an Engraving.)
Thk accompanying illustration gives a perspective view and
plan of a very simple and elegant chapel now erecting in Pilgrim'slane, Hampstead, a short distance from the Heath. The style of
architecture is Gothic, of the Early Decorated period. This struc
ture will architecturally be a great acquisition to the neighbour
hood. It possesses sufficient ornament to give a distinctive
character as a chapel, and will be highly suggestive with respect
to future buildings of this class. The material employed is Has
sock stone, facet externally with Kentish rag, with dressings of
Bath stone. The roof will be covered with slate, in bands of two
colours, and the bell turret with oak shingle. Internally, the
roof is of one span, with curved braces. The whole of the wood
work and fittings are of deal, varnished; the aisles and passages
paved with Staffordshire tiles; and the warming will be effected
by Gnrney's apparatus. The entrance-porch on the south side con
ducts to a lobby at a right angle with it, this arrangement being
adopted with a view to prevent the entrance of draughts—so
often a source of inconvenience in chutches and chapels. Accommo
dation is provided for 450 adults on the ground level, and provision
is made for the addition of a gallery at a future time. The design
was prepared by Mr. John Johnson, architect, of 9, John-street,
Adelphi, and is being carried out, under his superintendence, by
Messrs. Dove, Brothers, builders of Islington.
References to Ground Plan.
G, G, Lobbies.
A, A, Sittings.
D, D, Porches.
H, H, Closets.
E, E, Stoves.
B, Pulpit.
F, Vestry.
C, Organ.

VENTILATION OF DWELLINGS AND HOSPITALS.
Many valuable facts on subjects of practical importance are
to be found in the reports of commissions deputed by govern
ment, and of committees appointed by the House of Commons,
to investigate and report upon such subjects. Very recently,
the report of a commission appointed to inspect barracks and
military hospitals has been printed, and as it is conspicuous for
the excellence of the opinions expressed, and the suggestions
made on the subject of ventilation, we propose to give some
account of that part at least of this report, connecting with it
some notice of an earlier report presented to the General Board
of Health by a commission appointed to inquire into the warm
ing and ventilation of dwellings. The instructions to the Com
mission on Warming and Ventilating Dwelling-houses were
given in May, 1856. The report is signed by Wm. Fairbairn,
F.R.S., James Glaisher, F.R.S., and Charles Wheatstone, F.R.S.
The instructions to the Barrack Commission were given about a
year and a half later—viz. in October, 1857, and after the pub
lication of the previous report; but so long and laborious was
the task confided to the commission, that interim reports have
been from time to time sent in, and the complete one was not
issued until April last; it is signed by John Sutherland, W. H.
Burrell, and Douglas Galton.
The circumstance which provoked the appointment of this
commission was the presentation of the Report of the Royal
Commission appointed to inquire into the sanitary state of the
army. That report had shown that in the army, when stationed
on home service, there was an excess of deaths per annum above
the average rate of deaths prevalent among males of the same
ages in England and Wales, to an alarming extent; for the
deaths among the soldiery were shown to be 17'5 in the 1000
per annum, while those among civilians stood at 9"2 per 1000
per annum. So remarkable and significant a fact pointed to the
condition of the dwellings of soldiers, and to their mode of life,
as requiring alteration ; and the commission whose report is now
before us was appointed to examine in detail the buildings used
as barracks and hospitals, and to report upon and superintend
improvements possible and requisite. These duties required a
vast amount of attention to details, and rendered necessary a
number of distinct reports on separate barracks and military
hospitals. The present document gives the general principles as
well of future constructions as of improvements in existing
buildings, and embraces both theoretical and practical generali
sation; and the most prominent topic, whether dwellings for the
healthy stldier, (i.e. barracks) or hospitals for him when sick,

219

are under consideration, is the one which forms the subject of
this paper.
The portions referring to military hospitals will be almost as
valuable to those engaged in the study of civil hospitals as to
persons especially engaged on army works; and so large a part of
the observations relative to barrack-rooms is so perfectly appli
cable to other rooms where many human beings live or sleep,
that we make no scruple in recommending the report to all en
gaged in the construction of any kind of human habitation.
"The health of a barrack," observes the commission, "is depen
dent on free moving pure air outside and inside its walls, and
anything which interferes with this prime condition of health
will act injuriously on the men." Accordingly, it is urgently re
presented that the disposition of the buildings as provided for
on the block plan, should be such as to allow the freest and most
uninterrupted circulation of air possible round every part of
them,—an essential requirement, alike of civil or military build
ings, but one to which attention is but rarely given.
"The errors in plan most frequently committed are the following:— Want
of simplicity in the general arrangement of the blocks; buildings bo placed
as to interfere with the ventilation of each other; buildings erected round
closed courts, or with deep, closed angles; barrack-room buildings placed
too close to the boundary walls; with latrines, urinals, dung heaps, ash
pits, &c. placed in a narrow space between the barrack and wall; build
ings in which the men are concentrated in one or two large blocks, instead
of the barracks being spread over the ground. These errors in plan in
clude hospital as well as barrack rooms, and their general effect as
regards health is to obstruct that free movement of the external atmophere over all the surface of the buildings which is essential to the preser
vation of purity of the air within the rooms. Free access of light is
prevented, and the air, already stagnated by the arrangement of the
buildings, is liable to be rendered more impure by nuisances."
Descending from general arrangement to the details of the bar
rack-rooms, the commission found that the evil of overcrowding,
along with utterly insufficient ventilation, was all but universal.
" No doubt this unsatisfactory state of regulation as to cubic space has
arisen from the circumstance that those persons intrusted with giving
effect to the regulation have not appreciated the influence of overcrowding
on the Boldier's health. They have not been aware that if above a cer
tain number of men are placed in a given cubic space, the lives of some
of these men, and the health of others, are certain to be sacrificed. They
have not considered that to this overcrowding and its concomitant want
of ventilation a large part of the excossive army mortality is due."
The amount of space which it is proposed to allot to each soldier
occupying a barrackroom is 600 cubic feet. The value of this space
is not that it contains air enough to supply his respiration for a
great length of time—for it would not remain fresh for an hour
—but only that it allows of the contained air being changed
constantly, and yet gradually, without violent and injurious
currents.
The opinions of competent authorities have varied very much
as to the amount of air required to be removed in a given time,
and replaced with fresh, for each occupant of a room. In both
the documents before us the amount named is substantially the
same—viz. from 15 to 20 cubic feet per minute. The barrack
committee, adopting the largest of these amounts, considered
that they were bound to provide means for introducing and
removing 1 200 feet of cubic air per man per hour—-or, in other
words, for renewing the air in the rooms once every half-hour.
How to do this efficiently was not at once obvious.
"The followiug is the problem requiring to be solved in ventilating a bar
rack. — In a building consisting of a number of rooms, generally entered
from common passages or staircases, sometimes directly from the outer air,
and each having an open fireplace—which it is essential in every instance
to retain— how to supply, at all seasons and temperatures, and by day and
night, each room by itself, and independently of every other room, with
a sufficiency of air to keep the room healthy, and at the same time to pre
vent the temperature from falling below what is required for the comfort
of the men;—to do this with the least possible interference with the struc
ture of the rooms, on a plan not easily deranged, and at a minimum
cost ? The terms of this problem show at once the difficulties in the way
of ventilating barracks. None of the methods we have seen in use
afford anything like a solution of it, and we have had to consider the
whole problem anew. We have endeavoured to solve it, and believe
we have succeeded in doing bo to an extent sufficient for all practical
purposes."
Various inventions and systems were reviewed by the commis
sion before coming to the conclusion expressed in the above
extract; they are thus classed—
"The plans submitted to us were as follow: — 1. Method of propelling
60-51
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air into barrack-rooms by fan-wheels and screws driven by steam, or
by other mechanical means. 2. Method for extracting air from barrackrooms by the draft of a heated flue, or by mechanical contrivances.
3. Methods of removing the air by shafts or openings, variously planned
and arranged. All, or nearly all of the plans in the first and second
classes provide for warming the air admitted, and dispense with the open
fire-place."
These methods are succintly and fairly reviewed, and Arnott's
and Sheringham'g ventilators are described as having been in
some cases successfully introduced into individual rooms. As
there is nothing more often desirable than a good and simple
method of ventilating existing rooms in dwelling-houses, we may
draw special attention to the combination here recommended, of
an Arnott valve, which is an outlet, with a Slieringham, or inlet
valve. From experience we can speak well of the satisfactory
actionof the two in conjunction, and also can corroborate the ob
servation made here more than once, that it is essential to the
successful action of an Arnott valve that the throat of the chim
ney should be narrowed below it. If this be not done, the valve
will at times admit smoke into the room.
Watson's, Mackennel's, and Muir's ventilators, and sereral
elaborate systems for the ventilation of large buildings, are dis
cussed, their merits fairly admitted, and the reasons which for
bade their general introduction into barracks clearly stated. The
method which was at last adopted was to extract a portion of
the vitiated air by shafts carried up vertically, the movement of
air in them being occasioned by the greater lightness of the
escaping air than that of the outside atmosphere; the chimneyflue was relied upon for removing the remaining part of the air
required to be extracted. The fresh air to replace that extracted
was introduced partly by direct inlets, and partly by inlets
communicating with a chamber behind the fire; so that in winter
a portion at least of the fresh air shall be warmed when it
enters the room.
(To be continued.)

THE EMBANKMENT OF THE THAMES.
Report of the Commissioners.
We the undersigned members of your Majesty's commission—
appointed to examine into plans for embanking the river Thames
within the metropolis, so as to "provide with the greatest
efficiency and economy for the relief of the most crowded streets
by the establishment of a new and spacious thoroughfare, for the
improvement of the navigation of the river, and which will afford
an opportunity of making the low-level sewer without disturbing
the Strand or Fleet-street, and also to report upon the cost ana
means of carrying the same into execution"—now humbly submit
to your Majesty the conclusions at which we have arrived, and
the recommendations we have agreed to offer.
2. The nature of the inquiry entrusted to us was made known
to the public by advertisement in the newspapers, and more
than fifty designs were presented for our consideration; and the
authors and other persons interested have had the opportunity of
publicly explaining and illustrating their respective views upon
the subject.
3. The main features of the majority of the plans are an em
banked roadway on the north side of the river and the formation
of docks with the view to retain all the existing wharves; in
others, railways in addition to the roadway and docks have been
proposed^ whilst in a few a solid embankment and roadway,
without either docks or railways, have been suggested. Amongst
these latter is a plan by Mr. Shields, some of whose suggestions
appear to us to afford in a greater degree than any of the other
designs the basis upon which an efficient and economical scheme
may be founded. We desire however to express our high appre
ciation of the great engineering skill and ability that has been
displayed in many of those designs which contemplated the con
struction of docks and railways.
4. The wharf property between Westminster-bridge and the
Temple-gardens is for the most part devoted to the coal trade.
We find that great facilities are now afforded for the distribution
of coal by the new system of unshipping in the docks into railway
waggons, and by various depots on the railways in aud near the
metropolis.
We are of opinion that public convenience no
longer necessitates the continuance either of the coal or any other
trade in this immediate locality. We therefore think that it
would not be expedient to construct and maintain docks for the

[Aug. 1, 18<1

sake of preserving the existing wharves between the points we
have mentioned; whilst their removal will greatly simplify the
formation of the embankment, and add to the beauty of the
river.
The wharf property however between the Templegardens and Blackfriars-bridge cannot, in our opinion, be so
treated; and that eastward of Blackfriars-bridge is so important
in a commercial point of view, that we do not recommend any
interference with it.
5. Having regard to these and other considerations, we are of
opinion that we shall best fulfil your Majesty's instructions,
and provide for the requirements of the public, by establishing
a spacious thoroughfare between Westminster-bridge and Black
friars-bridge, by means of an embankment and roadway; and
that the new thoroughfare thus created should be continued on
eastward from Blackfriars-bridge by a new street, according to the
line formerly laid down by Mr. Bunning, the City's architect,
from the west end of Earl-street, across Cannon-street, to the
Mansion House. Without such a street no relief whatever would
be given to the crowded thoroughfares of Ludgate-hill, St Paul'schurchyard, and Cheapside.
6. The line of embankment at Westminster would coincide
with the terrace of the Houses of Parliament, and from thence to
Blackfriars-bridge would nearly follow the line laid down for the
Corporation of the City of London in 1841 by Mr. Walker,
Capt. Bullock, Mr. Saunders, and Mr. Leach. The general level
of the embankment and road would be 4 feet above Trinity highwater. The road would commence at Westminster by an easy
descent opposite the Clock Tower, and be continued on, 100 feet
in width, to the eastern boundary of the Temple-gardens; from
this point the road would be reduced to 70 feet in width, and
carried on a viaduct supported by piers of masonry, rising to the
level of Blackfriars-bridge, so constructed as to leave a Dreadth
of water for the convenience of the City Gasworks and the ad
joining wharves, of about 70 or 80 feet. The spaces between
the piers under the ascending road would be left available for
barges to lie, and afford easy access to the water between this
structure and the wharves.
7. From Westminster-bridge to the eastern boundary of the
Temple-gardens, the embankment—sustained by a river-wall—
would be solid in its whole breadth; which breadth opposite
Bichmond-terrace would be 220 feet from the existing riverwall. At Hungerford it would be 320 feet from the existing
wharf; at Somerset House about 120 feet; and at the Temple
about 220 feet.
8. With respect to the appropriation of the reclaimed land, we
would recommend that so much of it as shall be in front of the
Crown property—which will be about 120 feet in width in its
narrowest part—should be laid out in ornamental gardens for
the accommodation of the occupiers of the houses, and that the
portion in front of the Temple-gardens—also about 120 feet wide
—be placed at the disposal of the society, to be dealt with in a
similar manner. The other portions of the reclaimed land may
either be kept open for the health and recreation of the public,
or be applied to building purposes.
9. We propose that communications should be made with the
intended roadway from Whitehall, opposite the Horse Guards,
and also from some of the streets in the Strand; and that a new
street should be formed, passing through the Savoy to Wellingtonstreet. The frontages on these streets would offer eligible sites
for building, as would also the inner frontage of the new road, if
it should hereafter be thought fit so to utilise the ground. We
however feel it our duty to recommend, that while economy and
utility in laying ont and disposing of the ground should be kept
in view, endeavours should be made to invest this new and con
spicuous work with some elements of interest and beauty.
10. For the improvement of the navigation we recommend that
the existing shoals between Waterloo and Westminster bridges
should be removed, due regard being had to the foundations of
the former. Also that an uniform low-water channel of 6 feet in
depth at ordinary spring-tides, and 500 feet in width from the
embankment-wall, be secured, and thus the stream be more equa
lised in velocity. If at any future time any effect should be pro
duced on the river from the diminution of its capacity for tidal
water by reason of the embankment, arrangements may be made
higher up the river by dredging, or by a tidal reservoir, to
compensate for the loss. The consideration however of this
matter would naturally devolve on the conservators of the river
Thames.
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11. The embankment and street we have proposed will afford
an opportunity of making the low-level sewer without disturbing
the Strand or Fleet-street, and at the same time facilitate the
construction of the sewer eastward of the embankment.
12. We are not prepared to recommend the construction of an
embankment on the Surrey shore at present, but if hereafter it
should be thought desirable or necessary to embank any portion
of it, the scheme we have proposed for the Middlesex side will
not in any way interfere with it.
13. With regard to that part of our instructions in which wo
are commanded by your Majesty to " report on the costs and
means of carrying the same into execution," we beg to report
that we estimate the cost of the land, making compensations,
constructing the embankment and roadways, and also acquiring
the property in the City for, and forming the new street to, the
Mansion House, at .£1,500,000. This amount however would be
reduced should it be thought right to dispose of any of the re
claimed land on the bank of the river for building purposes.
14. Parliament having appropriated the coal dues to provide
for the outlay necessary for this great work, it only remains for
us to express our opinion as to the " means of carrying the same
into execution."
15. Looking at the magnitude of the work, the important and
varied interests, both public and private, which will be effected,
and the urgent necessity for its early completion, we are of
opinion that the control and management of the undertaking
should be entrusted to a special commission, appointed by your
Majesty, in order to insure the speedy and economical attainment
of an object so much needed by the public, and affording so favour
able an opportunity for the improvement of the river and adorn
ment .of the metropolis.
William Cubitt.
Edwd. Bcrstal.
Joshua Jebb.
Henry A. Hunt.
Douglas Galton.
John Eobinson M'Cleax.
22nd July, 1861.

THE COMPETITION DESIGNS FOR THE HOUSES OF
PARLIAMENT, SYDNEY.
The designs for the New Houses of Parliament and Govern
ment buildings, proposed to be erected at the entrance to the
Domain, in Macquarie-street, have been publicly exhibited in the
new reading-room of the School of Arts, Sydney.
The following gentlemen have been appointed commissioners'
to decide upon the award:—The Colonial Secretary, the Minister
for Lands, the Minister for Works, the President of the Legisla
tive Council, the Speaker of the Legislative Assembly, Sir
William Macarthur, Mr. E. Deas Thomson, Sir Charles Nichol
son, Captain Ward, and Mr. Whitton. The functions of the
commissioners will be confined to making the awards, no promise
being made that either of the successful designs will be carried
out Even should a design be selected, the question of cost
threatens to present a serious obstacle to its execution. It is
stated that to erect any of the proposed buildings would involve
an outlay of above £200,000. One of the designs—and that by
no means the most elaborate—is estimated by its author to cost
in execution £500,000 at English prices, and the cost of carrying
out one of the more handsome designs has been computed at a
million and a quarter.
The number of designs received is twenty or twenty-one, in
cluding two separate designs accompanying one set of plans. Of
these, eleven were from England, and the remaining nine from
Sydney and the adjacent colonies. There is nothing in their
appearance to distinguish the colonial from the European designs.
Only the names of three or four of the competitors appear to be
known in Sydney; and it has been confidently stated that more
than one of the designs which are most admired are colonial pro
ductions.
Considering the means that have been taken to invite exten
sive competition, the expectations of many persons with regard
to both the number and the character of the plans have been
disappointed. The principal reason offered for the fewness of the
competitors was, that English and European architects were not
disposed to compete where the successful competitor would not
have the carrying out of the work. The supposition that a large
number of English architects would send in plans operated to
deter colonial architects from competing, thinking, no doubt, that
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they would stand little chance of success. Some of these regret
that they did not tender, believing that they could have pro
duced designs, if not of greater architectural merit, at all events
better adapted to the situation and to the purpose than many of
those exhibited.
The subjoined notes upon a few of the designs are condensed
from the Sydney Morning Herald:—
"Palladio."—The stipulations as to the elevations being in
simple outline is violated in this design, but only to the extent of
colouring with sepia one of the perspective drawings. Without
that aid it would be recognised as possessing very great merit.
The design is Italian, and essentially palatial in its character.
There is a bold, deep, rusticated basement, above which a row of
Corinthian columns support a massive entablature relieved by a
rich balustrade. In the upper portion of the elevation rustica
tion is introduced with very good effect. Several towers are
introduced, large but well proportioned. The shape of the build
ing is oblong, the two chambers extending eastward and west
ward from an open court in the centre, the Government Offices
raugjpg round the building. There are, altogether, seven courts,
each of which is ornamented by a fountain.
" Hora e Sempre."—There are two designs under this motto,
the one Classical and the other Gothic. The Classic design is
extremely massive and imposing. Ranges of stately Corinthian
columns, with massive entablature and pediment, approached by
a broad flight of steps, and crowned with a shapely octagonal
tower, together with the harmony of the various members, con
stitute an ideal of palatial magnificence. There are a few defects
in the plan, such as the absence of colonnades, which might be
remedied if the design were adopted. In the plan, the parlia
mentary offices occupy nearly half the block, the chambers ex
tending parallel east and west. The harbour front is devoted to
the Public Offices.
The Gothic design is also exceedingly handsome. It is, indeed,
so beautiful a specimen of that style as entirely to propitiate
the favour of those who are opposed to the application of the
Gothic to such purposes. Over the grand entrance there is a
massive tower, well shaped and richly finished. The elevations
of both of these designs are so arranged that the one set of
plans will do for either of them.
" Dan York."—The architecture adopted in this design is a
very close copy of the Louvre, in Paris; indeed, there are reasons
for believing that the drawings have come from France. In
the elevation, Corinthian columns alternate with windows with
circular pediments, which, in combination with the artistic ad
justment of the other parts, produce a very rich effect. Some
pavilion towers are introduced. One of the towers, which is
ascended by steps outside, affords a spacious promenade. The
figure of the block is nearly square; it is divided into nine almost
equal squares. Each of these is made use of for a court, ex
cepting the centre divisions on the east and on the west sides,
the former of which is devoted to the Assembly Chamber, and
the latter to the Council Chamber. Both of the chambers are
simicircular in shape.
" I bide."—The architect of this design has violated one of the
conditions of the competition, which was, that none of the ele
vations should be coloured. A perspective drawing of the pro
posed building is very cleverly coloured, giving artistic effect to
an extremely beautiful design. Great admiration is bestowed
upon this picture, which is not to any great extent to be attri
buted to the painting, as an uncoloured view of the same per
spective, hung up alongside, is almost equally attractive. The
design is Gothic, in some of itR parts resembling the Doge's
palace at Venice. Several lofty Moorish towers, including a
campanile, with richly decorated spires, are introduced. The
effect of light and shade is most artistically studied in the eleva
tion, the bold and numerous projections throwing pleasing sha
dows across the other portions of the structure. The plan of the
building is nearly square, except that on the east side there are
two wings. The Legislative Chambers are at the eastern end of
the building; the interiors of these are equally elaborate with
the exterior. There are altogether thirteen courts, but these are
of very small size, and apparently insufficient for the thorough
ventilation of the building. Convenient colonnades extend be
tween the towers.
" Res non Verba."—This is a very striking Classical design.
There is a general resemblance in the design to the new Town
Hall at Leeds. Handsome Corinthian columns surround the
building, with a pediment and spacious peristyle at the east and
50*
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at the west elevations in the centre, between which rises an enor
mous tower, of tasteful design. The columns form quite a forest
round the building, being in the peristyles five deep. The tower
stands in the centre of a spacious court, and is connected with
the floor of the building by a gallery. Midway between the
tower and the pediment at either end are corresponding domes,
beneath which are circular halls, that towards the eastern side
of the building being the Parliament Hall, and that to the
western side the Official Hall. The former communicates with
the Council Chamber on the right, and the Assembly on the
left. The peristyles are asceuded by broad flights uf steps. The
columns round the building form spacious colonnades.
"Spes."—This design is in the Italian style, and arrests atten
tion by its boldness and breadth of effect. The buildings are
divided by four main arteries of communication, two running
east and west, and two north and south; the various departments
being connected by continuous colonnading.
"Fide et Virtute."—The style of this design is the Continental
Gothic. There is a lofty dome and a clock-tower, and the pro
jecting portions of the elevation are set off with overhanging
and pinnacled turrets.
"Sio fortis Etruria crevit."—This design is in the Pointed
style, evidently well considered; but though tasteful, it cannot be
called handsome.
"Pynx."—This is a design in the Italian style. There is a
lofty tower, consisting of six rows of columns.
" England and New South Wales."—These drawings are in the
French Italian style. The absence of towers gives the elevation
a heavy, flat appearance; and, a further defect, there is a defi
ciency of colonnades.
"God's Providence is mine inheritance."—This is a Gothic
design, exhibiting long ranges of collegiate looking buildings,
not altogether destitute of beauty, but completely killed by cruel
maypole towers, the height of which is in painful contrast with
the lowness of the buildings. There is nothing very striking in
the plan to redeem the above defect The Assembly Chamber
is to be about 100 feet by 60 feet, and somewhat similar in form to
the English House of Commons: the galleries, instead of project
ing, range behind columns which assist to support the roof.
The Council Chamber is of the same size, but has smaller accom
modation for members.
" CH. C. H. S."—This is a Classic design of considerable vigour
and beauty. In the centre is a handsome dome, to be of solid
stone, with perforations for light, relieved at the base by eques
trian statues. There is a great deal of finish in the design; but
it has nevertheless an aspect of foreignness and singularity. The
architect has apparently a great dislike of rectangular figures.
The grand entrance is semicircular, and allows for a carriagedrive through it. The plans provide for the Parliamentary
Offices, but make no provision whatever for the Government
Offices.
" Follower of Wren."—This motto is appeuded to an adapta
tion of the architecture of St. Paul's Cathedral. The ensemble
lias much symmetrical beauty.
" Akropolis."—This is a design after the model of Buckingham
Palace; but it is more like the pictures of ancient Grecian temples
than any modern structures. The plan is extremely simple, and
in theory, at least, appropriate. The Government Departments
are allotted to a range of buildings almost inclosing a quad
rangle, in the centre of which as the supreme tribunal —the
source of all executive power and authority—is a temple for the
legislature. The quadrangle opens on the east side, to afford a
good view of the eastern facade of the centre building.
"Omega."—This is a Classic design, but the working out of
the details is original, and a curious effect is produced. The
towers are extremely plain, and add little beauty to the elevation.
On the ground plan there are, on the south side, three long
parallel courts, separating portions of the building that are
assigned either to a department or a sub-department, but built
over by the upper story.
" Si je puis."—This is rather a pretentious Classic design, but
the general effect is not pleasing. A number of columns are
introduced merely for effect, and there is a palpable want of
solidity and massiveness in the composition.
" Mars."—A very curious design, which may be called a Gothic
extravaganza."
"Utility."—Gothic.
"A8ij«i."—This is a Classic design. The drawings are rough
and unfinished.
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M. DALY'S PAMPHLET ON ARCHITECTURAL
COMPETITIONS.
Wb propose to supplement the observations on competitionswhich have appeared in this Journal,* by now giving a short
account of the views embodied by M. Cesar Daly in his pamph
let mentioned in our last number, and entitled 'Des Concours
pour let Monument/ Publics' M. Cesar Daly is entitled to be
heard with respect, as the editor of one of the oldest professional
journals iu France, and as being himself an architect of stand
ing. His pamphlet, which has excited a good deal of attention,
is addressed rather to the general public than to any class of
readers, aud is limited in its application to public works pro
posed to be undertaken by government; but in this country it loses
part of the point which it possesses in France, where a very
considerable number of architects hold government appointments,
and consequently expect, and not without reason, that govern
ment works shall be placed in their hauds. M. Daly, who him
self holds the post of one of the government architects, is not
hindered by any difficulties which his official position might seem
to throw in the way of his thinking freely, and giving uncon
strained expression to his opinions. He advocates—and that
with uncompromising decision—the adoption of the system of
competition for public or government works. M. Daly urges
that for these works a public, open competition will be of the
greatest advantage to art, artists, and the public; aud refers to
a few—very few—instances of such competitions in France as
having been occasions of marked interest. He boldly declares
himself in favour of the most unconditional and extended appli
cation of the system, and manfully advocates the claim of the
artist whose design is successful, to employment as architect of
the building. The advantages claimed for the plan of publio
competition are that the best and best known architects, as well
as others, would compete for public works of importance; that
by honourable rivalry they would be sure to be stirred up to
exertions greater than they would make under any other system;
and that at the same time an opportunity would be afforded to
any remarkable genius unknown to fame, or unconnected with
the official staff, to signalise himself, aud win fame and fortune by
his own merits.
The experience of our own country, with regard to the Foreigu
and War Office competitions, shows the soundness of the pre
sumption that our greatest public men would enter the lists in
cases where works of great importance are concerned. On that
occasion we saw most of the best known of our architects, in
cluding Barry himself, engaged in one or another portion of the
contest, and we also witnessed the triumph over these of men
comparatively little known, and whose success could not have
been anticipated. The issue of the competition was in this
respect most honourable to the judges. The fact that neither
M. Crepinet, Mr. Garling, or Messrs. Coe and Holland is in
any way employed ou the work now is not equally creditable to
the government. M. Daly prepares, however, for the case—
which actually did happen amoug ourselves—of the government
being unwilling to commit the work to the successful competitor,
by suggesting that if he be inexperienced, a coadjutor might be
added to him; and if it be really found impossible to commit the
work to his hands, then an increased premium should be paid
as compensation.
The greater difficulty, so much felt in our private or municipal
competitions, is the selection of the tribunal. In the largest re
cent public competitions in England, those for barracks, and those
for the government offices, the tribunal has commanded general
confidence and respect, aud its decisions have on the whole re
ceived public approval. M. Daly proposes a jury, of a rather
unmanageable extent—namely, thirteen members, and indicates
the sources from which he would propose to draw them; to enu
merate these would not interest English readers, suffice it to
state that he proposes as a means of securing that all shades of
opinion should be represented, a combination of professional and
amateur, official and non-official members, and that four members
should be selected by the competitors themselves. This proposal
in the exact form here made is only applicable to France, but
perhaps something analagous to it might be with advantage de
vised for England. The further proposal that a written report
should be furnished by the judges, and published, is most desir
able; and it would be, if practicable, a great advantage for such a
• See anfc pages 91, 167, 208.
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report to be in the hands of the public while designs are open to
inspection.
Among other arguments urged in favour of an habitual resort
to competition for public buildings is the rather important one,
that the progress of architecture, and its position at certain
periods, could be better exhibited by great public competitions
than by any other method; and that they would cun tribute to
promote that progress. It is even asserted that "we require com
petitions as an indispensable method of periodically and com
pletely ascertaining the condition and the changes of architectural
ideas." This is a desideratum no less important to ourselves
than to the public and the profession in France, and one which
the professional press and the Architectural Exhibition supplypartially, but by no means completely, in this country. In many
respects it is impossible to draw a complete parallel between our
requirements and those of France; notwithstanding which how
ever, we feel that M. Daly has brought forward some considera
tions that ought in England as well as in France to have weight
in favour of government competitions for public works of im
portance, where a thoroughly competent and honourable tribunal
can be found. It is the difficulty of procuring this tribunal which
we have pointed out as one of the greatest evils attending com
petitions of an ordinary scale. We fear however that the beha
viour of our government, after the adjudication of the prizes
offered for designs fur the government offices bad been made,
will be found—should another great, competition be ever called
for—to have dealt a great blow in England to the efficiency of
that part of the whole competition system which naturally is
most likely to be efficient. A fair rivalry is no doubt beneficial
to the public, and advantageous to artists, but to be healthy and
useful it must take place under fair conditions, and with an
undoubted security as to the ultimate result.

THE STATICS OF BRIDGES.
(Continued from page 166.)
We have now pursued the idea of the dry arch of incompressi
ble voussoirs to its logical consequence, namely, that the Line of
Pressure must meet the outer and the inner surfaces (known as
extrados and intrados) before the thrust can be generated and
equilibrium attained. We have also seen that when the Line of
Pressure actually passes beyond the voussoirs there will be rup
ture, the conditions of equilibrium being no longer satisfied. It
is therefore essential to the stability of the arch that the Line of
Pressure touch both extrados and intrados; and also that it lie
wholly within these limits. ■
To see by what kind of process the path of resultant pressure
may be supposed to adjust itself, so as to satisfy these conditions,
we will take the arch shown in Fig. 15, and examine the action
Fio. 16.

that would according to theory take place in it. We are still
assuming that the arch is incompressible.
The keystone being the point where the load naturally divides,
the two semi-arches tend to turn downwards. In order for this
tendency to become sensible, so as to create thrust against the
abutments, the Line of Pressure (for reasons already given,
p. 116, col. 1) must meet extrados at the keystone and intrados
at springing. If the line of pressure so drawn lay entirely
within the voussoirs, equilibrium would at once ensue. But
iu the case of the arch now under consideration, this Line of
Pressure, on being drawn, is found to pass outside the voussoirs.
It is shown by the full line, which meets extrados at the key

stone and intrados at springing, but passes above extrados at e,
and below intrados at i.
■ • " i
h
The joints at « will therefore tend to open, by the voussoirs
turning on their upper edges. At the same time, the voussoirs
between e and i have no tendency to tnru, because the Line if
Pressure lies within their margins. The tendency of the vous
soirs at e to turn will therefore have the effect of bringing then*
edges /and g to bear hard against the voussoirs below them arid
against the keystone. This action cannot fail to lower the line
of thrust both above and below e, for it is impossible for the
resultant thrust to be at extrados so long as there is any pressure
on the lower edges of the voussoirs.
. i
In the same way the tendency of the joints at t to open has the
effect of raising the Line of Thrust on either side of i, by throw
ing a pressure on the edges / and ra. The Line of Thrust must
therefore work itself upwards near the springing, and downwards
near the crown. This adjustment can only stop when the Line
of Thrust assumes the form of a Line of Pressure touching extra
dos near e and intrados near i, but nowhere passing outside the
margins of the voussoirs; as indicated by the dotted line. We
may thus take it to be invariably true, that the Line of Pressure iu
which the resultant forces woukl find their equilibrium in an arch,
built of dry and incompressible voussoirs is the one which, while
it touches intrados towards the springing and extrados towards
the crown, nowhere passes outside the arch. It consequently
has the greatest total rise of all the lines of pressure that are
contained within the limits of the voussoirs; and is therefore the
one which gives the least horizontal thrust.
In the arch shown in Fig. 18, the points of contact of the Line
of Pressure with extrados and intrados at e and » are the points
where (according to the present hypothesis) rupture would first
show itself if the arch failed. They may therefore be called the
Points of Rupture; it being at the same time quite understood
that the term means no more than what has just been stated,
and does not imply actual failure. It is the settlement, or rather
the moment of rotation, of the portion of the semi-arch between,
these points of rupture (e and t) that generates the thrust. When,
as in the instance before us, there are two upper points of rup
ture (e, e), the portion of the crown which lies between them
stands through the thrust impressed upon it by the action of
the lower parts (e i) of either semi-arch, and is in effect one broad
keystone. And the portions (if any) of the arch between the
lower points of rapture (t, i) on either side and the springing
stand also through the thrust impressed upon them by the upper
portions (e i) of the arch, and might almost be regarded as form
ing integral parts of the abutments.
The fiction of an incompressible arch has thus far led us to a
solution consistent in detail, and general and (it is hoped) intelli
gible in its application. Possibly not very widely at variance
with what really takes place in a masonry arch; at least, not
involving hazardous error in structures of this class. If the
solution be one of an empirical kind, it can at all events claim
the sanction of eminent mathematicians and the prescription of
usage. It has hitherto been accepted as virtually correct by
those who have undertaken to examine or to explain the subject.
If at some future time, when we come to speak of iron arch ribs,
we should take occasion to find the true Line of Pressure, it
would be by a process (as yet not generally known) in which the
line of the neutral axis is considered instead of those of extrados
and intrados. But for the present we need not concern ourselves
with this refinement, and may content ourselves with results
which have hitherto been taken to be accurate enough for prac
tical use. All our care may consequently be given to simplifying
the method; and here there is yet something to be done.
The method divides itself into the delineation of the form of the
Line of Pressure and the fixing upon the position of the Points of
Rupture. Where these latter come just at the crown and spring
ing, the whole matter is comparatively easy, the only thing
needed being to draw a line following a certain law between two
known points. But where—as in a semicircular, or a " baskethandled," or a pointed arch — the Points of Rupture assume
intermediate positions, difficulties grow and multiply at a for
midable rate. The form of the Line of Pressure depends upon
the position of the Points of Rupture, while the position of these
Points is equally dependent upon the form of the Line. Thus
adjustment has to follow adjustment, as we take up alternately
the one side of the problem and the other; the errors becoming
less and less, until at length they cease to be of account The
determination of a question of this nature is. not without its,
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charms for the geometrician who, calling algebra to his aid, may
be enabled successfully to cope with the difficulty. But an
abstruse algebraic solution, great as may be its theoretic merit
and value, is actually useless to the majority of practical men.
They find themselves simply baffled and perplexed in the maze
of curious symbols; what they seek is to be brought to the very
threshold of the special answer for each special case, by some
plain and ready rule—to be worked out at once, whether by a
sum on the slate, or by a diagram on the drawing.
In the case of an arch of one radius there has indeed been
given an arithmetical rule for approximating to the Points of
Rupture. But this involves a tedious and complicated calcula
tion, which has to be repeated, and again repeated, as often as
may prove necessary, until a result is arrived at sufficiently near
the truth. A comprehensive, simple, and easily applied method,
for fixing at once on the Points of Rupture in any case that can
possibly arise, has hitherto been lacking.
Much more has been done with regard to the other part of the
question—the form of the Line of Pressure. Rules have been
given that make its delineation a straightforward task as soon
as it is taken for granted that it passes through a given point at
the crown and another given poinUat the springing.
The method easiest to understand is the mechanical method,
as it may be called. This will be found clearly explained and
largely illustrated in an able and very interesting paper by Mr.
W. H. Barlow (read at the Institution of Civil Engineers in 1847),
which is given in vol. x. of this Journal, page 211. The entire
paper, and also the discussion which ensued (given some pages
further on in the same volume), will well repay perusal. But we
will extract the rule given by Mr. Barlow for finding the points
where the Line of Pressure intersects the successive joints be
tween crown and springing. These points he determines by
means of the positions of the respective centres of gravity of the
semi-arch ana of the upper portions successively remaining be
tween the several joints and the crown, in the following manner:
" Let a and 6, Fig. 16, be two points in the curve of equal
horizontal thrust in the arch AB; required to find the point at
which the curve intersects the joint oq. Let G be the centre of
gravity of the half-arch AB, and g that of the portion oqB.
Through b draw the horizontal line en, and the vertical line bl;
also through G and g draw the vertical lines GA and gk, inter
secting en in A and ft ; join aA, and produce it to I ; from ft set off
ftn, equal to Aft, and through n draw the vertical line nm, making
nm to lb as the weight of the portion oqB is to the weight of the
half-arch AB; join mft and produce it until it intersects oq: p, the
point of intersection, will be the point required."
Fie. 16.

[Ang. 1, 1861

2. Find the weight of the semi-arch AB, and fix the position
of its centre of gravity G.
3. Find the weight of the portion oqB, and fix the position of
its centre of gravity g.
4. Proceed, according to the method just given, and shown in
the diagram, to ascertain the point p.
Here we observe that steps 3 and 4 must be repeated for
every point that has to be determined. The finding of one
centre of gravity affords no help towards finding the centre of
gravity next wanted: and the process for arriving at each cannot
fail to be tedious when we take into account the different specific
weights of the stonework and the earth filled in behind it, to
say nothing of any load on the roadway. Each repetition of
step 4 involves a rule-of-three process, or something equivalent,
in order to find the length of the line mn from that of lb.
While therefore this process is correct in principle, and shows
much simplicity and beauty in its conception, it will entail no
small sum of labour when it comes to be applied, if we include
the preliminary steps which form an essential part of it. This
is supposing that the points a and b have been correctly assumed.
If, as in an elliptic arch, the points of rupture have to be deter
mined by trial, although the centres of gravity will of course
not have to be found a second time, the course of geometrical
construction will have to be gone through all over again, once or
oftener, until a satisfactory result is hit upon. In such a case,
the task of thus arriving at the Line of Pressure would become
really formidable.
A method not at first so readily understood as the preceding,
and requiring for its explanation a differential equation, is the
algebraical process, founded upon the relations between the diffe
rential coefficient of the Line of Pressure at any point, and the
total weight from that point to the crown of the arch. This
process is however less tedious in application, if not really
simpler, than the mechanical method just illustrated, since it
quite dispenses with the finding of centres of gravity. The de
termination of the Line of Pressure of a fly^bridge of 52 feet
span, on the South Wales Railway, formerly communicated to
the writer by the courtesy of the gentleman who achieved it,
may be now given as a practical illustration of the method in
question. The case was worked out a few months after the
reading of Mr. Barlow's paper.
Two points in the Line are as usual assumed—one at the
crown and one at the springing. There is further (for conve
nience of solution) the arbitrary assumption that the Line of
Pressure must be a curve of the fourth degree. This of course
is not strictly accurate, although it may be correct enough in
practice. The reader must also observe that y stands for hori
zontal measurement, and x for vertical,—which is the opposite
sense to that in which we ourselves use these letters.
1.

2.

3.

4.

iff
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No.
tl

Feet.
0

Cable feet.

1
2
8
4
6
6

2
4
6
8
10
12
14
16
18
20
22
24
26

5-39
5-52
6-79
6-32
7-03
7-93
8-98
10-35
12-01
13-94
16-35
19-45
28-04

7

s
9
10
11
12
13

The reader will see on examining the diagram that this method
for fixing points in the " curve of equal horizontal thrust" (or, as
we have preferred calling it, the " Line of Pressure") proceeds on
the principle of the resolution of forces. To begin at the begin
ning, the necessary steps will be the following:—
1. Assume the points a at springing and b at crown, through
which the Line of Pressure is presumed to pass.

9>M

>S5

• §3| n

p
«jsa «

Cubic feet.

Cubic feet.

Feet.

o-oo
5-39
10-91
16-70
23-02
80-05
87-98
46-96
67-81
69-32
83-26
99-61
119-06
142-10

0-00
5-44
10-91
16-64
22-87
29-85
37-81
46-99
67-64
70-00
84-10
100-78
119-68
141-26

o-oo
0-04
0-16
0-37
0-68
1-08
1-60
2-25
8-05
4-03
5-20
6-63
8-32
10-33

In the above table the first column gives the reference
numbers to the vertical lines of subdivision of the semi-arch,
which are at intervals of 2 feet. The second column gives the
horizontal distance y, measured from the half-span. The third
column gives the weight of each section (including both masonry
and loading) for a single foot in breadth: this weight being re
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an ellipse having for its semi-axis the radius CR. The arc of
the ellipse is terminated by the same vertical lines (C 0, /6) as
the arc of the circle; and let it in the first place be imagined
that the vertex (») is given.
The first and obvious step will be to draw the equidistant
ordinates a 1, 6 2, c 3, &c., between C 0 and,/ 6, hitting the points
1, 2, 3, 4, and 5 in the circle. The elliptic arc vx will divide
all these ordiuates in a constant ratio. This being the case, it
follows, that if the circle were straightened out into a right line,
the ordinates being shifted to suitable distances, the ellipse would
become a straightline too.
Produce the horizontal line RC to any convenient distance
CR' upon the opposite side of the centre line, and draw the
straight line 0 R' to this point from the vertex of the circle.
Next, draw horizontal lines through the points 1, 2, 3, &c. in the
arc of the circle, hitting the straight line 0 R' in the points 1',
Fio. 17.
2', 3', &c. Through these last found points draw the ordinates
ft I', 6' 2', c'3', &c. These lines are then the ordinates a 1, 62,
c 3, transferred to the right of the centre line, and re-arranged
at such distances that their ends come in one straight line
0 6', which may therefore in one sense be called the arc 0 6
rectified. Draw the straight line v x R', cutting/' 6' in x. Retransfer/" x', and the other portions of ordinates cut off by o x,
to the left of the centre line, and their extremities will be
come points in the curved line vx, which is the arc of the
ellipse required.
In the next place, let it be supposed that the vertex of the
ellipse is not given, but only the horizontal semi-axis, and that
it is required to find by trial such an ellipse as will satisfy cer
tain conditions. If any other vertex, as y, is assumed, and
the straight line y ar" R' drawn, the ordiuates cut off by this
in powers of y to the third degree in the form W = Ay + By3 line will, when transferred to the other side, give another elliptic
+ Cy3. Observing that when y = 4, W = 10-91; when y = arc yz. As many trial ellipses as may prove necessary may
14, W = 46-96; and when y = 24, W = 119-06 (see iu the table,
Fio. 18.
cols. 2 and 4, lines 2, 7, and 12); the usual process of elimi
nation applied to the expression W = Ay + By2 + Cy3 gives
the result that A = 2-755, B = — "027, and C = -005. So that
"W = 2-755 y — -027 ya -J- "005 y3- ant-- °7 comparing the succes
sive values of this expression in column 5 with the actual
weights in column 4, it is seeu that the above equation is very
near the truth.
Let H = Horizontal Thrust. Then H X dx — W X dy =
(2755 y — -027 y2 + -005 y3) dy (see Whewell's Mechanics,
p. 164). Integrating,
„
2-756
R
f e el r b aCpb
H x = —j- ytherefore be obtained from the diagram by the easy process of
and when y = 0, x = 0; consequently K is = 0,
drawing so many straight lines.
.-. H> = 1-377 y1 — -009 y3 + -00125 y4.
Now it has been already shown that the relation of the Line
Now if the Line of Pressure passes through the assumed of Pressure to the Curve of Moments is the same that exists
points at the crown and springing, .r must be = 10'33, when between the ellipse and the circle—namely, that the ordinates of
y = 26. Substituting these values in the equation just given, the one curve bear a constant ratio to those of the other. _ The
Curve of Moments, like the circle, is readily drawn. The Line of
we find on reduction that H = 130*1. That is to say, the hori
zontal thrust for each foot in breadth of the arch is equal to Pressure, like the ellipse, is not vary easy to draw, even when its
the weight of 130-1 cubic feet of masonry. By putting for H vertex and base are given, and when they are not, is to be found
its ascertained value, and dividing each side by it, the following only by trial. Let us therefore 9ee whether the expedient which
has just been exemplified may not be fairly and usefully employed
equation is arrived at:—
for determining the Line of Pressure.
x = -0106 y2 — -000069 y3 + "00000960 y4;
and this gives the successive values of x in column 6, down to
5.
4.
3.
2.
1.
the last one, which, as already explained, was assumed at the
Total moment
Weight of each
Value of r,
outset of the process. The curve is then plotted in the usual
from upringing
section, as iu
or horizontal
Reference.
up to any No.
previous table.
distance.
way. Fig. 17 shows the semi-arch with the line of Pressure Ik,
as found by the process just detailed.
Cubic feet.
Feet.
No.
If it were required to draw a Line of Pressure with a diffe
1341-24
o-oo
0
0
rent amount of rise, the corresponding value of H would have
1335-85
5-39
5-89
2
1
to be fouud, after which the proper coefficients in the expression
1319-55
16-30
4
5-52
2
for x would be obtained by dividing by H, in the same way as
1291-94
27-61
6
6-79
3
1262-22
before.
39-72
6-32
8
4
1199-15
53-07
This method gives the form of the Line of Pressure with a
10
7-03
5
1131-12
68-03
12
7-93
sufficient degree of accuracy, and perhaps not an unreasonable
a
1046-18
84-94
8-98
14
7
amount of labour. But it offers no special facilities for deter
941-91
104-27
10-35
ltf
8
mining the Points of Rupture in cases of difficulty.
815-28
126-68
12-01
18
9
Let us now inquire how far it may be practicable to simplify
662-70
152-58
13-94
20
10
the problem of drawing the Line of Pressure, by availing our
479-83
16-35
182-87
22
11
selves of the property which has been already noticed iu it—
261-16
218-67
19-45
24
12
namely, its resemblance to the curve of moments.
261-16
23-04
26
13
To return to an illustration already employed. Let it be sup
posed that an arc, 0 6 (Fig. 18), of a circle of the radius CB were
We will take the arch that has beeu already examined. The
given, and that it were required to draw a corresponding arc of

daeed into an equivalent in cubic feet of masonry. The fourth
column gives. the total weights from the crown downwards, for a
foot in breadth, as found by the continuous addition of the
figures iu the preceding column. The fifth column shows what
these total weights should be according to the assumed formula:
it forms no step in the process, but is added to show the small
amount of error involved in the assumption. The sixth column
fives the calculated values of x, the vertical ordinate of the
jine of Pressure.
The following is the method of arriving at the values of x,
in the sixth column, from which the Line of Pressure (Ik, Fig. 17)
is plotted.
Assuming (as already remarked) that the Line of Pressure is
a curve of the fourth degree, it would follow that the successive
total weights given in the fourth column would be expressible

„=-:«,+ <«,+*
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Curve of Moments has first to be ascertained. The foregoing
table gives in the third column the weight of each section, as in
the previous table. The fourth column gives the moment of each
section, which is found by adding the weights in the preceding
column, after the method which has been fully explained in a
former paper (see p. 64 ante). Thus, the moment of the topmost
section (0, 1) is the same as its weight, 539. The addition to
this moment of the weights 539 and 5-52 gives 1630 for the
Fio. 19.

II

12 11 10 9

8

7 6

5 l> 3

1

10 113 US

•

moment of (1, 2). The further addition of the weights 5"52 and
579 gives the next moment 27'61, and so on. The fifth column
gives the total moments from the springing up to any number,
found by simple addition of the figures of the fourth column.
We now revert to our usual system of calling the horizontal
distance x (instead of y as in the first table).
Having thus very speedily ascertained the moments in the
fifth column, the next step is to plot from them the Curve of
Moments to the same horizontal scale that the arch is drawn to,
using any arbitrary vertical scale that may be convenient. This
is shown in Fig. 1 9, where the shaded section abdc shows the out
line of the semi-arch, and am the curve of moments, the lengths
of its ordinates om, 1 1'", &c. being the numbers 1341 . . , 1335 . . ,
&c. read off to some small vertical scale. On the right of the
centre line mO is seen the curve of moments " rectified" into the
straight line ma', and the ordinates 1' 1", 2' 2", &c. arranged ac
cordingly, the points 1", 2", &c. being found by drawing the hori
zontal lines 1"* 1", 2'" 2", &c. from the corresponding points in the
curve on the left. The shaded section od the right shows the
arch as displayed on the ordinates, which have thus been spaced
out at increasing intervals: db' being the transferred line of
extrados, and cd that of intrados.
It only remains to draw a straight line on the displayed section
of arch on the right, and then transfer to the left the points
where it cuts the ordinates l'l", 2" 2", &c; the result will be a
line of pressure. If, for instance, the straight line kl be drawn,
cutting the centre of the keystone, and having a rise of 10-33 feet
from V to k, it will when transferred to the equidistant ordinates
on the left give a line of pressure kl, practically the same as that
determined by the approximate algebrajp method previously
given. Reasons have however already been shown for assigning
a very different position to the theoretical line of pressure. It
has been seen that it must meet extrados and intrados,—but
without passing anywhere beyond either. The very obvious
expedient of applying a straight-edge to the displayed arch will
at once settle the question which is the line that satisfies these
conditions. In the present case, da' is this line. On transferring
it to the left side of the centre line, the line of pressure ad is
obtained, which is therefore the one that accords with theory.
It meets extrados at crown and intrados at springing.

[Aug 1, 1861

Brunei. The line of intrados is circular, flattened at the crown,
and is most scientifically adapted to the permanent, load and the
manner of its distribution. In proof of this it is only necessary
to notice the straightnegs of both intrados and extrados when
displayed, as shown on the right of the centre line in Fig. 19.
In circular arches of one radius, when displayed in the same
manner, there will usually be observed a kind of curling up at
the summit, indicating a point of rupture at some distance below
the crown.
(To he eoniniud.)

ST. PAUL'S CHURCH, HODDLESDEN, LANCASHIRE.
(With an Engraving.)
This new church, of which we give a perspective view and
ground plan, is about to b» built, principally at the expense
of Mr. W. B. Rauken. The first stone
was laid on the 27th ultimo by Mrs. Hargreave, in the presence of the bishop of the
diocese (Manchester), the vicar of Black
burn (who endows it with £50 per annum),
and a large gathering of the gentry of the
neighbourhood. The site is a very beautiful
one, at the bottom of the Hoddlesden valley, about two miles
east of Over-Darwen. The edifice is to be constructed princi
pally of materials supplied by quarries in the locality, belonging
to Mr. W. B. Ranken The roof will be covered with the beautiful
slate-stone of the county, and the walls entirely freed with the
flag-stone abounding in the district, and known by the local
name of "pierpoints." The cost of the building will be about
£6000. Local builders will be principally employed in the
erection. The structure is from the designs of Mr. E. G. Paley,
architect, Lancaster.

THE ARCHITECTURAL PUBLICATION SOCIETY.
The annual meeting of the subscribers to this society was held
at 9, Conduit-street, Hanover-square, on the 30th of May, and we
are happy to learn from the report then presented and the
speeches delivered that this excellent society, though not sup
ported to the extent which it deserves, is really making progress.
We are desirous of drawing the attention of our readers to it,
and to the publications which it has issued to its subscribers.
The society is formed with a view to the publication of en
gravings from original sketches, and of original writings on
architecture. After the issue of a series of detached essays
and sheets of illustrations, it was determined to give to the future
publications so much of connectedness as was attainable by an
alphabetical arrangement. Accordingly a Dictionary of Architec
ture was commenced in the year 1852, and the issues for the
Eresent year (the thirteenth of the society's operations) will, it is
elieved, bring both letterpress and illustrations down to the end
of the letter K.
It is, perhaps, not too much to say that no publication of the
present day is more creditable to the learning, accomplishments,
and zeal of any class of men than this Dictionary is to the archi
tects of the present generation. Written by a large number of
contributors, the articles are uniformly distinguished for their
clearness, comprehensiveness, and accuracy; while the illustra
tions, gathered from the portfolios of a still larger number of
architects, are valuable for their artistic merit, and doubly bo
on account of their representing, to a large extent, buildings or
works not elsewhere published.
Fig. 20.
It is hardly necessary to add anything more in praise of the
Dictionary, or by way of inducement to our readers to become
supporters of the society. We have much pleasure in giving
publicity to the invitation issued by the committee to all, whether
members of the society or not, to communicate original informa
tion or sketches which might be useful in the Dictionary, and
the publication of which they would be willing to permit
The honorary and the acting committee comprise the majority
of the most familiar names in the architectural profession. The
treasurership for many years has been held by Prof. Donaldson,
Fig. 20 shows the entire arch, with the line of pressure as just but has been lately resigned by him on account of ill-health,
determined marked by the full line add. The dotted line lid' is and is now held by Prof. Sydney Smirke, RA. The hon. secre
tary is Mr. Arthur Cates; and the office of the society is at the
the line of pressure previously given.
Architectural Gallery, 9, Conduit-street, Hanover-square.
The arch which has just been examined was a type of a nu
merous class on the South Wales Railway, designed by Mr.
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ON THE REVIVAL OF STYLES.
By Rev. J. L. Petit.
{Concluded from, page 198.)
If we are to consider the question between Gothic and Classic
as a mere matter of taste ( I mean arbitrary taste or fashion), we
must bear in mind that this i3 notoriously liable to fluctuation.
In the last century Addison spoke of the greatness (as regards
effect) of the Pantheon in contrast with the meanness of a Gothic
cathedral; and though it is not probable that the Gothic style
will again be treated with the same contempt, yet it is by no
means impossible that the relative estimation in which the two
styles are now held will in the course of time be reversed.
What appears to me an insuperable obstacle to the general use
of Gothic in the present day is that very quality which invests it
with the greatest interest,—I mean, its expression of the tone of
the particular period which witnessed its development, its culmi
nation, and decline. And the restorer of Gothic seems to be
liable to one of the following predicaments:—Either the style he
produces is expressive of the thirteenth, fourteenth, and fifteenth
centuries, and not of the nineteenth,—and then it is not Gothic,
for Gothic is eminently expressive of the period in which it flou
rished; or his style is expressive of the nineteenth century,—and
then it is not Gothic, for Gothic is expressive of the thirteenth,
fourteenth, and fifteenth centuries; or his style has no expression
at all,—and then it is not Gothic, for Gothic is an eminently
expressive style. Nor do I see how he can escape from the
dilemma, except by showing that the tone, spirit, character, state
of civilisation and refinement, and stage of progress of the present
century are identical with that of the mediaeval period. If he
can prove this he will overthrow my argument; but I suspect
that the more he studies Mediaeval architecture, and the history
to which it forms an adjunct and commentary, the more difficult
he will find his task. And I believe that this view of the subject
has been taken by persons far more intimately acquainted with
the matter than I can pretend to be.
It will perhaps be said that the same line of reasoning holds
good with regard to all genuine architecture whatever. Unques
tionably all great architectural works take their character from
the period in which they were produced, and express it accord
ingly; but this may not be so much from the nature of the style
itself, as from the manner of handling it. In Classic architecture
we can in great measure separate tie style from the building:
the style may in itself have no individual expression, while the
building has a great deal. In Mediaeval architecture the style
itself is expressive; and therefore, if transported to a period to
which it does not belong, it runs the risk of expressing something
which does not exist to be expressed, and consequently of being
anomalous, and out of place. The Classic style, having no pecu
liar expression of its own, except that of refinement, may be
endued by the architect with any expression his genius enables
him to invest it with, and will readily receive and reflect the
character of the age and people who adopt it
Moreover, there is a greater affinity between our own age and
country and those in which ancient Classic architecture flourished,
than between ourselves and our Mediaeval ancestors. Our tastes
in art and literature are nearly identical. Take any fair specimen
of our literary style—a leading article for instance in any estab
lished newspaper—and we shall find in it the same excellences
which we should look for in a good writer of the Augustan age:
clearness, force of expression, a happy choice of words, fluency,
and harmony of rhythm, an avoidance of anything quaint or
archaic, and an elegance resulting more from instinctive per
ception than from an elaborate selection and arrangement of
phrases: these are beauties which must be obtained in a greater
or less degree by every writer who intends to be read. And these
are just the characteristics of good Classic Roman authors; so
that we might introduce literally translated passages from Cicero,
Sallust, or Csesar, that shall altogether harmonise with our own
natural style, and not appear in the slightest degree antiquated
or obsolete. We read and enjoy Horace's odes, satires, and
epistles, as if they were productions of our own day and our own
country: we like them for themselves, and not merely as curious
relics of the past. Nor should we feel that any poet who might
form his style upon the study of these compositions was taking a
retrograde step. 8o in sculpture: the student who wishes to
attain eminence, and to advance his art, will exercise himself in
copying or carefully studying the works of ancient Greek, Roman,
and Renaissance artists; and though he will not neglect Gothic
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sculpture, he will not make it the great object of his attention,
nor look to it as a standard of excellence.
I am speaking of literary composition and sculpture as arts
which may be communicated and advanced, and in which we can
mark certain stages, whether of progress, culmination, or decline;
and I believe I may say, without fear of contradiction, we are
not making a retrograde movement while we set np Classic
models. Genius and inspiration may show themselves in any age,
whatever be its state of refinement, nor can it fail of having an
effect upon the progress of mankind; but we must uot mistake
the genius of an individual for national development. We should
not look to Homeric Greece for a type of the Greek language in
it* completeness and purity; nor should we go back to the days
of Giotto and the great Mediaeval artists whose genius led up to
the Renaissance for models of Italian art in its perfection.
But I must not dwell too long upon abstract points: we will
take a more material view of the subject The difference between
the constructive principles of Classic and Gothic architecture is
that the former professedly uses the beam or lintel—employing
the arch rather as an expedient than as a predominant feature;
while the latter may be said to be purely the architecture of the
arch, admitting the lintel at rare intervals and on a small scale.
But the artistical principles of the styles may be enunciated in a
still broader and more summary manner. The Classic gives
expression to the solids,—Gothic to the voids. Take a Greek
colonnade: the columns, capitals, and entablature are carefully
elaborated in their form and proportion, while the opening
between them is left to itself, or its breadth determined upon
with a view to the columns themselves, not to its own shape. In
Gothic work, on the contrary, it is the form of the opening that
engages the attention of the architect, the spandrels being the
parts that in point of shape are left to shift for themselves.
Hence the greater portion of Classic ornament finds its place on
the surface of the wall, while the soffits and jambs—unless the
depth of the arch be such as to give it the character of a vault—
are comparatively plain. In Gothic work the decoration is
mainly in the soffits — sometimes in the form of delicate and
complicated mouldings, sometimes of flowers and foliage occupy
ing the hollows, while the mouldings themselves branch out into
foliation and tracery, filling the arch with beautiful patterns and
figures. Even in the decoration of the surface the forms of the
openings are repeated in blank arcades and panelling; and the
enrichment of the piers themselves has reference rather to the
arches they support than to their own importance as solid
masses, or to the actual wall above them. The tendency of the
Gothic system, as carried out in its works of the highest order—
that is, in its cathedrals—is to the construction, or at least the
suggestion, of a lantern of open-work—a vast frame of stone, in
which the portions of flat wall are reduced to the smallest
amount possible, such as the choir of Tournay Cathedral, which
is so tender that it has been found necessary to connect every
part together by ties of iron. Now in Roman work the pier or
the wall itself is made to attract attention, while the arch or
opening, whatever it may be, is a secondary and subordinate
feature. Change all the arches of the Coliseum into squareheaded openings—as those in the upper stage, as well as at Pola,
actually are—and I suspect the change in its character would be
much less than we are apt to imagine.
Now I am far from pronouncing the Gothic system to be
wrong; and it is undoubtedly productive of great elegance, force,
and spirit. But I would maintain that the Classic principle of
giving expression to the walls themselves, rather than to the
opeuings by which they are pierced, is architecturally sound.
We build for the sake of what we get by the walls and the roofs
they support—namely, seclusion and shelter; not for the sake of
light and air, which we have in abundance without them. It is
indeed necessary that we provide a sufficient supply of light and
air, as well as means of access; but these are contingent necessi
ties, not the main object of the building.
Again, the tendency of Classic is to breadth of effect; of Gothic
to minute subdivisions, and an almost fantastic variety of outline.
The traveller on the Continent will probably be struck, as he
proceeds southwards, with the increasing breadth which charac
terises the towns, villages, and groups of buildings. He cannot
fail to notice the preponderance, so to speak, of mass over outline.
In a Mediaeval town in the north of France, and in the greatest
part of Germany, his attention will be caught by the number and
variety of towers, spires, pinnacles, peaked gables and the like;
on which great powers of design, as well as care in the execution
62
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of detail, are bestowed, while the mass itself is as much broken
up as may be by openings and projections, which cause a constant
play of light and shadow. In the south, he will have presented
to him large and comparatively unbroken masses, marked by few
openings or projections, with just a sufficient number of towers
aud spires to relieve the monotony of the outline, and these
not displaying that architectural care or elaborate variety which
would make it supposed they were intended to catch the eye, or
form principal features in the group. In sketching an Italian
village, or monastery with its church, we need not care abont
marking out all its windows, or putting them in their right places,
or even giving to a nicety the form and proportions of the belfry,
still less its details: in fact, the more slightly we dofine these, the
more truly we shall give the character of the scene. Now,
though these southern buildings and groups may be really in
date just as Mediaeval as the northern ones of which I have just
spoken, they have more of the Classical character, which in Italy
was retained in great measure through the whole of the middle
ages: in fact, the composition of a large majority of Italian-Gothic
buildings is such as to suggest no definite reason why Gothic
details should have been employed in preference to Classical ones,
so much does the horizontal line predominate. We may there
fore fairly speak of this character of breadth as belonging to the
Classic, and that of variety of outline and intricacy, or minute
subdivision, as appertaining to the Gothic.
But although the Classical style does not peremptorily demand
that variety of outline which is so necessary a part of Gothic, it
by no means discards it as incompatible with its principles. Many
steeples of the revived Italian are as fine in proportion, and as
elaborate in detail as any Gothic composition. I may instance
the upper part of the tower of Seville Cathedral, and many of Sir
Christopher Wren's steeples, which show both the fertility of his
imagination, and the comprehensive nature of the style he em
ployed. I have on a former occasion adverted to the liability to
decay incurred by the iutricate and minute workmanship of Gothic
ornament; and I understand that the condition of the ornamental
details on the new Houses of Parliament is not such as to induce
me to retract what I then said. But I would further remark
that, although the constructive principles of the style are sound
and good, so that, in many cases, the greatest amount of strengh
is obtained by a given quantity of material, yet the tendency on
the part of the architect to make a display of mechanical science,
has been the cause of much real, as well as apparent weakness in
important buildings. The lamentable fall of the Chichester steeple
is probably to be attributed to the fault, not of construction, but
of material. Yet it is certain that the perilous boldness of many
Gothic designs insures more fearful results from the introdnction
of a defective piece of masonry, or unsound material, than are
apt to occur in Classical buildings.
It may be said that the Gothic style can be worked in a broad
and massive manner, as it was in castellated architecture; and to
such an extent, that in adapting a Gothic castle, or an imitation
of one, to domestic purposes, the difficulty is to avoid making
the walls too solid, and the windows too few and contracted for
comfort. But this mode of building was forced upon the archi
tect by necessity, not adopted by choice. The requirements of
military architecture rendered necessary this expansion of wall,
and contraction of window, and the builder dealt with it as he
best could. The harmony which exists between the dark heavy
fortress and the light open cathedral, is a prfcof that both were
designed in the natural style of the day, while the difficulty we
feel in preserving the expression of the style in our domestic
buildings, which require larger, and consequently more truly
Gothic windows, than the Mediaeval castles, is a proof that it is
not the natural style of our own period. But the less display the
Gothic makes of constructive science, and the less aid it borrows
from such additions as pinnacles, tracery, and the like, and the
greater the breadth and solidity of its masses, by so much the
further does it recede from its own principles, aud approach
nearer to Classic architecture. An adaptation of the style to our
own exigencies is not a development of it in its own proper
direction, but an appropriation of some of the elements and cha
racteristics of the rival style. We shall never develop Gothic
further than it has already been developed, except by erecting
buildings far less suited to our wants than Mediaeval ones of the
most exaggerated character. As it is, we seem to fancy that we
can attain the life and vigour which constitutes the charm of the
true Gothic, while we cau only adapt it to our purposes by cur
tailing aud cutting off the growth of many generations.
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On the argument in favour of Gothic which rests on the surriority of decorated construction over constructed decoration,
cannot say much till I find myself better able than I am to
comprehend the distinction. Is construction a term applied only
to the more subtle contrivances of the architect, and not to a
plain solid wall or pier, so that a mere wall enriched with surface
ornaments is not a decorated construction ? Are such pinnacles
as those of Gloucester Cathedral and the Somersetshire churches,
which are extremely beautiful in themselves, but in no way con
tribute to the strength or convenience of the building, decorated
constructions or constructed decorations ? Which term should
we apply to pinnacles engaged in the sides of towers, or to blank
arcades and panelling ? If a square-headed window in a Classical
front has over it a projecting ledge supported by brackets, and
covered by a pediment, forming a tympanum, I suppose this
would be called a constructed decoration; at least, I should call
it bo. How then, if a Gothic window has over it a label resting on
heads or bosses, and crowned with an angular canopy, crocketed
and terminated by a finial—a composition of constant occur
rence in the finest works of the fourteenth century ? Observe,
the two compositions are perfectly analogous: it may be that the
one is heavy and ugly, the other light and beautiful; but the
principle is the same in both. I do not condemn surface orna
ment or constructed decoration in Gothic; only when it does
occur let it bo called by its right name, and not ignored for the
sake of a plausible but somewhat fallacious argument.
We will now consider what ancient buildings are in existence,
belonging to recognised styles, which suggest a mode of construc
tion and arrangement applicable to our wants, and of decoration
suitable to our best views of art. ■
/
If we look at the Parthenon of Athens, or the Temple of
Neptune at Psestuui, we are impressed with its wouderful beauty,
majesty, and sublimity; aud as we acknowledge this to be the
result of careful arrangement and adjustment of proportions, to
gether with exquisite design shown in the simplest and smallest
details, we cannot but treat with a certain degree of reverence
the rules and principles which led to such a result; and, although
we consider the plan of the building itself unsuitable to our pur
poses, yet we feel that it is well worth our while to study it
diligently, and think how we may turn to account the lesson we
cannot fail to learn. If we look at the Coliseum at Borne, and
endeavour to forget the purpose for which it was erected, and
the scenes which were enacted within its area, we must regard
it as a work of almost unexampled magnificence, and at the
same time admit that it presents a type of arrangement aud
ornamentation applicable to all tabulated structures whatever.
If, again, we look at a large Gothic cathedral—say, for instance,
Amiens, Chartres, or Bheims; or, in our own country, York,
Lincoln, or Salisbury, we cannot but be astonished by the grandeur
of its design, the mechanical skill displayed iu its construction, the
richness of ornament which is profusely spread over it, and the
character of religious solemnity which pervades the whole. Yet
we cannot help feeling that it is not a structure likely to be
called for or produced in the present day. Its associations be
long to an age more sharply and distinctly separated from our
own than are even those of Pagan antiquity. Its principles of
composition are not adapted, without some modification, even to
the large churches we demand, and are rather opposed than
otherwise to the conditions required by secular architecture.
As records of one of the most interesting phases of art and
social progress that it is possible to conceive, the Medieval
buildings of Europe are invaluable, independently of the practical
lessons to be derived from them; and to preserve them we must
keep them iu repair, which we are not likely to do unless we
make what use of them we can. Fortunately, most of them
cau be made available to our purposes to a certain extent, though
in large towns it has often been found expedient to destroy the
old chureh and build a new one of more commodious arrange
ment; while how to make the most of our cathedrals is a problem
that lias more than once puzzled their restorers.
The architects of the Classical .revival, seeing that their style
must necessarily prevail in secular buildings, wisely and rightly
adapted it also to their ecclesiastical buildings, still without making
any material alteration in their plan or structure. They cut off,
indeed, some of their superfluous ornament, and reduced them
to an aspect resembling the Romanesque: to which style, indeed,
we might easily attribute many churches of the revival, if we see
them at a distance, and with some we might fall into the mistake
even on a closer inspection.
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This leads us to enter a little more fully upon the subject of
general outline. That the Greeks were keenly alive to the pic
turesque, and probably had a more refined notion of it than any
race of men before or after, we have good reason to suppose.
The instinct with which they selected the finest sites for their
buildings, and the scrupulous care with which they avoided in
terfering with the natural features of their scenery, as though
hardly a rock could be cut away without offending some deity
who presided over it, shows with how deep a feeling they were
actuated on this point: a glance at the Acropolis of Athens, and
the Burrounding locality, convinces us of this quality of the
Greek mind, even if we did not infer it from their love of
country, or had not learnt it from Homer, iEschylus, and Sopho
cles. It is most likely their buildings were designed not only
to harmonise with, but to illustrate, as it were, the character of
their soenery. Certainly the rock of the Acropolis and the Par
thenon seem made for each other: we could not fancy the temple
in any other spot; and the rock without the temple would be
imperfect But it is likely that their feeling of the picturesque
was of too refined a nature to suggest that they should aim at
what we call a striking outline: it may have taught them to
prefer one that might have been chargeable with monotony but
for some exquisite tact in its composition; and that such buildings
as the Choragic monument, formerly known as the lantern of
Demosthenes, ought to occupy some low and secluded spot, instead
of contributing ostentatiously to the variety of the sky-line. Of
course, I can only speak from conjecture, for we have not suffi
cient data upon which to ground any theory on this subject.
The massive forms however, and long horizontal lines, of their
temples, indicate that they aimed at the expression of repose
rather than violent action; and this is confirmed by the cha
racter of their sculpture.
Neither have we the means of judging what views with regard
to outline influenced the Roman architect. The beautiful monu
ment of St Bemy, in Provence, shows that the power of pro
ducing good form existed: the monuments at Vienne, ou the
Bhone, and Igel, near Treves, are less remarkable for their
beauty, though the latter is not wholly destitute of grace. The
triumphal arches of the Romans hardly, I think, show the ele
gance of which such structures might be capable: that however
of Trajau, on the pier of Ancona, is an exception. The magni
ficent arch at Orange is more remarkable for the profusion and
delicate execution of its ornament than for any excellence in its
architectural design. At Athens there is an arch of Roman con
struction, I believe of Hadrian's date, of a lighter and more ele
gant design than the triumphal arches of Borne, but still of no
very great beauty. Some of the Roman circular temples may
have had a good outline, if the assumed restorations are at all
true; and one at least we know to occupy as fine a site as can be
imagined, and, in its present ruinous condition, to be well worthy
of it: I mean the Sibyl's temple at Tivoli. The Pantheon at
Rome can never have been a picturesque building.
As anti
quaries we may regret the addition of the modern turrets flank
ing the porch, but in an artistic point of view they could ill be
spared. The temple of Minerva Medica forms a very picturesque
ruin, and may have been no less so when perfect,—but I cannot
help looking at this as a transitional specimen. In its use of
buttresses it forestalls one of the great principles of Gothic con
struction. On the whole, if we were to assume that the general
outline of ancient Rome was less varied and interesting than that
of modern Borne, and that the effect produced on the spectator
would depend rather on masses of building occupying sites of
different elevation, than ou prominent architectural features, no
one could easily find grounds on which to contradict the assump
tion. But the revivers of the style have taught us that it is fitted
for an outline of the greatest beauty and sublimity, and capable
of a pictnresqueness of composition not surpassed iu the best
Mediaeval period. And this shows that their work was really a
revival, and not a mere formal reproduction. In tracing the de
velopment and progress of tiste in the composition of outline, we
shall advert chiefly to ecclesiastical architecture, because it affords
us examples in greater number and in better preservation than
any other kind ; and also because it has less restricted art by mere
economical or utilitarian considerations.
I am inclined to think that the circular churches, derived from
Roman temples of the same form, are the first which exhibit tbat
kind of outline which is produced by the central tower or dome,
and which has characterised churches of the highest class ever
since. The Eastern form however of the Greek cross, with the
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dome or tower at the intersection, is evidently a very early one—
perhaps the earliest original form of a church that exists; for it
does not appear to have been derived, like the basilica and round
church, from Pagan structures.
mi.. ■
The solution of the problem, how to adapt a spherical dome to a
square area, must have introduced a new era in architectural
composition. The value of the dome had long been recognised
as a method of roofing at once firm, permanent, economical, and
beautiful; but, so far as we have the moans of knowing, it had
hitherto been used only to cover buildings of a corresponding
form, as the Pantheon. The cruciform plan seems also to have
been introduced, to a certain degree for the sake of convenience,
into the Roman basilica, and its symbolical meaning would give
it an additional recommendation iu the eyes of the early Chris
tians; but the roof throughout being generally flat, the square of
intersection would be treated in the same way as the arms or
aisles of the building, and neither receive nor suggest any ad
ditional height, externally -or internally. When however it wae
resolved to take advantage of the domical method in roofing the
square of intersection, making the other roofs of the building
cylindrical or semidomical, according as the limbs of the cross1
were rectangular or apsidal, then, since the base of the dome had
to rest by means of pendentives on the crown of the four arches,
its apex necessarily exceeded them in height, and consequently
rose above the vaultings, supposing them to correspond with the
arches of intersection. This is true, not only when the dome is
a complete hemisphere supported by pendentives, but also where
it is a part of the same hemisphere to which the pendentives
themselves belong, or any other segment of a sphere whatever.
Hence the adaptation of a dome to the square of intersection
iu a cross church requires a superstructure raised higher than
the arches, and consequently suggests one raised higher than
the walls and the roof, both externally and internally.
Probably St. Sophia at Constantinople was not the first ex
ample of a dome resting on four arches; so bold an experiment
could hardly have been tried on so large a scaJe Don the first tint*.
Many of the domical churches in the eastern parts of Europe are
small in their dimensions, and have no architectural detail but
what might be of considerable antiquity. If we cannot confi
dently pronounce any particular specimen to be of a date earlier
than the reign of Justinian, we cannot positively deny the exis
tence of such at the present day; and we may at least assume'
that those to which we now have access are fair representatives
of some of the earliest original Christian structures ever designed.
St. Sophia is somewhat unique among Byzantine churches, and
has rather the character of the mosques which surround it, and
which were built after its pattern, than of the churches generally
erected in the East at that time and for many succeeding centuries.
St. Irene, now converted into tax armoury, is the next in size
to St Sophia of those in Constantinople, but very tnuuh inferior
in dimeusions, the diameter of the dome being, if I remember
right, less than one-third. I cannot tell how far the present .-out
line is original; it is perhaps the more pleasing of the two. The
outlines of some of the old Greek churches in Constantinople, ami
in aud about Athens, are extremely graceful—I may say.noble—aa
giving to structures small iu actual scale an air of dignity and
importance. The central dome assumes the form of a circular
or polygonal tower, of some elevation, aud there is a curtain
breadth about the composition that prevents any idea of 'mean
ness. The actual groand-plan is square, bqt the upper stage, from
which the dome or tower rises, is a Greek cross. To the westward
is a narthex or porch, which is sometimes covered with. another*
dome, lower than the principal one. The pendentives supporting
the dome required themselves the support, abutment,, and pro-.
tcction of the walls above the springs and haunches of the arches.
on which they rested; and by raising these walls above the crown
of the arches additional strength was given, and the whole fabric
consolidated. Hence the round or polygonal drum of the doirn?
mostly stands upon a square base, slightly raised above the level
of the other walls; aud when the central dome was adopted; as it
soon was, in the western church, at the intersection of a Latin
cross, the square base often became a square tower) "inck*riuK
within itself a circular or polygonal dome, which than formed only
an internal feature. This is an arrangement, Which prevails
through the whole of the south of France, and in parts ot
the central and more northern provinces.. In Italy thu-couijal
tower is generally a low octagon. As a satisfactory outline \ri\n ■
thus obtained, the central tower was used even when no dome
or lantern was shown internally. . '■•
■■ r ■'•■ 'niitn. i.i; • nil'.-
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If a campanile was required, this was provided, not by raising
the central lantern to the requisite height, but by building an
independent tower, as in the basilican churches. The combina
tion of the central lantern with the belfry tower produces some
of the finest and most picturesque effects of outline in ecclesias
tical architecture. Such combinations are mostly to be found in
the Romanesque period. I think we meet with them more often
in Italy than in France, where the central tower first attained
sufficient height to cover the lantern, and afterwards grew still
higher, and became the highest and principal steeple in the
church. Whether this was an improvement is a matter of taste.
For my own part, I am very partial to a fine central tower or spire,
but I am not certain whether, on true architectural principles,
we ought not to prefer the low massive lantern of the ItalianRomanesque, combined with the taller and more slender campa
nile; the central lantern giving by its breadth dignity to the most
important part of the building—namely, the intersection of the
cross, and the lofty tower giving the same feature value by its
contrast, and breakiug the monotony of outline. Added to which,
the arrangement is evidently a good one as regards convenience,
by detaching the belfry from the area of the church, and allowing
walls of any degree of massiveness that may be required. The
Cathedrals of Piacenza and Parma, the Cathedral and another
church at Asti, many of the churches in and near Pavia and
Milan, and the Cathedral of Monza, present fine examples of the
above arrangement: some of these are later than the Romanesque
era. but retain in great measure the general character of the style.
In England we have unfortunately so little unmixed and unaltered
Romanesque, or, as I would rather call it, Norman, that it is
difficult even to imagine a typical example, and such buildings
as Tewkesbury, Southwell, and Romsey, show how grand must
have been the outline of a perfect English church of the first
class in that period. But Normandy furnishes us with hotter
preserved examples of the style, from which we may form an
estimate of it3 general aspect and character. The well-known
church of St. George, Bocherville, is I believe as pure a specimen
as can be found, and its outline, simple as it is, seems to admit of
no improvement. It may be questioned whether the present
wooden spire agrees with the original design: I am however
speaking of the building so far as the actual masonry and the
necessary roofs are concerned. I question whether the develop
ment of the Pointed Gothic really improved upon the best out
lines exhibited in the Romanesque. It certainly gave greater
height, and varied—perhaps confused—the general outline of the
building by pinnacles and buttresses. Where the central tower
was retained it was frequently raised to a greater height than its
use as a lantern rendered necessary. The central tower of York,
which is open nearly to the top, is an exceptional instance rather
than a type of Gothic central towers, and is unquestionably one
of the finest, if not the very finest in existence; and it is cer
tainly one of those that are least removed from the Romanesque
model.
Again, on the Continent the central tower was altogether
sacrificed to the attainment of height in the whole building itself,
which in consequence often appeared rather a shapeless mass
than a fine architectural composition. The profusion of pinnacles
employed seemed rather intended to disguise the want of design
than to mark as they ought to do important points and divisions.
Some of the best outlines in Normandy, comprehending the low
central tower, and loftier but less massive western ones, though
Gothic in detail, as that of Lisieux, are wholly Romanesque m
character, and those which assume more of the Gothic are not
improvements. The heightening of the English central steeple,
though the effect resulting from it is sometimes extremely beau
tiful, as at Salisbury, is seldom carried out without some sacrifice
as regards internal arrangement or actual security. I am quite
aware that we find many ugly buildings, and many buildings of
a fantastic outline, that belong to the Romanesque period. la
Germany, and even in France, I could point out both one and
the other; but it is certain that in that period a very beautiful
type of composition appeared, the simplicity of which, and its
independence of additional ornament, stamps it with a degree of
refinement which is scarcely preserved in the more advanced
stages of Medinval architecture, when features of mere decoration
became abundant The best architects of the Renaissance evi
dently felt this, and in their ecclesiastical structures, for which
they found no available precedent in ancient Classical architec
ture, they returned to this Romanesque type, and in a short
space of time a large number of churches were erected, showing
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a full appreciation of those early models. Many would at a
short distance be taken for buildings of a date anterior to the
thirteenth century. The cathedral of Dax, south of Bordeaux,
would at first sight be pronounced Romanesque : it is, in fact.
Revived Italian, except an incomplete Gothic tower at the west
end. At a village between Epernay and Rheims I noticed a
church at a distance which I made sure of as a fine Romanesque
specimen. On examining it I found it clearly post-Gothic. I
may have been disappointed at the time, but it now proves valu
able to me as an example.
When I had the honour of reading a paper at the South Ken
sington Museum, rather more than a year ago, I showed some
drawings of Spanish churches in the Revived Italian style whose
general outline had altogether a Romanesque character. I am
still of opinion that these churches might be studied to advan
tage in the present day, as securing really fine architectural
features at little or no sacrifice of convenience, and at no exorbi
tant expense. In Italy the combination of the low lantern tower
with the lofty campanile was continually reproduced; and still
further grandeur was obtained by expanding the central lantern
into a spacious dome, which became the predominant feature
both externally and internally. Such domes had indeed been
more than suggested by the early Byzantine and circular churches,
but the revivers of Classic art worked them out with an elaborate
care in regard to proportion, and often with a success, which almost
reminds us of the elaboration of the column in Greece. That of
St. Peter's, as it is the largest, is to my mind the finest example
that can be brought forward. I have endeavoured to procure a
tolerably true outline, comparing my own sketch with an engrav
ing that appeared to me a very exact architectural elevation, and
making corrections accordingly. Many prints and drawings
make it too round and heavy, and most of the photographs I
have seen are taken from a point that does not show it to the
best advantage. But though St. Peter's is the finest example, it
is but one out of a vast number, which exhibit a great variety of
forms and proportions, nearly all of them pleasing to the eye,
and giving quite as much character to the Italian landscape as
the Gothic tower or spire does to the English.
Had the dome been congenial to the Gothic, it would surely
have been introduced in that style, a style which certainly is
not chargeable with timidity in adopting new forms and com
binations. The arrangement of the central part of Ely Cathedral
offered opportunity for its adoption: yet we find an octagon, with
a Gothic vaulting adapted to it in the best way the architect
could devise, and that architect was one of more than ordinary
fertility of resource.
Without for a moment depreciating the grandeur of a fine
Gothic interior, I must observe that the Classic style contains
elements of at least equal grandeur, if not greater. The churches
of St. Andrea in Mantua, St. Justina and the Cathedral in Padua,
are not inferior in solemnity of effect to any Gothic edifice what
ever. Had St. Paul's been carried out according to the design
preserved by the model, I can conceive of no design that would
have been equal to it. An impression of vastness would have
been produced by means totally opposite to those employed in
Gothic, and, to judge from the model, even more effective; while
the variety of perspective views, and the fine alternation of light
and shade in broad masses, would have given a picturesqueness
scarcely rivalled in the eminently picturesque Mediaeval styles.
If I am right in believing that there is a picturesqueness of
repose as well as of action—a picturesqueness depending rather
on breadth and mass than on intricacy and multiplicity of parts,
then I cannot be wrong in asserting that the Classic may meet
the Gothic, even on its own ground, on at least equal terms.
Still, if constructive considerations should render a pointed arch,
desirable under any circumstances, its admission does not neces
sarily involve that of the whole Gothic system. The pointed
arch was used before Gothic was developed, and in localities
which were the last to receive the Gothic style. Saracenic archi
tecture has the pointed arch, but it is not Gothic; neither are
those domical buildings in Aquitania which employ the pointed
arch, without an approach to Gothic mouldings, in the support of
their pendeutives. But even supposing the pointed arch to have
belonged exclusively to the Gothic, we may borrow it if we really
want it, without professing to revive the style. It is not on archi
tecture to pass away without influencing any succeeding style: we
are not obliged to choose between accepting all or none. There
is one very important element of Gothic which we should be
foolish to reject, and of which, if I mistake not, the Renaissance
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architects saw the valoe, and by its means considerably modified
the rigidity which might have resulted from a strict imitation of
the ancient Classic,—I mean the obliqne surface of decoration.
The use of this much facilitates the enrichment of our buildings,
while we exclude heavy and incongruous ornament, and enables
us to retain such beauties of Gothic sculpture as are not incon
sistent with a more severe and refined style.
As, in advocating the revived Classical style, I would not urge
the rejection of everything which belongs to the Gothic, still less
am I anxious to defend the glaring defects which characterise so
many specimens of the Classic. I would not perpetuate the cold
formality of most of our professed imitations of the Greek; nor
the feeble, unmeaning, uninteresting character which prevails in
bo much of our work that claims a derivation from the Roman.
But a discussion upon the defects that may be enumerated in
Classical buildings, and upon the causes which independently of
Mediaeval sentiment have tended to bring the Classical style
into disrepute, would occupy a great length of time, and I am
not sufficiently master of the subject to enter fully into it. I
believe however the greatest defects in the style are of a super
ficial character, and admit of removal. By clearing them away
we shall give it a vitality and vigour which its evident congrnity
with the practical spirit of the age cannot fail to preserve; while
the consistent stability of its nature—the very reverse of that
restless tendency to change which is one of the essential elements
of Gothic—will make it a permanently effective style, at least
till the present conditions of society become altogether changed.

KAILWAYS IN INDIA.
The annual report on the railways in India, presented to
Parliament, has just been printed. It is accompanied by a map
of India, showing the lines of railway completed at the end
of last year, those in the course of construction, and those pro
jected; from a glimpse of which it appears that the lines actually
open bear a very small proportion to those in progress. This
view of the state of Indian railways looks, indeed, very discou
raging, for no one line is finished, and only comparatively small
lengths of railway in different parts of the vast tract of country
on which they are traced are marked as having been opened for
traffic This discouraging-looking state of things may be attri
buted to having commenced so many and such extensive works
in different parts of the peninsula, instead of concentrating them
on one or two of the most importance. The actual condition of
the Indian railways is not however so bad as it appears on the
map, for although only 842 miles in different sections had been
opened of the 3738 miles that have been commenced, the railways
are in such a state of progress that it is expected 1317 additional
miles will be opened in the course of the present year, and 1147
in 1862. The cost of construction has hitherto greatly exceeded
the estimates, and the assumed cost of ,£12,000 per mile, on
which the profits had been estimated, will actually amount to
£16,000. The necessity for obtaining materials from this country
has of course added greatly to the cost. In the course of last
year the materials sent from England amounted to 234,710 tons,
their value being no less than £2,140,703, but as the various
lines approach completion the amount of materials required from
England will rapidly diminish. Some very formidable works
have yet to be finished, especially on the East India Railway,
from Calcutta to Delhi. Of these, the Monghyr Tunnel, the
Soane Bridge, and the Karumnassa Bridge, were inspected by the
Governor General in December last, and they are described by
him in a letter in the appendix. A great part of the tunnel has
to be excavated through quartz rock, and, though only 900 feet
long, it has proved a very laborious and costly undertaking.
Lord Canning expresses the opinion that it was not necessary to
undertake it, as the tunnel only saves three miles in the whole
distance. The Soane Bridge is a work of great magnitude and
difficulty. It is to consist of 27 lattice spans of 150 feet each,
and, including the abutments, the bridge will be nearly a mile
long. Each pier is to stand " on three wells of 18 feet diameter."
The wells of all the piers had been sunk through 30 feet of sand
to the stratum of clay beneath. The stupendous works on the
Bhore Ghaut Railway Incline, 15 miles long, and including 2535
yards of tunnelling, and on the Thnl Ghaut Incline, 9 miles
26 chains long, both on the railway that is to connect Calcutta
and Bombay, have been previously noticed in our Journal, in
papers by Mr. J. J. Berkley, the chief engineer.

The financial position of the Indian railway companies is at
present an important consideration, as many of them require the
direct assistance of the government for their completion. When
the report of last year was made it had been estimated that the
railways would hie completed for a sum of .£52,430,000 ; but
according to fresh estimates, since made, it appears that nearly
£56,000,000 will be the amount required. On the 30th of April
last, it is stated that £34,396,445 had been raised by the railway
companies, and £34,042,128 had been expended. ' Of the sum
yet required, the distribution of it over the next three or four
years, and the sources whence the money is expected to be
derived, are thus stated:—
England.
India.
In 1861-62, £8,000,000
£2,000,000
£6,000,000
1862-68,
4,000,000
750,000
3,260,000
1868-64,
1,500,000
300,000 :
1,200,000
1S64-65,
500,000
100,000
400,000
When the works already in progress are completed, the consi
deration will arise, whether the postponed works should be then
proceeded with, at a further expenditure of eight millions ster
ling. The receipts on the sections of railways already opened
cannot be taken as indicating the amount of traffic that may
be expected when the lines are completed, but so far as any
opinion can be formed from such partial openings of railway
communication it is satisfactory. The number of passengers
carried during 1859 was upwards of three millions'; and the
annual earnings on the 30th June last amounted to about
£318,310. Ab might be expected on the first opening of railways
in such a country as India, there was a large proportion of acci
dents, caused principally by engines and carriages leaving the
rails, though the number of lives lost was comparatively small.
In 1859, the last year for which there are returns, there were 29
occurrences of that kind, of which 21 were on the railway from
Bombay to Sholapoor, but the number of passengers killed on all
the Indian railways during the same period did not exceed nine.
The report, which is ably drawn up by Mr. Dangers, secretary
to the Railway Department at the India Office, concludes as
follows:—
" It will be seen by the statements which have been given above, that
now the only impediment to the development of the railway system in
India is the apprehended difficulty in supplying funds. The physical
and engineering obstacles which presented themselves, if they have not
been entirely overcome, are in a fair way of being surmounted. Kivers of
great width and depth are being spanned by bridges which will stand
as monuments of the scientific skill of the present age; mountains will be
crossed by means of works which of their kind will be unrivalled; swamps
and jungles have been drained and cleared, and hills have been pierced.
All this has been done with British capital, but its flow in the same
direction, through the appointed channels, has for a time sustained a
obeck. And this is not altogether to be wondered at, when the dis
turbing influences of the last few years are taken into consideration.
For a long period the funds raised by the companies were abundant,
and balances of considerable amount usually stood to their credit. There
is no reason to suppose that this steady supply would not have con
tinued had it not been for the political convulsions which have taken
place. The excessive expenditure caused by the mutiny forced the
government to contract large loans, which naturally interfered with the
financial operations of the companies. This may be regarded as a
temporary cause which will pass away; hot it was not possible to wait
for more favourable times without incurring serious loss. While the
difficulties have been increasing the works have been prosecuted, and
have now arrived at that stage in their progress which demands an
outlay during the present year as large as last year, and higher than will
be required in any subsequent year. The future progress and early
success of these great works depend, then, upon the financial arrange
ments that may be made to meet the expenditure requisite to bring them
into a profitable condition. It has all along been necessary to extend
the support of the government to the companies which have undertaken
ohem. Assistance has been given in the shape of a guarantee of interest
upon the capital, and with this help more than thirty-four millions have
been raised. Upwards of two more can he raised by calla upon issued
shares, and, if the state of the money market improves, further amounts
may be obtained by debentures and additional shares. But if the ex
penditure is at a rate more rapid than that at which capital can be
raised by these means, it may be necessary to have recourse to govern
ment aid in the shape of advances. The charge upon the state involved
in this arrangement will not be more than It now is, and the risk to the
government will not be greater, as the conditions of the contracts re
main unaffected by it. There can be no doubt that the best policy to he
pursued, under existing circumstances, is that which has been decided
on—viz. to proceed steadily with the works which are in progress, and
to raise funds as required—if the companies fail to do so—through the
63
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direct agency of the government; to postpone, but only temporarily,
works which have not been commenced; and to guarantee no further
projects until the lines already sanctioned have been completed.
The interests alike of the government, the railway companies, and of
the publio would be sacrificed by the suspension of operations in the
present condition of the lines. Not only would a large outlay remain
unprofitable, but positive loss would be incurred by the damage to,
and even destruction of, unfinished works, if left to the mercy of the
elements in a tropical climate. Never, perhaps, was there a time more
pregnant than the present with proofs of the necessity for a sure and
permanent system of internal communication in India. Whether we
Took to the lamentable accounts of the famine now desolating the NorthWest Provinces, or to the anxiety with which passing events in America
are being watched by our manufacturers, and to the temporary and
necessarily imperfect measures which are being taken by the local go
vernments to aid the transport of Indian cotton to this country; or
whether, adverting to the large European force now destined to garrison
the country, we consider, the safety, ease, and economy which would
be secured by the conveyance of troops by railway, the early completion
of the main lines which have been sanctioned appears to be a matter of
paramount importance, and to admit of no delay."

NEW CHURCH, HIGHAM, SUFFOLK.
The small village of Higham, attached to the parish of Gazeley,
and situate about two miles distant, has until recently been
wholly without church accommodation. This want has just been
supplied by the erection of a building in size to meet the require
ments of the place, and in architectural propriety and character
a kind of model edifice. This church, which is dedicated to St.
Peter, was consecrated on the 27th of June. The arrangements
of the plan are quite simple, consisting of a nave and north
aisle separated by an arcade of four bays, a duly proportioned
chancel, with organ chamber and vestry added, as a kind of
continuation of the aisle, alongside of the chancel. There is
also a spacious south porch, and a tower at the west end. This
tower is of a form unusual in modern times, though there
are several old ones of the kind in that locality, being quite
circular on plan, as at Snailwell, Risby, and Little Saxham,
and having a small staircase (also circular) communicating with
the ringing chamber above. Its diameter is 20 feet at the
base, the walls being 4 feet thick, and in height it is divided
into three stages; the lower (open to the church, and serving
as a baptistery) will have stone groining, springing from four
small corbelled shafts, with moulded capitals and bases. The
ringing floor is perfectly plain, being marked only by a small
loop window on the west, north, and south sides; above this
chamber is a string-course or set-off, upon which rest the bases
of the series of columns and arches which surround the belfry
stage, which of course clears the ridge of the nave roof. The
belfry windows are single-lights, with tracery in the heads, and
they face the cardinal points. A corbelled cornice and parapet
complete the height of the tower itself, which will be surmounted
by a low conical roof, having four lucarnes, and covered, like the
rest of the church, with tiles. The porch has a richly-moulded
entrance arch, and above the apex is a geometrical circularpattern ornament, carefully worked in stone and napped flints:
the side lights to the porch consist of two quatrefoils each. A
north door faces the south entrance to the church, and there is
also an external door to the vestry.
The east window is of three lights, richly moulded and shafted,
those within being of Purbeck marble and having foliated caps.
In the head are three circles, two of which are cusped with sexfoils, and one with a cinquefoil. The south windows both of
nave and chancel are all of two-lights, and have tracery in keep
ing with the east window, being alternately sexfoils and quatre
foils in circles over the trefoil heads. The aisle is lighted by
three coupled lancet windows on the north side, and a larger
window at the west end. The roofs of nave and chancel are
high-pitched, the former composed of polygonal rafters with tiebeams, having shafted king-posts at suitable distances. The
chancel roof consists of a succession of curved rafters ; the aisle
has a lean-to roof, and, like the others, has its timbers exposed
to view. The whole of the seats are of open framing—in the
nave of red pine, in the chancel of oak.
The chancel arch is boldly designed, and has some exquisite
carving in its capitals. The organ-chamber opens both into the
aisle and chancel by corbelled arches, which are also handsomely
carved. The piers between the nave and aisle are octagonal, and
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have moulded capitals and bases. The pulpit stands in the north
angle against the chancel arch, and is also of octagonal form.
The upper part is of stone, two of the exposed sides being carved
with the heads of St. Peter and St. Paul in sunk quatrefoils;
the lower part consists of a cluster of marble columns round a
central pier, and this variety of materials and colours produces
a very satisfactory effect. The same ideas have been observed
in designingjthe font, which is circular, the bowl being of stone,
and resting on ciarble shafts.
Owing to the space occupied by the east window, that left for
a reredos is necessarily limited, but what has been done is in
excellent keeping with the other decorative internal features.
There is a continuous alabaster panel, corresponding with the
length of the table, and reaching up to the string under the
east window sill. In its centre is a circular sunk panel, with
a Maltese cross inlaid in Galway marble, while on each side
are two long panels, also sunk, and inlaid with various marbles
in a small chequered pattern. The remainder of the east wall
up to the same height is filled in with an effective arrangement
of red, black, and green glazed tiles, with inter-bandings of
Mansfield stone. The church is paved with plain red and black
tiles, laid in a cross pattern; the sacrarium being of Minton's
mosaic tiles. The walls are throughout of flint, with bandings
of Ancaster stone, which is also used in the dressings generally.
The architect employed was Mr. Gilbert Scott, of London: the
flint walling and masonry being executed by Messrs. Holland of
Gazeley, and Rattee and Kett of Cambridge, jointly; and the
woodwork, as also the carving generally, by the latter firm
alone. The pulpit and font were executed by Mr. Farmer, of
London, and the reredos by Mr. Field, of Parliament-street,
London.

NEW THEORY OF THE FIGURE OF THE EARTH.
By F. C. Bakewell.
Having directed my attention for some time past to the actions
of gravitation and of what is called centrifugal force on the sur
face of a solid globe when in rotation, I have arrived at conclu
sions respecting their effects on the figure of the earth directly at
variance with the theory generally accepted. As I have arrived
at those conclusions from a careful examination of the laws which
govern the attraction of gravitation and centrifugal force, I pre
sume to hope that the considerations which have led to them
will meet with candid attention.
It is generally received as an established truth that the rota
tion of a solid globe about its axis tends to accumulate the loose
surface-matter at the Equator. My object is to prove that, on
the contrary, the tendency of the rotation of such a globe is to
accumulate particles of matter on the surface at the poles. I do
not, of course, deny that the figure of the earth is an oblate
spheroid, nor do I deny that it received that figure by the action
of centrifugal force, but I maintain that such a figure could
only have been given to it by rotation when the mass, or a great
part of it, was in a fluid state.
That proposition is based on the self-evident truth, that a body
perfectly free will move in the direction towards which it is
most strongly attracted or impelled. An eminent mathematician,
to whom I submitted my views respecting the figure of the earth,
did indeed at first deny, and afterwards cavilled at that truth,
but it is so manifestly clear, being in fact only another expression
of one of the laws of motion, that I take it for granted as gene
rally admitted. In accordance with that axiom of mechanical
science, I assume that water on the surface of a solid sphere will
flow towards the part where it is most strongly attracted. There
fore, as the effect of the rotation of such a sphere would be to
diminish the attraction of gravitation on the surface, and to
diminish it most where the velocity of rotation was the greatest,
all bodies free to move would be attracted towards those points
where the velocity of rotation was least rapid ; or, in other words,
towards those points where the attraction of gravitation was the
strongest. There would consequently be a greater accumulation
of water at the poles than at the Equator.
To the proposition thus briefly demonstrated I think I might
be justified in claiming general assent, and it seems difficult to
conceive how anyone acquainted with the facts can have arrived
at a contrary conclusion; but as that theorem is opposed to the
opinion hitherto entertained on the subject, it is incumbent on
me to do something more than append to it the initials Q.E.D.
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Before arguing the question further it ia desirable to state dis
tinctly what is the existing belief in the scientific world of the
tendency of centrifugal force to accumulate matter on the surface
of the globe. This has been done so broadly and clearly by Sir
John Herschel in his ' Outlines of Astronomy,' that I cannot do
better than accept that distinguished philosopher as the exponent
of the general opinion on that subject
Sir John Herschel, after considering what would be the effect
of gravitation on a solid sphere at rest, if converted into a
spheroid by taking matter from the poles and piling it np at the
Equator, next considers the sphere put in rotation, at the rate of
one revolution in twenty-four hours. In that case, he says, " a
centrifugal force would be thus generated whose general tendency
would be to urge the water at every point of the surface to recede
from the axis;" and the* consequence would be, that solid matter
would, by the action of the water, be gradually carried towards
the equator, "to remodel the surface of the solid nucleus in
correspondence with the form of equilibrium." It is still more
strongly stated by Maclaurin, when considering the same propo
sition, that the water would recede so far from the axis as " to
leave the polar regions elevated many miles above the level of
the sea."
No cause is assigned by those eminent philosophers, beyond
the action of centrifugal force, why the water should leave the
poles towards which it is most strongly attracted to flow to that
part of the surface where the attraction is the least; yet it is
admitted, at the same time, that the action of centrifugal force is
the cause of the diminution of attraction at the Equator. In
other words, the assumption that the rotation of the solid sphere
would cause water to recede from the axis to the equator involves
the absurdity that the same cause which diminishes the attrac
tion also increases it at the same point.
In order to show in a popular manner the effect of centrifugal
force in diminishing the weight of bodies at the Equator, Sir
John Herschel has recourse to an illustration, which, at the same
time that it renders that effect more manifest, may serve to
refute the hypothesis he has expounded; therefore I will press
it into my service. He assumes a cord to be supported on props
and pulleys along a meridian from the Equator to one of the
poles, with a weight suspended at each end. In that case, he ob
serves, it would require a larger weight at the Equator to coun
terbalance a smaller one at the pole. Now if, instead of unequal
weights, we suppose exactly similar masses of the same metal to
be suspended at each end of the cord, the mass at the pole would
preponderate, and be drawn to the ground, and it would draw
the cord along with it. Every particle of the cord along that
meridian would thus be drawn towards the pole by the superior
attraction of gravitation; and in like manner any other body free
to move would be impelled in the same direction. The effect
would be similar, though of course less in degree, at any inter
mediate points of the meridian. Even at the distance of a mile
apart, the weight nearer the pole would draw down the other
one, if the apparatus were sufficiently delicate to indicate the
minute variations of attractive force at the two stations. It
seems strange that iu proposing the illustration of the cord and
different weights, so trifling a modification of it as the assump
tion of equal weights should not have occurred to Sir John
Herschel, by which the effect of centrifugal action in attracting
matter towards the poles is as clearly exhibited as its effect in
diminishing the weight of bodies at the Equator: both effects
being, as I maintain, one and the same.
It being generally admitted that the rotation of the globe
diminishes the weight of bodies at the Equator in a greater
degree than at the poles, it will facilitate the demonstration of
my proposition to examine in what manner centrifugal action
produces that effect; but before doing so I will again quote an
explanatory passage from Sir John Herschel's ' Outlines of
Astronomy.' He says (page 149, third edition), "The weight of
a body (considered as undiminished by centrifugal force) is the
effect of the earth's attraction on it. This attraction, as Newton
has demonstrated, consists not iu a tendency of all matter to any
one particular centre, but in a disposition of every particle in the
universe to press towards, and, if not opposed, to approach to
every other. The attraction of the earth, then, on a body placed
on its surface, is not a simple but a complex force, resulting in the
separate attractions of all its parts. Now it is evident that if the
earth were a perfect sphere the attraction exerted by it on a body
placed anywhere on its surface, whether at the Equator or at
the pole, must be exactly alike, for the simple reason of the exact
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symmetry of the sphere in every direction." To produce this
Btate of equilibrium in the sphere, it must be assumed that the
mass of matter composing it is homogeneous, for it is evident
that if the matter near the.pole possessed more attractive power
than the matter near the Equator, the attraction cf a body placed
anywhere on the surface could not be exactly alike. Now it is
admitted that the equality of attractive power is disturbed by
rotation. The centrifugal force at the Equator diminishes the
attraction of gravitation or the weight of a body about yj^th
part; whilst its influence gradually diminishes to nothing on
approaching the poles. The matter at the Equator is thus ren
dered specifically lighter than the matter near the poles, and the
mass of the sphere ceases to be homogeneous. The attraction
exerted by it on a particle of matter placed anywhere on its
surface (midway between the Equator and the pole, for example)
would therefore be no longer exactly alike. The separate attrac
tions tending to draw the particle towards the Equator wonld
cease to be equal in force to the separate attractions in the con
trary direction, which counterbalanced them when in a state of
rest; and the attractions on the particle in the direction of the
Equator being weakened, it would obey the superior forces
urging it towards the pole.
For example, let M (Fig. 1) represent a particle on the surface
of a homogeneous sphere drawn towards the mass by separate
attractions in all directions, a few of which are represented by
Mo, Mrf, Me, Me, and M6. The force Me, which attracts the
particle directly towards the centre c, is but a small part of the
whole, but, so long as the other forces on every side of Me re
mained relatively equal, their combined actions would tend to
draw the particle towards the centre. Thus, the force Ma draw
ing the particle towards the Equator E, would be counterpoised
by the equal force M6 drawing it towards the pole P; in like
manner, Mrf would counterbalance Me, and so on of all the other
equal diagonal forces bearing on the particle from opposite sides.
The result of those combined attractions would be to draw it
towards e, and the sum of their forces would constitute the
weight of the particle. But if the forces Mo, Mrf, were to become
less than the corresponding forces
Fig. 1.
which tend to draw the particle
towards the pole, the resulting
direction of the combined forces
acting on M would not then be
towards the centre, but towards
some other point on the axis
nearer to P, and the weight of the
particle would be diminished. That
is the effect of rotation on a sphere
of homogeneous matter: the at
traction of gravitation in those
parts near the Equator is dimi
nished in a greater degree than
in the parts nearer the pole, con
sequently the particle M wonld be urged towards the part by
which it was most strongly attracted.
This effect of centrifugal force is the more manifest if it be
considered as acting on a suspended plummet instead of on a
body resting on the surface. In that case the insignificant effect
of centrifugal force compared with the attraction of gravitation
becomes more apparent, and the actual direction in which the
combined forces attract the body may be viewed without being
obscured by the ordinary notions "of the action of centrifugal force
when not counteracted by central attractions. Thus, when the
sphere was at rest the plummet would be drawn by the separate
attractions of all parts of the mass towards the centre with a
given force, and the plumb-line would be perpendicular to the
surface. But when the sphere was in rotation, the attraction of
the plummet to the earth would be diminished by centrifugal
force in proportion to the velocity of the rotation of the sphere at
that part where it was placed; and the relative attractions of the
sphere having been altered by the diminution of gravity at the
Equator, the plummet would be drawn towards the pole, and the
plumb-line would no longer be perpendicular to the surface.
If the mass of matter were fluid, the effects of gravitation
and of centrifugal force would be materially altered. The fluid
when at rest would accumulate round a central point, and form a
perfect sphere, each particle on the surface being at au equal
distance from the centre, and each one would be stationary, for
none would be attracted more strongly in one direction than in
another. So long therefore as the fluid sphere remained at rest
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tliere would be equilibrium iu every part; but that condition
would. be immediately changed if the sphere were rotating about
an axis. In that case, the gravity of the fluid near the Equator
being diminished by centrifugal force, the relatively increased
attraction of the fluid matter near the poles would draw those
parts of the sphere nearer together, and a quantity of the lighter
fluid would be protruded at the Equator, until the quantity thus
forced outwards compensated by its increased mass for its dimi
nished density, and the equilibrium was by that means again
restored. The attractions on all parts of the surface being thus
rendered equal, the weight of the same body would be the same
on,every part. The figure of the fluid mass would be that of an
oblate, spheroid, of greater or less ellipticity according to the
velocity of rotation, and it would be of such proportions that
the plumb-liue would be perpendicular to every part of the
surface, To?, that is one of the conditions of equilibrium.
It must be especially observed that the formation of an oblate
Mplieroid by the rotation of a. fluid mass differs essentially from
the ordinarily assumed formation of a solid spheroid by rota
tion. Iu the former case equilibrium is restored by the mutual
Attractions of, the matter near the poles, and by the interior
adjustment of the particles of the mass among themselves, not
by trapsfer :of particles, along the surface ; whereas, in a solid
globe no such efi'eeU of mutual attraction and internal adjust
ment of parts could be produced.
..
A copsider^tion of the effect of the separate attractions of
different parts of the mass of a solid splteroid like the earth on a
particle upon its surface strongly confirms my view of the action
of centrifugal force, either when considered at rest or when
rotating with various degrees of velocity.
It ha* been, proved by the most eminent mathematicians that
the attraction of gravitation on the surface of a spheroid of
homogenuqus matter at rest is greatest at its shortest diameter.
.SHppoaji)g,;thfrefore that . matter, were added to the opposite
surfaces of a. solid sphere, so as to shape it into such a spheroid as
would be formed by the rotation of a fluid mass, a particle placed
upon it when at rest would be attracted towards the parts where
there was the least quantity of additional matter. Thus, let
.NAViSE {.Fig. i) represent a seetiou of a sphere, to which the
matter Wre E6 hail been added, so as to form the spheroid NaSA,
of which NS is the shortest diameter. A particle placed any
where cm such a spheroid would be attracted towards N or S,
and not, as might at first be supposed, towards the part where
the greater quautity of matter was accumulated. This seeming
p^radonip, caused by the mutual
attractions of the added mass
Wo and Kb- and the result of
those attract ions, combined with
the attraction of the mass of the
original sphere, is to draw any
Hai^icle oil the surface towards
the centre <?; aud N and S being
the nearest points to the centre,
the forqe of Attraction is stronger
there than at any other part of
thflisurface. It may be observed
also that at N and S the sepa^tejijattpaqtiions 0f the added
ivari^trtjjiin sn'! 5>"i
mass a^.iw the particle equally ,
^n ail direciaous, and tend, to draw it towards the centre. This
effect of, the. additional mass of matter would be increased if its
density were greater than that pf the matter of the. sphere; and,
paradoxical as it. may appear, the attraction to the poles would
also, be relatively increased if the density of the added mass
were less than that of the sphere.
. That, the increase of density would increase the attraction at
the,,,poles, Yi41 bfl readily conceived;, and the contrary will be
.evident if the space Wa,E4, which, forma the sphere into a
j*Rhqrpid,jhi9,^pppoisa4 to- tye. a., hollow shell devoid of attractive
matter.,-i*Jn jtjjiei latter. fiaae aiparticle would be, attracted »veu
•WRevlfoWigly. tew4rdsM$,.or,,$ than if the density of the pro
truded portion were increased, for though the absolute amount
of .attraction., would be less, the relative difference would be
greater.. Thus, it will appear, that by gradually diminishing the
density of, the protruded. matter, a point might be. attained, on a
kpherojd at rest at which the attraction of gravitation at every
part of the .surface would be equal. This diminution of density
would take place were the assumed spheroid put in rotation
about its shorter diameter, and the velocity of rotation might be
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gradually increased until the spheroid was brought into the
condition of equilibrium. But until that condition was attained
a particle on the surface would continue to be drawn towards
either pole, notwithstanding the direction of centrifugal force;
and that is the condition of the earth at the present time. The
centrifugal force would not counteract the original tendency of
attraction towards the poles until it was sufficiently powerful
to produce equilibrium, and then the particle would remain
wherever it was placed.
Supposing the velocity of rotation were increased beyond the
state of equilibrium, the continued diminution of the attractive
power of the protruded mass would relatively increase the
attraction towards the poles, and the particle would again tend
to move in that direction. The velocity of rotation might
indeed be so far increased as to bring the attractive power of the
protruded portion of the spheroid into the condition before no
ticed of a hollow shell, when the relatively increased attractions
of the poles would draw all movable surface matter towards
them. Thus, whether a spheroid be considered at rest or in
rotation, particles on its surface would be attracted towards its
shorter diameter, excepting when the velocity of rotation was
exactly sufficient to produce equilibrium.
The chief argument adduced and relied on by those who main
tain that water on the surface of a solid rotating sphere would
recede from the axis is, that the direction in which a partite is
urged by centrifugal force, combined with the attraction to the
centre of the sphere, would carry it towards the Equator. The
distinguished mathematician to whom I have before referred as
having opposed my views on this subject, favoured me by stating
and by solving the problem in that way; and as it is a clear
exposition of the objections to my hypothesis, I will give it in
his own words:-—
i lunulas 1 iu: iioiJaeiib mil ",*i
, " I suppose that you will admit that if a particle be constrained1 to
move on a smooth surface, a force acting in a direction perpendicular to
that surface will not impel the particle in any direction, but will be
wholly counteracted by the pressure of the surface.
Let now the figure (Fig. 8) represent a homogeneous globe revolving
uniformly about an axis l'/», passing through its centre c, and let M
be a particle on the surface : in what direction will it be impelled '
By introducing the so-called centrifugal force we may treat the problem
as one of equilibrium, though the sphere is in reality in .uiution. The
forces acting on M are, the attraction MA in a direction towards e,
and the centrifugal force MB, in a direction perpendicular to Pp. Pro
duce AM t-Uig. 4), aud let fall BD perpendicular to AM, The force
MB may be replaced by its components MD, J)R, along and perpendi
cular to AM. The former merely neutralises a portion of the force MA1;
the latter acts tangentially. Let ME (Fig. 5), acting towards E, repre
sent the excess of the attraction over the perpendicular component MD,
and let M* be drawn equal and parallel to DB, so as to represent d*
tangential component. The force ME, being perpendicular to the sur
face, will be wholly counteracted; the force M6wili impel the particle
foicardt the Squalor. The increase or decrease of the force in passing
from one point to another has nothing to do with the direction in which
the particle is impelled, which depends only on what the force is where
the particle is, not on what the force would become if the particle were
to move into a position where at present it is not; and accordingly, not
on what the force would become (or whether it woidd increase or decrease)
if the particle were to move into such or such a position."
1'ia. ,«V. ,i is ii, -.dJ
'•l-..li'|- htlrw s ni
'I le Vjl(j»dw
ibtmq vui

f. 'ad 1

The high station which the author of the foregoing prot
holds as a Professor of Mathematics justifies me in considering
his explanation of the assumed tendency of the particles of matter
on the surface of a rotating sphere to move towards the Equator
as the one that is generally accepted; it is important therefore
that I should examine the problem, and point out the erroneous
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assumptions on which its solution is founded. I admit that
if the sphere when in rotation be regarded as a homogeneous
mass, the attraction of gravitation would act on the particle M
perpendicularly to the surface, and that the result of the compo
sition of the two forces would be the
y10. 6.
attraction of the particle towards
some point nearer the Equator than
the centre of the sphere, and it would
consequently be impelled from the
pole. But it has been shown that
the effect of centrifugal force is to
disturb the homogeneity of the mass,
and that the point of attraction
would not be the centre of the
sphere, but some part nearer the
pole, and that the particle would
therefore be attracted in that direc
tion.
In the next place, the statement that the variation of attrac
tive force at different parts of the surface has nothing to do with
the direction in which the particle is impelled, is directly at
variance with Newton's demonstration, " that the attraction of
gravitation on a body placed on the surface of the earth consists
not of a tendency of all matter to one particular centre, but is a
complex force, resulting in the separate attractions of all its
parts." The force acting on the particle at any point is the
result of many forces acting on it in different directions, and if
they iucreased or decreased in any of those directions, the action
on the particle of matter would vary accordingly. Though it is
true therefore that the direction in which a particle would be
impelled " depends only on what the force is where the particle
is," the direction and amount of the force would depend on its
component parts; and, in the case of a particle on the surface of
the earth, on the relative degrees and directions of the separate
attractions of all its parts. I agree that the question is " not
what the force would become if the particle were to move into
such or such a position;" but 1 contend that the different forces
in such and such a position influence the attraction of the particle
where it is.
I might, if it were required, present several other considera
tions in support of my proposition, but 1 trust that what I have
already said is sufficient I have considered the question from
various points of view, and each one shows that the tendency of
the rotation of a solid globe is to attract matter to the poles and
to repel it from the Equator. It has been shown, that if bodies
on the surface of the earth obey the same law in relation to the
earth itself that they do to one another, they must be attracted
towards the poles, because those are the points of greatest attrac
tion; it has been shown that, according to Sir John Herschel's
illustration of the diminution of gravity at the Equator, bodies
would be drawn towards the axis of the globe by the action of
centrifugal force; it has been shown by an examination of the
cause of the diminution of gravity at the Equator, that centri
fugal force disturbs the homogeneity of the matter in the globe,
and increases relatively the attraction of the mass near the poles;
it has been shown that in a fluid mass the disturbance of equili
brium is compensated by the compression of the poles, and by
the internal adjustment of the fluid particles, which is impossible
in a solid sphere; it has been shown also that on a solid spheroid,
whether at rest or in rotation, the points to which water would
flow are the poles; and after having, as I conceive, established
my position by arguments based on those facts and illustrations,
I have shown that the problem by which it is attempted to prove
that the direction of ceutrifugal force counteracts the attraction
of gravitation, is founded on error, and is fallacious.
I make no apology for thus venturing to contradict established
opinions, for nothing but truth can justify or palliate such
audacity; and if I have been successful in proving my view of
the subject to be correct, I am sure that no apology will be
required from me. I purpose on a future occasion to consider
the cause by which the equilibrium of the globe could have been
disturbed after having once been in a condition of hydrostatic
equilibrium, and in what manner my views of the actions of
centrifugal force and gravitation would effect pendulum experi
ments for ascertaining the figure of the earth.
HampBtead, July 10, 1861.
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ON THE OPERATIONS LATELY CARRIED ON AT
BAYEUX AND CHICHESTER CATHEDRALS*
By O. R. Buioell.
The preservation of the monuments connected with our civil
or our religious history is a subject of so much importance, and
it is one which appeals so strongly to the feelings of all who are
connected in any manner with the architectural profession, that it
would be useless here to enter into any explanation of the reasons
for my venturing again to call your attention to the contempo
rary events I seek to place in parallel. A great national calamity
has befallen us in the utter demolition of the beautiful spire of
Chichester Cathedral : it seems to be apprehended by pereons
able to form correct opinions in such cases that the spire of
Salisbury Cathedral is in a state nearly as dangerous as that' of
Chichester was about twelve months since; and some others of
our most beautiful medieval buildings are unquestionably in a
very unsatisfactory condition. Under these circumstances it
seemed, to me at least, very desirable that an attempt should be
made to derive all the practical information it was possible to do
from the lessons furnished: ou the one hand by the sad accident
which has befallen the works at Chichester; on the other, by the
successful operations of the same nature executed at Bayeux.
Possibly in this manner we may learn the nature of the danger
now threatening Salisbury, and the best means of obviating it:
at any rate, it is our duty to compare the technical processes
adopted in the respective cases referred to, which have led to
such markedly different results.
In the case of Chichester Cathedral, it would appear that the
objects which the original promoters of the restoration proposed
to themselves, and which served as the basis of the instructions
given to the architect, were, to remove the existing choir fittings,
and to open out the choir, in order to afford greater accommoda
tion for the public at the cathedral services; and it was distinctly
understood, as I have been informed, that the works so contem
plated were not to include any structural repairs. The ancient
stalls and the Arundel screen concealed to a considerable height
the surfaces of the piers under the great arches of the steeple.
The piers rose to a height of about 45 feet from the floor to the
springing of the semicircular arches; the openings of the latter
being respectively 25 ft. 8j in. and 24 ft. 2 in. in the portion of
the arches which was able to produce any dynamical action.
Above the semicircular arches there were some pointed dis
charging arches of great strength, if we may judge by the pub
lished description of them; but as the weight supported by the
two series of arches was eventually brought upon the piers at the
intersection of the nave and of the transept, their stability, and
that of the superincumbent tower and steeple, was in fact made
to depend upon the resistance of those piers to the various efforts
exercised upon them. The height of the extreme portion of the
steeple was about 272 feet from the ground; the weight of the
superstructure, from the line of the capitals, was about 5664 tons;
the bearing surface of each pier is stated to have been 83 feet, or
11,952 superficial inches; though, from some dimensions 1 ob
tained in the cathedral itself, I suspect that the available bearing
surface was not much more than 74 feet, or 10,656 superficial
inches; or in round numbers, the crushing weight at the spring
ing line might have varied between nearly 264 and 300 lb. per
superficial inch, acting upon an irregular rectangular pillar,
whose height did not exceed nine times the dimensions of the
smaller side; and it is to be observed that the longer axes of the
piers corresponded with the centre line of the wider openings,
and to some extent with the line of the action of the prevailing
wind, thns offering the greatest external action to produce over
throw.
The piers of the tower (as hereafter I propose to call the piers
at the intersection of the nave and transept, immediately under
the tower and spire,) were portions of the early part of the
cathedral; and they were constructed, as we can now too plainly
perceive, in the very worst possible manner. They were formed
of a species of ashlar casing composed mainly of a tertiary shelllimestone from the Isle of Wight, with, from here to there,
stones obtained from other quarries; and the interior was filled
in with concrete, apparently made of chalk-lime mortar, and
broken stones and flint. Now, the Isle of Wight stone itself is
said only to be able to support a crushing weight of from 466 to
566 lb. per superficial inch, when used in the direction of the
' Bead at the Boral Institute of British Architect*.
S4
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bed; although I am myself far.frpm admitting the correctness of
the experiments on which this statement was made. Yet as the
sectional area of the ashlar poating was not more than one
quarter of the whole area of the piers, and the mortar of the
interior was so badly made as to offer hardly any resistance—nay,
rather, to act in such wise as to tend to burst the outer casing,
aid at any rate to fatigue rather than to assist the ashlar—t bo
wonder xaajly, is, that the piers should have, supported forgo many
years* as they actually haye done, the weight thrown upon them.
It is evident, indeed, even now,, that some very serious settle
ments, inuat have, ^keu place in these piers, and , in the arches
over .them,, at. a Yery early period in the history.! of Chichester
Cathedral; for on.,tjie eastern .wall oi the transept it is easy to
discover that, whefi ihe^sputh-eaatarn part of the transept was
built, the horizontal courses over the arches of the aisle had
been deranged by the subsidence of the great piers, and that
they had sunk to such au, extent) in the immediate neighbour
hood of the piers, as to require the introduction of a featheredged course , to,,bpng; the-., masonry to a level line. . Some
distinctly -marked ancient movements may likewise be traced to
have existed in the varipus arches : still standing in this pact of
the cathedral,^) of, .which, are, ,©f a remote (late; but little atten
tion seems latterly ,to have been paid to them, because they had
not increased of late years, and because the parts of the piers
which displayed the effects produced upon them ware hidden by
the woodwork of the stalls, and by the Arundel shrine. On the
recent demolition of the last-named accessory details (the stalls and
shrine), the defects of ^he, fcow/er supports were laid .bam, Large
tissurea wqreJfQ.unjd,,to exist jLa.ithai piers, and in the aouth-west
one it wxs ,fouud that a large portion of the ashlar casing had
actually been cat. a,wa.y to receive the Arundel shrine: the nave
arches had likewise been distinctly fractured, in consequence of
the subsidence of fdw pjerftj IFrwa.Jal).,tjlu»t i,. could obaerv#f,I
feel convinced that this .subsidence had, arisen from ^compres
sion of the masonry of the, piers, themselves, and not from any
compression of the foundation*. .,iAii»A*tft. of equilibrium had
however, bean attained; aud though it might at any moment
have been, disturbed hid »,uy new forces been brought to bear
on the* building, yet that equilibrium might in all probability
have lasted for centuries jf the, works for the removal of the
screen and stalls had not bean, undertaken. The vibration of
the steeple has been, dwelt upon as a cause of the failure of the
tower piers to, a much, graatar qxtent than :I, think was justified*
It is uioi-e than probable that at the precise moment of rupture
the effect of the wind may have canaediao movement which pre
cipitated fhe.fajl; but thesteeple had for. cantimes been exposed
to and had resisted the effects of gales mora severe- than the one
which is considered to have produced the catastrophe w* so
much deplore; aud even in the early spring of last year (1860)
the steeple had been exposed to, ,ai gale exereiaing a horizontal
effect xuoKd. than double tjbatiof/tbe gale of Slat February last.
The immediate cause of the fall of Chichester spire must, then,
t think, be sought for in ,the op«rationsil«taly,1CBjTied on for the
repair,of,frheiV>wer pteRS,,,-, ^uoiifsup l«-.i1agirf ov/j i.- in,, n» ii.et
ThaiTarifius inetan pea quoted byi Prof.; Willis of the falli of
other steeples, and the accidents whiqh ,hav«. lately occurred to
some of, uie great engineering works of the age, might have in
duced i he parties an justed, with , tie- sftainiteaance of Chichester
Cathedra) f to .auspact . that, there was danger in disturbing any
portion of structures so,, badly bail^iaaineawall medisaral builds
ings notoriously are. ,.4iiSaanpt,i;the»efone,!1fdr> mylown party
refrain from expressing my regret that .the oomiaittec of 1869
shquld baya adopted, ,as j^ir, | ruling principle;*, thablthe aoeotn-r
modatiun^in $be cath,edra).;W»3, alona.to feet.ajtteudedto„and.tiiat
no struqtural.iwprHs,, wow,, to <t&; undertaken," - , Thai limited.
nstniet ions given to the architect under this arrangement com
pelled, h«H Iftl^eak.foRitempanarjr, palliations for any levihvhel
might discover in tho :ot>uj;seiiPtftfei»eM»n(|iith«i,oldTwork«i and
were, in factoid* justification f«r,attemptingto,«ecaao thonasuned'
pier*, 'Rtfher than at,,,pn^M,,undertakiog ,tb«ir .iiercaimttmctiolt:
Still, when a.hmildiug hap.^tood aWfWJieutly/AiBmowedtfirticeotuJ
riea, it is,diihoult,toiIbaiiie>ffl,thRi,afaw,slight.ja(rs,it>» the, removal,
of eoma accessory fitting*.which seam,, to, .have omy.ai align t*onw.
nection with the substantial parts of, Uk, atructure,wwdd bo
able to destroy that wbirh hod lasted soiloigiiaadarohitectsand
engineers of the present day who are accustomed to 'build ao
strongiy as to ueiy even exaggerated efforts, are too often un- I
aware of tho risk they run in dealing with the works of the modi- 1
oeval architects, who were, as a general rule, very ignorant of the
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scientific part of their profession, bo far as the nee of building
materials was concerned. The fatal, though easily justifiable
oversight made at Chichester, seems to have consisted in the
belief that the interior of the piers of the tower was able to
support any notable portion of the superincumbent weight whilst
the exterior coating was being repaired. From the state of the
ruins, and the nature of the phenomena which attended the fall
of the steeple, it seems to me evident, as I said before, that the
concrete filling of the piers had been originally executed with
chalk-lime mortar, badly prepared, and placed in contact with
materials which were able to abstract from1 it the water neeessary for the crystallisation of its hydrate of lime. It is said that
shortly before the fall of the spire, dry mortar dust, fts workmen
would say, poured occasionally from the fissures: thus proving
that the hearting of the piers only consisted, in fact, of an Inco
herent mass of dry rubbish, able to Sow over itself in the manner
of dry sand. It would have been possible to have ascertained
whether or not this had actually been the case, before the repairs
had gone to any great extent, simply by boring into the columns
in several places in their heights; and some additional strength'
might have been given to the hearting by injecting liquid cement
mortar through the bore-holes themselves,1 if the 'iuterior' had*
been found to be tolerably sound. As it happens, any such
measure would have been utterly useless; and, speaking as I now
do from the vantage-ground of ex pott facto knowledge, W<\u
evident to me that the proper course to have been taken, directly
it was discovered that "the tower piers were w6rse than had
at first appeared," was at once to have removed them, and to
have rebuilt them in souud ashlar work. A fortinri, was it
necessary to have needled and centred this tower, and t lie ad
jacent arches, when the fresh movements declared themselves in
November last ? If vigorous measures had 'then been adopted^
it Would have been possible to have saved the steeple; in January,
when "it was determined to add centres in all the arches," there
was still time enough to prevent the fall; in February, it. was
too late to do any good, and the building must have been con
demned, even had no gale occurred on the SlstSof Fdbrearyii'ji^h
The story of the repairs of Bayeux Cathedral is Btrrkingly tike'
this story of Chichester, thongh the measures adopted, and the
results obtained, were so different in the two cases. Sfettlementa'
had taken place in the masonry of the tower piers of Bayed*
some centuries ago; recent repairs and alterations in tho fittings
had laid bare the marks of these movements, and had disturbed'
the condition of equilibrium into which the materials of the piers
had subsided, so that at Bayeux, as at Chichester, the old movei
menta wore resumed; the materials forming the piers themselves
began to yield unequally in the section of the piers: but, at
Bayeux, the hearting was sounder than the external casing, a ml it
was the latter therefore which gave the first symptoms' of Imnib*'
diate danger. The architects consulted in this case seem at bhoe
to have perceived the magnitude of the threatened evil,"aind;
there was a unanimous conviction amongst them that the only'
course to be adopted was at once to rebuild the piers. Differences
of opinion; however, arose as to the manner of effecting this ofcu
jeetx The diocesan architect, and M. Violle* le Due/ thought
that the simplest and cheapest plan was to pull down and re
build the tower from its very foundations; others thought that
the original structure might be saved by jndlciewsly^executed'underpinning; and M. Flachnt—whom some people woofd ■ cailV
merely a railway engineer—had sufficient influence to' 'peWuSde
the public; authorities to adopt that opinion. jM. Flacliat then
was employed to execute the work of reconsolidation, anfl"*h#'
succeeded in effecting it, in the manner and trader the circum
stances recon led in the very remarkable book lately published by'
his assistants, Messrs. Dion and lasvignes1. Bayeux Cathedral st i II
stands; withtthe original work' of its square tower nurd* octagon'
lantern intact; and, according to' all probability, It will coritifiue;'
to do sd' for 'centuries' to eotte. 8o efficiently have 'the recent*
repairs been exeeuteoVinfaot!, that if this glorious stmctui<e Shoutd
again he menaced with ruin, we may confidently predict that the
tower -wilV be 'exempt from the danger, and th»t its substructure
will' bid defiance to the ravages of time, so long' at least as the
stone osed 'for the. pillars is protected from the1 action of frost.
I introduce tahelatter observation designedly, and shall have oc-' '
casion hereafter to recar to lt.'l* "■ >, m.,-... to- 't« ■■•
M. Flachat, in this case, commenced his operations ("which per
haps I ought to say ware ofaiy commenced after some injudicious
works had been attempted by the local architect of the cathedral) by
forming an artificial incompressible foundation' of concrete, upon
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which subsequently he erected his centres and needles. The con
crete itself was supported on twenty tubes (of wrought-iron, and
of 4 feet internal diameter), subsequently filled with concrete, and
sunk through the earth in such a manner as not to produce any
vibration under the pillars; and round these tnbes a general plat
form of concrete, rather more than 9 feet in total thickness, was
inserted between the foundation of the piers. The tubes rose
about 3 feet into the concrete, and were carried down to one of
the still' blue clays of' the lower oolitic formations, into which
they penetrated about 2 feet. Upon the concrete bed, M. Fl achat
then erected a double set of frames of whole timbers, on either
side of the centres originally placed to support the arch, for the
purpose of forming the seating of a set of needles carried upon
a series of screw-jacks, and made to support the masonry of the
square part of the tower, a little above the vaulting of the nave
and transept. The tower was carefully hooped with iron-bars,
keyed up whilst they were still hot, so that their shlnkage actually
closed the masonry which had previously been fissured over the
openings; and before altering the centres to the form M. Flachat
thought requisite, he also surrounded the springings of the arches
of the nave with a strong wrought-iron cradle, intended to resist
the lateral thrust The centres were then strengthened and mo
dified, so as to allow the easy underpinning of the piers; and the
lateral arches of the nave, choir, and transepts, which had parti
cipated in the movements of the piers of the towers, were carefully
shored up. Every precaution was taken to protect the original
mouldings of the vaulting, and the sculpture of the capitals,
columns, aud bases, by inclosing them with rubble masonry,
against which the shores were made to act directly. It is to be
observed that the ueedliug was totally independent of the centres
of the great arches, and was designed solely to support the weight
of the tower and octagon above the line of vaulting; the arches
and the spandrel fillings were all that bore directly upon the
centres themselves.
v -■•■«.
. t, ..nun >• -I- w.w ■■ " o'ufar
I must refer you to the book before mentioned for the detailed
accounts of the centres, of the calculations on whioh they were
designed^ and of the precautious observed in placing them, in
making good the old and the new work, and finally in the
delicate operation of removing the scaffolding, centres, and
needles. I do this with the more earnestness, because I am
convinced that the architectural student who might study the
various questions incidentally raised with respect to the dynami
cal effort* exercised, to the strength of the various materials
employed, and to the mechanical powers brought to bear upon
the work, would rise from such study with a truer view of die
importance of the scientific part of his professional education
than would appear to prevail at the present day:1 In fact, and at
the risk of raising an issue somewhat irrelevant to the subject1
before us, I hold that a properly-qualified architect ought to be a
scientific engineer, and that a good engineer onght to be equally
an educated architect; or,1 in other words, that the modern distinc
tion between the two branches of our profession is a very unne
cessary one. In works such as the repairs of the piers of the
towers of Chichester or of Bayeux cathedrals, the scientific part
of the architect's duties prevails in importance over the artistic
part; and I know no better authority upon the subject than the
book in question. In our own language I am not aware that any
work can be cited in which the operations for the underpinning
of a lofty tower have been so elaborately described as they have
been by Messrs. Dion and Lnsvignes, who have moreover had
the advantage of personally superintending the works they have
so well described.
.'■ ••• ■!' tin.j. ,t [,-,v lqm<. wrw
One very important remark remains to be made upon the
general subject of the repairs' of buildings, so seriously affected as
were both Bayeux and Chichester catbedvaUij Wis this—that
the cost of the works executed by M. Flaohat for the maintenance
of the tower and octagonal lantern of Bayeux was not less than
£32,220; and that M. Viollet lo Due had estimated that the
demolition and the reconstruction of the same works could have
been effected for a considerably smaller sum. I am somewhat
sceptical, I must confess, a» to the correctness of M. Viollet Ie
Due's estimate in this latter case; and the amount of Mr. Scott's
estimate for the repairs of Chiohester Oithedral confirms me in
this opiuion, eveu after making all possible allowances for the '
prices of labour and materials in the two countries, for the local
conditions, and the peculiar characteristics of the two buildings.
Be this as it may, it is proved that the cost of underpinning a
structure of about 6000 tons weight (in round numbers the weight
of the upper part of Chichester tower- and steeple was 5664 tons;
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that of the tower at Bayeux was 3700 tons) at a height of about
50 feet from the ground must have greatly exceeded £82,000.
Candidly, I do not believe that previously to the execution of
the works at Bayeux, or to the fall of Chichester tower, any
architect who had been bold and honest enough to have said that
such a work w«b necessary would have even been lSstehdd to.
Still more firmly am 1 convinced that no committee whatever
would, in our commercial country and in <mr iudustriar'a'gej
have succeeded in raising the funds for 'carrying subh'a work
into effect. The committee for the repairs of Chichester 'Gajthe1dral were then, I think most sincerely, perfectly j nstinedL'irf'Jcbtffining their attention to the improvement and" alteration of the
internal fittings, ■and, for the time, In avoiding to entcrtailri'the
consideration of structural defects.1 '• The manner in which the
partial repairs actually attempted were executed-,' was uifottu1
nately one which revived the injurious' actions previo'asry' observ
able in the building, and Which had reniained,''tis- if'''wire1;
quiescent for so many vears. But the"limits- of rtsistence'tof'the
piers must have been so nearly attained when the"'sHght''ftkr*
produced during their recasing, and the trifling »IteriitlbhVin'!fhy
conditions of equilibrium produced by the removM of the'stiiilif
and of the Arundel scre©D, conld- 'determine tne crushing '-ot
those piers, that a enp so full might at aMJ rfmelhaveWH;,d\'eTl:
or, in plainer words, 'Any gale of wind able' to produce' a" loflg
' fe'tiight
lave'P
series of isochronous vibrations in the steeple1
1_.,
duced the same effect, and caused the piers to crush tlrideffli en
action. I am firmly persuaded' also that no' architect 6*' engineer
but one who had been practically acquainted with the -wretched
style of budding adopted by the mediiBval builders, and who'hftd
witnessed the failure of modern lofty structures, could have
suspected before the fall of Chichester spire' the truly awful1 state
of the masonry of the piers on which it rested. There" '->Wf
hard It enough energy displayed' in the" attempts- made 'ttf' arrest
the fall when the imminence of the danger made ^if-'ftlyfbW
apart from the regret all true lovers of archteofogy must fe-1 •
the loss of the original monument, and at the substitution in itstead of a modern copy, it is1 -to"nvy Wind 'questionable whcWS?;1
in the end, the pecuniary cost of rebuildwi We'BtfSwjle?^'nru'st!'
now forcedly be done, would much exceed the cost of undertirfk
ning and replacing the original piers and arches. Without'beTfi4f
optimists; or holding the extreme doctrine that "whatever is
it right," it should be to us a source of comfort to know that the
actual amount of injury produced to one of the fiiost beHut'lFft! '
monuments of -the' ecclesiastical history of our country has h. t
been greater than the destruction of the steeple' and the adjoining
bays of the nave, choir, and aisles; nnd that in common pkidfeii*
the parties Intrusted with the care nnd preservattoW'of'rhfe'
building could hardly have adopted n different' course■.froni'jWW'
one they have actually followed. That so serious an'SCtSderftPils'1
the fall of this spire should have' occurred without injury ttflfflj
or limb is, I would add, highly creditable to tile 'elerfc'WW'workg and to the builder employed.
","f ,
Before closing these remarks, I would beg1 to <astll ydur AWeti-1
tion to one or two practical questions connected with tfhel 'naturt?
of the materials employed at Chiobester and at Bayeux. On' the
occasion of the discussion on the paper read by Prof. WiltW before'
thiB Institute, Mr. A. Thompson dwelt' npon the small po\Ver*VW
resistance of the tertiary shell limestone from the Isle of Wight;
which bad been used in the construction' of the piers. ; Itte smeti
that, when' loaded transversely to its bed, this material "drily'
resisted' aload: of about 4461b. pet' superficial inch' but when'
loaded in a direction parallel to-tbe bed it1 was' capable1 bf'sup^
porting » load of 860' to 1070 lb.' per superficial- inch1. UiM¥h
Thompson also calculated that the actual load On the superficial
inch on the cross section of the piers was not less than 331 lb., ui
rather more than my own rough csleVmtt ion had indicated.' '''Mif.1 '
Thompson did not state' whether the breaking weights hequWeil"
wore the instantaneous or the \iltinwte breaking weights of tin
stone; and I mention thin omission- because it le^Li* which' mate1-''
rially affects the value of the information- given. Viertt fciW;'
shown that stone* will 'fveqwenely yield; after three tfidutlls;'
under loads which do not exceed' one-third of the breaking
weight applied instantaneously; and as irregularities In the
texture of stones are very common j it is fair to assumta thrft th*
safety load they ought to" be made to bear should never approach '
even the lower limit, Mr. Thompson' stated' that the stone had
been used bedwise, and therefore in its -weakest direction. If so.
I cannot but suspect that some error has crept into his observa
tions, for I am sure that a stone which would crush under a load
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»i9va oi ,ioqqo? to acni to siedmado io ,eirt ai •irj ■.,> s.ioThsJS
of44elhi..woirid nob support for centuries a load of 331 lb. As
to tbeiheartiua of the-iiler, if.it had been executed iu good obalklime brickwork it misfit have cnrrieil a load of about 500 lb. on
the square inch, had every imaginable precaution been taken in
it* execution;—exueutod as it was in bad rubble, or rather in bad
ooncreto, it cnuld net have supported even its owu share of the
ww^iopa'ioadiiof.'SSl.ibi. ::. Under these circumstances the outer
easing must have borne a load far in excess even of the 331 lb.
Calculated by\ Miv:!Ehodip9ons >and they go far to convince rae
that tin.- safety limiu of tin; shell limestone must be higher than
Mr. Thompson's experiments would appear at present to indicate.
"Unforthndtely we, db/nttt possess any tables of the resistance of
KiigKilvibuilrJirigstoheeltocrushing weights which can be consi
dered tinbte^perfeetly satisfactory.! i All the experiments recorded,
esiieptiog'..:iflie.;few.>mentioried in.Mr.E. Clark's account of the
Meohr'Tlnbt&tniBridgaiMva 'been made upon small cubes of at
most & inol»c«> oa the side. r. Inl/practice however the resistances
nrs sinsrula rly modified by the joints, and the interposition of
M'irtnr lietivee.ii the bearing surfaces; whilst Vicat's experiments
upon Bmnll soperposed cubes seem to indicate that the number
i if such hoi i>:onUd joints consid oral ily mollifies the resistance of
each bfltte cubes. : Agsdn, the results usually quoted of late years
of the r«ristmices of building materials have been obtained by the
use of the hytimulic press, an instrument which is very likely to
get outbf order, nud whose indications cannot easily be watched
with the accuracy required in investigations of this delicate nature.
Mr. Hodgkinson in his experiments on iron, wood, and some kinds
iif a^oneyjandjJIlit, JTliwbatin his observations upou the resistances
of the AuViguy, Orival, Cuen, and Ranville oolites, used a system
pf.isveVs.Jn^e applications of the weights to those materials;
and though unquestionably there is a pro liability of tin- weights
being iu such cases made to bear unequally upon the exposed
surfaces, the danger is not greater than when the hydraulic press
is used, while on the other baud it is far easier to apply the load
by, slighj, increments, and to watch its action duriug even a
lengthened period. After all, the most valuable observations
upou the resistance of building materials are those to be obtained
from observation of the conditions of success and failure of actual
constructions, such as Eondelet records in his 'Traits de l'Art de
Batir.'
I said that I would refer to the selection by M. Flachat of the
Aubigny stone for the ashlar of his new piers; and I do so
because I observe that this1 stone is being employed rather exten
sively in London, aud because I am convinced that its use would
be attended with danger. M. Flachat chose this stone because it
yielded more satisfactory results under the trials he exposed the
various local stones to, so far as their resistances to crushing
weights were concerned; but Messrs. Dion and Lasvignes expressly
state that the Anbigny stone yielded easily under the action of
frost, if used exteriorly. Anyone -who may have examined the
mediaeval buildings in the town of Falaise must also be convinced
that tlie opinion last quoted is lamentably correct; for the An
bigny stone used there has decayed in a frightful manner. I am
however disposed to believe that even when used in the interior
of a building the Aublgny Btoue is exposed " to take on" a decay
somewhat analogous to the mysterious decay which we know
affects the Put-beck and Petworth marbles in our own cathedrals;
nnd though the sectional area of the piers at Bayeux is so great
as to remove any fear of the decay of the outer surface affecting
the stability of the Btrocture. yet I fear that the edges of the
various courses will ultimately crumble away, like those of the
Pnrbecfc marble, and produce an unpleasant series of horizontal
lines upon the piers. It may be centuries before this effect is
produced; but I confess that, knowing what I do of the Aubigny
stone, I regret to see it Used in a building destined, I hope, to
exist, " not for nh age, but for all time."
Finally, statae importance seems to have been attached by the
persons wbr> were eharged with the superintendence of the recent
operations for the repair of Chichester Cathedral to the use of
blue lias lime in conjunction with the stone casing applied to the
piers. In this case I think the use of that cementing material
whs a mistake—of a minor character, it is true, because whatever
lime be cement bad been used was a matter of absolute indiffe
rence, and would in nowise have prevented the fall of the steeple.
In all fntnre operations of the same kind however, to be executed
elWwhere, it seetlis to me thst we may learn a useful lesson from
what thns occurred at Chichesten Evidently, the rapidity of
setting and the hardness of the set mortar are the most essential
conditions to be required of those materials in works of restora-
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tion; and therefore I bold tfiat<tas new casing ^ofcgbt to t»V« t^ejj
set in Portland cement, ratter than in blue, lias lime mortar,.
M. Flachat used large quantities of Portland cement in setting
the large ashlar blinks he used in the piers of Bayeux: afortiortf
a cement of equal energy should have been used in setting the
thin casing applied at Chichester. In addition to this consider
ration, there ia another practical objection to the use of blue lias
lime iu the south-east of England, in the fact that there are so
few masons, or even bricklayers, who know how to use it; and I
am strongly of opinion, from what I actually witnessed in the
ruins of Chichester Cathedral, that the blue lias lime there
employed had. never been properly shucked—its hydration was
deficient in many samples.
,. ( ....... iU-'/T
The fall of Chichester Cathedral, and the danger said to
menace the glorious spire of Salisbury, raise one singular subject
of discussion which may fairly be submitted to this I nstitute,
which boasts for one of its objects the advancement of tbe true
interests of architectural education, and, I hold, by implication
of the preservation of the best models of architecture. It is this
—whether it be not desirable that some organisation analagous
to the one which prevails amongst our neighbours, for the pre
servation of the monuments connected with the history of the
country should be introduced in England. The central govern
ment of France contributed not less than ^28,000 out of the
.£33,000 (uearly) spent at Bayenx. The repairs of Notre Dame
at Paris will eventually cost the state no less than .£300,000;
and as the ancient buildings of a country are in fact a portion
of the intellectual property of the whole nation alike, it does
seem to me that their maintenance should not be left to local or
casual efforts. No doubt, the absorption of the ecclesiastical and
capitular revenues of the French churches by the governments
subsequent to 1789 has placed the ecclesiastical affairs of that
country on a different footing to those of England. Nevertheless,
I cannot conclude without expressing the regret that the attempts
now being made to complete the restoration of a monument so
closely connected with English history as Chichester Cathedral
should depeud for their success on the results of a public sub
scription. At present it would of course be in vain to expect
any assistance from the state, and our efforts must be confined to
assisting the subscription list This may be done with the more
confidence that Mr. G. Gilbert Scott has been intrusted with the
execution of the future works,—a tact which insures that every
thing which science, skill, and taste can bring to bear upon them
will be applied.
, . . , ' t't
In the discussion which followed—
Mr. Gilbert Scott, R.A., said, that in offering some observa
tions on the paper just read, it was not his intention to go into
the history of the gradual failure and catastrophe of the tower of
Chichester Cathedral, but to refer to the rebuilding. Mr. Slater
was the architect of tbe Dean and Chapter; 'but, as the public
had come forward and assisted the fund by their subscriptions,
he (Mr. Scott) had been asked to act in the interests of the latter:
and he and Mr, Slater were acting conjointly in supervising the
rebuilding. He thought it necessary to mention this circum
stance, as whatever had come to his knowledge of the previous
occurrences had been picked up accidentally. It was, he thought,
most important, inasmuch as the country was studded through
out its length aud breadth with beautiful specimens of Mediaeval
architecture, the restoration of some of which might possibly be
confided to their hands, that as architects they should consider
what were tbe meaus which ought to be adopted, and what
the considerations to which they should give their attention with
reference to these buildings. And here he was bound to saj-, that
Mr. Slater had been peculiarly unfortunate under the circum
stances in which the works at Chichester Cathedral had come
into his bauds. If he had been called upon by the Dean and
Chapter to report on the condition of the cathedral tower, the
case would have been quite different, as under such circumstances
bis attention would have been devoted to that particular point,
and he would have taken steps to avert the calamity; but he was
not so called upon. He was called in, and told that he was to make
a new arrangement of the seats in the choir, so that more room
might be given to the worshippers; but he was not to turn his
attention to reconstruction, because, as a matter of fact, there
were no funds for the purpose iu the bauds of the Dean and
Chapter, A committee was formed to re-arrange the interior as
a memorial to the late Dean Chantry, and there were no funds
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disposable for any other purpose. The state of the tower was
only brought under notice accidentally, and bit by bit, while the
other operations were going on. It might be that nnder such
circumstances an architect might discover the mischief, though bis
attention had not been specially called to it; but if his instructions
were merely to arrange the seats in the choir, he was not bound
by any professional responsibility to go into the question of re
constructing the tower. This was a matter which ought not to
be lost sight of in considering the degree and nature of the respon
sibility attaching to the architect of Chichester Cathedral. It
was however discovered, in the course of the re-arrangements to
which he had referred, that some serious mutilations had been
committed in reference to the piers which supported the tower.
With respect to this tower, as compared with that at Bayeux, he
thought that they ought not to indulge in any itavidkms com
parisons between railway engineers and architects; because at
Bayeux a railway engineer' had been successful, while at Chi
chester a railway engineer had also been called in with an opposite
effect. Some time ago, a railway engineer was called in to advise
with Mr. Slater, and he made three reports, ami a fourth supple
mental one; and there was nothing in any of them to tend to any
different or more decided course than that which had been adopted
by Mr. Slater. The last report was made after the latter gentle
man had operated on one of the towers, and it stated that the
work had been done in a most masterly manner. At an early
period in his practice he had been called upon to inspect the
Church of St. Mary, at Stafford. He found that all the piers
were crushing, and that although from time to time attempts had
been made to arrest the decay, they had itl course of time given
jtoay. After he had made the specification for shoring up,' two
tenders were sent lit forthatf portion of the work, and both were
pjr very respectable met: Ghe'was for i>1500, and the other for
l£50O. He thought that it would not be ftir: to bind the person
who namedythe latter1 s'uhl to do it for that amount, as he felt
persuaded that it could not be done; so the contractor did othet
■work in the church, and was paid for the shoring by day-work,
and it was found to cost £2000. The oourse which he (Mr. Scott)
adopted with reference to St. Mary's, Stafford, was that which
Vas generally adopted, except at Bayeux. What they did was to
go gradually round the Surface, and insert good stone, until they
thought they had almost rebuilt the pier. The restoration at
Bayeux was, on the contrary', a case of perfect rebuilding; for, as
lie understood Mr. Bnrtfeflj'the old work was entirely removed,
and the1 'new piers built in from the foundations. At Stafford,
the first thing they did was to tie round the tower with iron
bands, with screws right and left, so as to make them as tight as
possible. They then dug round the base of the tower, filling up
the cavity, graves and all—the latter often the cause of much
jpiscbjef—with concrete! Having shored up the arches, so as to
carry as much as possible df the superincumbent weight, they
began gradually to remove the loose ashlar, and to put in new
foundations, fixing other temporary shores, until they had finished
tlje entire pier, jri effecting this operation he was broughf'to
the. conclusion that it was impossible to exaggerate the datiger'and
difficulty that existed in providing shoring of sufficient strength;
for in every work of the Kind on which he had been engaged; he
invariably found that all the shoring he could by any possibility
get in. was barely sufficient, for the pnrpose. He' had seen enorjnous timbers give way before the tremendous pressure to which
they .were subjected; and therefore his advice was] that before the
ashlar was touched' ft Was absolutely' necessary to ptit up all the
shoring that could be brought to bear Within the Space to be
operated upon.
In the estimates which he bad prepared'fiSr
Stafford,* he provided for. the use of whole timber-; but the 'olerlc
of the works had permitted half' timber to be usedyand1 the' con
sequence was that the tower ^aVe way Very perceptibly. 'Another
jpreeauti^n which be recommended wis, that the hardest fliosstble
atone should, be1 iised, jtji'd ,'tliat under rfo elrcum^tanees should
anything approaching to it' soft 6tem> bV;dliUstitu1JedJ. " The n<9«t
thing to observe was,1 to avoid' tnortarj'aftd always Use" edttierit
instead. The plan whieh was adopted was to pom- to w*t*rft%t,
and then liquid cement, whieh he had observed to run down 'tile
rubble to the depth of 9 or 10 feet,' as if It were so ' much qiifc*silver. The next work of the kind On WHich he1 was engaged
was at St. Mary's, Nottingham, where the'piers- were" smaller and
higher, but the weight greater, and the operation more difficult,
owing to the smallness of the piers. ' The w-orks Were Conducted
under the inspection of a very eleven clerk of the Works, who
had given him a complete history of the' operation.' Here; as at
rill" , (-Milan t uml siV; m|(; ,,j i i.iioui'iIO <1
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Stafford, he put in ties, or chambers of iron or copper, in every
course, to bind the work. At Aylesburyy where he undertook a
somewhat similar operation, he was obliged to reconstruct the
foundations; and then he found that,- strong as the shoring was,
it showed signs of giving way. This was, at all events, to some
extent satisfactory; because it prevented an employer from saying
afterwards that'too much money had been thrown away on timber.
While engaged on the works at Stafford, a tremendous report,
like the noise of a cannon, wan heard; and it was found that one
of the piers bad split up from top to bottom. At Aylesbury
they wanted a long shore, and they procured one 2 ft. 6 in; Square,
one of the largest he had ever seen, and yet it was actually bent
by the enormous pressure upon it. Willi regard to the reconstruction at Bayeux, the work was no doubt carried out in the
most masterly manner,' and the subject was one which every
architect would do well to study. The architect at Bayeux had
not gone round the casing bit by bit, but had made new foun
dations and new piers; and he (Mr. Scott) confessed that he was
astonished that such a system of shoring as that used had proved
sufficient for the purpose. The process seemed to have been, to
have "needled " it just over the arches, an- operation which he
should have thought would not have been sufficient to bear the
weight of the tower. When the architect had to deal with build
ings of the scale of cathedrals, the difficulties became increased,
for timbers were' after all of limited size, and it became neces
sary to build ports, as at Bayeux. The manner of sinking the
foundations : by means of wells, or oasUiron pillars, was, he
thought; a most admirable contrivance.
■ i\ niuiwivilvlHiH.il/!
Mr. Slater observed, that he had vety,lirtleitolBay;>fte*'^hat
Mr, Gilbert ScOtt had said so, kindly for him. With Tegard to
Chichester. Cathedral, all lie could say was. that he 'wfts placed
in a most critical position, antl that he had endeavonred"tof do
his duty to the best of hfs" anility. " The' commission; winch' he
liad received from the t^an and (^pteV'wa^/ to 'prepare ptaibs
for the restoration of the ^hoir'otly, and riot ft* Stru'eturW' re
pairs. There were, in fact: nbifinids ibKth& ^rirposeV aniin wap
understood that his attention 'was- tiat lt)W> calleH t* iftott'paWriVf
the work. When however the defects of the tower 'becatrie' ap
parent, he did all 'that he possibly could. tO'av^rt'tMe'cbtaStrt'phe
that subsequently Occurred.
They' Were not' sifc^e*sfiy;;'tJ^t
everything that could lie done was done. He might state' 'tyHtt
the work of restoring. Sherborne Minster haa* been carried 'but ua
the office in which hejhad learned his professipti; sfridjlhftt'hi that
case two piers were taken down and rebuilt,1 while the, otTfeiftwb
were'' found to be perfectly sound. "There th*y bad 'sandstone to
deal with, but at Chichesttr'''fli^re'was'iioithlni;,mit a"mi(ss of
rubbish
'
,lTf^l»T"OH Sllupgi ^Tti'jish ifr.p e-i>>m bwkjri
rubbish.
\ -ii"i(i .a* m't y«..oj Koiioif. U-'xt!
Mr. Burnell, referring to t)ie condition w'wjijc'
— WBofl the
iepiers.it
•Bayeux were found, said that the .he^rthng* of ,the..piece*fw$icl
was part of the .Jjfo^man. .cathedral) wast [Pie^e, sound .'thpii, the
casing which had been put rouad it sqhsequeptl v., , At C^iicih'eeter,
on the contrary, tie. hearting yaa rubbisn,, wmle ']mff cas^'g^-as
good. In both instances it was necessaryfo underpin or take
the piers away. , ,
.,./,-„ ,,., ,s ^a, 3V ,,1.,,-f 0, w^jf, ,„ ,l-„", ...
Mr. Hills said he had visited ,the cathedral tea niontliSjftgo,
and had observed the manner in which the piers had been mu
tilated, as spoken to by Mr. Scott. Immediately above the back
of the stalls he had-obaervedia plapefwhe»^>,pa?tJof!.tJU*;Bontbwest >pier was broken away and bound, up,,with an ip«U|Strap;
aud bis opinion then was, that it was impossible to ascertain
the <true state of the piers without repsDjrinn, the ahrine.,,,, ,jje
did not. see the building again until some, months had elapsed ; an<!
'late in the month of February last, when he paid it-anothw visit.
he ranlarkodia'C'rrlck m ti« .iK>rtii-we^t,pje,y,, wh wb- he.,wqa .in
formed had been about three mouths in arriving at the stage in
which he found it; and it was then about an eighth Cjr>a,fixteen.th
of an inch in width. vHlsww^.iPfMnip^.waa.llhali.^ie jnersiiad
oom-mericed crashing long l«;toie, a.-, they had many marks of
ancient failures about them. The faatfjeprfdge; opqrsa,, j-efeered
to by Mri Buroell, had swikil or5/iu«hes\i^p,that tha prpbabilit'y
was* that in former ages there had been a great tiiilure in th-.
foundations. With regard to Uie,viin>tioM(of tjhe sp%a, he, fancifii I
that, a good deal of exaggeration .existedi on,^hat ,au)}jaot. >fr}^e
had repeatedly gome up the spire as high as it was possible to go.
in all weathers, and/ he had never discovered any vibration what
ever. Tlie effect of the swing-gallery fixed by Sir Cluistophci.
Wren was also, in his opinion,. much, esaggerated;;, neither was it
ataU-80Kh«R»jr)a«,wfla supposed. ,H*,wos.#t.,tiet,teP;(9JfjJilie.
-»auJi-.-ji '•' kjIi.iw in p(Hi-f-..'i'iu 4>,>dl to t-aiiiifi'vj ad o) vuiJibuc
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spire (or as far as he could reach) on the Friday before it fell,
and he was unable to detect the slightest vibration; neither had
he perceived that the swinging-gallery was out of the perpen
dicular. Under these circumstances, it appeared to him perfectly
clear that the spire was in a much better state than the tower,
and that it had not yielded at all in proportion to what had gone
on below. The stone used in the construction of the tower was
very well known in that part of the country; and on the whole
he thought it was a good stone. It had been extensively used in
the oldest portion of the cathedral. It was similiar to that used
at Winchester, and the abbey on the Isle of Wight. With regard
to his (Mr. Hill's) own connection with Chichester Cathedral, he
had reported, as requested, to Mr. Slater; and on that gentleman
had devolved the responsibility of what had been done. The
steps which it was proposed to take to avert the catastrophe
were commenced on the Friday before the tower fell, and they
were not dissimilar to those so successfully adopted at Bayeux.
In fact, Mr. Slater hail Bayeux in his mind at the time, and did all
he could to obtain information of what had been done there. The
first thing done at Winchester was to "jacket" the piers, in order
to prevent them from bulging out, and that operation was only
just commenced when the catastrophe occurred. A good deal of
temporary shoring had been put up, but the signal which warned
them to remove the workmen from the building was the cir
cumstance that four of the shores began to bend in a very
serious manner.
One of them commenced to bend the night
before the fall. They then tried to strengthen it by bolting it
and another piece of timber together. Strong planks were used
for this purpose; but before the second piece could be applied,
the bend had so much increased (to the extent of a foot nearly),
that it was found impossible to get the bolt through it. The
remaining shores (three in number) also bent to the same ex
tent, which showed that it would not be safe to go on any
longer.
Mr. Dioby Wtatt said, the description given of the means
taken to rebuild the piers at Bayeux had suggested to him to in
quire into the relative economy of the operation. In that case
the architect had not availed himself of any of the strength re
maining iu the structure; but by erecting the peculiar frame
work described by Mr. Burnell, had removed all the piers at the
same time. The operation must, he thought, have been attended
with very great expense. In this respect he considered that our
own English mode of proceeding, as illustrated by Mr. Scott at
Stafford and Nottingham, was creditable to the country, for it
was a sensible and prudent plan, and by no means wasteful in a
pecuniary sense. It appeared that the foundations at Bayeux
cost £2000, and they were, he thought, the best part of the work;
while the rebuilding of the piers had cost .£15,000. He thought,
from what they had heard from Mr. Scott and Mr. Hills on the
subject of shoring, that timber was not a good material ; and he
fancied that if cast-iron had been used at Bayeux, greater
economy would have attended the operation.
Mr. Tite, M.P., observed that, with reference to his own expe
rience, one case only had come within it; and that was the tower
of a church in Essex, one leg of which had become bad. The
churchwardens wanted to pull down the whole church; but he
begged to be allowed to experiment upon it, and was permitted,
ana succeeded. On that occasion he used 4-inch wrought-iron
bars instead of timber shores, which he found to answer very
well, and to take up much less room.

STEAM HAMMER FOE LIGHT FORGINGS.*
By Richard Peacock.
(With an Engraving.)
Power hammers are almost indispensable for the production of
sound smith's forgings, and their extensive introduction into the
smithery has been attended with most valuable results. Their
application is not of recent date, but the extraordinary demand
for forged ironwork for steamboat and railway work, has given
an impetus to their use; and their adaptation to the more general
wants of the smith's shop is marked by great advantage as regards
both efficiency and expedition.
The Steam Hammer represented is now in use at the author's
works, Gorton Foundry, Manchester; and is brought under notice
* From a paper read at the Institution of Mechanical Engineers.

[Aug. 1, 1801

by request, as an example of a practical and useful steam hammer
for light forgings, heavy smith's work, stamping, &c. This ham
mer is worked by hand, and is either single or double acting: that
is, that it can either be used by steam and allowed to fall by
gravity alone; or, after it has been lifted, steam can be used above
the piston to give increased effect to the blow. Fig. 1 is a vertical
section of the hammer, and Fig. 2 a side elevation; Fig. 3 is a
sectional plan through the steam cylinder and valve chest, to a
larger scale.
The steam cylinder A, Fig. 1, is 10 inches diameter, and con
structed for a 24-inch stroke. The valve B is cylindrical, turned
to fit well in the valve chest, but to move easily within it. The
top end of the valve is made longer on one side than on the other,
as shown in Fig. 1, and enlarged to double the size in Figs. 4 and
8; and when the valve is in the position shown in the plan, Fig. 7,
stean is admitted over the piston in the down-stroke, as in Fig. 6;
but by turning the valve half round by the handle C, as shown in
Fig. 3, the additional lap prevents the admission of steam above
the piston, as in Fig. 10, and allows the hammer to fall by gravity
alone. Figs. 4 to 6 show the top, middle, and bottom positions
of the valve when turned for admitting steam above the piston in
the down-stroke; and Figs. 8 to 10 show the same position when
the valve is turned half round to exclude the steam from the top of
the piston. The valve is worked up and down by the hand-lever
D, Fig. 2; it is open through the centre, and the weight of the
valve, valve-rod, and hand-lever, is counterbalanced by the spiral
spring E. To prevent the piston from rising too high in the
cylinder, a trigger F, Fig. 1, is fixed on the side frame, which,
when struck by the roller G, on the hammer-block H, lowers the
valve and allows the steam to escape from beneath the piston.
The piston is secured to the rod in the usual way by a cone
and nut. The bottom end of the rod has a solid head I, seen
in the section Fig. 11, and in the plan Fig. 12, of the hammerblock H, to which it is secured; this head is rounded on the top
and bottom, and is made 1-inch less in diameter than the hole in
the hammer-block, to allow of any twist or vibration, in order to
prevent the breaking of the piston-rod, which from the oblique
strains due to the varied character of the forgings has hitherto
given great trouble in steam hammers. The weight of the piston,
piston-rod, and hammer-block, is 12i cwt. or 1400 lb.
Mr. Hesrt Maudslat observed, there appeared to be two
points particularly to be noticed in this hammer:—the simple
mode of altering the lap of the valve, by the use of a cylindrical
valve that could be turned round by hand into any position be
tween the two extremes of no lap or full lap; and the ingenious
mode of attaching the piston-rod |to the hammer-block, for over
coming the difficulty experienced in previous hammers from
breakage of the piston-rod.
Mr. Peacock stated that there were now three of the hammers
at work, all of the size shown in the drawings, one of which had
been working eight months; the cost was about £175, exclusive
of the anvil. The valve is worked by hand with the greatest
ease, being made hollow for the steam to pass through, so that it
is completely balanced; and having a lap half round the circum
ference at the top end, it could be turned round by hand so as
entirely to prevent the steam entering above t,he piston, for giving
light finishing blows with the hammer. The chief object in the
hammer is its simplicity of construction, by the absence of gear
ing for working the valve; it is not likely to get out of order
while the working is completely controlled by hand. It is found
particularly serviceable for smith's work where no two blows are
wanted alike. The length of stroke is varied entirely by the
hand-lever, which can be done to a great nicety after a little
practice.
Mr. F. J. Bramweia had long been convinced that gravity alone
was not sufficient for working steam hammers, because a great
part of the effect was lost whenever the height of fall was dimi
nished by having a large mass on the anvil. He had aided in
devising a steam hammer some years ago, for crushing ore and
also for forging iron: the falling weight was 30 cwt., but by using
steam on the top of the piston the force of blow of a large hammer
was got out of a small one, with a rapidity of stroke that could
not be attained by gravity alone.
The piston-rod was made
very large—half the area of the piston—so that the steam had
only the annular area to lift by; and for the down-stroke the
steam was exhausted from the bottom of the cylinder into the
top, where it acted upon the whole area of the piston, producing
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a total effective pressure corresponding to half the area. Two
of these hammers had been put to work at Rotherham about
six years ago, and continued working there satisfactorily. The
principal difficulty he had experienced was in attaching the
piston-rod to the hammer-block, which had been done in the
first hammer with two keys driven in horizontally from each side,
and with wood packing to produce a certain amount of elasticity;
but the keys got loose with the jarring of the blows, and came
out. To prevent this they were put in obliquely, inclined down
wards, which caused them to remain secure; all elastic packing
in the hammer-block was abandoned, the keys being driven in
tight to make a rigid attachment; and this plan succeeded entirely.
The connection of the piston also to the rod was frequently a dif
ficulty, and he thought the best plan was to forge it solid on
the rod, and make it steam-tight with Kamsbottom's packing
rings, so as to have as light a packing ring as possible. Where a
steam hammer was required, he doubted whether it was ever
desirable to work it without any steam on the top; but the valve
now shown would be very useful for altering the degree of lap
and varying the admission of steam above the piston.
Mr. E. A. Cowper observed that the loss of steam in working
the hammer at a short range with steam above the piston would
be greatly reduced by the plan mentioned by Mr. Bramwell of
enlarging the piston-rod, aud using the same steam above the
piston that had previously lifted the hammer: the additional
work got out of the steam in the down-stroke was then all gain.
He believed all steam hammers required steam jackets quite as
much as the cyliuders of steam engines; for if there were any
moisture on the surfaces of the cylinder, it showed that a quan
tity of steam was passing through without doing duty, being
merely condensed in the cylinder and then evaporated again.
Mr. Peacock said that the addition of a steam jacket round the
hammer cylinder is desirable where economy of steam is of im
portance. Cushioning is necessary for lifting the hammer again
more readily after the blow, aud to insure lifting it clear without
a repetition of the blow. The valve is worked by a boy, accord
ing to the smith's directions. As to the mode of attaching the
piston-rod to the hammer-block, so as to make a good and durable
connection; the hammer-block being made of wrought-iron, with
a bore-hole carried right through, in order to get the boring bar
in for boring the upper portion of the block. A hard wood
packing of oak, teak, or ash was inserted in the bottom of the
block between two wrought-iron washers, against which the
bottom of the piston-rod bore with a cheese-head, ^-inch smaller
in diameter than the hole in the block; above the cheese-head
was another washer, and then two cotters one on each side of the
rod, which avoided weakening the rod by cutting cotter holes
through it. The hammer was then put to work, and the cotters
gradually tightened up; and after a week's work new cotters
were put in slightly larger, so as to fit tight, which would then
last for three or four months without any attention. At the
bottom of the cylinder an ordinary stuffing box is used: the
piston is made with two of Bamsbottom's packing rings, which
would remain steam-tight for eighteen mouths or more without
taking out, and he had had a Nasmyth hammer working with
them for four years. He was now making a 4 ton hammer on
the same construction, in which the exhaust side of the valve
would be made longer than the distance between the ports, in order
to prevent a vacuum being formed above the piston in falling
when working single-acting, by allowing some of the exhaust
steam from below the piston to pass into the top of the cylinder.
He had {never had any cotters broken during eight months'
work; and the attachment of the piston-rod and hammer-block
continued perfectly fast. The valve is designed as a simple form
of balanced valve, that can be cast all in oue piece, and requires
only turning up on the outside, without auy fitting. For ordinary
smith's work the hammer is oftener wanted without the steam on
the top than with it; but in forging work under dies very heavy
blows are required, and it is a great advantage then to have the
means of increasing the force of blow with the same hammer.
By dispensing with gearing for working the valve the construction
is much simplified, and the hammers are found to be handier for
the men than a Nasmyth 15 cwt. hammer worked by gearing in the
same shop; the boys who work the valves get quite perfect in
managing them after three or four days' practice, and give exactly
the force of blow the smith directs. There is a roller fixed on
the hammer-block, which comes against a trigger connected with
the valve-rod near the top of the stroke, and shuts off the steam
in time to prevent the hammer rising too high.
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Mr. W. Natlor doubted whether the same accurate adjust
ment of the blow could be got in working the valve by hand, as
when gearing was used: in a rapid play of blows he thought the
hammer would only just touch the anvil, without giving much
force of blow, aud the valve would have to be reversed some
time before the piston reached the top of the cylinder, to prevent
any chance of keeping the steam on too long. He had found the
great desirability in a forge of having a hammer that could be
worked single or double acting, as required; for when the iron
was brought under the hammer at a welding heat, it wanted
light quick blows at first for welding it together, aud then heavy
blows for working it into shape, which could be done with a
double-acting hammer at the same heat; and the fewer heats the
work had to go through, the better and quicker it was done.

KEVTEWS.
A Rudimentary Treatise on the Acoustics of Public Buildings; or,
the Principles of the Science of Sound applied to the purposes
of the Architect and Builder. By T. Roger Smith, M.R.I.B.A.
—London: John Weale. 1861.
Of all departments of physics, those are perhaps the moBt
difficult to elucidate in which very familiar phenomena are to
be traced to causes not only subtile in nature but diverse in
operation, and not readily brought to square with the results
of preconceived theory. There will always be a strong general
persuasion that facts coming under daily cognisance are of course
perfectly well understood, aud can hardly offer a reward to study.
At the same time, the few who labour to analyse them are often
obliged to confess to a variance between logical deductions and
actual observations, hard to explain in any other than a conjec
tural way. It is therefore scarcely matter of surprise that the
number of English works on Acoustics is so small: the best
treatise (that by Sir John Herschel) having been written more
than thirty years ago. On the branch of the subject specially
important to the architect — viz. its practical application in
buildings, the existing books are no more than can be told off
on the fingers, aud anything approaching a complete and exhaus
tive treatment of it has hitherto been to seek. The work before
us supplies what has so long been wanting; a clear and compre
hensive handbook for the guidance of those who have to con
struct public buildings, showing how to achieve success and
avoid failure in the vital matter of the hearing qualities of such
structures.
It is satisfactory to find that this task has been
undertaken by a competent hand. The author is already known
as having read a paper on Acoustics before the Institute last De
cember,* and also one on the same subject before the Architectural
Association, two years earlier. The book now under notice ap
pears really to exhaust the question as far as it is at present
understood, besides indicating points not as yet wholly removed
from the province of conjecture, on which further observation
aud experiment may be expected to throw clearer light. As a
rudimentary treatise it fully redeems its promise, being not only
a comprehensive but a thoroughly practical and intelligible com
pendium of the lessons derivable from research or experience
on the acoustic qualities of buildings.
It will be a comfort perhaps to many purely technical readers
to learn that the "Science of Acoustics" is strictly confined to
one small separate section of the book; so that, although the
deeper principles that underlie the subject have evidently been
present to the mind of the writer throughout the other portions
of the work, they have been scrupulously kept from appearing
on the surface. Simplicity and clearness have been thns much
promoted; but they must be mainly attributed to a more im
portant circumstance. While every accessible book of authority or
value (not in English alone, but in other languages) seems to have
been consulted, and, where occasion required, put under contribu
tion, the results of such study, as well as those of observation, have
manifestly been subjected to the scrutiny of a mature judgment.
The treatise is consequently, as its plan and manner of hand
ling abundantly show, the offspring of original thought; and
the consequence is, that it gives in lucid and available order an
amount of instruction and information that could not be pre
sented in a mere compilation of double the size. The author has
not hesitated to avow the leanings of his own mind on some few
questions which can hardly as yet be said to be settled by general
* Bcported ante, pp. 3 and M.
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consent. But he always gives it to be clearly understood in such
cases that the matter belongs to the province of opinion. And
it is not the least of the recommendations of a practical work on
what must still be called a young science (and, it is to be hoped,
a growing one), that it distinctly defines the various obstacles
and auxiliaries to sound, and also distinguishes what is known
from what is only conjectured. It thus offers help and guidance
to the architect in forming an intelligent and independent judg
ment on the results of his own personal experience. Such a book
has an intrinsic value beyond even that of the positive informamation it directly conveys.
Glancing at the first section of the work, we find the "Science
of Acoustics" very satisfactorily treated, although with brevity.
We may, in passing, notice what, as far as we are aware, has
not appeared in an English work before, and that is, a very lucid
explanation (from Pouillet) of the nature of a "sound wave."
The different kinds of action that take place in the mass of air,
on the one hand, when it is simply conveying sound, and on the
other hand when it becomes in itself sonorous, are also distinctly
exhibited. The following remarks on the induced vibrations by
which certain bodies are capable of reinforcing sounds excited
near them, are of interest:—
"This is true not only of such bodies as when excited give out a
distinct musical note, but of others which cannot be said to have any
sound peculiar to themselves
These vibrations, which we may
call sympathetic vibrations, are of great value in reinforcing an original
sound, and adding to it a character that it did not naturally possess,
and for such a purpose the second class of substances are the most
valuable, and among them, thin plates of wood eminently so.
It is the power of setting a large mass of wood in vibration that
gives the tone to all stringed instruments, and it is a matter well under
stood that the variations which make one violin or one piano- forte to be
so much more valuable for musical purposes than another, do not lie at
all in the strings that are put into direct vibration by the musician, but
in the qualities of the reinforcing body, which those strings- throw into
sympatJtelie vibration. ,| ■ // mIj tilimu
.1 '
These vibratioBn are ordinarily communicated through the air; and,
referring , p> that mode of ipducjng motion, Herschel observes: 'Just as
a small pull, repeated exactly in the time of its natural swing, will raise
a great bell, or a trifling unpulso a heavy pendulum, bo the molecules of
air in a state of sonorous vibration will impress on any body capable of
vibrating in their oicn time an actual vjbratory motion, and if a body
he susceptible of a number of modes' of vibration performed in different
times, that mode only will bi excited ichich U Synchronous with the aerial
pulsations,' If, however, the Exciting and excited body are in actual
contact, the induced vibrations will be the more vigorous, and they will
even display an amount of motive power out of all proportion with the
originalaxciting cause. I,
' :i " ; ■
'■
,i .'.iBjShow thill in a striking manner,' says Pouillet, ' it is only needful
to cqjmect a little tube, of glass to a large beam of wood, and then to
excite vibrations, in the tyb« by rubbing it with a wetted cloth; at once
the entire mass of the heam will e-nter into longitudinal vibration,
lengthening ^nd contracting itself: and an enormous weight acting by
tension or oy compression would be required to cause the same changes
that a very light rubbing can excite."
The result, when put in this form, seems sufficiently startling;
yet a moment's reflection will serve to show that it is quite
in accordance with physics. To raise a pendulum a given dis
tance from the perpendicular, or to shorten a beam of wood by
direct ^compression, each involve a certain amount of "Work,"
requiring a.conirupDBurate force. But when the pendulum is
osciljaiing, or the beam , alternately contracting or expanding
to aqua], degress, tjie amount of work done during each com
plete, pplsutioii ,ie virtually „,■/. jt js therefore evident that
there is ,po;tihipg,in the., phenomenon of the "reinforcement of
spund," tha,t implies the spontaneous propagation of force, or is
in «,Tjy»tayi at,ivai;yuice with, dynamics. • •
The second .section, gives a remarkably lucid account of the
Obstacle* and Auxiliarie8"to sound in buildings, which essenally exhausts all that is known on the subject. The obstacles
•e arranged under the heads of "deeay, absorption, obstruction,
verberation, and echo." In treating of absorption the writer
, serves,
til) ." nj:l J^ 'l' '^l>l>:i >■• l> ' 'l>'" '« » ol. . -j ■ , ni >, i
■' It may be proper to note that although for convenience we have
duded two agencies adapted to diminish the volume of sound under
- ; \uit\ti aO&jrptiun, a.distinction will often be perceptible in their effect
, sound. Soft surfaces deaden and destroy its quality, but do not
, juuch affect its distinctness; they are therefore more injurious to
Itisic than to speaking, large spaces of air frequently themselves
■ecome resonant, and while they impair distinctness may yet improve
'lie quality, of sound; they are therefore more objectionable where
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speaking is contemplated than for music, unless the instruments or the
singer be deficient in power; and, although rooms having these defects
—like all rooms bad to hear in— are unpleasant to a speaker, yet the
unpleasantness is not of the same sort. In the first-mentioned cases,
t. c. when soft surfaces are in excess, a sense of oppresion upon the
voice, and a sort of deadness and heaviness are complained of; in the
second case, the sonority possessed by all large masses of air often ren
ders speaking or singing agreeable, and entices the speaker to make an
unusual effort to fill the room, till after a short time he becomes wearied
by the exertion required and the consequent exhaustion; while the audi
tors are also dissatisfied, because though what they hear is spoken loud
enough, and is really beard, it does not distinctly fall on the ear, but is
beard encumbered and confused by secondary sounds that prolong each
syllable into the next."
Reverberation is explained to denote a confusion of sound,
arising either from excessive resonance or from indistinct and
incomplete echo. As to the former—
"In the avoidance of actual reverberation, notwithstanding a near
approach to it, will lie the great skill of an architect; or, in other words,
the greater the amount of genuine resonance he can introduce into his
building the more agreeable will be the effect it will have upon the
human voice, and musical instruments of all descriptions."
Among the features in rooms that are apt to occasion that un
pleasant kind of reverberation that results from indistinct echo,
the author mentions "smooth, unbroken, and lofty plastered walls
and plastered ceilings." In many instances—
" The hardness of the surfaces presented by the walls seems to help
to render the rooms noisy, and this is always likely to recur where hard,
smooth linings are employed. It is fair to admit that the opinions of
some of the writers to whom repeated reference has been made, have
been very decidedly expressed in favour of the employment of hard sub
stances for the material, and smooth plaster for the lining of the walls
that are to contain an auditory. Lachez and Rhode agree in this view, in
which nevertheless it appears impossible to concur with them. Were it
only desirable to obtain the greatest amount of sound possible, or, in
other' •words, the loudest hoise—regardless of quality or distinctness, we
no dttabt ought always to employ the most perfect of reflectors, just as we
line such a nwm as a French cafe' which we wish to render dazzlingly
brilliant,' with mirrors. If howtever we desire purity of tone, it will be
better to seek it in the musical tremor of wooden linings than in the
conduction and rattling reverberation of hard polished surfaces; just as
with the same aim as regards light we should, in rooms where quiet
brightness is desired, replace tiio mirrors by bright but lustreless
finings of paint or paper, or by light coloured draperies."
The auxiliaries to sound which buildings can afford are enu
merated under the heads of reflection, conduction, and resonance,
and are discussed with much aptness of illustration, and (if we may
so say) a rare common-sense—no mean merit in a work on such
a subject. We observe that Mr. Smith brings forward very
distinctly the importance of resonance as an auxiliary not simply
to the intensity but also to the quality of sound. A reference
to the resonnding-vases or echeia, employed by the ancient Greeks
for the sake of resonance in their theatres, gives occasion for a
comparison, which seems happy and probably just, between their
sympathetic action and that of the quiet pipes of an organ,
which, "even when the iustrument is not made use of, will be
of some service to the tone of other musical instruments, or of
the human voice." In brief, our author concludes that the ex
pedient of the echeia seems to have been founded upon sound
principles; an opinion which few will dispute.
The third and concluding section, under the title of "Appli
cations," gives an able review , of different classes of public
buildings, .illustrated, by examples in such a way as to afford im
portant guidance to the architect. The arrangement here adopted
is a new one, and an improvement on the mode of grouping
followed in the paper read before the Institute to which reference
has already been made. Sections and plans on wood are given
of three bnJldings, each excellent of its kind—viz. the Lecture
Theatre of the' Royal Institution in Albemarle-street, the Free
Trade Hall in Manchester, and the Surrey Music Hall. The
last are valuable as the only complete published set of drawings
(we believe) of an admirable but ill fated building. And as a
melancholy interest now attaches to the record of this noble in
stance of skilful acoustic construction, we cannot forbear ex
tracting it.
"The Surrey Musio Hall is a very good example of a successful hall
of large size. We have here a light construction, surrounded by tiers of
galleriefs one above the other, having a lofty roof on a series of internal
columns, and the floor on the level of the grounds fcith which it conv
munieates directly by its many doors, just as the galleries open into the
balconies that surround them. The points of similarity (with the Man
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erO io I't/iiu'^m ;; adJ er^l l ,omum lot iiadJ boJfil'jmsJno:) si >ilijh -jk
cheater Fraa Trade Hall) are the general disposition of the building (an
oblong with the orchestra at one and), the care taken to give suitable
forms to the end of the hill, the section of the roof, the front of the
galleries, Ac., tlie recess for the orchestra, the good proportions, the
restricted mass of air in the building, the careful avoidance of echo,
and the judicious employment of resonance to support the voice or in
struments.' 1 .J, up ,di ■ ,r' ••■• I 'i *; ■:■ > >■•-.-■ j,"i< n'» •»■ a 'i/l> "1- I'd
The general form of this hall may be described as an elongated
octagon or a parallelogram, with serai-octagonal ends, into which the
walls of the staircase pioject, so as to form them into recesses. ir tnuj
There are three tiers of galleries, supported on tight iron columns, and
with fronts of eurvod suction. The. ceiling over the central apace is
of domical section, and that over the galleries inclined.
•..'ii'/»l,The very steep rise of the orchestra cuts off a great deal of .vacant
Space behind the nerfortpers,, and the roof comes down over them; hut
in order' further to restrict He- space, a large sounding-board, made of
old well-seasoned wood was hung over the orchestra. The forms, it
will be seen at a glance, are well chosen tlrroughout the building, and
the proportions ore rIbo good. The extreme length is 1(53 ft.' S in., the
Width 6$ ft. 6 in., arid tho height to the underside of the ribs of the
ceiling is the same: so that the width is to the height and to the length
as 1 to 1, and 1 to '1 J. The mam reliance of the architect was, however;
OB the use of resonant materials, and tlie.se were employed freely.
Besides the woodwork of the galleries and orchestra, and the wooden
sounding-board, the whole walls were lined with boarding on battens,
with a special view to promote resonance, and the ceilings, which are
plastered, were originally intended to be of wood, for the same purpose.
The success of this hall both for music and public speaking was
complete. Very large audiences, which have been differently stated,
but cannot be estimated at fewer than 8000 people, and probably much
6ver that number, have been able to honr perfectly in even the remotest
part's of the building: and, vast as it is, even professional musicians
consider it one of the best music-rooms, large or small, in the me
tropolis. "
We are not sure tliat tlie given dimensions come close enough
to the stated ratio to render the Surrey Hall conclusively an.
instance of the effect of good proportion in a building. But all
will concur in the justice of the views expressed as to the
configuration and the materials. It further suggests itself as
highly important (remembering the fate of this hall and of the
St Martin's Hall), that where resonance is secured by the free
employment of large surfaces of thin wood, corresponding care
should be bestowed both in the provision made against fire,
and in affording very ample and speedy means of egress for the
auditory.
In couolusion, we strongly recommend this treatise to our
readers. It is a book that should be in the hands of every
architect who does not wish to confine his practice to the con
struction of private or commercial buildings. It also contaius
much that should be known ami understood by many who are
not architects, especially by those who have any interest in the
erection of public edifices, sacred or secular. This is the last
in order of publication (though not of enumeration) of Weale's
Kudiraentary Series, of which it thus forms the final volume. Mr.
Weale has long since stood pledged to bring forward a Rudi
mentary Treatise on Acoustics, and we can now speak to his pro
mise having been most satisfactorily performed. One or two
typographical corrections are needed —especially two in the
.author's name as given on the cover—for which we trust a
second edition will furnish early opportunity.
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ia R/BT/ts sil luil .insane
A TrratlM m Mr Steam Engtote in it* varioW- applientimu M1 Mftlto
■L'MiUi, Steam Navigation^ ilailwuy*. and Agriculture: By'tTtfirs
i •Bo*M»at i'iab etlitionv Loagniftn anfljOo;"1 H'^ 3fl"" •"'"'
The so-caUetf " Treatise on •fWStekm'-Eiigtne'bythe' Artisan
{Dluty1 whicn'\vaa' originally published in 'numbers, has met with
so mudi iuMitfaVijur'Hs to have run through four editions; and
ifc vfa'wpreMplbJ'ltself in a grCatlyienlnirged form, the additions and
emendations being so' numerous lanflexferisive'W^'1 render' the
wbfTc'subStantislly'a 'tiew'trire, as stated' 'in1 'the preface. It is.
indeed, a very complete compendium 'oT knowlcdge,'the6rq'ti)cal
and p'ractickl,'1 of 'air matters 'relating to the application of t'thaiupdw'eV, ■and'it eirBers' Into' deta.Hs'of construction with a decree of
^riibuteness n'dt elsewhere sefeu Mgeueral'treatis'eM.1' Comnieneio;.
with1 a full history of the invention of the steam-engine, which is,
illustrated with numerous wood-etigravings of the principal en
gines and parts of engines that were constructed in its progressive
improvement, the ktithor next proceeds to consider the scientific
principles of the steam-engine, jts general theory, and its propor
tions, and the construction of' boilers; and after describing the
many varieties of englneS,!he depletes three 'chapters to/steam
navigation, to projects of improvement in the steaiu-erigifie, and
to rules and tables for finding the proper proportions. Evenbranch of the subject is closely investigated in an original man
ner; for the' author evidently1 prides hinraetf ofi having shaken off
the shackles of conventional opinions. Some idea may be formed
of the minuteness with which he has entered into these conside
rations by the number of illustrations, of which there arc thirtyseven lithograph engravings, and upwards ^f five hundred wood
cuts. T/he .detafjs of , construction are given in many instance*
with as, much particularity, as, jf they were working drawings, and
the illustration!* of the machinery of tlie' 'resit Eastern, of the new
Holyhead steamers, and of other stenm-ships in which inventive
genius bus been exercised for the perfection of steam navigation,
show that the author has brought the work closely 'to thd present
state of knowledge. The principal 'i'ahle' of this? treatise constats
in its practical illustrations, for the'theoretical and scientific por
tions of it will frequently not bear examination. Tliero i.-,
Indeed, an exhibition of presumption aud dogmatism in many
parts which tend to give an unfavourable opinion of the work;
and in some of the scientific principles, in which the author
presumes to differ rather contemptuously from established
opinions, he is manifestly wrong,—we allude more particularly
to his notions respecting the nature and laws of motion. The
clumsy fiction that this treatise on the steam-engine was written
by the "Artisan Club"—a body which had never any existenceappears to be abandoned, or very slightly retained in this edition,
for Mr. Bourne takes the entire credit of it to himself, and he
vauntingly observes that, "On looking through its pages I see no
reason to be dissatisfied with its general quality, or tlie manner
of its execution." It is somewhat unusual for an author thus to
blow his own trumpet. The same spirit pervades the wwk, and,
combined with the representation that it was the production of a
non-existing "club," tends materially to detract from our estima
tion of its merits.
It is scarcely worth while to discuBS the fallacies of some of
Mr. Bourne's "scientific principle*," for it would lead' to'a
lengthened consideration of matters that are generally well and
correctly understood, though he calls them "erroneous;'' nor shall
we say more of the theory of the steam-engine, to which especial
7%e Theory and Practice of Ship Building and Steam Ship*
attention is called in the preface to the third edition, than, that
By Andrew Mcrrat.—Ediuburgh: A. and C. Black.
it is characterised correctly by himself in the preface to the firsti
Messrs. Black have commenced publishing as separate treatises
one, in which it was stated that the theoretical part had beeh
some of the most important articles in the seventh edition of the
confided to some mathematical assistants, "in whose superfine
'Encyclopaedia Britannica,' just completed; and those ou Ship speculations the engineer may perhaps diBcern the hand of, '■'
Building and Steam Ships, by Mr. Murray, who is chief engineer tyro." It is the practical part of the work In which its value
and inspector of machinery of the Dockyard at Portsmouth, are consists, and it will be fonnd to contain a vast ftuid of riseful in
of the number. By the adoption of this plan the, valuable trea
formation in every mode of applying steam:power. Thefollbwtises contained in the Encyclopaedia are rendered accessible to ing description of an American locomotive mav be new to some
' d- • P in ,n. ■itiri-ivtw.-i
those who are more immediately interested in the special subjects of our readers:— ■ m. '
treated of, and many who would otherwise be unable from the
"The
American
locomotives
differ
considerably
in several of their
costliness of the whole work to avail themselves of the informa
features from those which are employed in this country. i The fore-part
tion they particularly require, can thus for a comparatively small of the engine is usually supported upon a small four-wheeled truck or
sum become possessed of the portions of the Encyclopaedia in
bogie. A. large cone is placed around the chimney for eatobing the
which they take the most interest. As the articles ou Ship sparks, which are very inconvenient where wood is burned. A sort of
Building and Steam Ships appeared in one of the lately published inverted saucer over the mouth of the chimney deflects the sparks down
volumes, there cannot be much to add to the original text, but wards into this cone, whence they are drawn off at intervals by n small
Mr. Murray has taken advantage of the republication in the door. The top of the cone is covered with wlre-gsuse, to intercept any
present form to introduce a notice of such improvement* as have sparks which escape being driven into the cone. In the front of the en
gine is an arrangement of bars of iron, called a cow-catcher, for throwtaken place in the interval.
done Hi lK>OJR*iyl.»i!L' ylir
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iug any object off the line which may happen to be upon it; and this
apparatus also acts like a snow-plough, should snow have fallen on the
line. The diagram is a side elevation of a common form of American
locomotive. A is a shed or short carriage for protecting the enginedriver from the weather. B is a bell which is rung when the engine
aoproaches stations. C is an inverted cone round the cylinder to catch
the sparks from the furnace. D is the cow-catcher. E is the truck or
bogie by which the fore- part of the engine is supported; and F is a lamp
to give light by night. The driving-wheels are generally four in number,
coupled together. They are commonly from 5 feet to 5 ft. 6 in. in dia
meter, or, when great speed is required, they are 6 feet, and sometimes
7 feet in diameter; but it is almost the invariable custom to use four
coupled-wheels for ail speeds. The coupled- wheels are placed about
18 inches asunder. The bind pair is furnished with flanges, but the
leading driving-wheels are usually without flanges, and are commonly
cylindrical instead of being somewhat coned. The cylindrical wheels are
said to wear much better than the coned, and to cause less oscillation.
For working steep inclines, engines with eight wheels coupled, from
'1 ft. 6 in. to 2 ft. 9 in. diameter, are employed. These wheels are
usually of chilled cast-iron. It is usual to make the driving-wheels of
passenger- engines with cast-iron centres and wrought- iron tires, but
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packed or oiled more than onoe a month. The boxes are sometimes of
bell-metal, sometimes of a composition of 924 parts of zinc, and 74 parts
of copper, and sometimes are lined with, or wholly composed of, soft
metal.
To give toughness to the cast-iron wheels, they require, alter having
been cast in a chill, to be annealed.
The wheels therefore, so soon as
they are set, and while yet red -hot, are transferred to pits which have
been made very hot by anthracite fires. The pits are hermetically
sealed, to prevent the admission of air, and after three days the wheels
are taken out, when the annealing process is found to be completed.
The annealing does not affect the chill of the tire, which is half-an-inch
deep, as the operation of chilling takes place when the metal sets. It is
necessary however, with these chilled wheels, to be careful not to apply
the brakes too suddenly, so as to occasion slipping on the rails, as the
friction takes out the chill at that spot, and causes a flat soft place to
form on the wheel, which destroys it altogether. Brake- blocks of castiron are used in some cases, and are found to be preferable to wood.
The brakes are set by winding a chain in connection with them on &u
upright barrel, having a band-wheel at the top. In oases of emergency
it has been proposed to work the brakes by a friction-wheel, which may
be instantly pressed down on the driving-wheel of the engine. A cord
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is carried along the top of every carriage of the train to a large gong
sometimes the tires are of chilled cast-iron, which is said to be bettor
bell placed on the engine. This cord is formed in lengths equal to the
fitted to'eodure the' frdstj < ■»••■•/ i
.' ■*■ i.l i ciu/ .f.L-l i'
Length of a carriage, and the pieces are connected together by means of
la the) heavy: engines employed in transporting coal on the Heading
metal snaps. A small shaft led along the top of each carriage, with
Railway, atMt which bunk anthracite coal, there are eight coupled- wheels
square or triangular ends and sockets, and universal joints, would be an
of 4'A inches diameter, , and the cylinders are 1!> inches diameter and
equally simple arrangement. It is not found practically in America
22 inches stroke. The boiler is 48 inches diameter, and contains 103
that there is any trouble in connecting the cord to the new carriages
iron tubes, 'A\ inches external diameter, and II feet long. The furnace
when a change in the carriages takes place.
is 7 feet long, and the bars are cast in pairs, and are made movable by
The American' locomotive carriages are of much larger dimensions
a lever, so that the clinker may be readily broken np. The ash-pan is
than those which are employed In this country. The bodies are com
made to contain a few inches of water to prevent tie bars from being
monly made about 45 feet long, 94 feet wide, and 7 feet high. The
burnt out. A good deal of coal is said to be Wasted in these engines,
carriages are open from end to end, and at the ends doors are placed,
front being carried ' tip the Chimney by the draught, and a good deal by
opening upon platforms protected by railings, and establishing a passage
falling through the bard of the grata. Upon the whole, anthracite coal
between one carriage and the next adjoining.
From the platform
-in not be said to have been very successfully introduced in locomotives.
stairs descend, by means of which passengers enter or leave the car
It is severe upon the furnace, and' the evaporative efficacy reached does
riages. , The seats are ranged on each side of a central passage, and the
not appear to be more than 7 lb. of water per pound of coal, which is a
backs of the seats are made to turn either way. On the roof of the car
good deal leas than is obtained with eoke. : . .
t ,•
- „, ,,.,
riage ventilators are placed, and there is a stove to warm tbe carriage in
There are no : buffers between the engine and tender of American
winter, and a supply of drinking water. To prevent tho dust from
iocoraotives, but a wedge is interposed beteeen the abutting, surfaces
rising, a canvas curtain has been introduced outside the wheels on some
to obviate shocks. In the various carriages of the train, central buffers
lines, extending from the carriage-floor to the ground, whereby the dust
alone are used. The whistle is larger than that used on the English
is prevented from being sucked up by the motion of Hie train. In other
lines. Glass gauges are not found to stand, and four or five gaugecases jets of water propelled by a centrifugal pump, moved by a friction
cooks are employed. The feed-pumps have air-vessels both on the
roller resting on one of tbe wheels, have been introduced in an air
drawing and the forcing sides. The link-motion is in universal use.
space on each side of the carriage, through which the air is admitted;
The axle-boxes are usually made close, and are supplied with oil, and
and the air is thus cooled and freed from dust by the same operation.
provided with leather washers to keep the oil in. Slices of salt-pork
The carriages rest at each end on a truck or bogie with four wheels,
have been lately used for packing .the axle-boxes, and the result is stated
and the wheels of each bogie are as tar apart as the distance between
to be satisfactory and economical. The boxes do not require to be

a*ff.l,lMll

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL

the ntili, so that the phui of inch a truck forms a square. Indiarubber springs have been tried, but the result has not been satisfactory,
and plate or volute springs are now usually employed.
' i
In all the American locomotives, the internal fire-box is considerably
smaller at the top than the bottom, so that the sides are. much inclined,
whereby the escape of the steam from the surface of the metal is facili
tated, and the overheating of the plate prevented. The fire-boxes are
almost universally of iron. The tubes of the boiler are generally of
copper— few iron or brass tubes being in use, except that in engines
using anthracite coal iron tubes are used to diminish the wear eaused
by the bard particles of coal carried up by the draught, and which the
copper cannot so well withstand. The general proportions of the Ameri
can locomotives do not differ materially from those prevailing in England.
On the whole, however, the blast-pipes require to be smaller and the
draught more intense, for engines burning wood, to maintain sufficient
vividness of combustion; and the disposition now is to place the tubes
farther apart than formerly. In some engines it has been found that an
increased supply of steam was obtained by removing some of the central
tubes, and the tubes are never placed closer than three-fourths of an
inch apart.
There is a separate blast-pipe from each cylinder, and these pipes
terminate at about the level of the lowest row of tubes. Suspended
over these pipes, however, is a pipe called a "petticoat pipe," about
8 inches diameter, which reaches nearly to the base of the chimney, and
this pipe, being generally made conical, has a petticoat configuration.
The object of this arrangement is to equalise the draught through the
different rows of tubes, as when the blast-pipe is carried up to the level
of the top row of tubes the greatest draught will be through them.'1
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cistern I Some of the inventors noticed were so confident of
success, that they thought the only difficulty which presented
itself was, how to stop the machines when ouce set in motion.
There seems to be something very fascinating in the pontiff of
this ignis Jittuus. One artisan whom we knew, who had saved' li
considerable sum, spent it all in making au apparatus to hi
worked by centrifugal force; and he adduced the authorities. of
Newton aud Maclaurin to prove that it was constructed 6u
sound principles. He conceived he had been divinely inspired to
make known his plan of perpetual motion to mankind, Such
men will continue to grasp at the shadow and lose the sabstauee,
whatever may be said to expose their folly; btot it will be of use
to them to nonsuit this volume, where they' will probaHjr find
that their schemes have been tried again and again, and hitve
ended in failure and ruin. Its curious contents will1 be interest
ing also to the general reader.
■ • '< i ' i" -** '/ Hi' it!l* -' ill .1*1 -.'.uNit' l|--..Jl! pm.H10* To".
.i. :•• l ■ . -. t
:. ii.-ui'i^n—pr -, :p.ij .i. y j'ti oj ere it'

Notes on Screw Propulsion. By W.M. WALir^^Commanae^TJiS.N.
New York: D. Van Nostrand; London: Truoner and fJo. 186L
This work is the republication In a separate form of papers
which originally appeared in the ' Atlantic Monthly,' and were
(it is said) very favourably received. It bears the marks of its
origin in being somewhat discursive and fragmentary. The
writer has evidently chiefly regarded the progress of screw pro
pulsion in America. He commences with the mention of John
Stevens, of Hoboken, NeW Jersey, who, " as early as 1804 engaged
in experiments to devise some means of driving a vessel through
Perpetuum Mobile; or, Search for Self-motive Power durin<»;tlie the water By applying tlie motive-power at the stern; and with
17th, 18th, an£-19th Oenfcnries. By Henky Diucks, C.E.— a screw propeller and a defective boiler attained for short dis
London: E. anaP.'NrSprJDT
tances a speed of seven knots."
I'o the general reader this commencement has the effect of
In this volume Mr. Dircks has collected with great iudtistry
an account of the many futile schemes thjt have been contrived giving America the credit of being the first to apply screw pro
pulsion t* vessels. We mu,s.y however conclude that an officer
in this and the two preceding centuries i»rachievin? perpetual
motion. Like the philosopher's stone and the elixir vit<e, the in the" U:S, Navy~is*ibetter informed than' to mean this, and that
endeavours to discover a, perpetuum mobile have racked the brains the Binapl© intention was to start with the first application of
the invention in his own country. 'Our Transatlantic cousins
and wasted the means of successive generations of inventors,
have no reason to be dissatisfied with the award of honour justly
who, not disheartened by the failures of their predecessors, and
not convinced by the arguments of mathematicians that such a due to them for their important share in" developing a discovery
that owes its complete success to the labours of many successive
thing is. impossible, still strive to seize the delusive phantom
inventors.
.''
that ever eludes their, grasp.
Passing over the various projects of the; latter half of the
Of the numerous devices described in thi9 book many are selfevidently ridiculous, whilst others seem at first sight plausible, eighteenth century, in which screw' propellers of different forms
and it is somewhat difficult to point out the fallacy of the princi- ; were placed at the stern of a vessel as wellfls^iii p^ber positions;
pie on which their inventors relied for success. Of the latter we find that Shorter's screw, patented in lpf)o, Was actually ap
kind is the so-called self-motive wheel of Orffyreus, invented in plied in 1802 to tworsrripa of the Royal Navy—the Dragbtoo^nd
the Superb. Prior to this date, the simple enumeration of the.
1717, aud which continued moving by itself for four months, and
names of PauctoBj Watt, Bramah, f&niseyjjt^pUIehju, and Fulton,
was then onlv stopped by order of the Landgrave of Hesse Cassel,
for fear it should wear itself out. The inventor, not having may serve to remind lis of the early attention devoted to this
received the reward he expected, broke the wheel, and died of method of propulsion by the ingenious machinists of England
and France. To Stevens, of New Jersey, appears however due
chagrin; and the secret of its construction was never revealed,
the undisputed merit of having been the first actually to construct
but it is supposed to have been made on the plan that has guided
the construction of numerous subsequent self-motive wheels,—of and "work a screw" steamer,—& circumstance that entitles his name
attempting to overcome the counterpoise in the ascending part of to hojionrable -record. « ,. -n )«■ Mtuf: h> ens *nti «dl isantaaiw
In 1825, Samuel Brown, the inventor of the lias Vacuum. En
the wheel by throwing the weight near the axis. This is done
gine, nnnlied it to work- a1 screw-propeller^ boat on tha Thames,
by constructing a drum turning on an axis with curved internal
wrryliig thirty persons, and attaiuing a speed'of 7lrrilte«<peph<*ir,
radii, inclosing in each compartment either a leaden tall 6r a
THis interesting experiment was hOweVerYflteflyiBrjenffefli tie
quantity of quicksilver. It must be admitted that Dr. Iltiltou's
prbve'the capabilities' bf the motive power*? so'ihat12^ efficiency
explanation of the fallacy of this notion is not .satisfactory, and
of the- screw as a propeller was imperte'cWdlspJayerK ow-rrijg:'tb
he is obliged to resort to the negative proof that such a wheel
the comparattve tAm /Si!l«li\^;i^^^Ht\yBy^
'
has never been made to turn of itself; that of Orffyreus being
.,'. In 1S32 Woodcroft patented a propeller ^^Ija'p increasingpifcb.'.
suspected to have contained clock mechanism worked by a strong
long-sustaining spring. •> >••■' .'•!
In ,1836 Smith obtained his patent fyn: screw propulsion. Tn .tjLe
Mr. Dircks, though he condemns and ridicules the folly of same year Ericsson patented his propeller, ,Smi^', ma4e spnie
attempting to produce a self-motive machine by the means experimental, trips with a boat oi t> tons burden. The success vl
hitherto adopted, considers such a thing not impossible; 'for, as these trials led to the formation of a ©ei»p*nyy«nd the conslxuche observes, " incessant failure does not of itself offer sufficient tion (by the Iieufties)of the Archiru*dea.>j'n<>t -ilj noou naves u tl
' lit the Archimedes the screw consisted of a single thread «rf
argument against the possibility of perpetual' motion." ' He has
recorded in this volume a vast number 6f such fail ujres, Which sheet-iron, bent to fit sixteen wronght-iron arms, fixed eqniditstantty Toirtd'lKeaiis- sb as to form «.' rreliXj'and'behJg ef very
excite pity for the nieu who could throw away their time and
long pjtcH'pTcync^d)great dietnrbaO'ce' irij th6 Waiter, aml'tHttcn
money in schemes that are ridiculously' impracticable. Among
vibration °M. thy. stern ,<|f the vessel. The 'first alteration was to
these we find, more than once repeated, an attempt to gain per
cutout portions of, the : plate, go as ^produce a kind of inAfltYpetual motion by attracting a steel ball by a magnet up an
inclined plane, near the top of which there was a hole through bladed screw; but this produced no improvement, and the form
which the ball was to drop and run down to the bottom of the of screw was then changed to, a double one., The, speed ofvthy
Archimedes was !) knots an hour. ■,.-,.■',
..„ „.,,,, ( ,., „qi
inclined plane, to be again drawn up. Another plan, frequently
attempted, was to turn a wheel by the flow of water from a
The Ericsson propeller (applied first to a small vessel called the
Francis Ogdeu) differed entirely from the screw applied, to t)te
cistern, the motion of the wheel being applied to work an Archi
Archimedes, it consisted of a broad ring, connected to the Axis
medean screw, by which the water was to be raised again to the
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miles',' eai i . at the speed of 8 knots . and with the-' sane or rather less ex-
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by three arms, ant^pryTjyhji 'ajjx iqejiflefli blades, the arms also
being oblique. The Ericsson.proiieller did not however excite
much attention in thfsJcofetry;'btrt CapV. .Stockton, of the U.S.
liauyy seaniai torhave taken a warm interest in it; mid in eonseitpjeneey is i WB'JearPi.' ofciii&-.)^epre»amAtioDa' -the United States
•narenmfentdswisedjjtlu' I'riiif.'Uiii to be built, ami thus established
t/hB-.EMbssdnjifowniof propeller in America. Capt.i Walker states
that :thj> Pqaoctta was i launched i 0-1843; and, as be justly re
marks, it was a most successful experiment in the application of
!!n: stei-n pro|»'lleO'.to'h veSse^ioffwari'i'!-: iii ml ) •
' 'I
(it lt-4'A n .similar form was applied to the French frigate La
I'oniono.liut subsequently the Smith screwy or modifications of
it, became generally! adopted in lien of the Ericsson propeller.
The Smith screw was patented and tried in- 1836, the patent
having been taken out two months before Ericsson's; and it was
this screw thai was 1ir.->t otn ployed in the Archimedes. The
-meecss uf the Aicliine-iles led to the construction of other
vessels, and to the valuable series of experiments undertaken by
oardorwn rgoverament'.with th&Dwarf and Rattler. The latter
atttainedeftiBpeW of upwards of d'2 miles an hour, with Rennie's
anojdal cast-iron Screw, which bnd three blades, Capt. Walker
alludea/birtoorsdirily to the Griffiths screw, ainl altogether omits
\1 audslay's feathering-screw, and other ingenious contrivances
for itbs same abject '•■■wwnii ►■ \.-u
The lmrizontal trunk engine of Penn woukl appear to be
equally wali spokbn of on both sides of the Atlantic.
l'.rUrl#sij)Wi(yiAt^i''e>ittlp1r with all the conditions reasonably demanded
inl the maehinerv of ft man-of-war: thoy lie very low, and the fewness and
■«ajcocuk>ihtv of then puts lejiro* scarcely anything' to be desired ; a lighter,
more conipuct, or more simple combination has yet to be conceived."
No luention is niade4 of 'Randolph and Elder's engines, which
have attracted bo much notice in this country for their lightness
;cnd unprecedented economy of -fuel; nor in speaking of the high
velocities required in difect:acling eugiues does the writer touch
(in tbi! taaffi'diffieqities that arise.
"The foriii of t 'ii ltiiio generally adopted with great success in the later
sicre^1 shittS of the1' U.S. navy is the horizontal direct action, with the
cttmieWtm^-roil lreturttfhg' from a cross-head towards the cylinder; these
eYtgiues make fram'flO' to1 8(> revolutions per minute. The steam-valve is
. pocked slide, with hot little Tap, and the expansion-valve is an adjustiblo slide working on the back of the steam-valve. The boilers are of the
vertical water-tube type, with the tubes above the furnaces, and are suppjji«dj*ith lt*8l» iwattti by tubular surface condensers, which, together
with the nir-ptunps,. are placed opposite the cylinders."
Capt. Walker next gives some details of the advantages of
icing enabled to Jifb the- screw, instancing the Voyerada, a Rus
sian sloop; which ihaving been' unable, from an accident, to raise
be* screw, had; her speed reduced to 4l knots; as soon however
;s the lifting nppaiid us was repaired, and the screw raised, her
■ate of sailing increased' to t'.i knots. It was also found that if
hi.- screw-bladcH were horizontal, so as to cause the fullest amount
■''. ''ii rag," the speed was still less—viz 2i or 3 knots only.
i uj suggested that a slide or gate should be fitted to fill out
chfit dead-wood when the screw is lifted, in order to obviate "gripug,*' anil the experiment certainly is well worth making. In
i-eUttiiitt to t his we may remark that Maudslay'n feathering-screw
uiibt have much the efl'ect of the slide proposed when its blades
aoro placed panlletrwith bbe lain of the keel. ■-•!
After some remarks omthe relative strengths of the English and
l'?reuch navies, the author proceed* to consider the question of
t he speed required in vessels of war. going somewhat closely into
the Delatiiveiniorits-.of Soll>-pawered aud auxiliary-powered ships.
Ife first sUggBftts that screw steamers should be able easily to
divest themselves of yards, topmasts, &c. and everything that can
interfere witlustieiirafaigpowiBrs, and .that on returning to the use
of sails the change may he speedily effected. In this he is no
doubt riyht, and wo think that much remains to be done in
this direction before tins highest if ee. i efficiency will be
attftiuaiii eill io ano ,yolw<iO in«iiii7/ ii.
•Tint nie.'.Kiw of s|iei>il or {kwct whi.-li will eimlile a ship to Mem the
ourraateof rivotse,*oletttetfqrtlwitt; « port in l he face of a moderate gale,
or to meet the dangers of a lee-shm-e, should, it is conceived by many,'
!.i snihoieiil; in.i for tli.t* t \iirenries. 11 ship which, with four months'
sitnglie#.,DH.|bp>yu>iP^n,in cajtfi vwi.'ilhi.r .iud smooth water make S>«r 10
l .,uader ,«£eaw», haf .,a«n>le .■ fwwfr^ jmjl , ,jt | should . not . be., forgotten
t,jUfdike ^epadd.Wr,tug.ig^wl,w^jiwjav¥i tfl-Qjffxa|ije wj^hjWJh. :,jy:

"*,"'.

./4ft ^sfe*P^e|i!^i^*dJ!»ltiJ*e^t9iftgwt«^' i*RjquflstiflMjy-i
"A -hip that at the rate of 10 knots under steam may rim 1200

penditure of fuel, run a distance of 1801) miles." > '-.Oa,. .
From the above it -frill' be seen that in these "Notes" anxifiary
screw -steamers' are advocated' itt preference ' to full-powered
ones, though it is Confessed that for certain special purposes,
such Its "debarking a regiment or two' bf'ZouaVes on the shores
of the Adriatic, or upon the coast of Ireland," (!) for transport,
forcing blockades, &c, the latter may be found very1 useful on
occasion1/ Another useful suggestion is thrown out by the author
in page 49, "May not the command of a maximum speed of
13 knots be obtained from the machinery now employed for
a maximum speed of 10 knots?" The means proposed are the
use of artificial draught to force combustion, and of steam of
higher pressure: "the inconvenience of the higher pressure -with
blowers could well be endured for the short and occasional periods
during which they would be required." Without going into any
discussion on the speed attainable, it rriay be laid down as an
almost self-evident law, that the vessel with the higher speed wilt,
ccrterit paribus, have a great advantage over its antagonist; and
that in forcing an entrance into a fortified harbour the chance of
being struck by the batteries diminishes as the speed of the vessel
increases. It should therefore be an object to obtain the greatest
possible speed out of the same bulk and weight of engine; and
towards this point too much attention cannot be directed.
The concluding observations of the book are on a very im
portant subject, and might with advantage have been more ex
tended. Recurring to an earlier page we find the following
passage:—
"The wise and lilieral action of the British Admiralty', which faltered"
at no expense, and made trial of every improvement in machinery that
gave assurance of good performance, and promised in any way the effi
ciency of the fleet, produced no less than fourteen distinct varieties of the
screw-engine."
Whether the result of the action thus commended has been
altogether satisfactory, is perhaps yet open to question ; and we
feel disposed to agree with the author that, "having fixed upon
the proportions . . of propeller, and the plan of engine, cautions
discrimination should be exercised in multiplying the types of
either." It would certainly avoid an enormous amount of diffi
culty if certain standard forms of engines snitabie to the different
classes of vessels could be decided upon, and the several parts
made to such specified dimensions that any portion on becoming
injured could be at ouce replaced from the nearest depot, or from,
another vessel of corresponding character. To conclude in the
words of our author—
.
" On the other h&nd, this system must not be carried to a Chinese ex
treme, lest we follow too long a false direction, thus losing the advantage
of improvements constantly being made, for such is the change in allthings pertaining to maritime war that neither model of hull, plan of
engine, nor mould of ordnance is best unless of the latest creation. True
progress will be most judiciously sought in not departing too suddenly
and widely from the established order."

CONTINENTAL PUBLICATIONS.
Die Altchrisltichen Kirschen, &c. ( ' The Earlier Christian
Churches, after the existiug remains and ancient descriptions;
and the Influence of Early Christian Architecture upon the,
Churches of subsequent periods:' byDr.Hiibsch. Carlsruhe, foliq4
This work, the author of which is an honorary and corresponding,
member of the Institute of British Architects, is one that will be
welcome to and valued by the student of early Christian archi
tecture. It is procurable in parts, and will be complete in tenj
the cost of the whole being about six guineas. The main feature
of the work is its illustrations, executed in a clear iutelligible
style of lithography,—geometrical drawings being in Hue, and
views generally given in a tinted style. The ample page* are
crowded by the mass of matter collected together; and few, if any,
biiHilicau churches, baptisteries, and other very ancient remain.*
of early Christian art will be found to be absent. The tables of
contents of each number give a very convenient and concise
account of each building illustrated, furnishing information as to
the leading dates of the different portions of its history, and thus
rendering the plates of use from the- first moment of getting
them. The letterpress, which does not seem burdensome in
amount, contains minute observations upon the buildings null'
features of buildings illustrated. To the archaeological student
this is a very valuable work, and it is full of suggestive examples
for the practical architect. The text is in German.
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Dtr Stil, &c, von Gottfried Semper (' Style in the Technical
and Architectural Arts; or Practical ./Esthetics : a handbook
for workmen, artists, and amateurs'. Frankfort). This work, also
in German, baa a very ambitious scope, and the tirst of three
intended volumes is alone before us, the subject being divided
into six sections. The first section, which engrosses a whole
volume, is devoted to textile art; the second, third, fourth, and
fifth sections relate respectively to ceramic art, wood-work, stone
work, and metal-work, and will be included in the second volume;
the subject reserved for the concluding section and volume being
architecture. The aim and scope of the whole book is, to show
that all the other useful and ornamental arts have exercised a
traceable influence upon architecture, and to point out the nature
and extent of that influence. Although the volume before us on
textile art is in places prolix, and in others fanciful, and perhaps
illogical, it is full of learning and information. Textile art in all
periods and all nations is treated of, and illustrated by engravings
on wood, and by a few plates splendidly executed in colours.
Materials, modes of execution, dyes, colours, history, aesthetics,
archaeology, and theory are all blended, to form a volume of great
extent and comprehensiveness. The leaning of the writer is'
evidently more towards ancieut Classical art than Mediaeval; and
perhaps the most Interesting illustrations given are those show
ing ancieut Greek, Roman, and Pouipeian specimens of coloured
decoration. The investigation here undertaken of the use of
carpets and hangings commonly made by the ancients, leads
further perhaps than the strict limits of a treatise on textile art
and its influence on the sister arts, especially architecture, seems
to require, for we are landed in the study of mosaic painting,
mural decoration, and the like. Those who read German, and
are interested in the arts, especially in coloured decoration or
decorative construction, will find this work well worth their
attention.
,, , .
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INSTITUTION OF CIVIL ENGINEERS.
The Council have awarded the following premiums for the
session 1860-61:—
1. A Telford Medal, and a Counoil Premium of Books, to W. H. Preece,
Assoc. Inst. C.E., for his paper "On the Maintenance and Dura
bility of Submarine Cables in Shallow Waters."
2. A Telford Medal, and the Manby Premium in Books, to G. P. Bidder,
Junr., for bis paper "On the National Defences."
3. A Telford Medal, to Francis Fox, M. Inst. C.E., for his paper "On the
Results of Trials of Varieties of Iron Permanent Way."
4. A Council Premium of Books, to F. Braithwaite, M. Inat.CE., for
his paper "On the Rise and Fall of the River Wandle; its Springs,
Tributaries, and Pollution."
5. A Council Premium of Books, to George Hurwood, M.Inst.C.E.,
for his Paper "On the River Orwell and the Port of Ipswich."
8. A Council Premium of Books, to William Hall, Assoc. Inst. C.E., for
his paper "On the Floating Railway at the Forth and Tay Ferries."
The Council invite communications for the session 1861-62
on various subjects, for premiums. For a limited number of
papers of distinguished merit, pecuniary awards will be made,
not exceeding in each case 25 guineas, in addition to the honorary
premiums. The following subjects have been selected as those
upon which, it is hoped, such communications may be received
during the ensuing session. But papers on other subjects, if of
adequate merit, will be taken into consideration in the adjudica
tion of the pecuniary awards.
On Reclaiming Land from Sea* and Estuaries.
Accounts of existing Waterworks; showing the methods of supply, the
distribution throughout the streets of towns, and the general prac
tical results.
On the results of the use of Tubular Boilers, and of Steam at an in
creased pressure, for marine engines, noticing- particularly the differ
ence in weight and in speed, in proportion to the horse-power and
tonnage.
On the Form and Materials for Floating Batteries and Iron pl.it.il Ships
("FrA/attt blnuteei"), and the points requiring attention in their
construction.
Railway Accident*- their causes, and means of prevention; showing the
bearing which existing legislation has upon them.
The competition for premiums is not confined to members or
associates of the Institution, but is equally opeu to all persons,
whether natives or foreigners.
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CHICHESTER: THE CATHEDRAL AND OTHER
ANCIENT BUILDINGS.
By Gordon M. Hiua
The fall of the central tower and spire of this cathedral, which
occurred on the 21st of February last, excites a general interest
at this time in connection with the archaeology and architecture
of the city. The calamity was happily not attended with any
loss of life, but is nevertheless deeply felt as inflicting a grievous
loss upon the whole district and diocese.
It will assist us in appreciating the force of the calamity
which has fallen upon Chichester, to take a general survey of its
architectural monuments; we shall then understand how pre
eminent a feature the cathedral tower and spire formed, con
sidered merely as a work of extraordinary architectural and
archotological interest, and how greatly this pre-eminence was
euhanced when to these motives were added the feelings of con
stant familiarity and reverence, and the ever-recurring memory
of past history and association.
The general arrangement of the town as to its form can have
undergone but little change, whether as the Regnum of the
Romans, the Citsacaester of the second prince of the south Saxons,
or the see of the Norman bishops, and city of the stern Norman
Earls of Chichester and Arundel. Inclosed by ancient walla, it
approaches a circular form, and is intersected by four principal
streets, meeting in the centre. From time immemorial it has had
without the walls the eastern suburb of St. Pancras, situated
on the Roman road from London, which entered the city at that
part, and the western suburban parish of St. Bartholomew. To
these, in our own days, has been added the northern suburb
of Somers-town.
Passing by for the present the mutilated cathedral, we are
arrested in the centre of the city by the. striking market-cross,
erected at the, intersection of tbe principal .streets, by Bishop
Story, who died in li502. Cheddar, Salisbury, Glastonbury, ,and
Malmesbury Crosses, though something like it in form, are very
inferior to it. Winchester Cross is of another ^ype^perbaps
more delicate.
The Eleanor funeral crosses, are. oi'ap earlier
period and more pure in detail, but none are superior. :iu„tue
general arrangement of tbe design, in fitness of purpose, and grace
of outline. Except some mutilation consequent on the introduc
tion of the clock, and the loss of its original finial, it is well
preserved.
" ■• • ■ ... • ■•» .. n
The parish churches within the city walls are thoee of St.
Olave, St. Peter the Less, St Martin, St. Andrew, and All Saints,
which are ancient, and Sub-deanery, otherwise St. Peter the
Great, which is a modern church in an ancient parish; until this
church was erected and opened for sendee in 1850, tbe north
transept of the cathedral had for ages been appropriated for the
services of this parish. The ancient churches are, all of the most
simple pretensions and humble dimensions. St. Peter the Less
alone is dignified with a small tower, and has one aisle to the
nave. In its present neglected state its superiority to the other
churches is not so apparent as from these features it should be.
The other churches are mere parallelograms in plan, and for the
sake of accommodation have been subject to more or less of alte
ration and restoration. In the most recent instance, St. Olavu's.
this has been done with good taste. In All Saints a handsome
east window of three lancets was inserted about fifteen years ago,
in the place of a rude modern one. Traces of work of the twelfth
century were discoverable in the building, which led to the adop
tion of the style of that century for the new window. The alte
rations at the other churches were effected some years earlier in
a style which neither needs nor merits description. At St. Andrew's,
however, a mural monument, to which some interest attaches, was
preserved and carefully repaired. It consists of a i bust, placed
in an architectural frame of wood and stone, and, from its style,
is identified as the monument recorded in the parish registry to
have been erected to John C'awley, who died May :J, 1621, and
who was the father of William Cawley, one of the regicides.
There was no inscription upon the monument at the time of its
restoration (1839-40); the present inscription beiot; due to those
who interested themselves in it at that time. The chnrohes of
the suburban parishes of St Pancras and St Bartholomew are
both modern, and quite uninteresting. The ancient churches occu
pied the same sites within a few feet as the modern ones, standing
immediately outside of the east and west gates: they Were both
destroyed iu the siege of the city by the Parliamentary forces in
December 1642. St.Paneras was rebuilt in 1750. St. Bartholomew
l
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parish remained without a church till 1827. TJbe modern church
(if Still deanery, to which 1 have before, alluded, would be a re
sectable oue for ifs size and .architecture, if complete and more
faVdhrtibly'placed; but Standing uuder the shadow of the gigantic
belfry-tower of the cathedral, which covers an area of ground
almost equal to' that of the church, it appears inconceivably
dwarfed in its proportions.
'fcft. Mary's ^Tospital is a remarkable building: it stands in the
north-east part of the town, and consists of a large and fine
chancel of trie thirteenth century, with a nave of great size under
a huge timber roof; with timber standards, in lieu of the ordinary
stone columns, dividing oft' the aisles. The chancel itself is larger
than any of the ancient parish churches of the city. The aisles
.-.re at present partitioned off into cabins occupied by the alms
men, and the centre part is left free. These cabins were first so
Arranged in the seventeenth century. The chancel is fenced off
by a lofty oak Screen, of very early and interesting workmanship,
and has stalls corresponding in date with the screen. One other
Imilding within the walls demands notice—it is now called the
Otiildhall, and has been used as a court house. It was the chapel
of a Franciscan Friary, and a very tine oue, of the date of l?3&,
the original foundation. It has five fiue lancets in the east end,
arid good side -windows, but is in a state of deplorable dilapidaiaoii. ' r
"We may conclude this portion of our subject by mentioning
the modern churches of St. Paul and St. John, to which no ar
chitectural commendation can be awarded; and a small and pic
turesque Roman Catholic chapel.
'' "The 'castle of the Norman earls stood within the city walls,
near the north gate; the only mark of it remaining is the mount
e(miroonly found in the bailey of castles of this date, and now to
l>e seen in the grouuds near the Franciscau Friary. The ancif ut
Wills remain round uearly the entire circuit of the city, and were
furnished with four gates, three of which were destroyed in 1772-3,
and the other, the east gate, in 1783. It is pretended in Hay's
History (and Dallaway's authority, which is much greater, affords
botfre support to the notion) that some of the gates, and even the
wHlto; exhibit Roman workmanship. I believe however that
there; is,no. foundation for this supposition. Dallaway refers to
Several records which show that extensive repairs and recon
structions of the walls occurred after the twelfth century. They
were not probably much affected by the defences of the Royalists
in 1G42, as they held the city only from the 22ud of November
till the 2Mth of December. The Parliamentary forces then pro
ceeded to fortify the place, and held it during several years. The
House of Commons, on the 2ud March, 1G46, ordered the with
drawal of the garrison and demolition of the fortifications, since
which the walls have been affected only by measures intended to
convert them into a promenade. They undoubtedly give to the
city a venerable and agreeable aspect.
Our survey thus far has discovered only three buildings which
lay claim to any architectural dignity, we gladly turn therefore
to the south-west quarter, where, from the earliest ages, the most
imposing buildings of the city have stood. Tradition points to
turn quarter as the habitation of the Roman governor, and is sup
ported by the frequent exhumation of Roman pottery (of which
1 speak as an eye-witness), and by the discovery of Roman coins,
• i' which the most important find was during the works at the
ifcbnihhng of the episcopal palace, in the early part of the hist
oantury. The Roman level of the ground appears to be about
tl.feol below the eathedral floor. Tradition also places here the
residence of the Saxon prince Cissa, and I believe some one has
been bold enough to guess at the situation of a temple of Thor,
or Jupiter, in this part. When William the Conqueror trans
ferred the see of Selsey to this city, it is certain that the bishop
had the graut of this quarter for the purposes of the cathedral
establishment. Stigaud, the last bishop of Selsey, took the title
of Bishop1' of Chichester in 1062. The times were however too
troublous to permit either him or his successor to carry build
ing plans into effect, and it was not till the commencement of the
reigu of Henry I. that Ralph, the third Bishop of Chichester,
Wi*s abb? tjo wake any important progress ill thiB respect.
, VfMh. theassistftuoeamicountenanoe of Henry I., Bishop Ralph
w;istflu»p)ed tffl.pr<jaeed uapidly, and iu 1108 completed his cathe4v^- -iMihas, been, erroneously supposed that this building was
ejHwjfuetqcVflf wood; there i* no ground whatever for such a
notion, beyond the fact, recorded that it was burnt in 1114, by
which .wet**! to understand the destruction of the roofs and parts
usually
constructed
combustible
material.
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to work. to repair the disaster, and bad accomplished this before
his death, which occurred in 1123. To what extent the Norman
portions of the cathedral we now aee belong to the work of 1 160
to 1108, it is difficult u> say. The final destruction of the Nor
man piers under the tower, has proved that parts of a previous
structure were built into them, even from their very base, and
it may therefore be supposed that in this part at least, the
destruction of the first cathedral was very complete. When
finished in 1123, the cathedral had two western towers, a nave of
eight bays, transepts and ohoir, and a low central tower, carried
on four lofty arches, measuring nearly 60 feet high to the crown.
The nave had an aisle on each side, as also the choir, and the
latter terminated at the east end with an apse; there was a
plain triforiuin aud clerestory. Except the apse and the central
parts involved iu the calamity of February last, all these features
may yet be seen. The eastern apse of the Norman cathedral
has long been recognised beyond dispute, the commencement of
the curving wall still existing on the outside of the church, with
various indications that the present straight sides at the east
end were a subsequent work. During the late alterations in the
choir, parts of the foundations of the inner curve of the apse
have also been exposed. Thus we see that the high altar of
Bishop Ralph's cathedral stood just on the spot the altar. has oc
cupied down to our own day, and therefore we conclude that the
main dimensions of the cathedral have never changed. About
1180 the cathedral, aud almost the whole city, suffered from a
destructive fire. Seffrid II., bishop of the time, vigorously pro
ceeded to repair the damaged church, and in 1199 it wasre-cousecrated with splendid ceremony. He also built a palace for the
bishop, cloisters for the church, and houses for the clergy. Of
his palace, the only remains are the domestic chapel, a charming
work, which however underwent some alteration about a century
after. His cloisters do not exist, but some parts of the houses
and offices still stretch along the south side of the cathedral pre
cinct towards East-street. These buildings are interesting, though
much defaced aud mutilated, aud used now for schools aud ware
houses. Seffrid's work iu the cathedral can be traced with com
plete accuracy. The triforiuin remains nearly as Bishop Ralph
left it, but it appears that the burniug roof so injured the interior
of the walls at the top, aud the burning timbers when they felt
so destroyed the stonework near the floor, that it was found ne
cessary to reface with uew stoue the whole of the clerestory ou
the inside, and also the nave arches. He adapted the light
mouldings and graceful forms of the Early English style, theu in
vogue, with great skill, to the Norman forms of Ralph's work,
and profusely introduced marble columns. He also determined to
add a vaulting throughout the building, and for this purpose
threw some massive flying buttresses against the Norman clere
story outside, which otherwise he left with all its external Norman
features, and inside he carried up slender vaulting shafts from the
floor, with marble bases, capitals, aud bands. It has been sug
gested, I know not why, that the vaulting itself was not done in
his time. I see no reason to doubt that the work was followed
up consecutively to its completion. It was certainlv also part of
his plan to abolish the ap3e, and add the beautiful retro-choir
which we now see. It is the most graceful and charming piece
of work in the whole building, and may indeed challenge com
parison with anything of the period to be found in the king
dom.
In execution it must have followed shortly on the
rest of the work. He appears also to have contemplated the
erection of a lady-chapel. I do not concur with those who dis
cover indications of a Norman lady-chapel in the present one; it
was most unusual to find one in this position at that time. To
Seffrid's work belongs the upper part of the south-west tower.
Seffrid's immediate successors continued his designs. In the
reigu of King John license was had to bring marble from Purbeck, this was between 1198 and 1207, and very possibly the ma
terial was intended for the retro-choir—where we now see that
beautiful but treacherous material so extensively used.
Ralph Neville, bishop from 1222 to 1224, and Chancellor of
England, temp. Henry III., built a chapel or oratory iu the cathe
dral, and bequeathed 130 marks to the church. There can have
been no respite in the works from Seffrid's time to the death of
Ralph Neville. The additional chapels (which we now call aisles)
on both sides of the nave, must have beeu added, though not all
at once. Neville's chapel may have been one of those on the
north side, which are rather later than the others. Coeval with
this period, too, I must place the central tower, with which now
Ralph's Norman piers were loaded, and from this time we must
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elate the commencement" of their ruin, arising from the imposition
of a weight they were not originally designed to entry. I con
ceive, too, that the -projector of the tower included a spire in his
deaigoa from the first moment. The architect determined not
to trust to the four great Norman arches, but added immediately
above them very deep and strong pointed arches; on the sooth
aide this discharging arch had' a perfectly clear space between it
and the Norman arch, and on the other three sides the Norman
arches were nearly as completely relieved from all weight. This
of course did not affect the piers or legs, which still had to carry
any additional weight which might be placed above the relieving
arches. I confidently believe that the spire itself was commenced
before the death of Bishop Neville. The moulding on the angles
cannot, I think, have originated later, but it is also highly pro
bable that a settlement in the old Norman piers warned the
architect to desist. A settlement which occurred at a very early
age was distinctly marked in the junction of the south transept
with the tower piers, and there were evidences of an attempt
also made in remote times to readjust the work to a level line,
aad then of a further settlement after the adjustment.
The next work in course of time was the lady-chapel, erected
by Cialiop Gilbert de St Leofard, about 1290. It exhibits a very
marked advance into the Geometrical or Early Decorated period.
It is vaulted throughout, and though, under the use to which it
is now applied—viz. as a cathedral library, its beauty is much
concealed, it is iu a good state of preservation, and is a pleasing
specimen of architecture. The windows are peculiar, and lose
somewhat in effect from the smallness and multitude of the
mouldings.
John de Langton, who became bishop in 1305, and sat till 1336,
munificently added to the architectural attractions of the cathedral.
The only work of his which can be strictly identified is the splendid
window inserted iu the old Norman wall in the end of the south
transept. The chapter-house which he built is not now iu exist
ence, and the detached belfry-tower is wrongly attributed to him.
It is impossible to regard the four-centred arch and square-headed
door of the detached tower, and its purely Perpendicular windows,
without seeing that it is impossible to ascribe them to the same
period as Langton's window, the flowing tracery of which agrees
perfectly with the date assigued to it iu the records.
1 have suggested that the construction of the spire was arrested
in the thirteenth century. The architectural evidence—which I
have frequently had occasion to examine personally—shows a
long respite in the work above the central tower, and, indeed, a
general respite for some time after Bishop Langton's death. The
cathedra], minus its spire, was an imposing aud nearly perfect
edifice, and there were no pressing wants of accommodation to
satisfy.
(To be concluded in oar ne.ct.)

THE SHEARING STRAINS OF DEFLECTED GIRDERS.
By Homersham Cox, M.A.
Of late years, the shearing strains of deflected girders, that is,
tlm strains which result from the tendency of the particles of the
beam to slide on the surface of each other, have received much
attention. The object of this note is not to add anything to the
mathematical theory of the subject, but to point out a simple
case in which, with little aid from mathematics, the important
effects of the tangential or shearing strength of beams are
strikingly shown.
The ordinary theory of beams does not take into account the
tangential displacement of particles, but supposes that those
particles which are opposite to each other before deflection re
main opposite after deflection, and that the only displacements
are normal compressions and extensions. This assumption,
though not absolutely correct, is sufficiently so where the trans
verse dimensions of the deflected beam are small compared with
its length. In such cases, the tangential elastic forces of the
material are generally sufficient to prevent any considerable tan
gential displacement.
But the effect of those forces may be
readily seen by the effect on the statical strength of a beam
which would result from removing, artificially, part of them.
Suppose a horizontal straight beam, of which the section is
reotangular, to be actually divided into two equal parts by a
smooth section parallel to ita upper 'surface; and srappose then
the two parts of the beam remaining In contact to be deflected aj
in the diagram by a force or forces perpendicular to' the sdrtoce'

of the beam, so that the deflections; are equal at equal distances
from the fulcra A and B. The diagram represents a section of
the beam In the plane of deflection. The deflecting fosces act ou
the concave surface of the beam. The section ab of one end of
one part of the beam' will riot; after deflection do iu the same
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are such that the curves
shown in the diagram are circular' Aires, The, neutral lino of
abrg and that of cahf are both equal iu length, for they are bot,h
equal to the length of the beam before deflection. But the former
neutral line is the arc of a circle of a radius larger, ^hart/the
radius of the circle of which the latter neutral line is an arc; and
therefore, since the two arcs are equal in length, but have.unequal
radii, the former subtends a smaller angle than the latter.
In order to estimate the loss of the strength of the beam con
sequent on the division along be, suppose only a single deflecting
pressure P to act perpendicularly to tile line joining A and B, the
two points of support, and midway between them. Let .r be the
distance from B measured parallel to the straight line AD of any
point in the neutral line of the beam abejf, aud let R be the radius of
curvature of the neutral line at that point; E the modulus of elas
ticity of the material; I the moment of inertia of the rectangular
section of the beam nbeg about an axis through its centre of gravity
perpendicular to the plane of deflection. By the ordinary theory
-^ is equal to the moment about the same axis of 'all' fiie tfO&f
acting upon the part of the beam between the point in que&Ton
and the nearest end of the beam; These forces are, the pressure
ofoue of the abutments, and the. pressures of the intervening
part of the surface of the other beam cdkf. Let M represent the
moment of the latter, and 4Rr the" moment of the pressure' of
the abutment. Then
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For the beam cdltf, taking moawtfits about an axis through that
point of its neutral line which Ilea iu the radius R, we-hswauO
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where M is the same momeut. as .before, .only affected, by ithe
positive sign, and R' is the radius of gusvatiire of the neutral line
cdltf. Now owing to the contact off the two beams, and their
being subject to no compression ,ju the directions of the normals
to their surfaces, it may easily be seen t^atj at the pointq of which
Rand R' are the radii the neutral Hues haye jv common centre
of curvature, aud that conseqnent,ljr R and R' i)Willi to llllMJf.Il,
only by the part of R between the two neutral lines. This diffe
rence is inconsiderable compared with R. We tberefflrel have
approximately (adding the two preceding equatious)n ,vJiqiiT. •••
,, SEI
1T; tv- '-H I -->■■ >'dt 1-.-K'*
'- i 'I •nfpiiSSirTtip riilJ lo Juj.ljj oilJ W;i
,. ,, .
,■ Li'twitiil J.-jI.'l'lii''"!!!'^ . JuQiUllhiid. I
If the beam were not divided .jnto|two.parta,'jii.,rt*flwirner
supposed,
we
should
have
, " [HIM l'»n,,','
,rr
'
..•!>-. ' Hullo
'C* • ll ' hl ijumLiuii'
OJ fJJOll'U' T.
I.
■( .,..-, Jllj USLlfdthA'P^* (>■■■ .-•:"*il3 oJlli BUJilq J.II
. .., .I,,,*!, (.uif/sib ,Mqlj.ft 3tult .1 V-iuall io ayr.
where i is the moment of inertia of t be transverse sect inn of the
undivided beam, and r the radius of curvature at the distance ,i
from B. Now the section being rectangular, the moment of
inertia varies as the culm of tho distance between the convex trnd
concave surfaces. This distance is twice as great for i as for 1:
i.I II

illlUll WKjl JljlU t.lli'lo:"}'I4l'>l'l 'I"' UHOYyO ,11 l-'-e

consequentlv jp,^,, 1T)>erefoif9frjiltiii«^.i'3iIn)fallowsjf*ak tiki!
deflectidn jirotruced by T will be Tour times as great when the
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beam is undivided as when the beam is divided. Assuming the
ultimate strength of a beam to be proportional to the moment of
inertia of its transverse section, it follows also that the breaking
weight at the centre of the undivided beam is four times that at
the centre of the divided beam. In other words, the effect of
dividing the beam in the manner mentioned is to reduce its strength
and rigidity to one-fourth of its original strength and rigidity.

BRITISH ASSOCIATION FOR THE ADVANCEMENT
OF SCIENCE.
The Thirty-first Meeting of the British Association for the
Advancement of Science will commence in Manchester on Wed
nesday, the 4th of September, 1861, under the presidency of
William Fairbairn, Esq., LL.D., F.RS. The General Committee
will meet on Wednesday, the 4th of September, at 1 p.m., for
the election of sectional officers, and the despatch of business
usually brought before that body. On this occasion there will be
presented the report of the Council, embodying their proceedings
during the past year. The General Committee will meet afterwards
by adjournment. The first general meeting will be held on Wed
nesday, the 4th of September, at 8 p.m., when the President will
deliver an address; the concluding meeting on Wednesday, the
llth of September, at 3 p.m., when the Association will be
adjourned to its next place of meeting. At two evening meet
ings, which will take place at 8 p.m., discourses on certain
branches of science will be delivered. There will also be other
evening meetings, at which opportunity will be afforded for
general conversation among the members.
The Committees of Sections will meet daily, from Thursday,
the 5th of September, to Wednesday, the lith of September, in
clusive, at 10 a.m. precisely. The Sections will meet daily, from
Thursday, the 5th of September, to Tuesday, the 10th of Sep
tember, inclusive, at 11 a.m. precisely. The following are the
titles of the Sections to which communications may be pre
sented:—
Section A, Mathematics and Physics.
,, B, Chemistry and Mineralogy, including their applications to
Agriculture and the Arts.
„ C, Geology.
,, D, Zoology and Botany, including Physiology. Sub-section D.
„ E, Geography and Ethnology.
, , F, Economic Science and .statistics.
„ G, Mechanical Science.
Notices of communications intended to be read to the Associciation, accompanied by a statement whether the author will be
£resent or not at the meeting, may be addressed to Prof. Phillips,
I. A., LL.D., F.R.S., Assistant -General Secretary, University
Museum, Oxford; or to R. D. Darbishire, Esq., B. A., F.G.S., Alfred
Neild, Esq., Arthur Ransome, Esq., M.A, and Prof. Roscoe, B. A.,
Local Secretaries, Manchester.
Gentlemen desirous of attending the meeting will find in the
reception-room (The Portico, in Mosley-street) blank Forms of
Proposal, and may make their choice of being proposed as Life
Members, paying £10 as a composition; or Annual Subscribers,
paying £\ annually and an admission-fee of £l (making together
£2 on admission); or Associates for the Meeting, paying £\.
Ladies may obtain tickets, through the application of a member,
in the reception-room, price £\ each ticket These tickets are
transferable to other ladies only.

French Industrial Exhibitions.—Four French local exhibitions
are to be held this year at Chalous-sur-Marue, Metz, Nantes,
and Marseilles. An endeavour is also making in Paris to get
the government to consent to the establishment of a permanent
universal exhibition of commercial products. It is thought that
by thus offering to purchasers from all countries tbe most com
plete and excellent collection of specimens and products for
comparison, trade may be stimulated and business be drawn to
Fiance. Fixed prices attached, extensive publicity, simple and
wise regulations, and great economy in the management, are held
out as inducements to exhibitors.
New Hotel at Ascot.—This new building will inclose a space of
two acres, forming a square, three sides of which will be occupied
by stables. There will be stabling for one hundred horses, and
accommodation for fifty trainers. Mr. J. E. Clark, of Newmarket,
is architect aud secretary to the company.

[Aaf. 1, 1K1

The New Vaughan Library, Harrow.—The foundation-stone of
a new and important edifice, in connection with the Harrow
School, was laid, on the 4th ult., by Viscount Palmerston, him
self an old Harrovian. The site is immediately facing the en
trance to the time-honoured school, while, on either side respec
tively, are the more modern school-chapel and the head-master's
residence. The main purpose of the new building in question is
to serve as a library for the upper boys of the school; but in
addition to this, it is intended to be a general centre of school
interest It is destined for the receptiou of portraits, busts, &c,
of distinguished Harrow men, and is intended to commemorate
the head-mastership of Dr. Vaughan at Harrow, which extended
over 15 years—viz. from 1845 to 1859 inclusive. A sum of
nearly.£5000 has been raised for the purpose by subscription,
chiefly among his own pupils. The principal apartment—the
library—is a parallelogram of about 70 by 28 ft., well lighted by
coupled windows iu each bay, and having a lofty pitched roof,
which, internally, is ribbed and panelled. In the centre of the
west side is the entrance porch, and in the centre of the opposite,
or garden, side is a projecting octagonal bay, On this side, too,
the rapid incline of the ground admits of a sub-story, which will
be appropriated in various ways; and it is also proposed to add
a small octagonal room, almost detached from the rest, as a kind
of private room for the monitors of the school. The walling
will be throughout of brick, with Bath stone dressings; and the
roofs are to be covered with Staffordshire tiles. The architect is
Mr. G. G. Scott, RA., of London, and the builder; Mr. Richard
Chapman, of Harrow.
The India Museum, Whitehall.—The collection of native pro
ducts, and the specimens illustrative of the arts and industrial
pursuits of the people of India, which for several years past had
been on view at the old India Honse, in Leadenhall-street, have
been removed to Fife House, Whitehall. The museum, newly
arranged under the direction of Mr. Digby Wyatt, Dr. Forbes,
and Mr. Downing, is now open to the public. A fine collection
of the Elliot marbles, consisting of slabs, cornices, panels, and
other portions of the sculptures from the ruins of Amrawutti,
are arranged in the grounds of Fife House. These marbles
have not yet been exhibited in this country; and they are
remarkable for the extreme delicacy and minuteness of their
finish. The subjects represented are connected with the wor
ship of Buddha; and the marbles formed at one time portions
of a magnificent temple, of which the ruins now alone remain to
tell of the patient skill of its founders. A more interesting col
lection of sculpture does not exist; many of them are remark
able for beauty of design. There is no branch of Indian in
dustry or of manufactures, and scarcely any description of raw
produce, which is not illustrated iu this interesting museum.
Exhibition of Industrial and Decorative Art in Edinburgh.—The
Board of Manufactures intend to open an Exhibition of Indus
trial and Decorative Art on 20th Nov. next," in the National Gal
lery, within tbe suite of galleries forming the east side of that
building. Mr. W. B. Johnstone has been appointed art super
intendent of the exhibition.
The Archaeological Institute commenced its annual summer con
gress at Peterborough, on the 23rd ult The chair was taken by
Lord Talbot de Malahide. The Rev. T. James, of Theddingworth,
read a paper "On the Archaeology of Northamptonshire;" and
Mr. J. H. Parker, " On the Ancient Houses, Domestic Chapels
and Hospitals in the County of Northampton and the neigh
bourhood of Peterborough." Mr. H. M. Bloxham also contri
buted an essay "On the Early Saxon Tombs in Peterborough
Cathedral. On the 24th a meeting of the Historical Section took
place, under the presidency of the Dean of Ely, and papers were
read by the Rev. J. Earle, late Professor of Anglo-Saxon in the
University of Oxford, " On the Local Nomenclature of North
amptonshire;" by Mr. C. C. Babington, Professor of Botany in
the University of Cambridge, " On the Ancient History of the
Fens,-" and by the Rev A. W. Brown, "On Certain Existing
Landmarks of Early Ecclesiastical History." An excursion fol
lowed to Barnack, Whittering, and Caistor churches. In the
eveuing a dinner took place at the Great Northern Hotel, and
the Dean of Peterborough afterwards gave a conversazione at
the deanery. On Thursday a trip was made to Oakham, where
the castle-hall, the earthworks of the castle, the church, &c ,
were inspected; and at noon the party passed on to Stamford,
where the various churches, the site of the Hospital of St. Thomas
of Canterbury, &c, were visited.
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south front of the college. The style in which the latter is
LLANDAFF CATHEDRAL.
erected is one which its architect, Mr. Shaw, of Christ's Hospital,
{With an Engraving.)
is thoroughly master of—the latest phase of Elizabethan, verging
For some years past the restoration of this greatly dilapidated on the purer Classic,—but the new chapel is to be in the Ecclesi
ecclesiastical structure has been going on. In 1857 appeals astical style, and for this special work the assistance of Mr. Scott,
were made to procure funds to carry on the work, which were the eminent Gothic architect, has been secured. The chapel will
well responded to; but though funds were obtained to carry out measure internally about 70 feet by 26 feet, divided into five bays,
a large portion of the more urgently needed rejjairs, much has each containing a two-light window with a cusped circle over,
and included in a comprising arch; to divide the bays lofty pediyet to be done before the cathedral will have regained its ori
mented buttresses are introduced, with scollop enrichment in the
ginal character and beauty.
Amongst the works executed is the perfect renovation of set-off weatherings; between these buttresses and below the win
the west front, which includes the completion of the lowest dows is a simple continuous shafted arcade. The east end is
tower, and the rebuilding of the highest, with its chaste and semicircular, and has buttresses assimilating with those already
elegant spire, the details of which will be better understood by described, the windows to the apse are single lancets, with
shafted jambs. The roof is open, and supported on long corbel
our engraving than by description.
shafts, with carved capitals: between the two easternmost
The once ruined section of the nave has been thoroughly re
stored, its arcade and its western front repaired, its clerestory trusses of the nave rises a lofty octagonal fieche, or bell-turret,
and side aisles rebuilt, its walls plastered, windows glazed, and a covered with lead, and highly ornamental in design, the spire
new roof thrown over its whole span. The partition wall, which being crocketed, and the lower portion, next the roof, richly
so long severed it from the portion now in use for public worship, diapered in an effective pattern. The vestry is a small apart
has been removed. The roof of the side aisles of the eastern ment on the north side of the apse. The seats are all arranged
end has also been restored, with the exception of the two bays longitudinally, and are five rows in depth on each side, while at
which entend beyond the chapter-house, and which are separated the west end the back row is divided into stalls for the masters
from the others by a small vaulted chapel. The bishop's throne and the principal visitors.
We must take a future opportunity of describing the fittings,
is nearly completed, a portion of the stalls with the screen on one
side has been erected, and contracts have been entered into for and the decorations and finishing generally, since these are as
another section of the work. The progress of restoration has yet unmatured, but there is little doubt that, when completed, the
indeed now advanced so far, that only those who remember the chapel will be one of the most elegant and perfect specimens of
ruinous state of the cathedral in former years can realise how its class. The execution of the work has been intrusted to Mr.
much has been done. Of the portions untouched there still remain G. Myers.
In the immediate proximity to the chapel it is proposed to
to be done—the reconstruction of the two bays of the roof before
alluded to, the completion of the stalls with their appropriate erect a library, detached from the main building, but harmonising
canopies, the permanent flooring of the western portion of the with it in point of design, and for which the plans have been
nave and of the two side aisles, the repairs of the monuments, already prepared by Mr. Shaw.
the finishing of the parapet of the southern aisle, and the
provision of new doors for the two Norman doorways in the
northern and southern aisles. The rebuilding of the southern ON THE CONSTBTJCTION AND ERECTION OF IRON
tower may perhaps be looked upon as a separate work, and
PIERS AND SUPERSTRUCTURES, FOR RAILWAY
as one which admits of temporary delay; but it is deemed very
BRIDGES IN ALLUVIAL DISTRICTS.
desirable, both for the sake of appearance and for construc
tional reasons, that the building should be advanced another With Remarks upon the necessity of extended Railway Communi
stage, so as to reach the height of the clerestory wall. The
cation in the British Colonies.
chapter-room again, which, if not an integral portion of the
By
Lieut.-Col.
J. P. Kennedy, late RE.
cathedral, stands to it in something like the relation of a tran
Before discussing how countries can be best furnished with
sept, requires a considerable outlay, and the entire reconstruction
of its windows and its roof. The cost of these two works has not the means of intercourse essential to industry and commerce,
yet been estimated; but it has been ascertained that to finish it may be well to scan the especial bearing which that sub
the roofs of the side aisles, to complete the parapet of the southern ject must have upon the constituent parts of the British Empire
aisle, to lay the flooring, to provide doors, and to finish the respectively, and in their mutual relation to each other. It may
stalls—all works which should be immediately undertaken, and be well also to offer some estimate of the comparative degree in
which would, when accomplished, almost complete the work of which our interests at home are affected by the development of
restoration—would involve an expenditure of about .£1200. An wealth and activity in British Colonies as contrasted with similar
organ is being constructed by Messrs Gray and Davidson, at a developments in foreign states. The best preface therefore will
coBt of £1000, which is to be used on the 17th instant, when be the statement of a few results and deductions, derived from
some tables framed from the best authorities, to guide a true
it is intended to celebrate its erection, and the further resto
course of action and opinions in matters bearing upon these
ration of the cathedral by a full choral service.
The whole of the works of restoration at present finished have important affairs.
1. They show that the subjects of the British crown exceed
been executed under the direction and from the skilful designs
of Messrs. Prichard and Seddon, of Whitehall, London, the 206,000,000 of souls, or about one-fifth of the population of the
earth, of whom about six-sevenths are colonists.
diocesan architects. We purpose further illustrating the re
2. That the territory under the British flag is about two and
storations, and furnishing more lengthy details, on a future
a half times the extent of Europe, sixty-throe sixty-fourths being
colonial. ,
3. That the British colonists, even in the absence of the re
quired commercial facilities, consume half as much British pro
THE NEW WELLINGTON COLLEGE.
duce as the remaining population of the world, although only
This great educational establishment, intended chiefly for the one-fifth of their numerical amount.
4. That within the last twelve years the consumption of Britisn
sons of deceased officers who have borno commissions in her
Majesty's British or Indian army, and who have been on full produce in British Colonies has trebled; whilst that of foreigh
or half pay within five years of their death, is, according to the states has only doubled in the same period.
5. That the demand of the colonists as consumers is certain;
report just issued, in a highly thriving condition. The large and
handsome building known as the College was erected specially whilst that of foreign states is contingent upon the ever-doubtful
for the purpose at a vast expense, and is appropriately named continuance of their friendly relations.
after the late illustrious commander. It was formally opened
6. That the colonists are at all times willing to interchange
a'>out two years back by the Prince Consort, its president, and a produce upon the fair and equitable terms of free trade; whilst
foreign states for the most part charge heavy and frequently
warm supporter from the first. A few weeks ago the same illus
trious individual laid the foundation stone of a new chapel, to prohibitory duties.
be attached to the general building by means of a short corridor
7. That the British East Indian territories, from the past
and arcade, and thus constituting an extension eastward of the neglect of their industrial development, up to the year 1855, only
58
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consumed British produce to the value of 1*. 2d per head of
population: whilst British Australia consumed £8. 12*. 8rf. per
bead; British America, £1. 8*. 3d. per head; the British Mediter
ranean possessions, £4. 5*. 84. per head; and the British African
Empire, £2. 1*. 2d. per head, of their respective populations.
8. That the results of coeval conquests, by the plough in
America and the sword in India, offer a most significant contrast
for the edification of statesmen (up to the year 1848) by showing
that, within two centuries and a half, the first few British
settlers in a Virginian wilderness had expanded into a mighty
empire, with a population of 18 millions of souls, and consuming
the annual value of £9,500,000 of British produce; whilst India,
with her ready-made population of 170 millions, her ancient cities,
her fertile lands, and her infinitely varied powers of production
—powers of course dormant as long as the means were withheld
of conveying produce to markets;—this India, under the govern
ment of a British mercantile company, could only consume value
for £4,500,000 sterling of British produce.
9. That in 1848 the United States of America exhibited
5682 miles of railway under traffic, with 12,000 miles in rapid
progress, in addition to an extensive natural and artificial
means of water communication; whilst India remained in statu
quo, without a single mile of railway.
10. That the wages of labour—that sure indication of a nation's
condition—had reached iu America (1848) 4*. per day; whilst in
India it remained at its old rate of 'id. !
11. That in 1849 Indian lethargy yielded—railways were
commenced; more active measures of improvement have been
responded to by Indian industry, and the consumption of British
produce has increased from £4,551,449 in 1848, to £9,949,154
in 1855, and to £19,844,920 in 1859.
12. That the value of India to Great Britain has quad
rupled within the last eleven years, and even doubled within
the four years ending 1859, although those four years included
the period of the mutiny, with all its deranging effects upon
commerce.
13. That the Indian demand for British produce taken at
1*. 2d. per head of the population in 1855, increased to 2s. 3d. per
head in 1859, and amounting to £2,500,000 sterling of increase
per annum, would if the same rates of increase continue, in about
ten years make Indian consumption equal to the present con
sumption of all the British Colonies, including India. In about
twenty-five years it would exceed the present demand from all
foreign states; and in forty-four years it would be equal to the
present demand from all foreign states and British Colonies taken
together; aud that even in the last case the consumption of British
produce by the Indian people, wonld not exceed about 15*. per
head, or between one-fifth and one-sixth of the present demand
per head from the Mediterranean Colonies, and one-eleventh of
the demand from the Australian Colonies.
14. That taking the present yearly increasing demand of India
for British produce at £2,500,000 sterling, and the aggregate
yearly increase of all the other Colonies about the same amount,
making the total yearly increasing demand for colonial consump
tion about £5,000,000; then this rate of increase continued for
seventeen years, would make the yearly demand from British
Colonies alone, equal to the entire of the present exports. Such
progress, however, must distinctly depend on the due supply of
those facilities for transport, which are indispensable; and, so far
as India is concerned, the total absence of the principle of selfmanagement renders that supply entirely dependent upon the
action of the British Government.
15. The fore-knowledge of these subjects demands the attention
of every class in the state: it especially concerns the engineers of
Great Britain, who besides being the pioneers of industry, wealth,
and civilisation throughout the world, hold undisputed possession
of the inalienable staple trade of England, aud actually send forth
in the aggregate one-sixth of the entire British exports.
16. It in a higher degree still concerns all those engaged in the
cotton trade, who receive about one-sixth of the total imports, and
contribute from half to one-third of the exports, and whose supply
of cotton wool, now so seriously threatened o wiugto its dependence
upon a convulsed foreign state, can only be rendered certain for
the future by extending its growth and its means of transit in
India and other British territories.
17. The subject of colonial development is not only interesting
to the cool judgment of the statesman, the speculator, the
economist; but to the warm heart of the philanthropist and
the Christian, as affording au easy approach to a safe asylum,
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instead of a rugged trackless passage to a rude wilderness, for
the reception of those that are forced by the crowded condition
and competition of England to abandon their native homes.
18. In this also we shall find the most fitting remedy against
the most dangerous of all the judications that threaten our pro
gress, trade combinations and strikes ! It will sustain the rational
law which should regulate supply and demand; and people will
be satisfied to go, when they can go with comfort and certainty,
from a glutted labour market to where they are wanted—instead
of undertaking the impossible task of forcing a fictitious rate of
wages destructive to their own bade.
19. This is a portentous subject, considering that the popula
tion at home are now increasing at a yearly accelerating ratio
which has already reached one-third of a million per annum,
whilst emigration for the last fifteen years has averaged over
a quarter of a million per annum. The mutual and the highest
interests of Great Britain and her Colonies require—that asso
ciations be formed in every county and borough, to promote
those facilities that are essential to colonial wealth, and its
exchange for British produce.
The cotton interests have
made a slight move in this direction; but that movement
should be general in its object, and universal in its action.
If it were so, we should not see the representatives of counties
and boroughs neglect their most important duties, by deserting
the House of Commons the moment a colonial question is in
troduced. What comparative benefit can be derived from the
discussion of local home questions, where everything already
exists that can facilitate industry, civilisation, enjoyment, and
free action; whilst to supply the only real want—an increase of
colonial customers—is within the power of parliamentary action,
but unmeaningly withheld.
This is not merely a question of national wealth: it is a ques
tion of national conscience. There are fifty-three distinct British
slates, of which thirty-six, numbering 34 millions of people, are
governed by their own representatives, and therefore for each
of these their respective parliaments are responsible: whilst from
the remaining seventeen states, numbering 172 millions, the
power of self-government has been, no doubt wisely, withheld by
the British parliament, but so long as it is withheld the British
members of parliament are as responsible individually for those
172 millions, as if they formed a portion of the constituency of
each British county and borough. The latter class of Colonies
includes British India, numbering alone 171 millions, possessing
a large state revenue, which ere this, and without taxation, would
probably have far exceeded that of England, bad those indispen
sable facilities to industry been furnished to India which it is
the duty and the practice of every civilised government to pro
vide for its subjects. But they were unmeaningly withheld; and
therefore are Indian customers scarce, Indian lands untilled,
Indian minerals unsought, Indian wages 3d. per day.
This state of things requires a change, not only as regards the
wealth, but the honour and character of England. The past
government of India must be measured by the American scale.
What has been done in the West might have been done in the
East The United States, for a population of 30 millions, have
opened 31,000 miles of railway intercourse, with 16,000 miles
more in rapid progress of construction. They have been rich and
prosperous, because their industry had free scope. British India,
with a population of 171 millions, has opened but 1100 miles of
railway, with but 3600 more in progress of construction. Her
people are poor and famine-stricken, because their industry has
not had free scope.
The earnest desire of the present British and Indian adminis
tration to open the means of intercourse through that vast em
pire is undoubted. They have done much: they are doing
much. But they are not doing enough— much more is required.
There is no time for delay, and their efforts demand a compre
hensive support and impulse from the British parliament. Their
task is not merely that of stimulating improvement in a natural
way, as in states that have been keeping pace with the ongoing
of the world. The present Indian government have to make up
for 100 years' negligence of their predecessors; and the arrears
of those progressive operations that ought to have been effected
from year to year out of moderate annual grants, are now accu
mulated on the heads of the ministers in power. Who can fore-i
see the evil effects of the present insane American conflict upon
British trade and manufactures? The prime source of our rawmaterial is threatened;—the first consumer of our manufactured
produce may be withdrawn. The crisis is most imminent, and
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can only be alleviated by redoubled exertions in India, -which
can rapidly, if fostered, supply the threatened deficiencies, by the
consumption of a sevenfold population as to our manufactured
produce, and by an inexhaustible soil capable of yielding every
variety of raw produce to feed our manufactures. But to bring
this about will require an exertion beyond the reach of the
government, unless sustained and impelled by the parliament;
beyond the power of the parliament, unless sustained and im
pelled by the people of England.
These respective impulses
must be based upon a thorough understanding of the object to
be attained; and therefore it behoves every thinking man in
England to study these grave questions: it behoves every county
and every borough to form an association, which shall stimulate
their representatives to perform their duties in respect to British
Colonies that do not possess local representative governments.
Having thus considered hastily a few of the broad objects to
be kept in view, we may now proceed to the practical discussion
of the first and most essential approach to their accomplishment,
by examining how the opening of communication may be most
rapidly and economically effected. This important subject shall
be illustrated by certain operations now in progress in India.
In undertaking a system of railways and means of intercourse
essential for the development of industry in any country, the
first consideration should be given to the character of the piers
and superstructures of the bridges. In India these form a large
proportion of the works of a railway; and the piers especially in
alluvial districts have a particular bearing upon the absolute
practicability, and the cost and consequent success, of such
undertakings.
A good illustration of this important subject is afforded by the
works completed and in progress in the construction of the
Bombay and Baroda Railway in India, with which the writer is
connected; where a special construction has been adopted for the
bridge piers and superstructures, in order to meet the difficulties
of the alluvial districts through which the railway passes, and to
attain a facility and rapidity of erection combined with economy
in total cost. Most of the Indian railways should take their
course through such alluvial plains and valleys, where there is
only one important natural impediment to their construction,
consisting in the bridging of the rivers, many of which are
crossed within tidal influence: and all of them are swept by
fierce monsoon currents, while their beds in general offer the
worst foundations for the construction of masonry piers. They
thus combine the greatest impediments to the erection of the
usual description of bridges. The great cost of erecting a bridge
acoss the Thames in London is generally known; and yet in
that case there are the best engineering talent, and the greatest
mechanical aid, immediately within reach; and although the
natural impediments are of the same class, they are far inferior in
degree to those met with in Indian rivers. The line of country
traversed by the Baroda Railway in its level course of 313 miles
from Bombay to Amedabad, is more intersected by rivers of the
above character than any other railway in India. So vast did the
difficulties appear, that the very practicability of constructing the
line was seriously disputed; and not without reason, if it were
assumed that the bridge piers must be executed upon the old
stereotyped masonry plan, and that the engineer would not
adopt those modern and well-tested improvements that were
applicable to the case. To those however who knew the precise
nature of the local difficulties, as well as all the modern engineering
improvements by which they could be surmounted, it was clear
that this line could be effectually and economically executed,
provided such modern improvements were applied; but by no
other means could a maximum financial return for the outlay
(which ought to be the first principle in engineering) be secured.
The object was therefore to show that it was practicable to over
come with rapidity and economy the great characteristic difficulty
opposing the construction of Indian railways, even where most
prominently encountered. The writer accordingly proceeded to
ascertain, first, all the engineering and financial requirements,
aud to investigate the comparative merits of all well-tested
improvements calculated to meet them; whence it was ultimately
concluded that to bridge Indian rivers in alluvial districts on the
old principle of masonry or brickwork would be both tedious and
ruinous to the undertaking; but that the most difficult rivers so
situated may be economically bridged by adopting wrought or cast
iron for the piere, and wrought-iron in the superstructures. The
writer finally arrived at one pattern of bridge, admitting of exten
sion or contraction to meet all the variations of circumstances that
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occur in such cases, as to height or length of bridge, and depth
and nature of foundations.
Fig. 1 shows the construction of piers adopted in strong tidal
rivers, such as the Taptee and Nerbudda, where the depth of
floods reaches from 40 to 60 feet, with a velocity of 6 to 10 miles
per hour; and the force of the current acting alternately in oppo
site directions on the piers, requires the addition of oblique piles
to act as struts on both sides of the pier. The piers are composed
of hollow cylindrical cast-iron piles, of 1-inch thickness of metal
and 2 ft. 6 in. outside diameter, cast in 9-feet lengths weighing
l£ ton each. They are of two principle patterns for the portions
of the piles above and below the ground. Those above the
ground have flanges outside for bolting them together by twelve
1-inch bolts; while those underground have the flanges inside
bolted together by ten 1-inch bolts, and are flush on the outside,
so as to offer no resistance in penetrating the ground; they are
large enough inside to leave room for a man getting in to bolt
the several lengths together properly in the process of erecting.
The foundation is obtained by one of Mitchell's screws at the
bottom of each pile, of 4 ft. 6 in. diameter, which finds its own
foundation without tfle expense of cofferdams or any other artifi
cial preparation of the ground. The upright piles are placed
14 feet apart centre to centre, and are sunk to a depth of about
20 feet in the ground, but where the ground is softer than
usual they are carried deeper, as shown by the portion drawn in
dotted lines in Fig. 1. To obtain the requisite strength of founda
tion, the greatest length of pile used has been 45 feet below the
ground and 72 feet above. The oblique piles forming the struts
are inclined at an angle of about 30°. They are precisely the
same in construction as the upright piles, and are joined to the
latter at about the ordinary flood level by a cap cast at the proper
angle, which clips the body of the upright pile. The piles are
all connected together above ground by horizontal and diagonal
wrought-iron bracing attached to lugs cast on the piles, by a pin
at one end and a gib and cottar at the other, the several parts of
which act alternately as struts and ties, according to the direction
of the current. In consequence of this alternate strain, an
accurate fit of the bracing is required, and to insure this the joints
at one end of each are therefore left to be done in India, from
measurement on the site, this being the only forging required in
India. The outside piles are faced with a double row of timber,
as a fender, to protect them from anything floating in the water
being carried against them. The superstructure adopted is that
known as "Warren's triangular system." This form of girder,
when manufactured and accurately fitted in England, requires
the smallest amount of skilled labour for its erection abroad,
on reaching its destination; only a few pins and bolts having to be
put in for completing the girders, the skilled labour for riveting
the box girders or lattice girders being avoided. As it is considered
that uniformity of parts, as far as practicable, is of as great im
portance in bridge work as in other mechanical structures, a
uniform span of 60 feet is adopted for all the iron bridges on the
line, this being considered the most economical, having reference
to the general heights of the piers. One end of each girder is
fixed on the pier, while the other end is carried on a pair of small
rollers, to allow of expansion and contraction. The weight of
the entire 60 feet superstructure for a single line of rails is 24 tons,
being 8 cwt. per foot run; and the cost at the present rate of
iron is about .i'400. The weight of a single complete pier of five
piles, for two lines of rails, 63 feet high from the foundation, is
loh tons, and the cost £624 delivered in London.
In the construction of piers adapted for inland rivers with deep
water, say 20 to 50 feet, but not tidal, where the current is
always in one direction, the oblique piles acting as struts are
required only on the lower side of the bridge, and the timber
fenders only on the upper side. Fig 2, shows the piers for inland
rivers with shallow water of not more than 20 feet depth, where
the oblique piles can be dispensed with altogether; and where
there is a rock foundation the screws are omitted, and the piles
are simply let into the rock about 2 feet, and filled round with
cement, allowing of great rapidity of erection in this case. In
some situations the rails are carried at the level of the top of the
girders to obtain the advantage of the additional height, instead
of being supported from the lower edge of the girders; and tho
girders are then braced with diagonal ties to give increased
stability under the load.
A valuable proof of the strength of the piers erected in the
manner above described was all'orded by the exposure of the
Nerbudda viaduct on the Baroda line to the monsoon of 1860,
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whilst still in an incomplete state, the works having been sud
denly stopped by the cholera breaking out among the men.
There were at the time only two piles erected at the last pier,
which reached into the middle of the stream, without any oblique
piles to serve as struts in sxipporting it; but the pier resisted the
deepest and fiercest current of the river without sustaining any
injury. At this bridge greater rapidity in screwing down the
pile piers was latterly attained by Mr. Forde's application of
animal power direct at the extremities of 40-feet levers made fast
to the piles, without the intervention of crab winches or other
multiplying wheels. Four of these levers, with eight bullocks
yoked to each, were applied to screw every pile. This plan would
be applicable to all pier sites not permanently covered with water.
When any considerable depth of water exists the practice hitherto
has been to erect a temporary staging or platform upon timber
piles, from which the permanent iron piles are screwed down by
a lever and capstan worked by men, but probably a more
Fio. l.
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set. The greatest strain to which any portion of the girders is
subjected under the heaviest practical load is 3j tons per square
inch of section.
The piers and superstructures from ninety-five bridges on this
plan of construction have now been sent to India, comprising
477 spans, and making about 6 miles of viaduct upon the Baroda
Kailway; and the trains on the 139 miles opened within the last
year pass over thirty-three bridges, comprising 215 spans of
(SO feet each. There has not been a single failure in the founda
tions with the iron-pile piers, though nearly all the foundations
were bad; whilst the attempt to erect masonry abutments even
for 10 and 20 feet spans has failed in several instances in similar
localities.
The rapidity of erection afforded by this mode of construction
is well illustrated by the progress made on the second or central
division of the Baroda Railway, extending over a length of
80 miles, and including the most difficult part of the entire line.
Possession of the land for this portion of the line was obtained
in October 1858. The average amount of iron-bridge viaduct
on one-half of this division, including that of the Taptee, was
twice the average of the whole; for about 40 miles in this locality,
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economical mode would be to use afloating stage carried upon well- or one-eighth of the entire line, included one-quarter of the total
anchored pontoons. The principal element of strength in these amount of bridge work. The Taptee bridge, 1891 feet long,
bridge piers is the firm and accurate fixing of the horizontal spanning a tidal river, and erected on an alluvial bed, was opened
and diagonal bracings between the piles from the bed of the for the passage of trains in November 1860, within one year from
river upwards. This and other necessary operations in deep the sinking of the first pile; this great work ranks the second
water are effected by submarine fitters, furnished with Heinke's in point of difficulty on the entire line. These 40 miles of rail
diving helmet and dresses, which are indispensable in such way just completed, including eighteen iron bridges, making up
more than 1 J mile of viaduct, have occupied only about two years
cases.
Previous to adopting the "Warren" system for the bridge and a half in the construction—forming a remarkable achievement
superstructure, the writer tested a girder of this construction, in railway operations. These works being the first of the descrip
of sixty feet span, to the breaking point, and finding the tion executed upon a large scale, the writer was not able to meet
with engineers experienced in the erection of this particular
results generally satisfactory, strengthened the parts very con
siderably in the subsequent designs, rejecting all cast-iron, and class of bridge work. Only one of the engineers on the line
increasing the quantity of wrought-iron beyond previous practice. had previously erected a Warren girder, and only one had pre
An additional strength is thereby attained which has already viously sunk a screw pile. None of the others had previously
proved of great service, having enabled the Wiswamuntree bridge erected either piers or superstructure of this class: yet in this
to resist successfully the shock to which it was exposed by an their first effort in the erection of railway bridges upon iron
accident, arising from a malicious plot for destroying the train, screw piles their success was as above stated; and with their
on the 17th of January, 1861; the train was thrown off the increased experience they can now erect as many piers at a time
line by a rail placed across, and broke some of the cross girders as it might be found admissible to carry on simultaneously, each
supporting the track; but it was completely held up by the main being completed in a fortnight; and could cover the piers with
girders, and the bridge sustained no further injury from the their superstructures at the rate of one span in every two days.
accident The regular test to which the superstructures have This rate of erection was nearly attained in practice in the con
been submitted in England was 2 tons per foot run, or about struction of the division of the line above referred to.
double the maximum load that can be placed upon them in
An important essential to economy and rapidity of construction
practice. This test load was rolled on in trucks from a siding; is to provide beforehand a large proportion of the permanent
it caused a deflection of only five-eighths of an inch in the centre way and bridge materials, and to have both of them in readiness
of each 60-feet span, and upon removing the load the girders re
at the proper commencing point of the line, before the earthworks
covered their original camber, without taking any permanent are undertaken. This precaution would add to the economy of
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General Tabular Scale for calculating Composition and Cost of Bridge Piers,
The superstructures being constant quantities for spans of 60 feet—viz. 1st track, 21 tons of wrought-iron at £16. 16». per ton, £406. lis. 2d.;
2nd track, 22 tons 14 cwt. at same rate, £380. 17*. 2d.—delivered in London.
Ton cwt qr. lb

Description.
3 Pile caps (A,—see Fig. 1)
3 Piles (B) ...
...

Class I.
...
(Cast)
...
do.

2 12
3 19

0

2
4
3
64
4
4

Horizontal T iron struts,
... (Wrought)
Diagonal L iron bracings
...
do.
L. iron rings
...
...
do.
Bolts, nuts, and washers, 1"X 4J"
do.
Ditto
ditto,
14x74"
do.
Gibs and cottars
...
...
do.

8
6
3
1
0
0

3
2
2
0
1
0

24
20
22
6
3
17

15

3

8

Description.

7

8

2

8

4

8

2

9

Horizontal X iron bracings ... (Wrought)
Diagonal |_ iron bracings
..
do.
Bolts, nuts, and washers, l"x4i" do.
Ditto
ditto
14"X/T do.
Gibs and cottars
...
...
do.

4
6
0
0
0

0 6
3 0
2 22
1 3
0 17

11

3 20

Total
Class II.
(Cast)

3 Piles (C)

Class VII.
(Cast)

£49 15

7

1
1
1
12

1

9

2

3

Horizontal T iron bracing ... (Wrought)
Diagonal L iron bracing
...
do.
Ditto
...
...
...
do.
Bolts, nuts, and washers, l"x44" do.

0
1
0
0

2
1
3
0

16
20
26
26

3

1

1 12

3

1

9

2

3

Horizontal X iron bracing
... (Wrought)
Diagonal I, iron bracing
...
do.
Ditto
...
...
...
do.
Bolts, nuts, and washers, l"x4J" do.

1
1
1
0

1
8
1
0

26
12
25
26

5

0

5

1 14

2

8

1

9

2

3

2
1
2
0

1 0
3 26
0 14
0 26

6

2 10

1 18

0 13

1

Total wrought-iron
Total
1 Pile (C)

Total wrought-iron

Ton. cwt. qr. lb

1 Pile (C)

3 14
3 14
3

Total cast-iron (carried down) 6 12

Coat delivered
in London.

14

0

£63 16

33

4

...

...
...

...

Class VIII.
...
(Cast)

Total wrought-iron
5

0

2

1

4

3

0

7

2 Horizontal X iron bracings ... (Wrought)
30 Bolts, nuts, and washers, 1"X 44" do.
4 Ditto
ditto
14"X64 do.

4
0
0

0
2
1

6
9
2

Total

3 Piles (E) ...

...

...

...

3

1
1
1
12

Class III.
...
(Cast)

10 11 11
3

1
1
1
12

Total wrought-iron

Total wrought-iron
...

...

4

4

6 11

7

3 24

£35

9 10

Total

8 16

5
9

2 14

28 10
0 10
£29

0

1
1
1
12

1 Pile (D)
1 Pile (B)

...

4 14

0 14

Class VI.
(Cast)
do.

1
1

9
6

1 0
2 14

2 15

3 14

£35

30 Bolts, nuts,' k washers, 1"X44'
1 1. iron ring
...
...

(Wrought)
do.

Total wrought-iron
Total

...

...

0
1

2 9
0 26

1

8

2 17

2 21

3

7

£18 19

8

2

3

0
1
0
0

18
24
18
26

Total wrought-iron

8

0

1 17

2

1

4
3

Total

20 19

...

...

Class XI.
(Cast)

7

5 11

...

4
2
1
0

11

1

6

4

9

6

£15 10 11
11

1

5

5 16 11

£22 11

4

11

1

5

2

7

2

4

5

£18

3

9

10

7

S

7

2 21

6
0
0

2 17
0 22
0 15

Total wrought-iron

5

3 26

5

7

6

1 13

2 19

£15 15

1

6
0

1 11
0 22

9
0

9
3

y
4

5

2

6

£9 13

1

1 14

£11 16

3

...

...

0
Class XII.
1 Pile (G)
(Cast) 1
10 Bolts, nuts, & washers, l"x44" (Wrought)

1 12

£16 18

1 Horizontal X iron bracing
... (Wrought)
10 Bolts, nuts, and washers, l"x44" do.
2 Ditto
ditto
14"X64" do.

Total
7

2 18

9

Total
Total cast-iron

4

Horizontal X iron bracing
. . . (Wrought)
Diagonal L iron bracing
...
do.
Ditto
...
...
...
do.
Bolts, nuts, and washers, l"x44" do.

1 Pile (E)
Class V.
...
(Cast)

...

Class X.
(Cast)

1 Pile (C)

3 17

0
2

5

2 11

4

Class IV
3 Piles (G\
(Cast) 3 16
30 Bolts, nuts, & washers, 1 " X 44" (Wrought) 0

3 Piles (F)— screw

...

Horizontal X iron bracing
... (Wrought)
Diagonal L iron bracing
...
do.
Ditto
...
...
...
do.
Bolts, nuts, and washers, l"x44'' do-

Total

Total

...

Class IX.
(Cast)

1 Pile (C)

31

1

4

Total

£43 16

£11

8

Total wrought-iron
2
4
36
4
4

Cost delive ■ed
in Londoa.

...

...

1

2
2

1 Pile (F)

Class XIII.
(Cast)

1 11

Note.—In the above table the cost of cast-iron is reckoned at £7- 10s. per ton, and of wrought-iron at £17. 15s.—delivered in London.
the results by enabling the materials to be carried forward to
their intended sites along the railway itself, as soon as the rails
■were laid on formation level; and would admit of rapid ballast
ing as soon as the earthworks had received their first rains or
monsoon seasoning. It would besides have a beneficial effect in
consolidating the banks, by the transit of heavy loads prior to the
ballasting, and before opening the line for traffic. In order to
secure the greatest regularity in the supply of the materials in
India, all the portions of each pier and each span of super
structure should be shipped together in the same vessel
The system of construction now described aims at maintaining
the greatest practicable uniformity of parts, and the smallest
variety, with the greatest durability of pattern, throughout all

branches of the railway works. This can only be secured by
well considered designs based upon strict tests. The first tem
plates should be the best fitted to their object of any at the time
in existence, and should be preserved until some indisputable
improvement required a change. The greatest judicious unifor
mity of parts and designs is essential to the greatest attainable
economy, rapidity, and certainty, both in construction and afterworking.
On this railway precise uniformity has been established be
tween the corresponding parts of every pier and of every girder in
the ninety-five iron bridges. Without such uniformity it would
have been impossible to secure either precision of manufacture at
home, rapidity of erection abroad, or freedom from the cost, incon
60
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venience, and delay which must attend losses at sea, -when
each work is upon a special and separate design. In erecting
the work each engineer, artificer, and labourer becomes rapidly
accustomed to his particular part of the work, and acquires in
creased expertness. The work at one point being completed,
the men are moved forward to perform similar operations else
where with similar materials. What has been aimed at in this
respect is, to apply to the construction of great public works the
principle of manufacturing success—namely, repetition of the
same operations throughout.
From the present state of iron structures of this class that
have been standing for many years, and have been well taken care
of, their probable duration for a hundred years may be inferred,
which would bring them to between the ages of the old West
minster and Blackfriars masonry bridges; the former of these has
for the last six years been in process of rebuilding, and the latter is
awaiting a. similar renovation. After three years' use of the Baroda
Railway iron bridges, a comparison of their cost with that of the
old Westminster masonry bridge, would show that their entire out
lay would in that time be refunded. These are strong grounds for
the use of iron bridges, even in the absence of effectual precautions
against oxidation. At the same time, the discovery of some such
effectual precaution is unquestionably the most important deside
ratum within the range of the engineering profession, with a
view to further increasing the durability of iron structures.
The cost of the entire construction of the line may amount to
about £10,000 per mile, but had the ordinary method of construct
ing the bridges been adopted, even if practicable by that course,
the cost must have reached from £16,000 to £18,000 per mile.
In connection with the railways now in progress in India as
main trunks, and considering that the country is at present abso
lutely without secondary roads converging to them, it becomes a
very important question, what is the most profitable description of
secondary roads to adopt; and that plan will be best which
enables goods to be conveyed most cheaply, taking into account
first cost, maintenance, and working cost. Comparing an ordi
nary metalled road with a light tramway capable of being worked
by animal power or a small locomotive-engine, the construction,
cost, and the maintenance of the tramway may be assumed at
double the amount per mile of the ordinary road, but the trac
tive effect of the same power on the tramway would be eight
times that on the road, and the effect of gradients will be the
same on each. Comparing steam-power with animal-power for
cost of traction, the former may be taken, after leaving a large
margin, at half the cost with four times the speed; and it may
therefore be considered that the total cost of haulage by steampower on a tramway is one-half that of animal-power on a tram
way, or one-fourth that of animal-power on ordinary roads.
It is a very satisfactory circumstance, that one native Indian
Prince, the Guicowar of Baroda has already set the example of
constructing from state funds a tram-road converging to a trunk
railway, having commenced one of 20 miles length through a rich
district, from Dubboee to the Meagaum station on the Baroda
line, which is to be opened as a horse tram-road before the next
cotton season. Mr. Forde, the late chief engineer on the Baroda
line, has undertaken the construction of this tram-road at a
cost of £1300 per mile, using rails 12 lb. per yard, and a 2 ft. 6 in.
gnage. In the writer's opinion both the guage of a tram-road
and the weight of rail ought to be considerably increased beyond
those dimeutions; the guage to, be say 3 ft. 6 in., and the rail
281b. per yard at least. The question of the introduction of a
minor class of railway or tram-road is one of much importance,
requiring the forethought and distinct arrangement of the govern
ment; as it is really as essential that a uniform guage of road,
height and guage of buffers, and clearance guage, &c, should be
established for such minor roads, as for the main trunk lines,
otherwise there must be endless and costly trans-shipments as
the system becomes developed.
It may be observed with reference to the extension of railway
communication, that with good working arrangements the Indian
railway companies will find themselves in a most favourable
position to carry out their task with every element that can
secure the most satisfactory results. Taking the particular
line under review as a sample: it traverses a vast, populous,
and most productive district;—its ruling gradient is 1 in 600;—
its cost of construction, about £10,000 per mile, or one-fifth
of the rate of much easier lines executed in England;—it is
protected by the establishment of a moderate rate of train
speed;—its locomotive superintendence and maintenance of way
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are under one undivided responsible control. Such combined
elements must insure safe travelling at low fares for the public,
together with a liberal remuneration to the shareholders; and
thus tend to restore the confidence of capitalists in similar bene
ficent operations so essential to the progress.of the British Empire,
both home and colonial.
Note.—When describing the superstructure of these bridges,
it should have been mentioned that the position of the roadway
may be regulated either by placing the cross girders which carry
the roadway above the compressive beams of the main girders, or
upon brackets fixed to the main piers of the lower tension bars.
The upper position for the roadway is preferable, because it com
bines the effect of both main girders to resist forces tending to
produce the buckling of the compressive beams. The upper or
lower position of the roadway in this respect must be decided by
the amount of headway under the bridge, or the clearance between
the bridge superstructure and the highest known flood-level of
the stream: there should not be less than 5 feet. The power to
resist buckling must be made ample, whichever position is given
to the roadway. In every case there must be a horizontal dia
gonal bracing between the cross girders carrying the roadway,
continued from pier to pier; and where the roadway is on the
top of the main girders there should be additional oblique stays
from each of the cross girders, to points near the lower main
pins of the horizontal tension bars. All these precautions are
essential to secure the requisite stability and freedom from vibra
tion in the roadway and girders.
{To be concluded in our next.)
THE LATE RESTORATIONS AT ST. ALBAN'S ABBEY.
At the commencement of these works in September 1860,
the walls of the north aisle, the north transept, and the north
choir, were buried to a considerable height above the original
ground level by the accumulation of earth; in consequence of
which they were constantly damp, and the effects of this were
visible in the interior, particularly in the north transept, where
the ground rose to a height of about 10 feet above the floor line.
In addition to this, the drainage was very defective, and the rain
water which fell from the roofs increased the dampness of the
walls. At first permission was obtained from the then owner of
the land to remove the soil for a little distance back from the walls,
along their whole length; and shortly after this the committee
were enabled to purchase the whole of the land adjoining the
north side of the abbey, and extensive excavations were then
made, so as thoroughly to open out the walls down to the original
level, and to shape the ground into agreeable forms. By thiB
means the great source of the dampness of the walls was removed,
and the appearance of the north side of the abbey materially
improved. Proper drains are now formed also along the north
Bide of the church, by which the water from the roofs is carried
off, and the ground at the foot of the walls has been paved, to
thrown off wet from the foundations. In addition to this, con
siderable expense was incurred in repairing and diverting other
drains which ran under this piece of ground.
The parts of the walls thus exposed to view were carefully
repaired, and the foundations underpinned wherever they were
found to be decayed. The walls along the whole north side were
thoroughly repaired, and the defective parts of the buttresses to
wards the west end renewed. ■ During these operations some
very curious details were found built up in the aisle walls, to
wards the west end. They consisted of the remains of some ex
ceedingly fine tabernacle work, retaining its ancient colouring as
fresh as when originally done. These are now placed in the
north-west porch. There were also found proofs of a chapel
having existed against the aisle in this part, the respond of the
arch remaining embedded in the wall; this has been built up, but
in such a manner that it can be easily opened out for examina
tion. In the north side of the transept there was discovered a very
singular domed chamber, constructed in the thickness of the wall.
At the eastern end, the buttress of the choir-aisle (which
stands within the newly-purchased ground, and which was
giving way) has been thoroughly restored, the base mouldings
renewed, and the ashlar work made good; a fine Perpeudicular
doorway, which had been walled up, was opened out externally,
and restored, and this will eventually be used as an entrance,
permission having been obtained to remove a monument which
now blocks it up. In clearing out this door many interesting fragmcuts were disclosed, which are now preserved in the church.
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consented to reduce their charge to 6*. when applied to, the
citizens would have been contented; but their obstinacy brought
a new competitor into the field whom their too late repentance
could not exclude, and the consequence was for a time nearly
ruinous to one of the old companies.
Competition having thus produced important practical advan
tages to the consumers of gas in the metropolis, they were not
inclined to look to its ultimate consequences. It is quite evident,
however, that the effect of such competition must eventually be
injurious to the consumers of gas as well as to those who supply
it. Experience in many towns in the kingdom has proved that
after a while the computing companies combine, and then the gas
consumers are made to pay by increase of price for the unnecessary
expense of separate sets of works and mains, and separate systems
of management. A combination of this kind took place among
the gas companies of the metropolis in 1857. They entered into
arrangements to supply separate districts, each company engaging
THE GAS SUPPLY OF LONDON.
not to supply gas beyond the district to which it was limited, even
It is well known to most of our readers that, after three or four though its mains should pass through the streets. This arrange
years of agitation, an act was passed in 1860, at the instance of ment offered many advantages to the public as well as to the
the local authorities, for regulating the supply of gas to the companies. In the first place, the inconvenience of taking up the
metropolis. That act is now in force, and an exposition of it pavement to repair different sets of mains or to change the con
has just been published, with the title ' Gas Legislation,' written nections of the service-pipes was greatly lessened; the leakage of
by Mr. Hughes, who was the honorary engineer of the parochial gas from unnecessary mains was avoided; and the expense of
delegates, and took an active part against the gas companies, and to management was diminished. Had the districting of the metro
whose exertions the obtaining of the act is in a great measure polis by the gas companies been made in a spirit of conciliation
and concession to the gas consumers, all might have been well;
due. This small volume contains a brief history of the circum
stances which rendered legislation on the subject desirable, but the latter found themselves suddenly, and without permission
together with a copious index and a commentary on all the asked, transferred from one company to another, like bondsmen,
clauses of the act, in which its general provisions are explained, and all the dreaded consequences of monopoly were presented
its advantages are pointed out, and in which we are informed how to them without any attempt to soothe their apprehensions. Not
far it falls short, in its protection of the interests of the public, only so, but one of the gas companies to which the lighting of a
of the bill originally introduced, as drawn up to suit the views of parish had been transferred outraged the feelings of the rate
the local authorities. In the historical sketch of the proceedings payers by immediately raising the charge for lighting the public
which led to the passing of the act, Mr. Hughes assumes that his lamps. This sounded the tocsin of alarm, and the vestries of
all the metropolitan parishes vociferously denounced the gas
readers are acquainted with many particulars that are not gene
rally known; and as the struggle between the vestries and the monopoly that had been created, and banded together to adopt
metropolitan gas companies—which lasted for nearly four years, at means to release themselves from the bondage of the gas
a cost to the parties concerned of at least .£20,000—was one of companies. As on all such occasions when public indignation
the most important of the kind that has ever occurred, we shall finds vent in vestries, many fallacies and absurdities were uttered,
take this occasion to notice it more fully, and perhaps more impar
alleged grievances that had little foundation were brought
tially, than in this volume, written by one of the persons who forward, and the gas companies were abused with a degree of
were busily engaged in the contest.
violence amounting to absurdity. Deputations were appointed
The metropolitan parishes and the city of London are lighted to wait on members of the government, and the pritnd facie case
by thirteen gas companies, the oldest of which, the Chartered, presented by the delegates was so strong, that a parliamentary
was established in 1810, to light the cities of London and inquiry was granted into ' the state of the gas supply of the
"Westminster and the borough of South wark. As gas light
metropolis. A committee of the House of Commons was
ing became more general it was found that a single company appointed in 1858, consisting of five members nominated by the
was inadequate to afford the required supply, and the other gas companies, five by the parochial delegates, and of five nominated
companies were gradually formed; having obtained per
by the government The committee sat for five days, during
mission from the local authorities to open the streets to lay which three witnesses only were examined, all on behalf of the
down their mains, by offering to supply gas at a cheaper rate, delegates; when the committee determined not to hear further
especially to the public lamps. Thus in some of the streets in evidence in consequence of the lateness of the session. In the
London there were as many as four mains of different companies, following year the committee were re-appointed, but they
and the inhabitants had the choice of taking their supply of gas postponed their proceedings on the third day, after having
from which company they pleased. This competition had the examined only one witness (Mr. Hughes), in order that counsel
desired effect, in combination with improvements in the manufac
might be employed in the further examinations, and a few days
ture of gas, of reducing the price rapidly from the original charge afterwards the dissolution of parliament put a stop to the inquiry.
of 15#. per 1000 cubic feet to 4*. 6d. in the greater part of the
The evidence so far as it went failed to establish any case of
metropolis, and in the City to 4*., the latter low price including grievance against the gas companies, and even Mr. Hughes him
the use of meters, for which meter-rents are charged in most other self admitted that the gas consumers had nothing to complain of,
parts of London. Much of the competition thus created the gas but they were apprehensive that they might have if the monopoly
companies brought on themselves by not yielding to the reason
were continued. In the first session of the new parliament the
able requests of the consumers for a reduction in price, and by delegates determined to bring in a bill for the regulation of the
their overbearing conduct to their customers; for, though in com
gas supply of the metropolis, but it was thrown out for non
petition, they combined together to keep up the price. The compliance with the standing orders of the House.
establishment of the Great Central Gas Consumers Company in
In 1860 the bill of the delegates was again introduced, and
the City is an instance in point The City was lighted until 1852 was referred to a select committee, of which Mr. Estcourt was
by the Chartered and by the City of London Companies, who the chairman. The effect of the evidence given before the par
charged 6s. per 1000 feet, and meter-rents. They turned a deaf liamentary committee, and the result of cool reflection on the
ear to the deputations that waited upon them requesting a districting arrangements of the gas companies, had evidently
reduction in price, and asserted that gas could not be sold remu
produced a complete change in the views of the delegates, for
neratively in the City for less than 6*. The Great Central the preamble of their bill, after reciting the names of the metro
Company was then started, under the sanction of the Commis
politan companies, proceeded to state: "And the said companies,
sioners of Sewers, and undertook to supply gas—including the use instead of supplying gas by several mains in the same district,
of motors—for 4*. per 1000 feet; but before that company could have agreed, as far as possible, each one to confiue its supply to
come into operation the two companies who bad possession of the a separate district, in order to economise capital, and avoid the
City reduced their prices, first to 5*. and then to 4«., with a view too frequent opening of the public streets; and, subject to the pro
to prevent the establishment of the new company. Had they visions and restrictions of this act, it is expedient that such districting
The roof of the north aisle, being found to be quite decayed,
has been renewed in its entire length, and stack pipes have been
fixed, where necessary, along the whole north side of the church.
The roof of the north transept, which was in a dangerous state,
has been strengthened with new principals, to which the old
beams have been screwed up and bolted, the old lead has been
relaid, and made good; so that the roof is now in a condition of
substantial repair.
The works now completed are throughout of great importance
to the stability of the building, while the appearance of the
whole north elevation, and that of the interior of the north aisle,
are very considerably improved. Various other works of the
same kind, and scarcely less urgent, are in contemplation with
respect to other portions of the abbey, and these it is to be hoped
will be commenced upon forthwith.
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thould receive the sanction ofparliament." Thus the principle of mo
nopoly, against which the agitation had first been raised, was con
ceded, and the fight in committee was confined to the restrictions
under which it was proposed to place it. During the proceedings the
opinions of the committee vacillated first one way and then another,
so that at one time the promoters of the bill threatened to with
draw it, because it would be too favourable to the gas companies;
and afterwards propositions were made so adverse to the com
panies, that their counsel withdrew from the committee-room, to
reserve their opposition for the House of Lords. The clauses of
the bill being then modelled under the sole influence of its pro
moters in such a manner as threatened almost to confiscate the
property of the gas companies, the whole joint-stock interest of
the kingdom took alarm when it was reported to the house; and
in consequence of the demonstrations made against it, the bill
was recommitted. The clauses objected to by the gas com
panies were struck out, and the others were so altered in
their favour, that the promoters of the bill more than once
threatened to withdraw it; and probably they would have done
so but for the introduction of a clause, to which the gas companies
offered no objection, to the effect that the expenses of obtain
ing the act should be paid by the Metropolitan Board of Works.
But for the insertion of that clause all the expenses would have
been thrown on the promoters of the bill; and as the ardour of
many of the vestries and local boards had greatly cooled during
the progress of the inquiry, those who had made themselves
responsible for the costs would have been placed in an awkward
predicament. The bill encountered no other serious opposition,
and it received the royal assent on the 28th of August.
Of the act as it now stands Mr. Hughes observes: "Notwith
standing all the phases through which the bill has passed, and
the rocks and shoals on which it so narrowly escaped shipwreck,
the act is still a valuable one, and, if not perfect, contains at all
events the germ of better and more successful legislation. After
much consideration and discussion at numerous meetings of the
delegates, it was resolved, on many grounds, to accept it as a
whole, and it now remains to make the most of it." The pro
visions of the act are based on the monopoly which the district
ing arrangement created, and they are intended to regulate that
monopoly in a manner to render it beneficial to the public. In
the first place it incorporates the Gaswork Clauses Act of 1847,
the most important provision of which is the limitation of the
dividends of gas companies to 10 per cent., and, if the profits
exceed that amount, the price of gas is to be reduced. The
South Metropolitan Company are now in that prosperous condi
tion, and since the passing of the act they have reduced the
price of gas id. per 1000 feet. The Phoenix Company also, which
supplies the adjoining district, have reduced their price 3d.
per 1000 feet in anticipation of quickly arriving at the 10 per
cent, dividends, in consequence of the improved position given
them by districting. The act fixes the maximum price to be
charged for common gas, of an illuminating power aot less than
twelve sperm candles, at 5s. Crf., and for cannel gas, with an illu
minating power of twenty candles, 7*. 6d. per 1000 feet; but no
advance is to be made on the prices charged on the 1st January,
1860, unless circumstances arise that will warrant it; the local
authorities having power to dissent from such advance, and to re
fer the matter to arbitration. Each gas company is compelled to
provide a place within 1000 yards from their works, with proper
mechanical apparatus, to test the illuminating power of the gas,
and the local authorities are required to appoint competent
officers, and to provide scientific apparatus to test the illumina
ting power and the purity of the gas. It is one of the es
sential conditions of granting the monopoly that the companies
are compelled to supply gas to all who require it wherever
their pipes are laid down; but the companies are empowered to
demand security for the payment of the gas consumed, if they
think proper to require it; and they are also compelled to lay
down service-pipes to supply any house within fifty yards of their
mains, provided the occupier of the premises contracts for two
years to pay gas rates to an amount equal to 20 per cent, on the
outlay. It was one of the grievances alleged against the gas
companies that they sometimes refused to supply an incoming
tenant with gas unless he paid the arrears due by his predecessor,
and this is accordingly guarded against by the thirty-ninth section
of the act, except in cases of collusion between the outgoing and
incoming tenant; and the companies assert that it was only in
cases where they suspected such collusion that they ever refused
to supply gas.
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The clause of the act which assigns separate districts to the
gas companies, also provides for a triennial revision by the
Secretary of State, who may alter the boundaries if he think
proper, after a complaint made either by the Metropolitan Board
of Works, by any vestry or district board, or by twenty inhabi
tant householders. The districts, there is little doubt, will
undergo alteration on the first opportunity, because in some
instances the works of the company are situated at a great dis
tance from the district they light
The provisions of the act respecting public lighting have given
rise to much dissatisfaction. The gas companies are compelled
to light all public lamps, when not at a greater distance apart
than 75 yards, and they are prohibited from charging a higher
rate for gas supplied to those lamps than is charged to private
consumers. The practical effect of this clause has been a con
siderable advance in several parishes on the pievious rates,
as the gas companies, exasperated by a great increase in the as
sessments on their mains and pipes, have charged the public
lamps to the full extent allowed by the act on the estimated
quantity consumed. Much difference of opinion is entertained
respecting the quantity of gas actually supplied to each lamp, and
Mr. Hughes's recommendation, that the gas should be supplied
to the public lamps through meters, seems to be the only satis
factory mode of determining the quantity. The application of
regulators, which has lately been extensively adopted, has indeed
greatly diminished the irregularity of the supply formerly com
plained of; for the pressure put on the gas in the mains in the
early part of the night being always much greater than after the
shops are closed, the quantity of gas consumed by the streetlamps varied very much at different times of the night. The
small regulator fixed a few inches below the burner opens and
closes the orifice through which the gas passes inversely as
the degree of pressure, and in this manner uniformity of flame is
well preserved.
The illuminating power and the purity of the gas are two
important considerations in gas lighting, and the Metropolis Gas
Act provides that the illuminating power of common gas,
now generally charged 4*. 6d per 1000 cubic feet, shall be such
that a burner consuming five feet an hour shall give a light
equal to twelve sperm candles of bix in the pound. That degree
of illuminating power is nearly as high as can be obtained from
common coal, yielding about 9000 cubic feet of gas per ton. The
standard of illuminating power of canuel gas, which is supplied
by some of the London companies, who charge for it 6*. per 1000
feet, is fixed at not less than twenty candles. Mr. Hughes, who
is anxious to make it appear that the London public have greatly
benefitted by his assiduous and unpaid labours in obtaining the
act, states that the standard for common gas is two candles higher
than that of the gas before supplied, and he estimates that the
gas consumers have thus gained .£200,000 a year by the additional
light they obtain for the same money. On this point, however, the
gas companies do not agree with him, and in the City, at least,
where the quality of the gas has for some years past been
regularly tested, the illuminating power has averaged more than
twelve candles. The mode prescribed for testing the purity of
the gas, Mr. Hughes declares, is so severe that very little of the
gas manufactured in London would stand the test for ammonia;
and he suggests that the local authorities should yield something
in this respect if the gas companies will consent to the gas being
tested at the place where it is consumed; fortheactprovidesthatthe
place oftesting shall not be at a greater distance from the gas works
than 1000 yards.
The Metropolis Gas Act has failed to satisfy the expectations of
many of those who took part in the agitation for cheap gas, for
they find themselves, as regards price, in the same position they
were before. What the act does, and what it professes to do,
is, to regulate the monopoly of the gas companies, created by the
districting arrangements, and without which regulation they
might have used the absolute power thus attained to the preju
dice of the public. The benefits to be derived from the act are
rather preventive and prospective than immediate.
It no
doubt confers great advantages on the metropolitan gas companies,
by sanctioning their monopoly of supply, but if its provisions be
fairly carried out, it will secure to the public a participation in
those advantages; and it unites the interests of the suppliers and
the consumers of gas, by making the reduction of price dependent
on the prosperity of the gas companies.
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THE DARK AGES OF ARCHITECTURE*
By J. P. Seddon.
I am somewhat afraid lest by the title selected for this paper I
niav have lured hither under false pretences some mistaken lovers
of Mediaeval architecture, in the hope of hearing a treatise upon
their favourite phase of art;—not, I trust, that any could suppose
I am capable of endorsing the stigma upon it which such term
was intended to convey, but it is possible that some may have
thought that I proposed to enter the lists in its behalf iu the
character of an apologist. Should any have been so misled, they
must pay for their mistake by their disappointment, if such they
deem it; for I hold that calumny to have been long ago refuted.
The Dark Ages to which I am about to refer are quite other than
Mudiosval, as far at any rate as architecture and the other arts
are concerned. They are those, the central or midnight century
of which—if we may credit the historian Carlyle—lacked light
in other senses besides the artistic, being as regards political or
moral honesty also "bankrupt,"—certainly in all matters of taste
they were steeped in the deepest gloom. The picture I cannot
promise to make inviting, but it may nevertheless be iu some
degree instructive, and show ns what to avoid,—a lesson not less
valuable than that which teaches us what to study and adopt.
As the Dark Ages of architecture do not then date from the
birth of the art, they do not include, nor do they necessitate, any
inquiry into the probable form of the wigwam of the pre-Adamite
man, if any such existed; nor need I trouble you with any specu
lations as to the early efforts of the pre or post Noahites, which
perhaps some millions of years later may have preceded or fol
lowed the fabled transition of the type of the timber hut into
that of the stone temple;—for such essays iu building cannot
claim a title to the name of architecture at all, or if any be
inclined to concede it to them, it could be but as architecture
in infancy, and therefore, even if only babbling by the light of
nature, not altogether dark nor dead: its glimmerings, if but the
first of the dawn, are surely, though slowly, about to broaden
into daylight; the men who wrought it were looking forward,
not backward; they were gaining step by step in advance, never
pausing; one nation taking it up where its predecessor left it,
each meanwhile giving it some individual impress—adding some
new thoughts to the general stock, and fusing them into a con
sistent and intelligent whole.
Thus we may trace art from age to age, until the Dark Ages,
and find that it was ever a language wherein men simply and
naturally expressed what there was iu them to tell, and which
we may read with an assurance greater than even that we can
give to their written records, seeing that there is less likelihood
of their having been tampered with.
As from the bowels of the earth our geologists are digging new
fossil facts, which explain or correct our misreadiugs of sacred
writ, so our Layards and Newtons are excavating from more
recent strata actual fragments of buried Assyrian cities and
mausolei, in Asia Minor, which in like manner throw new light
upon profane history, and convict half our cherished traditions
of being mere fables, putting us as it were face to face with the
kings, priests, and warriors of those ancient days, which had
become to us almost as obscure as the " mornings and evenings"
of the creation, with their wondrous intervals. So it is with the
kings of Egypt: their acts, and all they did are chronicled on
the walls of granite and sarcophagi of basalt lately visited and
ably described by Prof. Donaldson; and, in these days of rail
ways, we can quickly re-unite—in the mind at least—the sculp
tures of the Parthenon housed in our Museum, to their empty
sockets in the ruins of the temple or the Acropolis of Athens,
and so gain a glimpse of that perfectly beautiful art, in which
the polished Greek sought to represent his ideal of the divine.
Then the Roman has left us his notions of architectural showiness, in his versions of the five orders; which, whatever they
may be worth, were his own, until eclecticism in the Dark Ages
confounded all nationality and propriety in such matters.
Even the Byzantine, in whose hands art seemed to stagnate
for a season, wrought out in his unmistakeable manner the
types tradition handed down to him, and set the dome as his
sign-manual over the crux and each arm of the churches which
he built on that plan of his—"the Greek cross."
The Arab, again, had his slim minarets and fretted domes, with
an array of pointed and stilted arches, whose curves seemed to
have been fashioned after that of his own falchion.
•Paper read at the Eoyal Institute of British Architects.

The barbarians also, who overturned the Roman empire, and
settled down upon its lees, gave sense and nerve to the effete
nonsense which they found iu the shape of decorative art in that
Classic land, and thought out for themselves a better (being the •
proper) way of using the archivolt, and wreathed the tame foliage
of the Corinthian capital into something like the grace and free
dom of nature; and told iu their sculptures, without reserve,
what they themselves believed in, loved, and were amused by.
Then followed, surpassing all previous efforts, the Gothic or
Mediaeval development of art, the grandest, noblest, and most
scientific which the world has seen; for even if, in its restlesss
strivings after conceptions of beauty, seemingly as infinite in their
variety as in the number of its works and its schemes for reali
sing them, it sometimes overshot its powers; and making not
sufficiently sure of its substructure, in haste to soar upwards,
prepared for itself such catastrophes as those recorded of the
towers of Winchester and Ely by Prof. Willis, aud that just wit
nessed at Chichester; we have yet hundreds of other examples,
equally fine, which have lasted for centuries, and may last as
many more. We may therefore still be more thankful for its
lofty and noble aims, despite such occasional failures, than for
the lower, if safer, aims of styles content to grovel near the
ground, and whose superior science consists in poising huge
stones upon columns, in ignorance of the principle of the arch,
whereby the space could be better spanned, and in avoiding
every chance of thrust, in order to escape a difficulty which they
knew not how to deal with.
Throughout all these several styles not one link in the chain
was lost, not one lyiug phase had yet appeared. We may approve
one more than another—we may find errors and backslidings; but
no systematic and deliberate falsehood and betrayal of the spirit
of the age can be found in the whole history of art until we come
to the Dark Ages. The Greeks seem to have been gifted rather
with consummate refinement than with much originality. Wo
can well see that they admired and borrowed from the ornament
of Persia and Egypt, but we have no proof of their having at
tempted to build Egyptian Halls in the streets of Athens, or
sham Caves of Elora about its Acropolis. The Christians, when
freed by Constantino from the persecution which had repressed
all their previous efforts, boldly adopted the pagan basilica for
their churches, and built others after the same type; yet we do
not find that they attempted to compose them out of porticoes
copied from the antique, or piled Grecian monuments one above
another to serve for belfries or campanili.
It is a question of the greatest moment to us, but one which
I have not time now to discuss, how it was that the Mediaeval
or Gothic phase of art should, after its brilliant and rapid
growth, have rested so short a time at the height of development
which it reached, and thence declined with almost equal rapidity,
till it fizzed itself away in France in the luxury of "Flamboyant"
tracery, and in England was strangled in its straight-jacket
array of the rigid " Perpendicular." It suffices for our present
purpose to know that it died from inherent decay, and not from
any assault from without. That this, as every other style that
preceded it, should have gone the way of all things of earth,
may be a matter for regret, yet not of surprise—and its having
done so is not the question which I have proposed to consider on
the present occasion; but rather, how it happened that after it
came "the deluge." We have seen that all previous styles suc
cessively rose, culminated, and fell, only to be followed by others
still more comprehensive; and that each yielded up gracefully
all that it had added to the general stock of ideas, to be grafted
into the newer plant, to bud and flourish again with fresh vigour
and increase of power under a different regime.
What then necessitated the artistic chaos which reigned when
Mediaeval art vanished ? What was the Gorgon's head which
turned into stone the natural love for and power to originate
beauty which mankind had hitherto shown in all ages and
countries? These are the questions to which I am anxious to
find a solution. The complete quenching of the lamp of art,
which sooner or later, in the period of the Dark Ages, ensued in
every quarter of the globe (save where, among the less civilised
Oriental nations, it has stagnated until now in considerable de
corative purity), is one of the strangest phenomena I am ac
quainted with in the history of the world; and this I desire to
invite you to consider, in the hope that we may be able to dis
cover the rocks upon which it was shipwrecked, and that in our
efforts to float it again we may be able to steer clear of them.
The Dark Ages however, or at least the gloom of them, did
00
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not come all at once. The night, unlike that of the tropics, did
not follow suddenly the light of the Mediaeval day. Nay, the sun of
art set so gorgeously that men were dazzled by the glory thereof,
and believed that it was a sunrise heralding a new, better phase
of art, instead of its being a sunset preluding the loss of the
best the world had seen. It behoves rae therefore to linger
over this threshold of my subject (and not unwilling am I to do
so, seeing that it is by far the pleasantest part thereoi), and to
endeavour to trace the lines of its several changes as successively
they grew fainter and fainter, together with the brightness of the
evening stars of genius which beamed like a galaxy through its
twilight, and even occasionally long after the nightfall; until,
clouded over at last, utter darkness ensued, enlivened only by
the false Will-o'-the-wisp phantoms of rococo which have been
misleading men ever since.
This period then, upon which I should cow dwell, this twi
light of the Dark Ages which I have taken for my subject, is
that generally known as the Renaissance, or the revival of Classic
art. It is true that in Italy, the whole surface of which was strewn
with fragments of Boman work, Classic tradition seems always
to have sat like a nightmare upon its architecture: the mighty
flood of life which seems to have throbbed through the arteries
of Northern Europe appears to have been checked in its passage
through the gorges of the Alps, and to have exercised but slight
effect below them, and never entirely to have succeeded in sup
planting the influence of the antique. It succeeded in doing so
to the greatest extent in the thirteenth century, and with much
grace for a time fused the two styles; but soon it began to han
ker again after its old love, and we begin to find the mouldings
of its Gothic buildings becoming poor and weak, and its parts
and proportions betraying more of the Classic elements. In
Venice, which from its position was not so strongly exposed to
this influence, and which was greatly under that of both the
Gothic and the Byzantine, we find in the Doge's Palace a most
valuable and nervous example of Mediaeval building, unsurpassed
in the boldness of its mouldings and detail; yet, if we consider
the general aspect of the domestic architecture of that city, we
shall find little of the variety which was so marked a character
istic of Northern Gothic, it being similar in detail to that of
the Doge's Palace that we find repeated everywhere; while that
of the churches of the Frari, and those of the same date, are
strikingly inferior. In Verona we find another most valuable
local development of Gothic, particularly artistic in its treatment
of coloured material and sculpture: still, an under-current of
Classicism is evident throughout Italian work. In the Cathedral
of Milan it has debased it so far as to render it only worthy of
being a model for confectionary.
_ In Florence and in Pisa we are so entranced by the wealth
displayed in their buildings, of painting and sculpture and pre
cious coloured materials, that we are consoled for the want of
pure Mediaeval feeling and boldness in the handling of the archi
tectural detail in such works as pretend to be Gothic; and in
the host of false facades to the churches in the other towns, such
as we see figured in the plates of the works of Hope, Gaily
Knight, and Street, wo see foreshadowed the childish shamelessness of sham which mainly characterises the later works of the
Benaissance and those of the Dark Ages, which ignores the cer
tainty of being found out the instant the spectator turns the
corner of the building. In the Loggia di Lanzi, by Orcagna, we
find distinct traces of the Boman impost between the columns
and the arches; while his Or San Michele, in the tabernacle and
the tracery of the windows, presents us with work we might almost
mistake for that of Batty Langley. In the pulpit by Andrew
Pisano, in the Cathedral of Pisa, we see in the figures and dra
peries of the bas-reliefs evidences of an already too-absorbing
study of the antique, in contrast with the vigour shown in the
beasts upon which the alternate columns rest, where the sculptor
has evidently treated them con amore, and rather with the tra
ditional Mediaeval feeling; while the capitals of the columns are
almost as bad as the Boman composite; and the weedy apologies
for cusped trefoil arches are the only traces of Gothic forms.
About the middle of the fourteenth century there arose a furore
for the study of Classic literature (which, indeed, had been more
studied during the Middle Ages than we generally credit, but
then in a healthy way, as food to be digested, and not so insanely
bolted, after the manner of bookworms, as afterwards) : antique
manuscripts became eagerly searched for and pored over by the
literati: fragments of sarcophagi, and every production of Koine's
New-road masons' shops were studied by sculptors, and voted to be
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admirable precedents: the ruins of the Coliseum, of the temples of
the Forum, and of the triumphal arches, were diligently examined,
and their proportions measured, and admired out of all propor
tion with their merits; and, as ill-luck would have it, a somewhat
dogmatical treatise upon architecture, by an old gentleman who
lived during the unpropitious days when Augustus had just
strangled the Boman Republic, and who was doubtless a highly
respectable member of a very worthy professional body at that
time, was just then brought into fashion; and a number of sug
gestions that he had made for the guidance of his pupils and
professional brethren, whom he had tne sense to see (for he was
a very sensible man) were not to be trusted to think for them
selves, were propounded as a code of laws to regulate architectural
practice and to serve as canons of taste. The works of Vitruvius
nave since passed through many perhaps too highly valued
editions; while a contemporary architectural romance—'The
Dream of Polypholus,' which is replete with artistic suggestions,
has passed through too few. Most fortunately, the painters were
not so successful as the sculptors and architects in their lesearches
after the antique; and thoroughly can we sympathise with Bio,
who, in his ' Poetry of Christian Art,' rejoices that no picture by
one of the celebrated masters of antiquity was brought to light;
for, says he, "Had this been the case, modern art would have
been in possession of a model from which an unalterable rule of
taste and an unerring theory of the beautiful might have been
deduced and applied to painting.'' It was owing to this want of
success on the part of painters, and to their being forced to trust
somewhat to their own resources, that their art flourished longer
than its sister arts, and that in dying it shone, as the dolphin is
said to do, with brighter hues than during its life, casting not
inconsiderable radiance over the decay of the rest.
It was, then, the unfortunate discovery, galvanizing, and
deification, of the exhumed bones of the Clastic, or to speak
strictly, Roman art, which was the veritable Gorgon's head that
paralysed true and healthy art. Its influence was doubtly fatal:
first, by substituting precedent for thought; and, secondly, by
substituting second-band paganism for Christianity. One result
of the undue regard for precedent was, that the people (for whom
artists ought to paint, sculptors to carve, and architects to build,
rather than for their own compeers)—caring comparatively little
for the defaced bas-reliefs and broken columns, whose stories had
become obsolete, and whose purpose was unintelligible to them;
and the subtle mysteries of proportion being beyond their com
prehension, or at any rate but a small compensation for the loss of
the human interest and phonetic power of the class of buildings
to which from Mediaeval times they had been accustomed—began
to lose all interest in the works which they saw rising around
them. They found that these very learned architects shot com
pletely over their heads; and that, when they asked for artistic
bread, they got naught but stones. Certainly we do not hear of
bed-ridden old men asking to be brought daily to look upon any
of the master-pieces of the Benaissance, as had been the case with
the campanile of Giotto at Florence; for, in truth, theirs are not
" bright, smooth, sunny surfaces of glowing jasper"—they have no
"spiral shafts and fairy traceries" for the eye to delight in; but
rather uncouth, rugged, prisonlike rusticated walls and frowning
cornices, such as those of the palaces of the Strozzi and Bicardi at
Florence, and of the Farnese at Rome, which plainly told them
" we were built to keep you out." And even ifany from the love of
novelty should in those days, as some, I am aware, from the force
of prejudice have in these days, turned from the Doge's Palace and
St Mark's at Venice, to the contemplation of the Library, by
Sansovino, on the opposite side of the Piazzetta, one would think
that when the natural surprise at seeing so many almost identical
females, angelic by virtue of wings alone, somewhat awkwardly
cramped into every pair of spandrels throughout the building, had
subsided; and when sufficient pity had been bestowed upon the
Cupids in the frieze, each condemned to bear in symmetrical balance
on either side of him a swag of flowers altogether too heavy for his
size; that the proportions of the building, admirable though they
may be, would not detain a spectator long after he had exhausted
the iconography which is so happily suggestive of its literary
destination. The consequence of all this was, that the public
ceased to ask for pleasure or instruction at the hands of archi
tects; and the latter forgot that it was their duty to tender it,
and, as if in revenge, hedged themselves about with a set of rules
(the observance of which could, of course, only be appreciated by
the initiated), in oblivion that art should "pierce directly to the
simple and the true."
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Bat the substitution of second-hand paganism for Christianity
was even more fatal than the slavish adherence to precedent. It
is absolutely impossible to produce good work without faith in
what one is attempting to realise. In such faith had lain the
strength of the early painters, in whom we can excuse shortcoming
in their powers of execution for the sake of the purity and earnest
ness of their aim; for, while men wrought in the spirit of the
statement of Buffalmacco, recorded by Vasari—viz. " we painters
occupy ourselves entirely in tracing saints upon the walls and on
the altars, in order that by these means men may, to the great
despite of the demons, be drawn to virtue and piety;"—and so
long as the intention of works of art remained the same as that
named in an inscription over the doorway of St. Nixier, atTroyes,
viz., that three windows had been painted "pour servir de
cate'chisme et instruction du peuple,"—we may foretel their
success, and that step by step they will overcome the difficulties
and technicalities of their profession without the aid of infallible
precedents from the antique. But when they began to pauder
their art, at the bidding of princely patrons, to the representation
of the labours and loves of Hercules and Venus, and other of the
gods and goddesses of pagan mythology, we may as easily pro
phecy that, notwithstanding such splendid genius and wondrous
powers as those of the artists who congregated around the corrupt
courts of Leo X. and the Medicis, the system has become rotten
to the core—the lamp is but nickering with an unhealthy excite
ment which but preludes the extinguishing of the light altogether.
Such was the fact which ensued. The very prowess of Baffaelle
and Michael Angelo seemed to prevent theirsuccessorsfrom making
use of the powers they undoubtedly possessed. They prated of the
composition, the drawing, the colouring, the chiaroscuro, of their
great masters, and humbly strove to follow them with such suc
cess as they were able to command in these particulars; but they
seemed, in their struggle after the means of art, to forget the true
object and end of it: and one may commend their diligence so long
as they confined themselves to the representation of subjects from
profane history or mythology; seeing that it is of comparatively
slight importance whether Alexander or Darius be caricatured or
not in a picture which pretends to no accuracy, even in costume;
or whether Juno or Venus appear questionable in point of
character, if not of beauty, seeing that no one is called upon to
believe in either their existence or their virtue; but one cannot but
regret the misapplication of their efforts to represent the persons
or scenes of sacred history. Thus, Caracci was far better
employed upon his famed Butcher's Shop, than upon his Three
Marys, weeping their crocodile tears; and Guido upon his Aurora
amidst the clouds, for the future admiration of the dozen or so of
devoted students who may always be found copying the same, to
the not very evident advantage of modern art, than upon his
sentimental Madonnas and Ecce Homos.
I have dwelt longer upon the effects of the Renaissance upon
the painters than upon their brother artists; because, as I have
said, from their fortunate failure in finding Classic models, and the
consummate excellence of some of their craft, the meteoric brilliancy
of their fall was the more striking, and the warning it conveys
necessarily the more patent; nevertheless, the same fate befel all
the other arts, including that with which we are more nearly
concerned, and to which my wasting space warns me I must now
confine myself.
Let any one who would question what I have advanced, or who
desires to study Italian architecture, and the end to which it led,
in a simple spirit of common sense, take up Quincy's ' Histoire des
Architectes,' and turn over the plates in their sequence: the first,
representing the cathedral at Fisa, the work of Buschetto, in
1063, and the few next in order, he would find clearly demon
strating what I have stated as to the trammels by which, during
even the Mediaeval period, the attempt to introduce into Italy the
architecture which was then flourishing beyond the Alps was
restrained by the natural predilections for the antique. The plan
of this cathedral—that of the Latin cross—its apsidal ends
(reminiscences of the fatherland of its architect), its clerestory
and ranges of arcades, and the Byzantine feature of the dome over
the crux, are insufficient to conceal the preference for the horizontality of the Classic school, or to excuse the mesalliance of the
Roman order with the arch. This latter is seen still more
uncouthly in the baptistery by Dioti Salvi, in 1152, where gables
and crockets parodied from the Gothic are added. However, the
fusion of the two elements, with greater skill, and so much beauty
of proportion and treatment of precious coloured material as to
demand admiration as a style per te, are represented by the works
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of Arnolfo di Lapo and Brunelleschi in the cathedral, and of
Giotto in the campanile, at Florence.
In the palaces of the Medici by Michelozzo, and of the Strozzi
by Cronaca, at Florence, we seem to lose sight of the desire to
please which the other bnildings I have named show by their
unsparing luxury of marbles and mosaic and thoughtful delicacy
of detail throughout; and are made acquainted with the stern
grandeur and air of shrug-the-shoulder affected by the turbulent
and selfish Italian nobles of the fifteenth century in their fortress
palaces, which however still depend for no small nor inferior
portion of their effect upon the almost Gothic treatment of the
windows, together with the (to my mind) exaggerated frown of
their heavy cornices of Classic type.
Then painfully evident is the study of the antique in the
correct proportions, but tiresome monotony, of the arcaded side
of the church of St. Francesco at Rimini, by Alberti: each arch
with its precisely similar sarcophagus, and each pier with its
rectangular tablet like a picture-frame, each spandrel with its
circular panel like an immortelle;— strangely commemorative,
but hardly symbolical, of the career of the restless Sigismond
Malatesta and his generals, who were probably not all cast in
the same mould. How differently such a theme would have
been treated in Gothic hands, let the monument of Aymer de
Valence and its neighbours in the choir of Westminster Buggest,
or the tombs ranged along the aisles of the church of the Frari
at Venice.
In the Palazzo Pandolfini at Florence we must needs bow
to the consummate feeling for proportion wherein the genius of
Raffaelle is portrayed; though I think we cannot but regret that
he did not, as he might so well have done, give reins to his
imagination, and treat us to something a little more phonetic
than alternate segmental and triangular empty pediments. Yet
if we dare not do other than confess their perfection, we may
plead that sufficient changes have since been rung upon this
slender theme, with alas ! too seldom the same plea of admirable
proportion for an apology which this building and that of the
Palazzo Farnese at Rome can undoubtedly put forward.
The distinctions and merits of this Florentine and the Roman
and Venetian types of the Renaissance have been so well ex
plained by Mr. Garbett in his 'Rudimentary Treatise on the
Principles of Design in Architecture,' as to render it unnecessary
for me to do more than refer an inquirer to his remarks on the
subject; and simply to note, in following our present author,
that we find as examples of the second class the works of Giulio
Romano at Mantua, and of Michael Augelo at St. Peter's,—
honourable of course, to a greater or less degree, for proportion,
but generally contradictory of truth, in ignoring the necessity of
floors in buildings by the use of single gigantic orders of pilasters
for their exteriors, and for the method of veneering the same to
their facades. Triglyphs, from the examples I find in the plates
under examination, seem to be the main if not the single idea of
decoration; and for the pertinacity with which so happy a feature
is kept before the mind we ought, no doubt—though I own my
inability—to be truly grateful.
Of the Venetian type, by which I understand the decoration
of each floor by an exterior order, we have the library of St.
Mark, by Sansovino, at Venice, of which I have already spoken;
the Villa of Caprarola, and the Palazzo della Ragione, at Vicenza.
But though we have not the noble Palazzo Grimani at Venice,
by San Michele, nor any of the picturesque painter-like concep
tions of Longhena, such as the Palais Pesaro at Venice—which if
not so pure in detail commend themselves to me for artistic
grouping and conception before most of the ordinarily idolised
Italian buildings—these Venetian works, with their pomp and
luxury of effect, their successive orders of columns, constant use
of coupled columns, depth of recess, and richness of detail, seem
to typify the vanity and love of parade of the age which gave
them birth, and which preluded the downfall of the city they
adorned. I do not remember ever to have been struck more
forcibly with the character that architecture can present than by
the puerile vanity shown in many of these facades in Venice; for
while the old Moorish and Gothic palaces, marred as they almost
all are by later incongruous additions and insertions, though
comparatively modest and unaffected, have sensible fronts, more
richly arcaded and decorated of course than the sides, yet in
harmony therewith, so that they are one conception and con
struction—these fronts of the Renaissance buildings are all sepa
rate show facades, stuck as it were before a building of totally
inferior and distinct character, just returned round the angle a
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few feet to save appearances, which of course is found out as
soon as one lias turned the corner.
Such are the three grand types of the Renaissance architecture
of Italy, as developed principally in Florence, Rome, and Venice,
and whence sprung the architecture of the Dark Ages to which
the plates of the second volume of Quincy introduce us, but all
the series of which I have neither time nor patience to follow.
From Italy the Renaissance spread into France, a result doubt
less hastened by means of the Italian wars of Charles VIII.,
Louis XII., and Francis I. ; but at first the native workmen
merely applied the more ornamental parts to their own Gothic
work, as in the Chateau de Elois. Subsequently they developed
it into a style of their own, of which C'hainbord and Cheuonceaux
are among the most favourable specimens. It may be described
as consisting of the application of pilasters, more or less enriched,
as surface decoration, and these are in fact made to do the duty
of the buttresses which were so profusely employed in Flamboy
ant. There is much beauty in this style, which was the work of
French architects, and became naturalised in their land. It is
very artistic, and less insolent in its display of barren proportion
—it gives something more than that husk of art. At the same
time, it is, like all Renaissance work, radically wrong and incon
sistent as architecture compared with the real styles. Its very
notion of ornament is something added to and independent of
the construction. It is highly picturesque, but generally exagge
rated iu its grouping and skyline, and combinations of turrets
and high roofs,—its best features, which it borrowed from the
Gothic.
In the latter years of Francis I., Italian workmen and architects
were imported into France, and were employed at Foutainebleau.
They introduced a great modification into the style, partaking
more of the Classic feeling; after which, as was natural, it rapidly
deteriorated, and passed through the phases of the style of Louis
XIV., set forth iu the pages of Le Pautre, redolent of gilding and
parade: thence it sank, in the times of Louis XV., into that vicious
and emasculated style which has earned the soubriquet of "rococo,"
in which all the grandeur—manly, if somewhat heavy and
impure—of its predecessor gave place to au elaborate trifling
with florescent knucklebones, in curious combination with a spe
cies of shellwork,—altogether an idiotic piece of business, which
we might dismiss without a thought, save of scorn, were it not
that this in the depth of the Dark Ages was the very Will-o'-thewisp which architects and decorators danced after, and upon
which, even so late as in the Great Exhibition «f 1851, most of
the productions of civilized nations were based; so that one had to
turn to the works of the barbariansot the East, as to an oasisof true
art, to refresh one's eyes with. Whether or not iu the interval
our efforts to imitate these, on the one hand; and to teach the
Chinese Palladian plasferwork, to smash palaces in Pekin, and to
loot at Delhi, on the other, may have turned the tables, we shall
shortly learn.
The course run by the Renaissance in England we may take up
at the period of Elizabeth; when, the political troubles becoming
settled, men were able to turn attention to art and architecture.
For a long time the traditional construction and plan and the
mullioned windows held their ground ; but coarse bad Pagan mould
ings were introduced as improvements, and an equally coarse sort
ofadaptation of French ornament was developed into a convenient
store of precedents for the Dark Ages. Stone was made to assume
the appearance of cardboard, cut and curled; and monstrosities of
every description were delighted in.
This Elizabethan style was that which in England combined
the features of the decaying Gothic with those of the revived
Classic; and, though less refined in detail than the contemporary
work iu Italy and France, was perhaps the most vigorous and
picturesque. In time however, here, as on the Continent, the
Classic element conquered in -the struggle: purity of style and
correctness of proportion, in imitation of Roman precedents,
were the objects architects set themselves to attain;—and so were
ushered in "the Dark Ages." Yet many revered names there are
among these architects, from whose reputation I desire in no
degree to detract: I only lament that their lot fell not in better
times. What I seek to show is, not that Inigo Jones, Wren,
Hawksmoor, and Vanbrugh were not great men, but that they
were all the greater for having wrought out so much that is grand
and graceful from elements lacking these qualities themselves, and
which, when their genius was withdrawn, resolved themselves
into the monotony and lifelessness inherent iu them. Of the
heroes who led this forlorn hope, Inigo Jones was the first and
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best The proportions of his design for the portion of the Palace
at Whitehall which was carried out are as generally admired as
they are known; but as it has been used as a precedent for
myriads of acrobatic pilings of orders above orders, and breaking
the entablatures over to give them some appearance of utility, we
need the less regret its not having been repeated by himself. It is
strange that one who so thoroughly appreciated the importance of
purity and consistency in the style in which he worked himself
could have so little regard for the same qualities in other styles, as
to have built to the old Gothic cathedral of St. Paul's an incon
gruous pagan porch, and refaced the transept end in a manner which,
fortunately for his reputation, lives only in tradition. This also
has been much lauded for its proportions; but, from the representa
tions of it that exist, I coufess I cannot regard it with enthusiasm.
That it was however simply barbarous, as an adjunct to a
Mediaeval cathedral, we may I think assume, from a comparison
with the effect of the alterations made by another architect, who
was not otherwise than a shining light among the constellations
of the Dark Ages, to another of our cathedrals. I mean those
made by Wood, of Bath, at Llandaff. Now, the works of this
architect at Bath are by no means bad of their kind, and would
not lead us to suppose that he could have been guilty of the
atrocities which I fear can with too great truth be laid to his
charge; any more than we should believe, upon less certain docu
mentary evidence, that Inigo Jones had maltreated in a simil >r
manner the facade of St. Paul's. Of the alterations to Llandaff I
have enlarged the illustrations given by the Bishop of Llandaff in
his work upon that cathedral, showing the design "as it was
proposed to finish it;" and we learn, from contemporary letters
quoted by the Bishop, that it was proposed to pull down the two
western towers, and raise one over the front of the nave, as seen
in the design, and "then to finish with a rustic porch." Most
fortunately the solicited contributions of the faithful were not
sufficient to enable them to realise this conception. We learn,
however, that they succeeded so far as to insert "windows framed
with wood of another sort, which will come vastly cheaper and
look as well as the Gothic," and to finish the interior in "stucco"
to their own satisfaction; for the same letter states, "that the
church inside, as far as it is ceiled and plastered, looks exceedingly
fine, and is a very stately and beautiful room."
Sir Christopher Wren had by no means the same artistic feel
ing as Tnigo Jones, though greater mathematical powers and
science in construction. As an architect he had golden opportu
nities in the rebuilding of the city of London after the fire of
1666, and he had the genius to grapple with it in an engineering
point of view, and architecturally also, so far as it was possible in
the style with which unfortunately he had to deal. The manner
in which he did this has been so lately thoroughly set forth by
Mr. Kerr, that I need not here enlarge upon his works; the
more so, as my purpose of showing the thorough intractability of
the style, which even his talents could not overcome, is rendered
self-evident by the following remark, which I venture to quote
from that gentleman's lecture on the subject. Speaking in refe
rence to the double dome and screen walls of the nave of St.
Paul's, he says—" They are at least the makeshifts of marvellous
ingenuity and still greater artistic power: they are falsities, it is
true, but they are those of a master-mind—they are no common,
vulgar fibs, but grand lies of genius." Now a style that necessi
tates lying—which requires " marvellous ingenuity and still
greater artistic power" to conceal awkward roofs and buttresses,
at the cost of making one-half of a building a huge sham to
render the other half tolerable—is, I think, fairly to be said to
belong to the Dark Ages; and that Mr. Kerr's estimate of the
makeshift is a correct one, my reminiscences of a church in Venice
by Palladio, the roof and buttresses of which had not been con
cealed by such ingenious means, yet which seemed to call loudly
for a similar friendly shelter, will enable me to corroborate.
The group of the City spires and the towers of Westminster
Abbey, are conceived and massed with great talent and a true
feeling for what is grand and picturesque; yet such horrible
details, such a substitution of the queerest pots and jars in the
place of pinnacles; that it is necessary that one should half-shut
one's eyes to enable one rightly to appreciate their outlines; and
as such are, after all, borrowed from the older Mediaeval steeples,
one would really rather open one's eyes, and see true Gothic
steeples, with proper detail as well. The thin leaden spire of
St. Martin's, Ludgate-hill, is, as a composition, righly placed in
contrast to act as a foil to the dome of St Paul's; but iu itself
is surely no beautiful object.
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Time fails me to describe other of Wren's works, or those of
his successors who took up his mantle—of Hawkstnoor, Vanbrugh, or Chambers, and the rest of the band of that forlorn
hope, despite whose efforts architecture sank down gradually to
the uttermost depth of degradation, when the idea of associated
English homes was the monotonous dreary walls of Harley-street,
and such like—wherein Sham reigned triumphant from palace
to terrace, in plan, construction, and decoration alike. Art and
architecture became absolutely dark or dead; and copies or paro
dies of the works of other days were all that was attempted. The
only merit that can be claimed for them is, as usual, that of
"proportion,"—an element certainly so essential that there can
be no architecture without it, yet one the exclusive praise of
which is a sure sign that there is little else to praise; just as
the most sarcastic thing you can say of a man is to laud too
highly his good-nature; the meaning of which usually is, to sug
gest doubts as to his sanity. To wade through the works of
this dreary period, either for the purpose of description or repro
bation, would be a task the uncongeniality of which, together
with the undue length to which I find I have extended what were
intended to be prefatory remarks, must be my excuse for now
shirking what might appear to be the subject I really undertook
to treat upon. I cannot but own however that it is with some
satisfaction that I find the ordinary limits of a paper reached
without the necessity of an inquisitorial journey into the City
for examples to criticise. In the first place, I am spared the
necessity for becoming spiteful; in the next, a chilling reminis
cence of the interior of St. Paul's indisposes me to revisit it until
it shall have assumed—as we trust it soon may—all over, and
not here and there only, in the able hands of our honorary Secre
tary for Foreign Correspondence, richer hues, akin to those of
St. Mark's at Venice, since we are promised the use of the same
materials for its decoration. Then it might have become incum
bent upon me, however disagreeable, to sketch and measure the
extraordinary sham portico set up by Sir John Sonne at one end
of the court of the Bank; to match—according to a favourite
notion in the Dark Ages—a real one at the other. Again, I had
feared that it would be necessary to study the interior of Sir
John Soaue's Museum; which otherwise, not having a fancy to
become a caudidate for residence in that strange eclectic curiosityshop, I had been content to seek amusement from in the illus
trated catalogue of its contents.
I hail also been afraid that it would be necessary for me to
search and see how far I could agree or not with Lord Palmerstou in his admiration of the several buildings which he wa3
pleased to call Italian; and, as the Horse Ouards was one
scheduled in his list—the only pleasant features of which, to my
mind, are the pentries in their uniform, who sit, like gorgeous per
sonifications of "Patience," inside, instead of "on a monument,"
—the prospect, I assure you, afforded me slight satisfaction. I
find myself also obliged to omit all consideration of the interest
ing question of the Iconography of the Dark Ages; and all research
into the origin of the type of cherubs who smile and weep in
convenient alternation upon keystones; or into the meaning of the
lions' heads whence dangle flowers to fill up panels; or into the
purpose of the sundry pots that affect all high places. The ques
tion also of the Polocbromy of the Dark Ages I find myself obliged
to omit or postpone, unwillingly, because on this subject much
instruction might be drawn as regards what should be avoided.
The main ambition on this point seems to have been to keep on
the safe side; and mijc colours which could do no harm, and
whitewash, reduced the interiors of buildings to a similar condi
tion of monotony to that we have remarked in the exteriors.
However, about the close of the last century, there appeared
to be commencing a salutary "shaking among bones" (to quote
again the phrase of Mr. Ruskin) in an artistic as well as in a
political sense; and though it seemed for some time difficult to
discern whether these were real evidences of resuscitation among
them, and whether such shaking were likely to bring any flesh
upon them, we at this period of time are able to perceive (at
least we flatter ourselves so) that, through all the restless changes
which have ensued in the successive fashions of copyism since
then, there has been, beneath the outer garb of Greek and Eliza
bethan, of Roman, Florentine, and Venetian, Renaissance or
Mediaeval revived styles which have met the eye, an under
current of healthy struggling to attain independence.
Just
before the Exhibition of lti51, in another lecture, I asserted my
belief in opposition to that of the author above quoted, that not
bones alone were being shaken, aud that we were upon a sura

if slow route to progress. The coming Exhibition of 1862 will,
it is to be hoped, by its contents if not by its carcass, afford
another favourable opportunity for taking stock, aud another
starting-point in the road of progress.
What colours are the best to fight under in the future struggle for
the advancement of architecture iu which we shall be all engaged,
I must leave to the conscience and calm consideration of each. As
to what style may be the best to develop into a healthy, manly,
Christian, English, Victorian, architecture, I presume not here
to dictate, since we differ in opinion on the subject. It is well
that we think not all alike, and are not content, as in the Dark
Ages, like sheep to follow blindly a leader in all things. But let
us fight out the battle, if battle it is to be, in a legitimate and
friendly way; without deputations aud special pleading on the
one haud; yet without fear as to throwing stones, because both
parties live in glass houses, on the other hand. Let each be
thankful to the opposing side for pointing out its weak places,
and turn maufully to repair them. There are plenty of what my
friend Mr. Burges calls unnecessary "fizzings and crockets" and
show buttresses, as well as vases and rustications and sham
pediments, which may be offered up in a holocaust together;
while there is equal room for each party to endeavour by prac
tice to prove what their champions have been so vehemently
asserting—viz. the capacity of their favourite style to admit the
highest art iu painting and sculpture; and thus, whichever side
conquers in the frieudly struggle, both may rejoice alike, and
the monotony and follies of the "Vernacular" style, as Mr. Scott
calls it, which has descended to us as a legacy from the Dark
Ages, be left to the speculating builders who delight therein.
In the Discussion —
Mr. Papworth observed that Mr. Seddon was not alone in
depreciating Vitruvins. He however was inclined to ask. how
many copies of Vitruvius were in MS., or known to exist? and
who made them 1 The majority of copies were not of the thir
teenth or fourteenth century, but of the twelfth, eleventh, tenth,
and ninth centuries. His belief was, that if a little attention
were paid to the subject, it would be found that the Mediaeval
architects of the eleventh and twelfth centuries thought that they
were following Vitruvius as closely as they could. He wished
to know who it was had taught the architects of the Middle Ages.
Among the records aud muniments of Italian cathedrals constant
reference would be found appealing to some unknown autho
rity, and he believed that that authority was Vitruvius.
Mr. Burges said he had never met with Vitruvius in Mediaeval
architecture. All he kuew on the subject was, that he had not
been able to trace him in eleventh, twelfth, or thirteenth cen
tury art. That he was extensively copied, however, there could
be no doubt, and so were Ovid and Horace.
Mr. Godwin said he did not desire to discuss the wide question
opened, but he thought it right it should be understood that all
present, though silent, did not concur iu what, as it seemed to
him, must be considered a general sneer at the great minds who in
the sixteenth century—the period of the Reformation —the period
of Bacon—had aided the world in the awakening of thought
He could not call that a Dark Age.
Mr. Seddon said he thought he had a perfect right to express his
rooted convictions—convictions which he had always endeavoured
to propound, because be believed all the hope they had of good
architecture for the future lay in their comprehension of these
points.
Mr. Kerr said there was, he thought, something more in the
revived Italian architecture than Mr. Seddon was prepared to
admit. The human mind never worked without materials; and
it was absolutely necessary that at the period referred to it must
have returned to the remains of Classic times.
The human
mind, turning to the remains of Classic Rome, found a system as
different from that which had perished as could possibly be. It
found in the remains of Roman architecture, sculpture, poetry,
philosophy, and history, examples upon which it could with great
credit to itself rely, under the circumstances in which it was
placed. These remains were adaptable to the wants and circum
stances of the time; aud nothing could have been more applicableto the cravings of the human mind when the Gothic had died away
and left mankind in the lurch. How could the human mind
have better formed n new style than by referring to these struc
tures ? and how could we in our day behold them without believ
61-
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ing that the men who reared them were great men, and that the
age in which they lived was not a "Dark Age V How, he asked,
could they look at the works of Michael Angelo and Raffaelle,
and say that they lived in a Dark Age ? "Why, we, who boasted
that we lived in the light, were but punies compared to them.
History had its tale to tell, and it was predestinated.
Mr. Hatward said he could not but approve of the fearless
manner in which Mr. Seddon had stated his view. The entire
gist of his paper lay in this consideration—what are we to do in
the present day? He thought that, with a certain amount of
common sense and true architectural feeling, it mattered very
little what an architect studied, where all the styles were open to
him. He did not mean to infer that this remark would apply in
a case where a particular style only was known; but now every
style was open to the student, and, in days like these, when ar
chaeological societies threw so much light on the past, it was, he
held, of little consequence in what school the architect studied;
for, if he had a true architectural feeling and taste for the beau
tiful, he would be sure to produce something which would be a
step in advance. It was, he thought, only necessary to cast one's
eyes around the metropolis to see that great progress had been
made even within the last ten years. In many parts of London
and in the suburbs odd bits of carving or an arch would be
found which he believed would be the landmarks to the date of
that particular development to which we were looking forward
to as an improved age of architecture. There was also a taste
springing up for pure and useful construction, as evidenced in
the use of polished granite, fine stone, and improved metalwork.
All these things afforded, in his opinion, ground for congratula
tion, and he thought that when a person like Mr. Seddon, who
expressed his own deep-rooted opinions, came forward and ex
pressed them boldly, he was doing a service to art.
Mr. Digby Wtatt said, that with the conclusions arrived at in
the paper he was unwilling to entirely concur: its author had not
failed to render a just tribute of admiration to much of the art
of the ancients. He was, he admitted, unable to trace the logical
consistency of a writer who, while admitting so much, stigmatised
as Dark Ages those in which an honest and most vigorous effort
had been made by many of the choicest spirits the world had
ever known, to preserve and adapt for use by the moderns all
that they could rescue from oblivion amongst the mouldering
relics of antiquity. If men were to dispassionately examine what
raally constituted the basis of much of the beauty of Gothic art
in the thirteenth century, it would be found that Classic impres
sions reigned among the "magistri operum," not in the dogmas
of Vitruvius alone, but in many technical traditions derived from
Classic times. Mosaic, enamelling, the masonic art, and fresco,
and other modes of applying colour, for instance, were handed
onwards from the earliest period; and when they remembered
how grand an addition sculpture gave to architecture in the
best periods of Gothic, and the extent to which Nicola Fisano
and the other great revivers of the art built upon the monu
ments of ancient Greece and Rome, they could form an estimate
of how much Mediaeval architecture was indebted to the Classic.
If, for instance, the sculpture on the old monuments in the south
of France were referred to, it would be found that it was not
pure, because it was far removed from the source of inspiration.
If, on the contrary, we approached the monuments of districts in
which the more spiritual element, based as to all that was
really valuable on the traditions of the antique, had prevailed,
we should find the highest class of art. So too with regard to
painting: those who came after the masters of the art of illumi
nation, adopting general Mediaeval characteristics, such as Fra
Angelieo da Fiesole or Gentile da Fabrione, Cimabue, or even
Giotto, were very admirable in their way, but they never ap
proached to the grand style of those who succeeded them. What,
after all, were they to compare with Eaffaelle, Leonardo da Vinci,
Qjuini, Michael Angelo, or Titian ? He confessed he was surprised
to find Mr. Seddon speak in terms of disparagement of an age
which produced such men. It was not enthusiasm nor feeling
for art which Mr. Seddon lacked, but it was a reverent and
catholic spirit that was wanting in him. It was not desire to
excel, nor originality that he required, but breadth and strength,
flexibility, and the power of eliminating beauty wherever it
might exist, without prejudice or bias.

[Sept. 1, 1861

INSTITUTION OF MECHANICAL ENGINEERS.
Sir W. Armstrong's Address.
The annual meeting of the Institution of Mechanical Engineers
was held on July 31, at Sheffield. The President, Sir William
Armstrong, in delivering the inaugural address, made the follow
ing remarks:—
" In glancing at the history of mechanical science during the
last eighty years, we see how entirely our successes have been
based upon the possession of that metal with which the Author
of nature has supplied us in the greatest abundance. Without
iron all our skill and ingenuity would have resulted in com
parative nothingness; and had it not been endowed with that
singular property of hardening by sudden immersion, after pre
vious conversion into steel, we should have been deprived of the
means of cutting and shaping it to those accurate forms which
our mechanical constructions require. Its property of welding is
almost equally essential to its utility, and the combination of
these remarkable qualities in one metal, coupled with the fact of
its natural localities being generally identical with those of coal,
affords the most striking instance of adaptation to the purposes
of man that can be found in the mineral kingdom, ft is the
iron, and not the golden, age which is the true age of civilisa
tion; and England has led the way in the march of progress
chiefly through her skill and energy in producing this metal,
and applying it to mechanical purposes. Iron, unlike all other
metals, has three phases of existence — cast-iron, wrought-iron,
and steel, each equally useful, and yet so different as to be
virtually separate metals. In the manufacture of steel the town
of Sheffield enjoys an unrivalled eminence, and our discussions
on this occasion will naturally be directed to those various ques
tions of peculiar interest which at present apply to that most
useful product.
Our warlike neighbours the French, always forward in every
thing appertaining to war, have of late years devoted their ener
gies to two most important subjects—the rifling of ordnance, and
the application of defensive armour to ships. Their advances
have necessitated similar steps on our part, and we have cer
tainly no reason to suppose that we are behind them in the race.
With the first of these subjects I have been personally much con
cerned, and I have also had opportunities of observing the merits
and defects of the various natures of armour plates with which
experiments have been made by direction of her Majesty's go
vernment. I need scarcely say that, up to the present time, castiron has been almost exclusively employed in the construction
of heavy ordnance; but guns made of that material have not
been found adequate to resist the more severe strain incident to
the use of elongated rifled projectiles. This inadequacy of strength
becomes the more decided as we increase the magnitude of
the gun; and since a growing demand exists for more powerful
artillery, the use of cast-iron for its construction seems to be
entirely precluded. It is said, and I believe with truth, that in
America the manufacture of cast-iron ordnance has been so far
improved, by applying water to cool the casting from the interior,
as to enable serviceable guns of this material to be produced of
much larger bore thau have been made in England. But it ap
pears that these guns have not been rifled, and are only intended
to be used with hollow projectiles. This success therefore affords
no reason for coming to a different conclusion as to the unfitness
of cast-iron for the construction of rifled guns designed to project
solid shot, especially when the dimensions are large. Even when
strengthened by wrought-iron hoops, the tendency of cast-iron in
a gun is to become weaker by every succeeding discharge. This
is owing to minute fractures occurring in the bore, generally in
the vicinity of the vent, and gradually extending until they ter
minate in the rupture of the gun. If, therefore, cast-iron guns
are to be utilised at all as rifled ordnance, it can only be by con
fining their use to hollow projectiles aud light charges; but, if
the same indulgence were extended to wrought-iron guns, equal
efficiency would be obtained with half the weight of metal, and
ou this ground alone the superiority of the latter is deci
sive. Wrought-iron made either from "bloom" or "puddled
ball " must necessarily consist, in the first instance, of a congeries
of welds or joinings, The smaller the mass, and the more it is
reduced under the rolls or hammer, the more perfectly will it be
united, but when a large block is forged from an aggregation of
blooms it is almost impossible to render it homogeneous through
out. The flaws in such a forging will generally be drawn out by
the process of hammering in the direction of the length, and will
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therefore not materially affect its strength in reference to longi
tudinal strains. But if the mass be subjected to an explosive
force acting from the interior, as in a gun, the presence of such
flaws becomes fatal. Wrought-iron therefore, applied as a solid
block to the construction of guns, I hold to be even more objec
tionable than cast-iron, for although a wrought-iron gun thus
made, if it happen to be sound, may possess greater powers of
resistance, yet it must always be more subject than cast-iron to
concealed flaws, and on that account be more uncertain and
treacherous. If iron, after its conversion to the malleable form,
could be fused, all welds would be obliterated, and the mass
rendered uniform throughout. Such a material would merit the
spoliation of "homogeneous iron," but the metal which now bears
that name is of a different nature, being merely a species of caststeel. But the crystalline form assumed by steel, in solidifying
from the liquid state, always renders the material in the first
instance hard and brittle; and it is only under the subsequent
process of hammering that it acquires ductility and toughness.
This alterative process of hammering is perfectly effectual when
the thickness of the steel is small, but when it is required to be
forged into a large mass, it appears to be a matter of the utmost
difficulty to effect the required change. It is seldom that the
enterprise of English manufacturers is exceeded by that of
foreigners, but in the production of steel forgings of large dimen
sions, Krupp, of Essen, has taken the lead of all steel makers in
this country. He has met the difficulty of toughening large
masses of cast-steel by using hammers of extraordinary weight,
and I believe that equal success will never be attaiued in England
without adopting similar measures. It will be a great era in
metallurgy when a material possessing the toughness and ductility
of wrought-iron, combined with the homogeneous character of a
cast metal, can be economically supplied in large blocks. But
whatever the march of improvement may effect, I doubt whether
such blocks can yet be produced at a cost which would admit of
their extensive application. I am glad however to see that papers
are to be read at this meeting which may be expected to bear
upon this important subject; and amongst the names appended to
those papers we are fortunate in having that of Bessemer, whose
exertions in this field of inquiry have attracted so much attention.
The preceding observations on the application of iron to the
construction of artillery would not be complete without some
allusion to the system of manufacture which I have myself
adopted, and which may be designated the "coil system." When
malleable iron is rolled into bars, its crystallisation assumes a
fibrous form, causing the bar to resemble a bundle of threads
strongly adhering to each other, but possessing their chief tena
city in the direction of their length. The compressive power of
the rolls is also such as generally to eliminate all imperfect welds,
or, if any remain, they are drawn out parallel with the fibre of
the iron. To realise in a cylinder the advantage of this fibrous
structure it becomes necessary to coil the bar into a spiral, and
to unite the folds by welding. The lines of welding will then be
transverse to the cylinder, in which direction they have little
tendency to weaken it when exposed to a bursting force, even
should they not be perfectly sound. There is a limit to the
thickness of bar which it is convenient to bend into a spiral,
and, in making a gun on this system, the required diameter is
made up by applying successive layers of coils, each layer being
shrunk upon the one beneath. This mode of construction has
the advantage of affording the opportunity of discovering and
rejecting all defective parts as the work proceeds; and guns may
thus be built up to almost any size without encountering any of
those difficulties and liabilities which are met with in forging
large blocks, whether of steel or iron.
_ With regard to the great question of the ultimate effect of ar
tillery against ships protected by defensive armour, I believe
that, whatever thickness of iron may be adopted, guns will be
constructed capable of destroying it. At the same time I am of
opinion that iron-plated ships will be infinitely more secure
against artillery than timber ships. The former will effectually
resist every species of explosive or incendiary projectile, as well
as solid shot, from all but the heaviest guns, which can never be
used in large numbers against them. In short, it appears to
me to be a question between plated-ships or none at all—at any
rate, so far as line-of-battle ships are concerned. With respect
to the quality of the material best adapted to resist the impact
of shot, this subject is engaging much attention in the town of
Sheffield, and the iron districts generally. So far as my own ob
servation and experience go, I may say that hardness and lami
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nation are the conditions most essential to avoid. In striking a
plate, the tendency of a shot is to fracture rather than to pierce
the material. When penetration is effected the hole is of a broken
character, and not such as would be made by the cutting action
of a punch. The softer therefore the iron, the less injury it will
sustain; and I apprehend that steel in every form will, from its
greater hardness, be found less effective than wrought-iron, while
its cost would be very much greater. As regards lamination it
has been clearly ascertained that a given thickness of iron made
up of successive layers of thin plates, is very much weaker for the
purpose of armour than the same thickness in the solid form.
But a laminated plate, by which I mean a plate having the
layers composing it imperfectly united, must be regarded as an
aggregation of separate plates, so that the strength derived from
continuity is wanting. If this tendency to lamination could be
obviated, rolled plate would, in my opinion, be preferable to
forged, since the iron would acquire a more fibrous condition,
but the existence of this liability appears to turn the scale in
favour of forging. I hope the time is far distant when these
great questions concerning attack and defence may receive a prac
tical elucidation in actual warfare; but I trust that, in the course
of our efforts to solve them, discoveries may be made which
will be as useful for the purposes of peace as for those of war.
I am tempted to advert, before I conclude, to a subject inti
mately connected with mechanical progress, but upon which
much difference of opinion may exist. That dauntless spirit
which, in matters of commerce, has led this country to cast off
the trammels of protection, has resulted in augmented prosperity
to the nation, showing the injurious tendencies of class legisla
tion when opposed to general freedom of action. Would that the
same bold and enlightened policy were extended, in some degree
at least, to matters of invention. Under our present patent laws
we are borne down with an excess of protection. We are ob
structed in every direction by patented inventions, which will
never be reduced to practice by those who hold them, but which
embrace ideas capable of useful application if freed from raonoply.
The merit of invention seldom lies in the fundamental concep
tion, but is to be found in the subsequent elaboration and in the
successful struggle with difficulties, unknown to the mere theo
rist, and often requiring years of labodr, blended with disappoint
ment, for their removal. Nothing can be more irrational, there
fore, than to give equal privileges to the mere schemer and to
the man who gives actual effect to an invention. Primary ideas
ought to be the common property of all inventors, and protection,
if we are to have it at all, should be sparingly awarded to those
persons alone who by their labours and intellect give available
reality to ideas. Apart from the impolicy of our present indis
criminate system, its operation is unjust. Philosophers, who
furnish the light of science to guide to useful discovery, go alto
gether unrewarded and unrecognised. Practical men, who, like
Watt and George Stephenson, devote the best part of their lives
to perfecting inventions of immense importance to the world,
seldom derive from patents any greater emolument than would
flow to them without the aid of a restrictive system, while they
are frequently involved in tormenting litigation about priority of
idea. On the other hand, we see numerous cases of dispropor
tionate wealth realised by persons whose only merit has been
promptitude in seizing upon and monopolising some expedient
which lay upon the very surface of things, and required no forcing
atmosphere of protection for its discovery. Finally, injustice is
done by the existing law to those men who have no desire for
monopoly, but who are compelled to become patentees for no other
purpose than to prevent their being excluded from carrying their
own ideas into practice. For my part, I incline to think that
the prestige of successful invention would, as a rule, bring with
it sufficient reward, and that protection might be entirely disEensed with. On this point however I speak with hesitation;
ut it is, at all events, certain that extensive reform is urgently
required in this branch of legislation, and that the advance of
practical science is now grievously obstructed by those very laws
which were intended to encourage its progress.
Having now called to your remembrance the triumphs which
have already been accomplished in mechanical science, and having
directed your attention to some of the subjects which at the pre
sent time merit your consideration, it only remains to express my
hope that the genius, enterprise, and intelligence which have
hitherto distinguished your profession, may continue to bear
fruits worthy of the past, and that the proceedings of this institu
tion may serve to guide and stimulate the efforts of its members."
ei*
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CHICHESTER: THE CATHEDRAL AND OTHER
ANCIENT BUILDINGS*
By Gordon M. Hills.
From Bishop Langton's time I pass over one hundred years.
This includes the period of the exhausting wars with France,
made brilliant by the achievements of Cressy and Poitiers,—the
disastrous reign of Richard II.,—the troubles on the accession of
the house of Lancaster,—renewed wars with France, including
the battle of Agincourt; and brings us to the reign of Henry VI.,
who before the Wars of the Roses commenced was a patron of
architecture. Adam de Moleynes, Bishop of Chichester from
1445 to 144!), was long keeper of the privy seal and councillor to
this monarch, and may have had something to do with the later
works—his connection with the see was too short to permit the
supposition that he originated them. I attribute them rather to
the earlier part of the reign of Henry VI., and suppose them to
have been completed before the full tide of civil war set in in
1450.
If we may imagine the reasoning of the promoters of the seve
ral works belonging to this age it would perhaps amount to this:
The great central tower was incomplete, i.e., wanting its spire,
but the dread of settlements, which had caused the respite, had
ceased. As no further change had taken place, some daring and
ambitious man was anxious to secure the fame of carrying the
work to a completion. To make the project more safe, the bells,
if they were there, must be removed from the central tower. The
western towers were ill adapted to receive bells, and therefore a
new belfry must be built. Thus, nearly at the same time, as I
conceive, arose the spire of the cathedral and the detached belfry,
popularly called Ryman's Tower. To the spire I give some pre
ference in point of time. The early mouldings were continued
up the angles, two bauds of ornament which encircled the
spire very plainly fix its date at the early part of the fifteenth
century, and the pinnacles and canopies grouped round its base
belonged to the same age, and bore very distinct marks of
insertion into older work, thus justifying my idea that the
base of the spire had been commenced long before. Of Ryman's
Tower there is a popular legend as to its origin, and this
legend is not without authoritative support. The name is that
of a family long settled at Appledram, a village two miles to the
south of the city; and one of them, it is said, intending to build
a house or castle for himself, collected a quantity of stone. King
Edward III. refused him permission to possess a fortified man
sion, and the Bishop of Chichester purchased the materials he
had prepared. The king's inhibition is well established; more
over, there is at Appledram a part of an ancient crenellated
mansion, now used as a farm-house, and the stone of the belfry
tower is different in kind from any used elsewhere in the cathe
dral precinct; in date the two buildings agree; their age is how
ever later than the time of Edward III., as I have already pointed
out with respect to the belfry.
Not before, aud it may be later than this time, an alteration
took place in the north transept; an immense Perpendicular
window was inserted in the end, to correspond with Langton's
window in the south transept. It is very inferior to it in beauty,
and 6eems to have weakened the end of the transept so seriously,
that it became necessary to buttress it sideways with a large
flying buttress, which itself has yielded considerably to the
pressure.
An important work which belongs to this age, although we
have no authority beyond architectural features to guide us as to
date, is the cloister. Bishop Langton's cloister disappeared
entirely, and with it his chapter-house; and the builders of the
fifteenth century gave us a complete cloister of their own age,
yet leaving evidences of an older one; and raised a new chapter
house on the top of the ancient sacristies, to the west of the south
transept. This cloister and chapter-house have come down entire
to our own day. The chapter-house yet retains some of its oak
seating and panelling; some of it, we are expressly told, was
destroyed by the Parliamentary soldiers, who tore it down in
search of treasure. The stall or state chair for the presiding
dignitary yet remains, and close to it a sliding panel in the wain
scot discloses a massive oak door, strongly bound with iron,
which opens into a space over the south part of the cathedral,
— '• which formed the treasury. For access to this'chapter-house
~"~ stair was cut in the transept wall, which makes us wonder
wlihood of the builders, who, having placed a spire on
* Concluded from page 219.
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the already weakened Norman legs, yet ventured to weaken the
wall which supported them. I hesitate to attribute to builders
of that age a yet more reckless act, and yet must admit that
there is evidence against them; and if it were possible to make
it conclusive it would show that the complete state at which we
have seen the cathedral arrive was marked by a singular careless
ness on the part of the builders who ought to have preserved it.
Under Bishop Arundel, who presided from 1459 to 1478, was
erected at the west end of the nave a screen, intended to be used
as a chantry, and designated in the Liber Regis of 1535, " Cantaria Johannis Arundell Epi. ad ostium chori." Before his time
the shafts under the east and west arches of the tower had been
cut away for a height of 12 feet, to widen the space of the choir
stalls. Arundel's screen just touched on the western angles of the
two western tower piers, and some portion of the face of the piers
was further concealed by stone stairs, giving access to the top of
the screen, aud placed between the screen and the stalls. On the
removal of the screen and fittings last year, not only was it per
ceived that the tower piers were more seriously rent than was
before known to be the case, but a piece of one of them was
entirely cut away at the base, aud an important part of the
superincumbent work carried upon two slight oak props.
Bishop Sherborne, who resigned the see in 1534, and died two
years after at the advanced age of ninety-six, is the last prelate
whose celebrity is connected with the fabric of the cathedral.
In liberality he was not surpassed by any of his predecessors,
but the exercise of it was directed to the addition of painting,
gilding, and ornament, generally far more gorgeous than taste
ful. To his munificence we have owed the possession of those
singular decorations, the historical pictures in the south tran
sept.
They were painted by Theodore Bernardi, upon oak
panels, and depicted on one side the foundation of the see at
Selsey, and the confirmation of its privileges by Henry VII. and
Henry VIII.; with a portrait catalogue of the kings of England.
On the other side was a similar catalogue of the bishops of
Selsey and Chichester. Under several of the portraits the in
scriptions recorded events connected with the construction of
the cathedral.
The paintings had been more than once recoloured, and could not therefore be regarded as original pro
ductions. A large part of the catalogue of the kings, and the
two large historical pictures, were destroyed by the fall of the
spire. The catalogue of the bishops however sustained but little
injury; neverthelesss, during the short time that they remaiued
exposed afterwards, it became evident that the exposure would
soon destroy them. The whole have consequently been taken
down with care, and with the intention of re-erecting them here
after, an intention which the state of decay of the woodwork may
after all frustrate. The inscriptions referring to the fabric were
these:—
Radulphua primus re-edificavit ecclesiam Cicestr. igne combustam.
Seffrid secud. re-edificavit ecclesiam Cicestren. igne aecundo combuatam et domos suas in palacio Cicestren.
Radulphus secund. multa huic fecit eccl'iae et Epatui construxit capellam S. Michaelis extra portam orientalem.
Gilbertus epus. de Sancto Leofardo conBtruxit a fundamentis capeUam
B. Marise Virginia in ecci'iie Cicestren.
Johannes tertius dictus de Langton sedificavit magnam sumptuos&m
feneatram australem ecclesise Cicestrensis.
Adam Molena dedit eccl'iae panoB et serico velveto factos rubii colons
non minoris pretii ad ornandu altare sumu.
Edwardus Story sacre. theol. prof, fecit redificari novam crucem in
mercato Cicestr.
Robeitua Sherborne x' x' suam eccl'iam cathem. Cicest. multo decore
magnifice adornavit.
From hence we have only to note the decline of the structure.
The first information of its subsequent state with which I am ac
quainted shows however some appendages, which, if they really
existed, enhance the dignity of the cathedral—namely, two west
ern spires. The only authority for this is, however, a small but
well executed view on Speed's map of 1610. Although the viewis generally faithful, I must discover some confirming authority
before I can consider it established that these spires really
existed. The neglect with which the building soon came to be
treated may be gathered from Archbishop Laud's instructions to
the dean in 1635. He requires the building to be put in repair,
and that "the paradise within the cloisters, theretofore a burialplace, and then, by reason of a lease of his (the dean's) predeces
sors, converted into a private garden, shall be by some fair means
restored and reduced to its pristine and consecrated use." The
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dean was Richard Stuart, a man of considerable eminence, and
in favour with Charles I. He no doubt seconded the desires of
the archbishop, and it would appear that some repairs to the
top of the spire were effected in his time, as we find his name,
with those of the contemporary canons, engraved on the copper
weathercock now so lately thrown to the ground. It also bears
the inscription, "Dauiell Seymor Goldsmith, made t'is December
1638." Further inscriptions upon it testily to repairs in 1675
and 1698.
Immediately after Dean Stuart's time came the Great Rebellion.
The historians of the city have certainly attributed to the fa
natical puritans far more of active destruction than I can find it
just to lay to their charge. I have already pointed this out with
respect to the parish chnrches. It is commonly believed, on the
authority of Hay and Dullaway, that Sir W. Waller's batteries
destroyed the north-west tower of the cathedral. Contemporary
accounts show that his first battery was upon the Broil to the
north of the city, probably too far otf to have done any serious
damage to this buildiug. Tlie second battery was planted in
Cawley's Almshouse (the present workhouse), 300 yards in front
of the north gate of the city, and from this point the north-west
tower was completely covered and protected by the belfry-tower,
which itself bears no signs of battering. It must have covered it
almost equally from the position of the first battery. There was a
vigorous assault at the west gate, but no breaching artillery was
used there, and the damage to the buildings outside arose probably
quite as much from the measures of the defenders as from the
efforts of the assailants. This was the point from which the
tower was most likely to have suffered. But the Dean Bruno
Ryves, who himself gave an account of the proceedings of the
rebels (in 'Mercurius Rusticus') makes no allusion to any such
destruction, and speaks only of the wanton damage done by the
soldiery withiu the cathedral to the monuments, pictures, and
fittings, after the surrender of the city. A second visitation for
the purpose of wilful destruction, which is said to have taken
place under Sir A. Huselrig, proves on examination to have been
the same with the first, this micer serving then under Waller;
and his share iu the spoliation being the pillage of the cathedral
treasury, as stated by Bruno Ryves, six or Reven days after Wal
ler's men had fulfilled their mischievous mission; a treacherous
officer of the cathedral having given him notice where the plate
Was deposited.
In the account of Bruno Ryves we also have
proof that the Subdeanery church (or St. Peter the Great) then
formed an integral part of the cathedral, which bears out what
I have already said on that subject. " Having made what spoyle
they could in the cathedral," he says, "they rush out thence and
breake open a parish church standing on the north side of the
cathedral, called the Subdeanry."
After what I have now said of the north-west tower, we may
take Hollar's engraving, made for Dugdale at the expense of the
bishop in 1073, as positive proof of its state at that period. Ac
cording to his drawing of the north side of the cathedral. the
tower in question was then perfect, and strictly like the south
west tower. I must own however that there is a plate by one
Daniel King, which—although he was a pupil of Hollar's—
may (according to Wal pole's 'Engravers') be as early as 1656, and,
if so, it throws some doubt on Hollar's accuracy. It appears to
belong to King's work on cathedral and conventual churches; I
have only seen this single plate, but cannot avoid thinking that
Walpole is in error as to date, and that, as his pupillage would
suggest, the view is later than Hollar's; when it was taken, the
outer or north-west angle of the tower in question had fallen out
from top to bottom. Willis's 'Abbeys' (1719), in furnishing the
dimensions of Chichester cathedral, has, " height of towers at west
end, 95 feet." Stukeley's view, 1723, shows the tower standing;
Buck's view, 1738, shows the north side of the tower wholly
fallen out. Further decay may be traced in subsequent views,
until, some time before 1780, the remnants of the tower appear
to have been taken down and reduced to the form in which they
exist at the present day. Extensive repairs, though their nature is
not stated, were executed at the cathedral in 1 791. Twenty-five feet
of the summit of the spire was rebuilt in 1814, when the battle
ments at the top of the tower were also renewed. In 1818 some
extensive re-arrangements were made in the interior, by no means
to the advantage of the building, fixed pews being substituted in
the nave for movable seats ; about ten years later all this was
again swept away, the nave abandoned, and the service confined
to the choir. On one of these two last occasions, two doorways
were cut in the back of the Arundel screen, and some altera
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tions were made in the stairs behind it. I cannot say precisely
what was done here now; but it is quite possible that, after all
the reckless cutting away of the tower pier, it may at least have
been placed in its worst "condition at this time. From that occa
sion down to the year 1859 nothing has been done which affected
that part of the structure.
In the autumn of that year the well-known architect, Mr.
Slater, was charged with the duty of opening out the choir to
the nave, to increase the space for divine service, the project
being in accordance with the long-cherished desire of Dr. Chaud ler,
the late dean, and aided by a bequest from him of £2000. The
old stalls were to bo taken down for repair, and the Arundel
screen and stairs behind it wholly removed. According to the
published statement of the architect, the removal of these fittings
exposed to view a state of decay in the lower parts of both the
western piers which had not been anticipated. Large and im
portant parts of the masonry were entirely separated from the
piers by cracks and fissures, and the destructive cutting into the
south-west pier, previously spoken of, was brought to light.
Under the circumstances, and after taking fresh professional
advice, it was determined to rebuild the detached portions, and
bind them effectually to the old work—a process which was car
ried out to a very large extent in the north-west pier, and iu a
much less degree iu the south-west pier, these operations being
conducted during the summer of 1860. Some minor repairs to
the other two piers were not completed till February of the
present year.
It cannot now be doubted that the piers were already too weak
to bear these operations. The new work in the western piers
began to show signs of failure soon after its completion. The
signs increased, but So slowly as not to excite appreheusion in
those who saw them from day to day, and to whom therefore the
change was not apparent,—the crack which was observed not
having opened so much as the eighth of an inch in three months.
At the end of January in the present year, the true character
of the warning began to be appreciated, which led to the prepa
ration of additional supports to those which had been already
erected for safety's sake whilst the work was proceeding, and to
the suspension of all work in the building which could have any
tendency to shake or jar the trembling piers. On the loth of
February the crushing of the tower piers under the weight of the
lofty tower and spire had advanced so decidedly, that it was felt
that most energetic exertions must be used to keep them in their
place and relieve them of weight The measures were taken
without delay, and all the force employed that could be made
available. The result is well known. All efforts proved too
little for the emergency, and at half-past one on Thursday, the
21st of February, the whole tower and spire fell in the centre of
the building, a quarter of an hour after the workmen had been
withdrawn from the work.
So great a calamity has not befallen the structure since the
days of Seffrid the Second. We hope, and believe too, that our
own generation will not be surpassed by Seffrid and his coad
jutors in the heartiness and vigour with which the work will be
replaced, and iu far better condition than before. Encouraging
proofs of determination in this respect are already produced iu
the subscription in the neighbourhood of half the sum required
for the rebuilding; and, in full hope of realising the remainder,
the work of restoration has already been commenced.

ON THE MANUFACTURE OF STEEL, AND ITS
APPLICATION TO CONSTRUCTIVE PURPOSES*
By Henry Bessemer.
The mode of manufacturing cast-steel, which now forms so
important a branch of the Sheffield trade, was discovered in the
year 1740, by Mr. Benjamin Huntsman, of Handsworth, near
Sheffield. This gentleman subsequently established steel works
at Attercliffe, where his most valuable invention has ever since
been successfully carried on. In the early stages of this inven
tion many difficulties had doubtless to be overcome: materials for
the lining of furnaces and for the making of crucibles had to be
sought for and tested; the peculiar marks of iron most suitable
for melting had to be determined on by numerous experimental
trials; and such was the difficulty at that time of making crucibles
that would stand the excessive heat of molten steel, that only
" From a paper read at the Institution of Mechanical Engineers.
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very iaUr carbonised, or u double converted" steel, could for a
V-c - pepM be successfully melted.
i^-* -rs; products of a new manufacture, even while the inven
ts* stU RfuiB) in a partially developed state, but too frequently
jcamcw its subsequent character: thus Huntsman's cast-steel,
ai-^vxaci :* w-»s acknowledged to be a pure homogeneous metal,
rf ctwm vala* fcc certain purposes, was still looked upon as a
to*r- *»i briuie material, of very limited use. not bearing a high
teatT«r*!sr« without tumbling to pieces, and quite incapable of
b*.=< wviied. Even within our own time this has been the
tvc«i-»r iiea of cast-steel. Improvements in its manufacture
hxr* V>w>frw from time to time been introduced, and steel of a
m"j^?c aa»i Seas brittle character has long been made capable of
w**i.;.\£ with facility and working at a high temperature without
tvl..-^ to pieces. Its uses have iu consequence been greatly
<evtw<K>f>.l. aad the employment of cast-steel for the best cutlery
a»i AJ£» tools has now become universal; indeed, the excellent
«;*c.ty i.'*" the cast-^teel at present made in Sheffield for these
jviryvws -.s scarcely to be surpassed. Of late years several of our
tuvts: o;;;erprisiu.; manufacturers have sought to introduce castsUvi S.v a varirty of purposes other than those for which it was
vv.i;»*«!y employed; nonce we now find it used in some form or
other in almost every first-class machine. Its employment as ■
ttnu-rul S.»r fcuadiug bells and various other articles in clay
«».".i'-i* hw be*n successfully carried out by Messrs. Naylor,
Wfcors auvi C\v, while the introduction of a most valuable mate
rial b> Mewsr*. Howell and Shortridge, under the name of homop»suns'. < iron, ar» prominent examples of the successful adaptation
of o*»t «t*-l to engineering purposes.
Vh* mautt&cturo of cast-steel by Huntsman's process is so
*\t**»ivvlv practised, and is so well known, that it will not be
nwMMary her* to go into any lengthened detail; but it may be as
wvil (v< remind those who have not paid special attention to the
•ul\Kvtt that mulo pig iron has first to go through all the stages
of melting, refining, puddling, hammering, and rolling, in order
to prwluo* a bar of malleable iron as nearly pure as the most
CAivful manipulation in charcoal fires can make it.
l*»r iron, ou which so much labour, fuel, and engine-power has
boon expended, thus becomes the raw material of this most
expr-naive manufacture. In order to convert these iron bars into
hluter stool they are packed with powdered charcoal in large
chesta, and are exposed to a white heat for several days: the
time required for heating and cooling them extending over a
period ol twenty days. The iron bars, when thus converted into
blister steel, are broken into small pieces, and are sorted for
quality, which sometimes differs even in the same bar. For
molting this material powerful air furnaces are employed, con
taining two crucibles, into each of which are put about 40 lb. of
tho broken blistered steel: in about three hours the pots are
removed from the furnace, and the molten steel is poured into
iron moulds, and is thus formed into ingots of cast-steel; from
:)\ to 4 tons of hard coke being consumed for each ton of metal
ho melted. When large masses of steel are required, a great many
crucibles must be got ready at the same moment, and a con
tinuous stream of the molten metal from the various crucibles
must be kept up until the ingot is completed, as any cessation of
the pouring would entirely spoil it. Hence, in proportion to
the size of the ingot, so is the cost and risk of its production
increased.
From the foregoing remarks it will be obvious that the caststeel manufacturer is working at an immense disadvantage. If
he desires to supersede the use of wrought-iron for engineering
purposes he must cease to employ wrought-iron as a raw material
for his otherwise most expensive mode of manufacture. The
extremely high temperature requisite to maintain malleable iron
in a state of fusion has, from the earliest period of the history of
iron up to almost the present day, rendered its purification in a
fluid state practically and commercially impossible. Hence arise
all those imperfections to which bar iron is subject, every small
piece of this material consisting of numerous granules partially
separated from each other by scoria, and every large mass of it
resulting only from the piling together of small bars, with the
inevitable result of increasing the former imperfections; for no
two pieces of iron can be brought to a welding heat without
becoming perfectly coated with oxide, and when this coating is
rendered fluid by welding sand a fluid silicate of the oxide of iron
is formed, covering the entire surface to be united. The heavy
blows of the hammer or the pressure of the rolls may, and does
e
>*»e greater portion of this fluid extraneous matter, but
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it is never wholly removed from between the welded surfaces:
hence a portion of the cohesive force of the metal is lost at every
such junction. When a bar of iron is nicked on one side, and
bent, the rending open of the pile clearly shows this want of
perfect cohesion; nor is this the only difficulty to be encountered,
for in the production of large masses of wrought-iron it is neces
sary to raise the temperature nearly to the fusing point of tho
metal, in order to render each additional piece sufficiently soft
and plastic to become united to the bloom. This softening of the
iron induces a molecular change in the structure of the metal—
its natural tendency to crystallise is so powerfully assisted by
the long continuance of this high temperature, that its whole
structure undergoes a change. Large and well-defined crystals
are formed almost independent of each other, and cohering so
feebly to the planes of other contiguous crystals as in some cases
to separate with as little force as would overcome the cohesion of
ordinary cast-iron.
In the substitution of cast-steel for malleable iron we escape
both these source? of difficulty, for the mass, whether it be of
1 ton or 20 tons in weight, may be formed in a fluid state into a
single block, wholly free from an admixture with scoria, while it
is perfectly and equally coherent at every part. The forging
into form of such a solid block of metal is only the work of a few
hours, and as there is no welding of separate pieces it may be
worked under the hammer at a temperature at which no mole
cular disturbance will take place, the metal being far below its
fusing point, and much too solid to undergo that destructive
crystallisation so common in large masses of iron. Thus it will
be perceived that the difficulties and uncertainty which attend
the production of all large masses of wrought-iron are wholly
avoided in the production of equally large masses of cast-steel.
But however desirable in the abstract it may be to employ caststeel as a substitute for malleable iron for engineering purposes,
it must not be forgotten that there are several important condi
tions indispensable to its general use. Firstly, the steel must be
able to bear a good white heat without falling to pieces under
the hammer, or otherwise the shaping of it will not only be
expensive, but the partly-finished forging may be spoiled at any
moment by being over-heated. Secondly, the steel should be of
that tough character as to admit of being twisted or bent almost
into any form in its cold state before fracture takes place, whe
ther the force be applied as a gradual strain or by sudden
impact. Thirdly, it should have a tensile strength of at least 50
per cent, over the best marks of English iron. Fourthly, and es
pecially, it must bs soft enough to turn well in the lathe, to bore
easily, and to yield readily to the file and the chisel, so as not to
enhance its original cost by the difficulty of working it into the
required forms. This is both practically and commercially an
important question, and one which will in future greatly deter
mine the extent of its use. Steel to the engineer has hitherto
stood in much the same relation as granite to the builder. All
acknowledge the superior hardness, beauty of polish, and dura
bility of that material as compared with other building stone:
Nature has given it to us in great profusion,—we have only to
lift it from the earth and use it. But the practical man has
found that to drill a hole in granite for blasting takes days of
labour to accomplish, blunts all his chisels, defies the saw, and is
only faced at a great cost: hence the builder goes on using his
inferior soft stone, over which his tools have perfect command.
The problem we have before us is, how to produce cast-steel
that will take any form in the mould or under the hammer; that
will yield quickly and readily to all our present cutting and
shaping machines; will retain all the toughness of the best iron,
with a much greater tensile strength, and all the clearness of
surface, beauty of finish, and durability that so eminently dis
tinguish the harder and more refractory qualities of the steel in
common use. It is believed by the author that these desirable
objects are fully accomplished by his process of converting crude
molten iron into cast-steel at a single operation, which process
has now been in daily operation for the last two years. For this
purpose the hematite pig iron, smelted with coke and hot-blast,
has chiefly been used. The metal is melted in a reverberatory
furnace, and is then run into a founder's ladle, and from thence
it is transferred to the vessel in which its conversion into steel is
to be effected. It is made of stout plate iron, and lined with a
powdered silicious stone, found in the neighbourhood of Shef
field, below the coal, and known as ganister. Its value in the
powdered state is about 11*. per ton. The rapid destruction
of the lining of the converting vessel was one of the great diffi
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converted into cast-steel in thirty minutes, without employing
culties met with in the early stages of the invention; the exces
sive heat generated in the vessel, together with the solvent any fuel except that required for melting the pig iron and for
action of the fluid slags, were found to dissolve the best fire-brick the preliminary heating of the vessel, the process being effected
entirely without manipulation. The loss in the weight of crude
so rapidly, that sometimes as much as 2 inches in thickness
would be lost from the lining of the vessel during the thirty iron being from 14 to 18 per cent, on English iron worked in
small quantities, the result of working on a purer iron in Sweden
minutes required to convert a single charge of iron into steel.
has been carefully noted for two consecutive weeks, when the
The material used at present is much cheaper than fire-bricks,
and is also very durable. The old lining of the vessel shown has loss on the weight of fluid iron tapped from the blast furnace
was ascertained to be 8| per cent. The largest sized apparatus
stood ninety-six. consecutive conversions before its removal. The
at present erected is that in use at the Atlas Steel Works, the
converting vessel is mounted on axes, which rest on stout iron
vessel being capable of operating on 4 tons at a time, which it
standards, and by means of a wheel and handle it may be turned
converts into cast-steel in twenty-five minutes. Iu consequence
into any required position. There is an opening at the top for
of the increased size of the vessel no metal is thrown out during
the inlet and pouring out of the metal, and at the lowest part are
the converting process, and the loss of weight has fallen as low
inserted seven fire-clay tuyeres, each having five openings in them;
as 10 per cent, including the loss in melting the pig iron iu the
these openings communicate at one end with the interior of the
vessel, and at the other end with a box called the tuyere box,
reverberatory furnace.
On the table before you are some examples of this manufac
into which a current of air from a suitable blast engine is con
ture as carried on by Messrs. Henry Bessemer and Co. The first
veyed under a pressure of about 14 lb. to the square inch, a pres
sample is a piece of the pig iron employed—viz. hot-blast cokesure more than sufficient to prevent the fluid metal from entering
made hematite No. 1. Secondly, a portion of au ingot of very
the tuyeres.
Before commencing the first operation, the interior of tho mild cast-steel, broken under the hammer, to show the purity
vessel is heated by coke, a blast through the tuyeres being used and soundness of the metal iu its cast unhammered state. Per
to urge the fire. When sufficiently heated the vessel is turued fectly sound ingots of such mild steel are extremely rare, if ever
upside down, and all the unburot coke is shaken out. The produced by the old process. The third example is an ingot
molten pig iron is then run in from the ladle before referred to; partly forged, to show how little work with the hammer will
the vessel during the pouring in of the iron being kept in such a produce a forging from these solid blooms of steel.
There are also two pieces of steel of the quality employed for
position that the orifices of the tuyeres are at a higher level than
the surface of the metal. When all the iron has run in, the making piston-rods : these samples were bent cold under a heavy
steam-hammer. To show the toughness of the metal, it requires
blast is turned on, and the vessel quickly moved round. The air
then rushes upwards iuto the fluid metal from each of the thirty- very much more force to bend it than would be required to bend
wrought-iron, but notwithstanding this additional rigidity, it
five small orifices of the tuyeres, producing a most violent agita
tion of the whole mass. The silicium, always preseut in greater gives to any extent without snapping. The tensile strength of
or less quantities in pig iron, is first attacked: it unites readily this soft and easily-wrought metal is from 41 to 43 tons per
square inch, or from 15 to 18 tons greater than Lowmoor or
with the oxygen of the air, producing silicic acid, at the same
Bowling iron. In turning, planing, boring, and tapping this
time a small portion of the iron undergoes oxidation, hence a fluid
metal, it will be found that the uniformity of its quality will be
silicate of the oxide of iron is formed, a little carbon being simul
less trying to the cutting tools than the hardvanes and sand-cracks
taneously eliminated. The heat is thus gradually increased until
found in the common qualities of malleable irou. It must how
nearly the whole of the silicum is oxidised; this generally takes
place in about twelve minutes from the commencement of the ever be borne in mind, that the tensile strength of the piston-rod
steel just quoted is by no means the maximum, but, on the con
process. The carbon now begins to unite more freely with the
trary, it is nearly the minimum strength of such converted metnl;
oxygen of the air, producing at first a small flame, which rapidly
at the same time, it possesses nearly a maximum degree of
increases, and in about three more minutes from its first appear
toughness—every additional ton in tensile strength given to it
ance we have a most intense combustion going on: the metal
by the addition of carbon hardens it for working, renders it
rises higher and higher in the vessel, sometimes occupying more
than double its former space. The frothy liquid now presents an "more difficult to forge, and brings it nearer to that undesirable
state when a sudden blow snaps it like a piece of cast-iron.
enormous surface to the action of the oxygen of the air, which
The extreme limits of tensile strength of the converted metal
unites rapidly with the carbon contained in the crude iron, and
are exhibited in a tabular form on the wall above. They are the
produces a most intense combustion,—the whole, in fact, being a
perfect mixture of metal and fire. The carbon is now eliminated
result of many trials made at different times at the Boyal Arsenal
ao rapidly as to produce a series of harmless explosions, throwing
at Woolwich, under the superintendence of Col. Eardley-Wilmot,
and are copied from his reports. The highly-carbonised samples
out the fluid slags in great quantities, while the union of the
exhibit a mean tensile strength of 152,000 lb., and are from their
gases is so perfect that a voluminous white flame rushes from the
mouth of the vessel, illuminating the whole building, and indi
hardness and unyielding nature totally unfit for many purposes;
cating to the practised eye the precise condition of the metal
while the entirely decarbonised metal is so soft and copper-like
inside. The workman may thus leave off, whenever the number
in its texture as to yield to a mean strain of "2,000 lb., a point
of minutes he has been blowing and the appearance of the flame
unnecessarily low, except in cases where a metal approaching
indicate the required quality of the metal. This is the mode pre
copper in softness is required. The author therefore is strongly
impressed with the belief that the soft, easy-working, tough
ferred in working the process in Sweden. But here we prefer to
blow the metal until the flame suddenly drops, which it does just
metal, of the quality used for piston-rods, is the most appropriate
on the approach of the metal to the condition of malleable iron;
material for general purposes; and that the hard steels, that
a small quantity of charcoal pig iron, containing a known quan
range up to a tensile strain of 50 or 60 tons per square inch,
should be avoided as altogether too expensive to work, and too
tity of carbon, is then added, and steel is produced of any desired
degree of carbu ration; the process having occupied about twentydangerous to be employed in any case where sudden strains may
eight minutes from the commencement. The vessel is then
be brought upon them.
With reference to the employment of cast-steel for constructive
turned, and the fluid steel is run into the casting ladle, which is
provided with a plug rod covered with loam; the rod passes over purposes, there are few of more importance than its recent and
the top of the ladle, and works in guides on the outside of it, so
successful application to the making of steam boilers. The
that by means of a lever handle the workman may move it
Cornish boiler, as improved by Mr. Adamson, of Hyde, near
up and down as desired. The lower part of the plug, which
Manchester, has a large flue-tube constructed with narrow plates,
occupies the interior of the ladle, has fitted to its lower eud a which are over 12 feet in length, and flanged at each edge in a
fire-clay cone, which rests in a seating of the same material let manner that, while it adds greatly to the stability of the tube,
into the bottom of the ladle, thus forming a cone valve, by means demands such qualities in the material employed for its manu
of which the fluid steel is run into different sized moulds as may facture as are only found in metal that has undergone fusion and
be required, the stream of fluid steel being prevented by the has become perfectly homogeneous throughout.
valve-plug from flowing during the movement of the casting,
As a practical illustration of this mode of constructing boilers,
ladle from one mould to another. By tapping the metal from, and of the great strain which the Bessemer steel is capable of
below no scoria or other extraneous floating matters are allowed sustaining safely, we may refer to the steam boilers employed for
to pass into the mould.
some time past at the works of Messrs. Piatt Brothers, of Old
By this process from one to ten tons of crude, iron,, may be. ham, where six of these boilers are in daily use, their, length.
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being 30 feet, diameter of shell 6 ft. 6 in., diameter of flue tube
4 feet, thickness of plates -^inch, working pressure 100 lb. per
square inch. The advantages of cast-steel are still more marked
in the construction of the fire-boxes of locomotive engines. The
difficulty of flanging and shaping these pieces in plate iron with
out splitting the metal in some part is so great as to have
hitherto rendered the employment of copper necessary for this
purpose; but the shape required can now be obtained with ease
and certainty by hammering up a sheet of metal rolled from an
ingot, such as that on the table before you. One of these plates
flanged by Mr. Adamson is also shown, and clearly illustrates
the facility with which the metal may, under skilful hands, be
wrought into any required form.
,The perfect continuity of the material, its entire absence from
joinings or weldings, also obviously mark it out as specially suit
able for the tube-plate of locomotive engines. However near the
holes are made to each other there is no danger of their having a
flaw or other weak place between them. In many instances the
rivet-holes have been punched so close, as to remove almost all
the metal without splitting the narrow piece still left between
them. Nor is it in the construction of the boiler alone that the
locomotive engine seems to demand the employment of cast-steel;
the axles, whether plain or cranked, the piston-rod and its guidebars, and last, but not least, the wheel tires, are all and each
exposed to so much abrasion, and to such sudden and powerful
strains, that a tough, strong material capable of withstanding
this destructive wear and tear is imperatively demanded in the
construction and economical working of this splendid example of
engineering skill.
In pointing out a few of the more prominent and obvious
applications of cast-steel to constructive purposes, it may be inte
resting to put on record one of its most special adaptations, the
pursuit of which was, for the first year of the author's researches
on iron, the sole object of his labours, and one that has through
out the last six years never been lost sight of by him. This
object, it is almost needless to say, was the production of a mal
leable metal peculiarly suitable for the manufacture of ordnance.
By means of the Bessemer process, solid blocks of malleable
metal may be made of any required size, from 1 to 20 or 30 tons
in weight, with a degree of rapidity and cheapness previously
unknown. This metal can also, with the utmost facility, be
made of any desired amount of carburation and tensile strength
that may be found most desirable. Commencing at the top of
the scale with a quantity of steel that is too hard to bore, and
too brittle to be used as ordnance, the metal can with ease and '
certainty be made to pass from that degree of hardness by
almost imperceptible gradations downwards towards malleable
iron, becoming at every stage of carburation more easy to work,
and more and more tough and yielding, as the quantity of car
bon is reduced, until it at last becomes pure decarbonised iron,
possessing a copper-like degree of toughness not found in any
iron produced by puddling. Between these extremes of temper
the metal most suitable for ordnance must be fouud, and all are
equally cheap and easy of production.
From the practice now acquired of forging steel ordnance at the
works of Messrs. Bessemer and Co., it has been found that the most
satisfactory results are obtained with metal of the same descrip
tion as that employed for making piston-rods. With this degree
of toughness the bursting of the caunon becomes almost impos
sible, its power of resisting a tensile strain being at least fifteen
tons per square inch above that of the best English bar iron.
Every gun before leaving the works has a piece cut off the end,
which is roughly forged into a bar 2 inches by 3 inches in sec
tion, and bent cold under the hammer. In order to show the state
c f the metal after forging, several test bars, cut from the ends of
guns recently forged, are exhibited. The power of this metal to
resist a sudden and powerful strain is well illustrated by the
piece of gun metal before us. It is one of several tubular pieces
that were subjected to a sudden crushing force at the Hoyal Ar
senal, Woolwich, under the direction of Col. Eardley-Wilmot.
These tubular pieces were laid on the anvil block in a perfectly cold
state, and were crushed flat by the falling of the steam-hammer.
Neither of the tubes so tested exhibited any signs of fracture.
Perhaps the best proof of the power of such metal to resist a
sudden and violent strain was afforded by some experiments
made at Liege, by order of the Belgian government, who had one
of these guns bored for a 12 lb. spherical shot, and made so thin
as to weigh only 9 cwt. 1 qr. 6 lb. This gun was tired with in
creasing charges of powder, aud an additional shot after each
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three discharges, until it reached a maximum of 6 lb. 11 A oz. of
powder, and eight shots of 12 lb. each, the shots being equal to
about one-tenth of the weight of the gun. It stood this heavy
charge twice, and then gave way at about oue metre from the
muzzle of the gun, probably owing to the jamming of the shots.
It is needless to state that the employment of guns so excessively
light, aud charges so extremely heavy, would never be attempted
in practice.
It may afford some idea of the facility of this mode of making
cast-steel ordnance when it is stated that the 18-pounder gun
before us, having been made for the author's private experi
ments on gunnery, he was present, and noted the time employed
in its fabrication. The molten cast-iron was tapped from the reverbatory furnace at 11.20 a.m., aud converted into cast-steel in
thirty minutes, the ingot being cast in an iron mould 16 inches
square by 4 feet in length. It was forged while still hot from the
casting operation. By this mode of treating ingots the central
parts of them are sufficiently soft to receive the full effect of the
hammer. At 7 p.m. the forging was completed, and the gun
ready for the boring mill.
The erection of the necessary
apparatus for the production of steel by this process, inclu
sive of the air-pumps and steam-engine on a scale capable
of producing from crude iron enough steel to make forty
of such gun blocks per day, will not exceed a cost of £5000.
Hence the author cannot but feel that his labours in this direc
tion have been crowned with entire success, the great rapidity of
production, the cheapness of the material, its strength and dura
bility, all point to its obvious adaptation to the construction of
every species of ordnance.
To the practical engineer enough has been already said to
show how important is the application of cast-steel to construc
tive purposes. A dozen new uses for it will present themselves
to his mind now that he has shown how this valuable material
may be both cast and forged with such facility, and at a cost so
moderate to produce, by its superior durability, and extreme
lightness and economy in its use, as compared with iron. The
construction of girders, bridges, and viaducts, are all subjects
deserving his careful attention aud study. The author was long
ago impressed with the importance of its employment for marineengine shafts, cranks, screw-propellers, anchors, aud railway
wheels, which, indeed, formed the subject of separate patents
granted to him six years ago; aud to these special applications
of cast-steel the intelligent engineer will now add a host of
others equally novel and important, for the author feels assured
that the manufacturer of cast-steel has only to produce at a
moderate cost the various qualities of steel required for con
structive purposes, to insure its rapid introduction; for we may
be assured that, so certain as the age of iron superseded that of
bronze, so will the age of steel reign triumphant over iron.
(Mr. Bessemer exhibited a muzzle-loadiug cannon cast from
his steel, also numerous specimens of the metal worked into
various shapes, and bent and twisted to show the great strength
and toughness of the mateiial.)

York Mintter.—The London Warming Company have con
tracted, for £645, to furnish and erect twelve stoves in York
Minster, four in the crypt, two in each of the choir aisles, and two
in each of the side aisles of the nave. With these the company
guarantee to maintain a uniform heat of 50 degrees; the power
however being reserved to the contractors, if it be found neces
sary, to furnish aud fix four extra stoves, at a cost of £30 each.
If, at the end of a year, there should be a failure of the agreed
temperature, the contractors are bound to remove the whole of
the stoves, and the Dean and Chapter are to pay to them £l4o
for the expenses incurred iu the attempt to warm the edifice.
Little doubt however is entertained by the contractors as to the
successful carrying out of the scheme; even though there are
difficulties to surmount in connection with the minster which
have not been met with in other buildings, from the large amount
of window surface which it contains. The invention, which is
Mr. Goldsworthy Gurney's, has already been applied in St. Paul's
Cathedral, the Houses of Parliament, the Cathedrals of Limerick
and Llandaff, &c. The stoves for the minster each weigh about
one ton and a half, but are nevertheless portable, so that they
can be removed without difficulty, should it be deemed necessary,
during the summer months. They are constructed to hold five
bushels of coke (though coal may also be used), which quantity,
it is said, will work well for 48 hours without any attention.
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Church and Conventual Arrangememt. By Mackenzie E. C.
Walcott, M.A., F.S.A., &c—London: Atchley & Co.
The paper on the above subject, read before the Institute of
British Architects in January last by the Rev. M. Walcott (and
from which we made extracts in our number for that month)
has amplified under the well-known industry of that gentleman
into a very interesting and instructive book, bearing the same
title, united with a number of illustrative plans, a glossary of
terms prevalent in mediaeval charters and chronicles, notes,
index, <sc.
Beginning, as in the case of the paper above alluded to, with
what is really the beginning of the subject, "the upper chamber"
at Jerusalem (Acts i. 13), Mr. Walcott's book traces from thence
the various forms and peculiarities of arrangement in Christian
churches in all countries down to our own day; the references
to existing example, and to authoritative record where the former
does not now exist, in illustration of his observations, being
ample and sufficient.
Of the earliest forms and appearances, both in Eastern and
Western Christendom, the original or promoting causes thereof,
and the gradual development of the same into the succeeding
and later, our former notice gives the principal points noticed by
Mr. Walcott, very nearly in the words of the present work. It
will be unnecessary therefore to recapitulate in this respect. A
summary of the different divisions or heads under which his
remarks on this portion of his work are classed will be sufficient
here, as an introduction to the consideration and clearer under
standing of such as relate to succeeding erections, and their
distinctive marks nnd changes, on which he afterwards enters in
a very detailed and comprehensive manner.
Proceeding, as before observed, from the primeval aud simple
upper chamber, Mr. Walcott notices as the first form, the oblong,
enjoined in the apostolical constitutions of the fourth century.
Next noticing the alteration consequent upon the conversion of
temples into churches, he refers to the Temple of Jerusalem as
forming the prevailing model for the churches of the East, as
was evidenced in a church built at Tyre a.d. 315-322, and corre
spondingly in several other churchesfrom this period.
From this type he proceeds to observe upon the Byzantine
style, which he describes as " the lineal descendant of Roman
architecture, modified by the introduction of an Eastern element,
which, before the reign of Constantine, had adopted a domical
and vaulted form in place of the columnar arrangement of the
Greek." Our author, quoting Mr. J. M. Neale (' Ecclesiologist,'
ix. 7), divides this style into four periods:—the first comprising
from a.d. 330 to 537, that is, to the erection of St. Sophia,—
churches being within this period generally round or octagonal.
The second period from a.d. 537 to 1003, viz. " to the erection of
the Cathedral of Cutais, when the domes were multiplied,-" the
third, from A.D. 1003 to 1453, the fall of Constantinople; and the
fourth, from a.d. 1453 to the present time. The arrangements of
these periods, he says, were one or the other of three kinds, which
are given in our former notice. Dilating upon these, and refer
ring to the influences of the combination of the third arrange
ment, the so-called Greek, with the Latin cross, he proceeds to
give in detail the internal arrangements of a Byzantine church,
with its capitular or conventual buildings, the main character of
which, as he notices, was so largely transferred to and continued
in the architecture of the West. In connection with this part of
the Christian world, Mr. Walcott notices in the first instance, as
he did before with reference to the Eastern, the conversion of
the pagan temples into Christian churches, of which, he says,
the earliest instance was probably the Pantheon, consecrated to
All Saints in 610;—next referring to what he denominates
the Basilican style, and the development of the basilica into a
church, with the internal arrangements generally of the latter
so transformed.
It is at this point that we took leave of the information con
veyed by Mr. Walcott, as it appeared in the shape of the paper
alluded to at the commencement of this notice of his labours.
Recurring to the latter as they appear in their more perfected
form, we are introduced—upon the same plan of progress to that
adopted in his previous treatment of the various matters spoken
of—to some curious particulars in relation to round churches
and baptisteries; and from thence to the consideration of Lom
bardic, and the later phases of Gothic architecture, as exhibited
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in Italy, Sicily, Palestine, Germany, France, and other conti
nental countries, and England. It would be impossible, as must
be apparent from the extensive range embraced, to follow Mr.
Walcott through the whole course of his review;—for other than
a few observations and extracts in connection with points of
peculiar or general interest, or as showing the diversified and
comprehensive nature of the information included, we must refer
the reader to the work itself.
Speaking of the first of the subjects we have just alluded to—
namely, Round Churches, Mr. Walcott says,
"The round church was probably peculiar to towns either unimport
ant or of a limited population. The baptistery of Florence, built by the
Lombardic queen Theodolina, was the old cathedral; and, until the
eighth century, the Church of St. Lorenzo, of the time of Justinian, a
square with four apses, was the cathedral of Milan. An octagonal
building to the east of it was possibly a chancel. A baptistery stands on
the south. The baptistery of Constantia, Rome, c. 440, that of St.
Agnese, and the tomb of St. Helena, St. Stephano Rotundo, Bologna,
of the fifth or sixth century, and the tomb of Theodoric, now St. Maria
Rotunda, were circular. Again, we have also octagonal buildings, such
as the Lateran baptistery, and that of Parenzo, St. Constance, St. Ste
phen le Rond, Rome, and, with cellular indentations, SS. Marcellinus
and Peter, Rome; St. Tiburtius is a Greek cross; and mention is made
by Eusebius of an octagonal church at Antioch, built by Constantine.
The baptistery of Pisa was built o. 1152. The tomb, however, of
Galla Placidia at Ravenna, built before 450, is cruciform. The circular
form had been adopted for the mausolea of Augustus, Cecilia Metella,
and Adrian, and the temples of Vesta and the Sun. Almost all the
German churches of the time of Charlemagne, as at Aix-la-Chapelle,
Nimeguen, and Magdeburg, were circular. In England, and frequently
in Germany, as in Spain and Italy, a choir was added to the round
church. At Bonn, an oblong nave, as in France, was built in conjunc
tion with the circular building. In the eleventh or twelfth century
circular churches began to disappear. In England and Germany the
nave was of this form; but in France the choir, as at St. Benigne,
Dijon, of the seventh or eighth century, and partially reconstructed in
the beginning of the eleventh century; St. Martin's, Tours, of the fif
teen century, and Charroux. At Perugia, Bergamo, and Bologna, of
the tenth or eleventh century, the nave was round, and the choir oblong
and apsidal. The round nave of the Templar's Church at Segovia,
c. 1204, has a choir and aisles terminating in apses. Round churches
are found in the island of Bornholm. At Wisby a two-storied church
has an octagonal nave and rectilinear choir."
Of Baptisteries he remarks as follows:—
"The public baths of the Romans, in some cases, became converted
into baptisteries: the piscina was the ordinary cold bath of a Roman
villa. After the conversion of Constantine, distinct buildings of an
octagonal shape were built in front of churches, as at Rome, Nocera,
Piacenza, Torcello, Novara, and Ravenna, a plan perpetuated to the
thirteenth century by the Lombard architects; but almost univer
sally, with this exception, were no longer built after the eleventh cen
tury, when parish churches were permitted to have a font. The
western baptistery became, after a while, merged in the western apse
in Germany. In Italy it served still as a baptistery or a tomb-house."
On the Lombardic and other later styles be says,
" The basilica was a parallelogram, with an internal transept, an ap
sidal termination at one end, and a porch at the other extremity. The
Byzantine church subordinated nave, choir, and transept, as the sup
ports of a central dome; which was the development of the vault, as
the vault was of the arch: the ground plan at first was a round or octa
gon, became a square, rendered cruciform by the four limbs rising above
the angles round the cupola: three semicircular, latterly polygonal apses,
formed the east end. The Lombardic, which lasted from the seventh to
the thirteenth centuries, comprised both these types. It had a long
nave, triforium, a central octagon, and cupola set on a square base,
making an internal dome; an east end terminating in three apses;
sometimes an octagon and an oblong were arranged to form a church.
The eastern aspect of the sanctuary and the cupola are its Byzantine
features: the Latin cross, the lengthened nave, the apsis and crypt, the
latter becoming spacious and lofty, are Roman characteristics. Triforia,
or galleries for women, are built along the aisles of the nave and tran
sept; pillars are grouped; and the roof is of stone, vaulted; but the narthex disappears, to be resumed in the eleventh century as a porch. The
baptistery and campanile are nearly invariable, but detached adjuncts.
The earliest Lombardic church existing is said to be St. Michele at
Padua, built 661. This is contradicted by Reunohr, who attributes it
to the eleventh or twelfth century. Conventual buildings became pro
minent and numerous, such as the cloisters of Verona, St. John Lateran,
Rome, and Subiaco, of the twelfth and thirteenth centuries. At Coblentz, in 836, and at Cologne, the Lombardic style established a home,
reaching France in the beginning of the eleventh century, and England
in the latter part of the reign of Edward the Confessor."
62
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The divisions of the first-named he gives from Gaily Knight,
the first being
" 1. From the incursion of the Lombards to the end of the eighth cen
tury: e. g., St. Michael Pavia, which is cruciform, and, like St. Ambrose,
Milan, has a clerestory, but no triforium; Brescia Cathedral, which is
round, with a projecting chancel; St. Julia, octagonal; and St. Ambrose,
Milan, 801, which retains its atrium. 3. The eleventh century e. g.,
Pisa Cathedral, 1063-1130. 2. The twelfth, and beginning of the thir
teenth century: e. g., baptisteries of Pisa and Parma, and the round
tower of Pisa, 1147."

On Italian Gothic, including the Sicilian, he continues:
"The Duomo of Milan, and the Church of St. Giovanni at Naples,
were built by German architects in the Gothic style, but there to re
main, with a few others, as isolated specimens among the structures of
the new school of Pisano. The development of Lombardic into Gothic
architecture is marked by rapid changes. The crypt and Latin cross
remain; but a spire rises over the central lantern, lateral towers flank
the west front, the baptistery shrinks into the font, a lofty screen rises
before the choir, which is lengthened out, and porches over the entrance
doors. The characteristic ' bull's eye ' window in the west front became
the rose window of the Gothic style. There is no instance of a French
chevet. The churches are either (1) basilicas, or (2) apsidal churches,
where the aisles do not extend round the apse; and a series of apsidal
chapels is sometimes added on the east of the transepts. Bologna,
built c. 1390, is a three-aisled basilica, with an eastern central apse, and
square-ended lateral chapels along the entire length. Bari, c. 1171,
has a square east end, internally apsidal, with flanking towers, lateral
sacristies, a central cupola, and projecting porches, a Lombardic feature.
Novara, of the eleventh century, retains its atrium, connecting it with
a baptistery. Pisa, 1063-1113, has double aisles to the choir and nave,
an eastern apse, and an apse to each wing of the transept. Milan, begun
13S6, comprises a nave and two transepts, all with double aisles; a
choir with a trigonal apse, and north anil south sacristies. The baptis
teries of Pisa and Parma, of the twelfth century, and those of Verona,
Pistoia, and Volterra, like the earlier examples of Ratisbon, Cremona,
800, Florence, 671, St. John Lateran, 440, and Ravenna, 390, are octa
gonal; that of Padua is a square in plan, and circular above. It is not
improbable that the octagonal churches were so built in order to receive
a dome. One of the earliest instances of the Pointed style is St. Andrea,
YerceUi, built by an Englishman in the thirteenth century. It has a
square east end, and two polygonal chapels attached to each transept.
The west end is flanked with towers, and there is a central octagonal
dome. At Sienna, begun 1243, we have the triple-gabled front, circular
window, and three portals of the characteristic Italian type; a square
east end, with the central alley having a niche-like apse in the wall,
three aisles throughout the church, with eastern square chapels to the
transept, and to the south wing a belfry attached, and a central dome.
Florence, begun at the extreme close of the thirteenth century, is trans
verse triapsal, like the early churches of Cologne, and our modern St.
Paul's, and has a central dome, begun 1420. Milan, commenced 13S5,
has a five-aisled nave, a shallow transept with aisles, and trigonal apses,
and one trigonal eastern apse, with a circlet of columns, a compromise
between the French chevet and the German apse. There is a central
octagonal lantern. A western transept is found in conjunction with an
octagonal tower in the centre of it, at St. Antonio, Piacenza, c. 1014;
and two western towers, like a quasi transept, appear with a western
cloister, at St. Ambrogio, Milan, rebuilt in the twelfth century. The
cruciform cathedral of Pisa was built by Buschetto di Dulichio, a Greek.
An apsidal eastern aisle occurs at St. Antonio, Padua; St. Stephano,
Verona; in the Lateran, and Milan Cathedral; the former has radiating
chapels. The entire east wall of the transept is often pierced with an
arcade of five or eleven arches, opening into parallel chapels, the larger
or central forming the east limb of the cross; there are eleven at St.
Croce, Florence, 1290-1320; seven at St. Domenichino, Sienna; and
five at St. Anastasia. Chapels along the side walls seldom form part
of the original design.
Sicilian Gothic Style.
Monreale—which Messina resembles —has a throe-aisled nave, a choir
with chamber-like aisles, and three eastern apses, the central being the
largest. The influence of Saracenic art is very perceptible in the use of
domes, at St. Giovanni degli Eremiti. Cefalu, c. 1131, has aisles, a
transept, and three eastern apses, but no central tower. The Cathedra
of Syracuse, as in other "instances, consists of the cella of an ancient
temple, and interior galleries and aisles are formed out cf ,exterior
porticoes."
His observations on the Northern development of the Lom
bardic, and on the several peculiarities of the succeeding styles
above mentioned, we give seriatim in his own words. They will
be found in many points very interesting and suggestive. As
respects the first we find as follows:—
"The formation of the western apse, the construction of an eastern
aisle, the development of the choir, the formation of the ante-choir,
and the double-gate at its entrance, with the altar of the Saviour, were
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probably innovations of the northern architects. The next great change
was the erection of a central tower upon four pillars, like the Byzantine
dome. Charlemagne constructed the central dome of his churches on
eight pillars, introducing a still more important change—isolation, a
passage on every side, a method of central junction by means of arches,
and.an advance to a loftier method of construction. Four central pillars,
a development of this primary idea, are found at St. Martin d'Angers,
built by the Empress Hermengarde, not long after Germigny, and in all
English churches of the period; also at Hitterdaal, a timber building,
in Norway, and at St. Savin, Aquitaine, begun 1023. At Germigny,
the choir occupies this central space, and at Vignory, before the tenth
century, there was a square of six pillars, inclosing the choir, with a
processional path opening upon six chapels. In the Church of St.
Savin, Aquitaine, begun 1023, we find four central piers, a transept
with an eastern apsidal chapel in each wing, and five semicircular
chapels ranged round the choir, which is an arrangement never found in
the south. To the necessity for strengthening the central supports we
may refer the construction of engaged shafts, as in the church of St.
Miniato at Florence."
In Palestine the principal remains
" Are Byzantine, but there a few relics of Pointed architecture: the
Hospital Chapel of St. John, not of later date than 1187, adjoining the
Byzantine ruin of St. Mary de Latina; a similar chapel. Transitional
Norman, at Sebustioh, with an octagonal apse; the Early English Ca
thedral of St. Andrew, at Acre, with a cloister along the west front as
a defence against the sun; an hexagonal Templar's Church at Altlect,
forming a hexagon, with three eastern chapels with pentagonal apses;
the Church of St. George at Lydda. and the apsidal Church of Emmaus,
erected towards the close of the Frank dominion, and the only Chris
tian building which is still entire. The Church of the Holy Sepulchre
at Jerusalem, as rebuilt by the Eastern emperors in the eleventh century
on the site of Constantine's basilica, consisted of three western apses to
the rotunda, and three eastern apses: three apsidal chapels on the
north, and ono apsidal chapel on the south, like transepts. It pre
sented, before the fire in 1808, the rotunda with its three western apses;
a cruciform building, built by the Latins, to the eastward, with three
eastern apses, and a surrounding aisle to the presbytery; and transeptal
chapels. The six churches of St. Stephano, at Bologna, were laid out
in imitation of the grouped churches of the Holy Sepulchre."
With reference to German architecture it is stated:
" In Germany, at the end of the tenth or beginning of the eleventh
century, a modified basilican form appears, at Gernrode, c. 960; Htldesheim, 1001; Limburgh, 1034; Mayence, Worms, and Spires. The basi
lican form is found at Ratisbon, Paulinzell, and Schwarzach. The type
adopted was a double- apsidal cruciform ground plan, as in the east of
France at Besancon, Verdun, at Treves, St. Sebald, Nuremburg, St.
Cross, Liege, and originally at Strasburg; west and east transepts, a
long nave, a short choir, both of three aisles; small round octagonal
towers were multiplied, flanking the apses, or attached to both the
west and east fronts in churches not cruciform. Polygonal domes or
octagonal lanterns were employed at the west end, and at the intersec
tion of the nave and choir, and galleries were constructed under the
eaves of the roof for the accommodation of women. The Rhenish
type was three aisles ending in three apses; the earliest chevet, that of
Magdeburg, c. 1254, is polygonal. At Hildesheim we find a short ap
sidal choir, with three apsidal chapels opening upon an aisle on three
sides, but not communicating with the nave; a western transept flanked,
like the main transept, with octagonal towers, and a west door wanting.
There are chapels east of the main transept. St. Gereon, at Cologne,
of the thirteenth century, has a circular nave, and is one of the last
examples of a domical building. Cologne has a chevet with seven chapels,
c. 1322, five aisles throughout the church, and a partially developed
transept. Friburg has a western steeple, found also at Ulm; a low,
ill-developed transept, and octagonal towers flanking the junction of the
nave and choir, round which are twelve chapels. Strasburg was in
tended to have two western towers, and the whole east part is a basilica
of the eleventh or twelfth century; the transept is ill-defined. Ratisbon,
1275 to the fifteenth century, has three east apses, and a ' subdued
transept.' St. Stephen, Vienna has—as Prague, e. 1346, was designed
to have—two transept towers. At Bamberg, 1220-57, there are two
apses, west and east, flanked by towers. Naumberg is of similar design.
Augsburg, 1366, has a chevet at one end, and an apse at the other.
Marburg, c. 1283, is transverse triapsidal, with three round apses to
the choir and transept. Xantan, thirteenth and fourteenth centuries,
has two western towers, without an entrance on this side, with a poly
gonal apse, and four flauking chapels opening in the choir and aisles.
At St. Severus, Erfurth, three spires rise in place of a transept over the
apse. At Ireja Matriz, Vianna, c. 1483, there is a double transept.
St. Cunibert's, Cologne, consecrated 836, was the first instance of the
Lombardic style in the Rhenish provinces. Owing to their extreme re
gard for orientation, the apses are rarely surrounded with aisles or
chapels; the churches are either (1) simply apsidal; or (2) like Byzantine
churches, parallel apsidal, as at Laach, St. James, Ratisbon; St. Cathe
rine's Lubeck; Marien Kirche, Mulnhausen, Weisenhausen, and Soest:
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or (3) transverse or transeptal triapsidal. The early churches had cir
cular east apses, as at the Apostles', Cologne; Marburg has three later
apses, transverse triapsidal, of polygonal form. This arrangement is
found also at St. Fidele, Como. Sometimes, but rarely, the choir is
apsidal, and the aisles square-ended, as at St. Nicholas, Lemgo. There
is sometimes an imitation of the chevet, as at Hildesheim, Magdeburg,
and Marien Kirschc, Lubeck. St. Giles, Brunswick, has an apse and
surrounding aisle, but no eastern chapels. In the north-east of Ger
many, as at Munster, there is no distinction between the nave and its
aisles; that church presents a cruciform plan, two west towers, and
west and main transepts, and an apsidal choir with apsidal chapels
opening on a surrounding aisle. De Lassaulx regards the great Rhenish
churches as a century later than the date ordinarily assigned.
German architecture resolves itself into three periods. The earliest
Romanesque buildings date from 960 to 1000. The Abbey of Heisterbach, which is pure Romanesque, was not finished till c. 1*230. Through
out the south of France there are remains of earlier Romanesque build
ings than those in Germany. Aix was a copy from St. Vitale, Ravenna,
and the latter from St. Sophia. The great consummation of the style
at Boppart and Limburg was c. 1200; and c. 1230 the German taste
was reimported into Italy at Assissi. There are a series of churches on
the Rhine, erected in the twelfth century, formed on the plan of the
Greek cross, and surmounted by a cupola, which was afterwards changed
into a square tower. In the churches of Frose and Gernrode, in the
Hartz district, built about 958, the commencement of the transept might
be found. The vestibule of Lorseli is c. 794. (1.) The pure Romanesque
pure churches have a semicircular domical apse, lower than the choir
(as in several churches at Cologne, Mentz, Spires, Worms, Loach, and
Eberbach); and frequently the aisles have similar terminations; some
churches (as St. Mary Capitoline, the Apostles, and St. Martin), have
apses to the ends of the transepts, instead of the usual triple eastern
apse; and (at Johannisberg, St. Peters, GelnhauBen, and Loach) the east
sides of the transept received semicircular apses. There is a western
narthex at St. Gereon, St. Martin, St. Cuthbert, and the Apostles',
Cologne. The towers are generally near the east end. There is an ap
sidal outer gallery round the choir at Laach, Eberbach, Worms, Spires,
St. Gereon's, St. Martin's, and St. Mary Capitoline, Cologne. There are
usually two pairs of towers and two cupolas or octagonal pyramids. St.
Martin's and St. Castor's, at Cologne, are of this period. A portal
cloister, as at Laach and St. Mary Capitoline, Cologne, is another dis
tinctive feature. The sides of the towers terminate in pediments, and
in these gables Ducange has ingeniously discovered the germ of spiregrowth; but possibly the pyramids and obelisks of the East suggested
the primary idea. In the (2) Transitional or Early German style the
apse became polygonal, and of equal height to the choir, and the east
chapels of the transept have seldom a simple semicircular form, but
have sometimes an additional recess (as at Gelnhausen and Sinzig); or
another form (as at Limburg), or wholly disappear with the transept
(as at Andernach, Boppart, and Bamberg). At Mentz, Worms, St.
Sebald's, Nuremburg, and at Bamberg, the eastern apse is round, and
the west apse polygonal; at Bonn the ends of the transepts are poly
gonal, and the choir apse semicircular. The churches are of three
aisles, and often have a polygonal (as at Bonn and Marburg) or semi
circular end to the transept. Generally, where there are double apses,
there are west and east transepts, as at Mentz, St. Cunibert's, the Apos
tles, St. Andrew's, St. Pantaleon's, Cologne; St. Paul's, Worms; and
Nuremburg. Two pairs of towers on the east and west occur at Bam
berg, Andernach, Bonn, Arnstein, and Limburg. There is a central
octagonal tower at Limburg, Gelnhausen, Seligenstadt, Sinzig, Worms,
Hermersheim, and Bonn. Sometimes there is a central spire between a
pair of towers; sometimes two eastern towers (as at Gelnhausen and St.
Cunibert's, Cologne); sometimes west towers as at Limburg, Bonn, Seli
genstadt, Sinzig, Hermersheim, and Boppart. A similar group is often
found like a transept at the west end, and sometimes a single west
tower in the central compartment of this front. The gables of the
towers become more acute, and the cornices lighter. Buttresses were
used, and porches were added at the west end. At Augsburg there is
a double choir. Chapter-houses are rare in Germany and France, and
seldom circular. A baptistery is attached to Meissen. At Worms,
about the beginning of the twelfth century, there is a west octagonal
lantern flanked with round turrets, a central octagon, and east end
flanked with round turrets. Spires, of the eleventh century, has an
octagonal lantern at the intersection, and west square towers to the
transepts. Mayence has a western apse composed of three trigonal
apses, 1200-1239, an octagonal steeple and west turrets, and an east
lantern and a round turret; the lateral chapels were added 1260-1332.
At Laach, c. 1093-1156, we find the ancient parvis before the church
with a west cloister, as at St. Ambrogio, Milan; a western apse, used
as a tomb-house; a square west tower, with a transept, flanked by
lofty circular towers; an eastern transept, a central octagonal lantern,
flanked by two square turrets; an apsidal choir, and transepts with
eastern apses. Lateral porches supplied the place of a western door.
The Apostles' Church, Cologne, has a tall west tower and transept, a
central octagon, and two flanking turrets. St. Castor, Coblentz, An
dernach, and Arnstein, have two groups of towers, but no central
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lantern. The third period is the complete or Decorated German, which
occurs at Altenberg, Cologne, Freiburg—which has twelve chapels to
the choir, —and Ratisbon. There are two west towers at Zerbst Nicolaik, Meissen, Mulnhausen, Mildenfurt, Naumbcrg, and Memleben.
Treves has a double east and west apse. Gelnhausen has an east
ern trigonal apse, a transept with eastern apsidal chapels, a square
west tower, a central octagonal lantern, and two towers flanking the
apse. St. Eatherine's, Oppenheim, has a trigonal apse, two west towers,
and central octagonal lantern. Limburg has two west towers, a central
lantern, two towers flanking each transept, and a round apse. St.
Elizabeth, Marburg, has pentagonal apses to the choir and transept,
and two west towers. There are two west towers at Munich, Augs
burg, Cologne, Basle, Thurme, Marburg, St. Laurence, Nuremburg,
and one at Frankfort. Ulm has no transepts, but comprises a nave
with double-aisles, a choir with side chapels, and a large porch under
the west tower. Stuttgardt, 1419-1531, has a west tower, dwarf tranBept, a choir with a trigonal apse, and a nave with aisles and chapels.
Augsburg has a double apse, that to the west trigonal, and a nave with
double aisles. Ratisbon has two west towers, a nave with aisles, an illdefined transept, and a parallel triapsal choir with aisle, each with a
trigonal apse: to the east of each aisle is a chapel. St. Sebaldus, Nu
remburg, has west towers, a double apse (each pentagonal) and transept.
M. Dahl has published an account of similar structures of the eleventh
and twelfth centuries. The Cathedral of Lubeck has a three-aisled
nave with lateral recesses, an unimportant transept, and a chevet, with
seven polygonal chapels and cloister. St. Marys is three-aisled, has
two western towers with no entrance on this side, a low transept,
consisting of chapels; and a chevet with five polygonal chapels.
Dantzic is cruciform, with a west tower. At Zurich, the choir, of the
eleventh or twelfth century, is square, while the aisles terminate in
apses, and two west towers were contemplated. A thirteenth century
church at Kaschau, Hungary, attributed to Villars de Honecourt, has a
French arrangement of eastern chapels. In this country however the
common type is a triapsidal basilica, with a narthex and western
towers. Buda, of the same period, has three eastern apses and two west
towers."
Speaking of Swedish and Norwegian architecture, Mr. Walcott
informs us that between Stockholm and Upsala, c. 1000, several
churches strongly resembled Anglo-Saxon buildings; and that
the Norwegians, when about to restore the Cathedral of Drontheiro, sent artists to make sketches of Kirkwall, which had
been previously built by Norwegian workmen. This connection
and interchange between England and the above countries, as
respects architectural production, is recorded in other cases. It
was by missionaries from England, during the primacy of Elfric
(994-1005), that Christianity was introduced to the pagan sub
jects of Olaf Tryggvason (or Olaf the son of Trygg), king of
Norway, the grandson of Hacon sumamed Adelstantostri, or the
foster-son of Athelstan king of England (925-940); and the head
of the mission, Sigefried, archdeacon of York, died bishop of
Wexio, in East Gothland. We have alluded to this relation
between England and Norway in ecclesiastical matters in a
former number, when reviewing a work on the Domkirke of
Throndheim, published by the Norwegian government (see this
Journal for May 1860). To the instances there mentioned as
showing the reference to England and Englishmen, Mr. Walcott
adds another: the see of Strenguas, in Sweden, was, he says,
established by Oskild, an Englishman. He also says, quoting
from the Proceedings of the Royal Institute of British Architects,
1844-5, p. 86, that " some of the Swedish cathedrals were built
by workmen from St Germain des Pres."
Belgic Gothic architecture Mr. Walcott divides in brief into—
1. Primary Pointed aud Transitional, tenth to thirteenth cen
tury : grouud plan a Latin cross ; west door isolated, and in
Transitional cases lateral entrances to nave and choir, removed
under a single porch, deeply recessed, at the end of the transept,
in the thirteenth century. 2. Secondary Pointed or Rayonnant,
fourteenth to the latter part of fifteenth century, marked by large
windows above entrances, side chapels to naves; lady-chapels
rare. 3. Third Pointed or Flamboyant, latter part of fifteenth
to latter part of sixteenth century.
Spanish architecture presents two styles—the southern, or
indigenous, and the northern, borrowed from France; principally
presenting " either the French chevet with a circlet of chapels,
or an apsidal aisle surrounding the altar, and opening on chapels,
with an eastern chapel, which if the east end is square is the
lady-chapel,—if circular or octagonal, a tomb-house."
For the main divisions of French medireval architecture Mr.
Walcott adopts those of M. Caumont, as follows:—1, Roman;
2, Ogival Primitif (thirteenth century); 3, Ogival Secondaire
(fourteenth century); 4, Ogival Tertiare, the latter being sepa
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rated into two epochs, respectively 1400-1482, and 1480-1550.
To example in illustration of the various phases and peculiarities
of these several divisions, as well as those of the other parts of
the Continent mentioned, with many other minor points in con
nection therewith, there is abundance of very interesting refe
rence. The originating causes of several of such peculiarities are
also very satisfactorily adverted to.
From the architecture of France Mr. Walcott proceeds to that
of England, previously noticing that of Ireland and Scotland,
both early and later. These sections of his work are succinct
and valuable. In reference to the former, he remarks of the
Celtic churches: they are " small aisleless, rectangular buildings,
without an apse, usually in groups of seven, like the churches in
Asia Minor and on Mount Athos. In the fifth century," he con
tinues, " they are of a type anterior to the Roman basilica, and
mauy were built of timber, with some affinity to Scandinavian
architecture. From the ninth to the twelfth century they were
Romanesque, with a basilicau arrangement; the throne, or a
bench-table, being at the east end, and the altar detached." Some
of the round towers, he observes, somewhat resemble the conical
Nuraghies of Sardinia. The original plan of a simple oblong, or
of a nave and chancel, was preserved to the latest period. The
cloister of Kilconnel, he adds, resembles cloisters in Spain and
Sicily.
In Scottish architecture is embraced—1. Churches of wickerwork, which in the fifth century gave way to stone churches,
like that built by French workmen at Whitherne for St. Ninian,
and another constructed in the eighth century by monks from
Jarrow. 2. Scoto-Irish, from the tniddle of the sixth to the
middle of the eleventh century. 3. Romanesque Anglo-Scottish,
1124-1165. 4. Lancet, 1165-1286. 5. Decorated, 1286-1370.
6. Flamboyant, 1371-1567. The saddle- back tower and poly
gonal apse are referred to as continental features; and Roslyn,
it is remarked, was built by architects from the north of Spain.
In the section on English architecture are noticed various
kinds and forms of churches, from the primitive erections of
wattle and stud-work, down to the introduction of the stone
edifices of a later period, and from thence to the full development
of the latter. These notices are full, and comprise nearly all the
historical evidence we now possess on the subject. They are
moreover very conveniently arranged under separate and par
ticular heads, corresponding with, and having relation to, the
particular features and distinguishing arrangements both of the
secular and monastic clergy, in their churches and conventual
erections. After alluding generally to Anglo-Saxon and the
later styles of English architecture, and giving very nearly its
generally-received divisions,—to symbolism, and orientation, &c,
we have reference to the principal varieties observable in the
ground plans of churches, and of their crypts, &c, followed by
remarks on the Benedictine, Cistercian, and Augustine churches
and convents, with those of the Praemonstratensians, Franciscans,
and other religious orders. These are highly interesting and
instructive, both historically and otherwise, including as they do
almost every peculiarity of feature and disposition in our ancient
ecclesiastical buildings.
We caunot follow Mr. Walcott in detail through all these
matters, but we may observe that his notices refer, amongst
almost every other component and accessory feature, to west
fmnts, porches, galleries, doors, towers, transepts, choirs, altars,
apses, stalls, pulpits, thrones, sedilia, screens, sacristies, baptis
teries, lady-chapels, &c.
As respects conventual arrangements, he refers, upon the same
plan of separate consideration, to the ground-plan, first alluding
to the convents of the East and Greece, and afterwards to those
of the Continent, and England. Of the general arrangement
of a. monastery he says as follows:—
"Each monastery included (1) a cloister-court: (2) an inner court, with
the infirmary, guesthouse, kitchen, servants'-hall, library, &o.: (3) great
or common court, with a double gateway, the larger arch being designed
for carta; granaries, stables, store-rooms, servants' rooms, tribunal,
prisou, the abbot's lodge, and grange-barn; a remarkable instance oc
curs in the Prasmonstratensian Abbey of Ardaines, near Caen: (i) the
court of the church or close, open to the pubUc: and (5) mills, gardens,
orchards, &c."
From the general arrangements—adverting to that of Canter
bury as being the earliest plan of an English monastery ex
tant—he proceeds to particular parts, such as the cloisters and
capitular closes, chapter-houses, the slype (supplied, he says, iu
the Cistercian houses by the sacristy), the dormitory, refectory,
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lavatory, cellarage, kitchen, treasury, library, scriptorium, abbot's
parlour and lodge, infirmary, guest-house, prison, gate-house,
school, almonry, and charnel-house, &c; illustration or confirma
tion of the statements being in each case that of existing or
recorded authority.
Having thus'directed the reader to the comprehensive nature
and usefulness of Mr. Walcott's work, we would call the atten
tion of that gentleman to one or two little discrepancies, which
it is hardly possible, perhaps, but should occur in the extract
and arrangement of the many references and illustrations which
the work contains. In some of the former a little confusion is
created by the omission of the mention of the particular edition
or series, as the case may be, of the work quoted from. In
the latter there are also one or two minor matters in connec
tion with the plans; and we allude to both the rather that
they are easy of correction in future editions. In the plan of
Canterbury Cathedral there is an omission of the steps which
lead from the level of the nave to the north aisle of the choir,
—which interferes with the idea and indication of an agreeing
level with the opposite or south aisle of the choir. In the plan of
Castle Acre Priory there is also some variation from the descrip
tion of it. It is stated in page 74, that " a peculiarity of Clugniac
churches in England is the position of the sacristy, which at
Thetford and Castle Acre is attached to the north wall of the
transept." It is omitted to be so indicated on the plan. There
is likewise a difference between the latter and the reference to
some of its features which occurs at page 65, which states that
the transepts have eastern apsidal chapels," while on one of them
only, the north, it is so shown. As respects the plan of Eastby
Abbey, given at page 76, there appears also to be some error iu
the representation. Speaking of this ruin in another work by
the same author, entitled 'The Minster and Abbey Ruins of
England,' it is said, " The north aisle of the choir—itself of pre
posterous length—was longer than the south;" and again, that
"the cloister court had only two alleys," and that " the abbot's
lodgings were on the cold north side of the nave." On the plan
the choir is shown without aisles, the cloister with four walks or
alleys, and the abbot's lodgings on the north side of the transept,
his hall abutting immediately thereon, his chapel running in
continuation northward, and his lodge proper extending east
ward therefrom, or parallel to the choir. In the plate of West
minster Abbey, the south transept, letter D in the reference, is
denominated the E. or east transept. This latter is however
a self-evident typographical error, though it would be better
perhaps altered, or referred to in the errata.

Tables for Setting Out Curves on Railways and other Public
Works. By J. S. Olver, Civil Engineer.—London : Weale.
These tables are given in one sheet, mounted on cloth and
folded as a map, so that it may be spread out for convenient
reference in the field. They are very comprehensive, being cal
culated for radii of from 1 to 800 chains, and for chords up to 40
chains. They seem to have been computed and arranged with
great care and diligence: we cannot of course vouch for the
accuracy of all the figures, but no error has caught our notice on
an examination chiefly directed to ascertain the correctness rather
of the principle than the detail of the calculations.
One portion of the table gives the off-sets at successive distances
along the chord for setting out the arc required. We think this
will De found extremely useful by those who have to range curves
for engineering and other purposes in cases where the theodolite is
not used: as calculations of off-sets on the ground are often tedious
and liable to error. Of course, before using these off-sets, both,
extremities of the arc must be supposed to be ascertained.
The other part of the table furnishes the angle for any given
chord. The angle given is (as appears from inspecting the tables)
not that which is contained between the radii drawn from the
centre of the circle to its chord, but the supplement of this angle.
This is indeed equally available for theodolite ranging, if it is ever
desired to range with the theodolite at the centre of the circle.
Of course with large radii this would be out of the question.
It would, however, have been more serviceable to have given,
instead, the angle contained between the chord and the tangent,
(or what is the same thing, the angle at the circumference sub
tended by the chord.) For the ranging of railway curves, the
theodolite is set in the curve and the angles read from the tangent,
and it is usual to chain round the arc rather than along the chord,
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although for preliminary ranging long chords may be taken in
the first instance. This, however, should always be done with an
eye to ultimately carrying the chain measurement round the
curve, so that it is more useful to know the angle (say) for an
arc of 5 chains, than that for a chord of S chains. A table giving
the correct chords for arcs of so many chains would be of very
great assistance in the ranging of railway curves.
We know no better rule for theodolite ranging than the
following:—
Minutes per chain = —t-:
;—:—
radius in chains
Thus, with a radius of 40 chains, the chord of an arc of 1 chain
1719
makes with the tangent an angle equal to minutes=42'-97;
40
the chord of twice this arc makes twice the angle, or 1° 25''94,
and so on. The most simple practical work on this subject we
remember to have seen is a pamphlet by Mr. Robert Brodie,
published many years ago. We think it does not give any tables.
This portion of Mr. (Diver's tables would, however, be helpful in
ranging, provided the halves of the supplements (or the com
plements of the halves) of the tabulated angles were taken,—a
process easily performed in the field. We think many would be
glad of the tables for the sake of the off-sets alone : certainly
these are what would be found most generally useful.

zia

was accomplished by Mr. Cort on the introduction of the puddling and
rolling processes.
.... Although much change has not been effected in the machinery
of the iron manufacturer, considerable improvements have nevertheless
been made in the smelting of the ores, and since the introduction of the
hot-blast by Mr. Neilson the production of the furnaces has been more
than doubled. Looking forward, therefore, to the improvements and
changes now in progress, we may reasonably conclude that a new era
is not only imminent, but has in great part been accomplished. The
same progress, and even greater improvements, [are] observable in the
conversion of iron into steel, and probably the time is not far distant
when we shall be enabled to produce from the same furnace iron in either
a cast or malleable state, or steel, as may best suit the requirements of the
manufacturer. It is quite evident that our increasing knowledge of
chemistry in iron manufactures leads to these results, and by a still
closer adherence to chemistry, whereby hnpurities, such as phosphorus,
sulphur, &c. are removed, the process just alluded to will be fully and
satisfactorily realised."
The second section of the volume is contributed by Mr. Tate.
It forms a very useful treatise on the elementary principles of
mechanism, which are classed under the heads of link-work,
wrapping connectors, wheel-work producing motion by rolling
contact, and appliances for communicating motion by sliding
contact, including of course the various modifications of the screw.
The capabilities of link-work in converting equable into rapidly
retarded or intermitted motion are well exemplified, one instance
being Watt's simple and ingenious contrivance for opening the
valves of the steam engine. Of course the beautiful arrangement
of the "paralled motion" comes in for its share of notice; it is
satisfactorily handled, with the exception of a mischievous error
in printing, which spoils the sense. We read :—
" The ratio of QE to EG is generally expressed by the following equa
lity:—

Treatise on Mill* and MiU Work,—Part I. By William Fairbairn, Esq., C.E., &c.—London : Longman. 1861.
This is the first portion of a work which the author states he
has had in contemplation for many years. The present volume
begins with the first principles of mechanism, and then proceeds
to discuss the various constructions of prime movers. The author
QE_K
expresses a hope of shortly completing the work by a treatise on
the new system of transmissive machinery, and on the arrange
GE
r
ments necessary for imparting motion to the various descriptions
of mills.
A short introductory chapter, under the head "Early History
of Mills," gives some classical, antiquarian, and other gleanings It should be —
of considerable interest. It might be wished that the author,
having taken up this part of the subject, had treated it more at
large, as it would admit of being much amplified ; although our
The very elegant problem of the mutual relation of form
knowledge of the mechanical appliances of early ages must be
between curved surfaces having rolling contact is touched upon,
acknowledged to be but fragmentary at the best. It is conjec
and the instance of two equal ellipses rotating about their foci is
tured (and with probability) that
given, and also that of two equal logarithmic spirals. The spe
"The earliest introduction of machinery was in the processes for the
preparation of food, as we read of the Egyptians and Babylonians, and cial investigation of the form of the teeth of wheels seems to be
other nations in Europe and Asia, having mills for grinding corn at tho reserved for a future occasion. The question of the action of
earliest periods at which there are records of their history. Hesiod and cams of various curved outlines also receives attention, and the
Pliny both describe the most primitive method of the preparation of employment of the spiral of Archimedes as the line of a cam groove
corn, a method still further illustrated among the pictorial remains of the is instanced as converting a uniform rotatory into a uniform
reciprocating rectilinear motion. The diagrams are generally
Egyptians—viz., pounding it in a mortar."
To this we may add that the Proverbs of Solomon (which clear, although in a few instances the reference letters are vexabear a date certainly as early as Hesiod) contain such an incidental tiously omitted (a great discouragement to beginners), and one
allusion to the process of braying wheat in a mortar as proves it figure (25) is lamentably out of drawing.
In giving the rule for the pitch of the screw there is an
to have been then well known in Palestine. But of the corn mill
itself we have yet more ancient record. In the Law of Moses, at error :—
" If t = BF, the distance between the threads of the screw, r =: the
a period about six centuries before Hesiod, and when the pro
genitors of the poet may possibly have satisfied their hunger with radius of the cylinder, $ = angle BAF; then
beech-nuts and acorns (according to traditional tastes), we find
( _ j!>rr „
distinct reference to the nether and upper millstones, and mention
— tan 6'
made of the mill as in common household use. Allusions equally
A reference to the diagram shows that the second side of the
definite and familiar occur in a book of the Old Testament to
above equation should be "2jtt X tan /BAF;" so that 6" is
which a yet higher antiquity has by some been assigned.
evidently not BAF, but its complement BFA, or the angle which
Mr. Fairbairn passes by a somewhat rapid transition from the the thread of the screw makes with the sides of the cylinder.
archaeology of mills to the manufacture of textile fabrics, and
The third section treats of prime movers, of which water power
thence to the latest inventions in iron manufactures.
first comes under consideration.
Mr. Fairbairn gives an
" We are at the present time in a state of transition in the manufac
instructive chapter on the accumulation of water in reservoirs.
ture of iron and steel, which is making rapid strides towards improve
"It is necessary in constructing reservoirs to obtain some measure of
ment.
The inventive talent of the country has been directed to
the quantity of water which may be expected to accumulate annually,
this object, and the production of homogeneous plates, having the elas
in order to provide sufficient storage. For this purposo it is most im
ticity and tenacity of steel, together with the improvements of Mr. Bes
portant to determine the area of land draining into the valley chosen for
semer, Mr. Clay, and others, are likely to produce a complete revolution
by a greatly increased economy in the production of iron. Mr. Bessemer the formation of the reservoir, and the average annual rainfall of the dis
trict, with, if possible, the probable loss or waste arising from the reis now proposing to roll plates in the form of a continuous web from liquid
metal, run direct from the furnace to the rolls. We cannot vouch for evaporation and absorption by vegetation, &c.
To ascertain the drainage area it is sufficient to determine the lummit
the success of this enterprise, but wc are most anxious to see its results
level or watershed, i.e., the ridge surrounding the valley which marks
realised; and there cannot exist a doubt, from the number of able chemists
the line at which the streams flow in opposite directions into contiguous
and practical men at work, that the iron trade of this country is calcu
valleys. This may be determined by a special survey, with a careful
lated to undergo a great change, and perhaps with as much benefit as
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examination of an accurate chart like the Ordnance map, on which the
contour of the country, brooks, &c. are plainly marked. The whole of
the basin included within the watershed is termed the catchment basin.
In the case of the Bann reservoirs it amounts to S300 statute acres in
extent; in that of the Greenock reservoirs to 5000 acres; at the Man
chester waterworks to 19,000 acres."
After mentioning that an immense number of experiments
have been made of late years on the rainfall in different parts of
Europe, our author proceeds to give a table of the mean rainfall at
London and Manchester. For London the average extends over
thirty-four years, and Mr. J. H. Belville is cited as the authority
for the data. The Manchester observations are stated to com
prise a period of sixty-four years : for these Dr. Dalton and the
Manchester Memoirs are referred to. It would be desirable to
know how far these periods are synchronous, and what the
average figures would be for the same term of years in each case.
The results show a mean annual rainfall of 2478 inches at Lon
don and 35-56 inches at Manchester. In the London table,
March shows as the dryest month, the rainfall averaging I"61 (or
barely more than 0'05 inches per day); February comes next
(allowing for the shortness of the month); and October ranks as
the wettest, having a monthly rainfall of 2-67 inches. These
conclusions seem hardly what would be generally anticipated;
and the variation of the average rainfall from one month to
another appears smaller than might have been surmised.
In the Manchester table this variation is more considerable.
October is here too the wettest month, and figures at 3'84; July
nearly rivalling it, however, with 372 inches average monthly rain
fall; while April claims the place of the dryest month, having an
average of 202. The greatest fall in London during any single
month in the period of thirty-four years was 6'65, and occurred
in July. The greatest rainfall for one month in Manchester also
occurred in July, and amounted to 1 1-48 inches. The least rain
fall for any one month is given in the London table as 0'04 in
February,—April, August, and December following in order of
casual dryness. In the corresponding column of the Manchester
table, the mininum is in December, and amounts to 007,—May
giving a small fraction more, or 0'09 inch. These differences
sufficiently indicate the operation of local influences, affecting not
merely the total quantity of rain during the year, but also the
manner of its distribution in point of time.
Mr. Fairbairn observes that the London and Manchester tables
"Would give a mean of 30 inches, but it must be borne in mind that
in the lake districts, and all along the west coast, there is an annual fall
of rain greatly exceeding that amount, and in some places in the higher
districts in Cumberland the returns have been as high as 180 to 200 inches;
from this it will be Been that 36 inches is a fair average for the whole
surface of Great Britain."
We do not suppose our author would jump at a conclusion, and
therefore infer that he has either computed the average he gives
from a comprehensive examination of observations in various
districts throughout the island, or adopted it from a reliable
authority. Without some such supposition the sentence we have
quoted would leave a painful impression of loose and inconclusive
reasoning.
"It is however important in the construction of reservoirs to have
observations of the rainfall in the district in which they are to be placed.
Local causes greatly influence the quantity of rain: thus the average fall
in Essex is about 20 inches; whilst at Keswick in Cumberland it is as
much as 67 '5 inches, and at Seathwaite in the same county it averages
the enormous quantity of 141'5 inches."
After describing the ordinary rain guage and the manner of
using it, Mr. Fairbairn proceeds :—
" By placing two or three of these rain-gauges at different elevations
around the site of a proposed reservoir, and examining them at con
venient intervals of a week or a month, it is easy to estimate the exact
quantity of rain which falls upon the catchment basin in the course of
one year; which, with certain deductions, is the quantity to be provided
for in the reservoir. The precaution of placing the guages within 5 inches
or a foot of the ground is important, as, in accordance with an ill-under
stood law, the quantity of rain rapidly decreases even at slight elevations
from the ground, and it is also important to place the guage where no
artificial currents of air are created, as by the sloping side of the roof of
a house. This subject was fully investigated several years ago by Mr.
J. F. Bateman and a committee of the Manchester Philosophical Society.
Observations had been made on and near the lines of the Ashton and
Peak Forest Canals, about the accuracy of which, from their disagree
ment, doubts had arisen. The guages in these observations were placed
on the ridging of the roofs of the houses of the various lock-keepers,
under the impression that, from the exposure of the position, all the
rain which fell must there be caught. New guages were placed in the
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same localities, but at the surface of the ground, and the results of these
experiments were as follows:—
Guage on roofs. Guage on ground.

Locality.

Near Middleton
Near Rochdale
Whiteholm Reservoir
Blackstone Edge
Blockhouse
Sowerby Bridge

...

laches.
18-14
20-50
22-64
23-45
24-89
16-77

Inches.
28-8
30-3
35-1
34-2
35-9
23-8

Excess per cent,
on ground.
Inches.
58-76
47-8
55-0
45-84
44-23
41-92

This enormous difference, amounting to 50 per cent, on the average,
fully proves the unfitness of roofs for registering the rainfall. The up
ward currents of wind created by the sloping roof appear to have carried
the raindrops over the edge of the guage.
Dr. Heberden found the annual fall of rain at the top of Westminster
Abbey to be 12-099 inches. On the top of a house close by, of much
inferior altitude, 18139 inches; on the ground, 22608 inches.
Mr. Phillips, at York, found the total fall for three years, at an alti
tude of 213 feet, to be 38072 inches; at 44 feet, 52-169 inches; and on
the ground, 65430 inches.
Notwithstanding the explanation of these facts which have been offered,
Sir J. F. W. HerBchel has within the last year asserted that the cause is
yet to seek. The raindrops certainly appear to increase in size in the
moist lower strata of the atmosphere.
Mr. Phillips'B explanation has been accepted by some meteorologists,
that this augmentation is caused by the deposition of moisture on the
surface of the drop, in consequence of its temperature being lower than
that of the moist strata of air through which it passes. But this does
not appear to be consistent with the fact, that in the condensation of
vapour a large amount of latent heat would be liberated. Mr. Baxendale, who pointed this out, estimates from Prof. Phillips's observations
that, in the condensation of the amount of water which corresponds to the
augmentation of the raindrop in a fall of 213 feet, sufficient heat would
be liberated to raise the temperature of the drop to 434" Fahr."
This seems conclusive against the idea of the increase of the
raindrop through the agency of condensation, properly so called.
It however still remains open to inquiry whether the drop may
not in some way gather a portion of the moisture of the air
through which it falls. To solve such a question satisfactorily it
would be needful to know the relative proportions in which true
vapour and watery particles held in solution respectively exist
in the atmospheric moisture. In the deposition of dew we find
that water really seems to exude from the air under certain favour
able circumstances, without the sensible liberation of latent heat.
It is perhaps not unreasonable to imagine a raindrop to accumu
late watery particles in its fall, much in the same way that a
large bead of quicksilver picks up the smaller beads or spray with
which it comes in contact.
But as yet all this is mere speculation. We do not know that
it is absolutely proved that the increased rainfall measured by
guages on the ground, compared with that measured by guages
on the tops of buildings is due, or mainly due, to the swelling of
the raindrops as they descend. It should be remembered that a
guage iB likely to catch less than a fair share of any driving rain;
so that the greater stillness of the air near the level of the ground
and the steadier fall—not to mention the surface spray that a
heavy shower frequently occasions—may have some bearing on
the question.
After adducing data to show that mountainous districts in this
country, to an elevation of 2000 feet, receive a larger proportion
of rain than the lowlands, Mr. Fairbairn proceeds to consider the
loss from evaporation and other causes before the water ultimately
reaches the reservoir. This loss is in each case to be arrived at
by guaging the mean discharge of the various brooks and streams,
so as to find by what amount the quautity of water they deliver
falls short of the total rainfall on the catchment basin. The next
question is that of the capacity of the intended reservoir. On this
point our author cites the following remarks from the Report
of the British Association on Water Supply (by Mr. Bateman):—
" The storage requisite for equalising the supply of water between dry
and wet years should be provided with a due reference to the continuance
of drought, and the quantity of water which will flow off the ground:
in extreme wet seasons no water should be allowed to run to waste.
Experience has shown that in the regions of comparatively moderate
rain in this country, the storage to effect this object should vary from
20,000 or 30,000 to 50,000 or 60,000 cubic feet for each acre of collect
ing ground, the smaller quantity being about sufficient for an available
rainfall of perhaps 18 in., and the larger for one of about 36 to 40 in."
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To this Mr. Fairbairn adds—
" Eighty thousand cubic feet per acre of collecting ground are provided
at Lough Island Reavy; 60,000 at the Gorbals reservoirs, Glasgow;
49,000 at Rivington Pike; and 34,000 at Manchester; at the last, the
whole fall not being impounded."
An interesting account is then given of the formation of the
Lough Island Reavy reservoir, in the north of Ireland, a matter
on which Mr. Fairbairn's guidance had been sought, and in the
surveys for which he acted in co-operation with Mr. Bateman.
The construction of weirs or dams, and of conduits, afterwards
come under consideration.
On the whole, taking into account all contingent expenses, our
author seems to lean to the use of steam rather than water power
in all save very exceptional cases. But we will give his own
words:—
" Let us take, for example, the Catrine Mills, in Ayrshire, at which
there is a fall of 48 feet and a power of 200 horses, nearly constant
throughout the year. In this establishment there are two colossal water
wheels, each 50 feet in diameter and 12 feet wide. Now, taking the
weir, the tunnel, the upper conduit, (ail race, &c, arched to a distance
of a third of a mile down the river, we may estimate the ultimate cost,
approximately as follows:—■
Water privileges and land
£4000
Cost of weir
1000
Head race, tunnel, and canal
3000
Archways, cisterns, sluices, &c. ...
...
...
... 1000
Wheel-house and foundations
1500
1500
Tail race
Water wheels and erection
4500
Contingencies
1500
Total ...
£18,000
The cost of power, independent of mill-work, equivalent to an annual
rental for interest of capital, repairs, and wear and tear, at 7 per cent.,
amounting to £1260.
This may be contrasted with steam power in a district where coal
can be purchased at 7s. per ton, and we have,
Cost of engines of 100 nominal horse power ...
... £4000
Engine house, foundations
1500
Contingencies
500
Total
£6000
This, at 10 per cent, for interest of capital, repairs, and renewals, will be
equivalent to
An annual rental of
£600
Add consumption of coal at 4 lb. per indicated horse
power per hour, engineers' wages, &c.
...
...
900
Total ... [tic] £1400
Against the higher rental in the case of steam must be set the cost of the
transit of the raw material and products of the mill, which must be trans
ported to and from the market at a greatly increased cost, as in the case of the
Catrine works, with the risk of stoppage also from want of water in long
continued drought or frost. It is true that labour may be had cheaper
in the country than in towns, but that it iB no counterpoise for w; nt of
skill amongst the operatives, or for the loss of those numerous conveni
ences which are to be obtained in the great foci of labour, where the
whole powers and energy of the country have been concentrated.
On the whole, there appears (in the present improved state of the
steam engine and the price of coal) to be no advantage in this country
in water-power as applied to manufactures, and it is only at out-districts,
and where the mere wants of the inhabitants have to be supplied, that
water-mills can be used with profit. Before the introduction of the
steam-engine, water-power was invaluable, but we now see that it can
not at all times be depended upon, and that in most cases where a
large amount of power is required the chief source from which it must
be derived is steam."
To the flow and discharge of water and the estimation of water
power a valuable chapter is devoted. The well-known formula for
the theoretic discharge from an orifice is first given: namely, that
the units of volume discharged per second = Q =r a\/2gh; h being
the mean head, viz. the depth from the surface of the water to the
centre of the orifice; a, the area of orifice; and 2g, twice the
acceleration of gravity. Taking the foot as the unit for all
dimensions, 2g (for this latitude) will be = 6438; a, the area of
the orifice in terms of a square foot; and Q, the theoretic discharge
in cubic feet. So far, all is straightforward. But the actual
discharge is always less than the formula would make it, and
varies according to the nature of the outlet. It therefore becomes
necessary to refer to tables (embodying the results of experiment)
in order to find in each case what percentage of the theoretic
discharge per second will really issue from the orifice.
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Where the water escapes through a mouthpiece of which the
length is about cue and a half times its diameter, the ratio of actual
to theoretic discharge ranges from 80 or 70 to 96 or even 98
per cent., according as the mouthpiece is, 1st, of uniform section,
simply fixed in the orifice, or prolonged some way into the
reservoir; 2ndly, trumpet-shaped at the outlet, or at the insertion.
Mr. Fairbairn's paragraph on this subject is unfortunately
rendered somewhat confused by a want of correspondence between
the numbers attached to the diagrams and those by which he
refers to them.
Where there is no mouthpiece, but merely an opening in the
side of the cistern or reservoir, the percentage of discharge is
much smaller. Of course, where the thickness of the side of the
cistern is in excess of the diameter of the outlet, the effect is
virtually the same as that of putting a mouthpiece to a cistern
with thinner sides. But, with what are termed "thin-tipped
orifices" the phenomenon of the vena contractu is observed,—the
issuing stream (or " vein ") tapering off considerably at a short
distance from the outlet. The result is that there is a smaller
stream, and also a smaller discharge per second, than would be
delivered by a mouthpiece.
"A very large number of experiments have been made upon the
values of the coefficient m [i. e., the proportion of the actual to the theo
retic discharge] for various forms of orifices, the most important of
which we owe to Michelotti, Castel, Bidone, Bossut, Rennie, and others.
But by far the most important and complete are those conducted by
MM.Poncelet and Lesbros under the auspices of the French government;
and all interested in hydraulic experiments must feel indebted to them
for the skill, perseverance, and accuracy with which they have registered
so large a body of results. These determinations go to show that the
value of the coefficient of discharge ranges between 058 and 07, being
greater for small orifices and small velocities, and less for large orifices
aud high velocities. For heads of 3 and 4 feet and upwards the coeffi
cient of discharge may be taken at 0 0. Mr. Ronnie's results give the
following values of in.
Head of i feet.
Head of 1 foot.
Circular orifices
0-621
0645
Triangular orifices
0593
0596
Rectangular orifices
0'593
0 616
For more accurate calculations I have abridged the following tables of
M. Poncelet's results from the ' Aide-Memoire " of M. Morin, reducing
the measures to the English standard.
Table II. — Coefficients of Discharge of Vertical Rectangular Orifices,
Thin-lipped, with Complete Contraction. The Heads of Water mea
sured at a Point of the Reservoir where the Liquid was perfectly
stagnant.
Head
or summit of
orifice,
in inches.
0-79
1-9
3-9
7-9
11-8
15-7
39-4
69-1
78-7
118-1

Coefficients of Discharge for Orifices of a height of
7-9 in.

8-9in.

1-9 in.

1-18 in.

0 78 in.

0'39 in.

0-572
0-585
0-592
0 598
0-600
0-602
0-605
0-602
0-601
0-601

0-596
0-605
0-611
0-615
0-616
0-617
0 615
0-611
0-607
0-603

0-615
0-625
0-630
0-630
0-629
0-628
0 626
0 620
0-613
0-606

0-6^4
0-640
0-637
0-633
0-632
0-631
0-628
0-620
0-612
0-608

0-659
0-658
0-654
0-648
0-644
0-642
0-633
0-619
0-612
0-610

0-694
0-679
0 666
0-655
0 650
0-647
0-632
0-615
0-611
0-609

Table III.—Coefficients of Discharge of Vertical, Thin-lipped, Rect
angular Orifices, with Complete Contraction. The Meads of Water
measured immediately over the Orifice.
Coefficients of Discharge for Orifices of a height of

Head
or summit of
oiifice,
in inches.

7-9 in.

3-9 in.

1-9 in.

l-18in.

0-78 in.

0-89 in.

0-78
1-97
3-94
7-87
11-81
15-74
39-37
59-05
78-74
118-11

0 • 594
0-593
0-595
0-599
0-601
0-600
0-605
0-602
0-601
0-601

0-614
0-614
0-614
0-615
0-616
0-616
0-615
0-611
0-607
0-603

0-638
0-636
0-634
0-630
0-629
0-630
0-626
0-620
0-614
0-606

0-668
0-651
0-640
0-683
0 632
0-632
0-628
0-620
0-612
0-608

0-697
0-672
0-657
0-649
0-644
0-646
0-633
0-619
0-612
0-610

0-729
0-686
0-669
0-656
0-651
0-653
0-632
0-615
0-611
0609
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We have taken leave to correct two manifest misprints in the
above tables. It will be seen that in every case where the head
is considerable, and the height of the rectangular outlet 3 or more
inches, the actual discharge per second is (with small variations)
60 per cent of the theoretical discharge.
" Discharge with incomplete contraction.—It is very frequently the
case in practice that one of the aides of a thin-lipped orifice is prolonged,
so that the vein of fluid no longer contracts upon all sides. In this case
the coefficients in Table II. and III. give too low a result. M. Morin
gives the following rule for discharge with incomplete contraction:—
Multiply the coefficient of discharge for complete contraction found as
above by
1'035 when the vein contracts on three sides only
1'072
„
„
„
two sides „
1125
„
„
,,
one Bide ,,
in order to obtain the true coefficient by which the theoretical discharge
must be multiplied to give the actual discharge. Hence, for an approxi
mate calculation, we may multiply the theoretical discharge by 0'62 when
the orifice is prolonged upon one side; by 0'64 when it is prolonged on
two sides; and by 068 when its prolonged on three sides. When all
four sideB are prolonged, the thick-lipped orifice is formed, of which the
coefficient of efflux is 08."
Very interesting researches on the discharge from rectangular
notches, wasteboards, and weirs, on the friction of water in
pipes, and on the estimate of water-power, concludes the chapter,
which contains some very useful tables. We propose giving con
sideration to the remaining portions of the work on a future

A Complete Treatise on Cast and Wrought Iron Bridge Construc
tion.
By William Humber, A. Inst. C. E., M. Inst. M.E.
Folio, 2 vols, (text and plates).—Loudon: Spon.
This appears to be a very valuable contribution to the standard
literature of civil engineering. The second volume contains
eighty lithograph plates of laige size, illustrative of Westminster
New "Bridge, Charing Cross, Victoria (Pimlico), Saltash, London
derry, the Jumna, and more than a dozen other bridges. In
addition to elevations, plans, and sections, large scale details are
given, which very much enhance the instructive worth of these
illustrations. An excellent photograph of the Saltash (Royal
Albert) Bridge, as it appeared when one bay was complete and
the truss for the other bay nearly ready for hoisting, forms the
frontispiece to the first volume, which contains the text. This is
divided into three parts, theoretical, practical, and descriptive.
The theoretical part appears to go very thoroughly into the
elastic strength of materials, transverse strain, moment of inertia,
shearing strain, plate and trussed girders of various constructions,
continuous girders, arches, and suspension chains; and contains
copious tables and diagrams. The practical part treats of design,
manufacture, and construction, not omitting iron piers and
foundations. The third part furnishes descriptions of actual
bridges, and, taken in conjunction with the volume of plates,
forms the most interesting and instructive section of the work.
We propose to take an early occasion of giving a more detailed
examination to the text than we are now able to bestow. We
will here simply say, that no engineer would willingly be without
so valuable a fund of information; the bridges illustrated being
(many of them) among the most original and successful works of
the day.
Collieries and Colliers: a Handbook of the Law and Leading Cases
relating thereto. By John Coke Fowler, Esq., of the Inner
Temple.—London: Longmans and Co.
This handbook of the law on matters relating to mining is
intended principally for convenient reference for non-professional
persons engaged in collieries. It takes a very comprehensive
view of the law relating to the subject, comprising in its survey
the nature of property in coal, leases of mineral property, covevauts to work coal, rights of way, rights connected with the flow
of water, the contract of hiring between masters and colliers, the
rating of collieries, injuries caused by mining, accidents in col
lieries, manslaughter, combinations among workmen, the universal
law relating to collieries, together with other subjects of special
interest to those engaged in such works. It is not a dry law
book, but is an explanation and commentary such as may be
perused with advantage by other readers than those to whom it
is especially addressed; several of the matters treated of, such as
the right of way, and the rights connected with the flow of water,
having a general interest.
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NEW THEORY OF THE FIGURE OF THE EARTH.
TO THE EDITOR. OF THE CIVIL ESGI3EBR ASD ARCHITECT S JOD&XAL.

Sir,—Mr. Bakewell, in his paper with the above heading,
seems to have been misled into drawing an erroneous conclusion
from a true principle, by a temporary confounding of the mean
ings of the terms " towards which " and " where."
1. He states in the first place that "a body perfectly free will
move in the direction towards which it is most strongly attracted
or impelled." (The italics are mine.)
2. From this he proceeds to infer that " water on the surface
of a solid sphere will flow towards the part where it is most
strongly attracted."
In drawing this inference, Mr. Bakewell reasons as if "where"
and "towards which" were identical in meaning; but throughout
the rest of his paper he evidently uses "where" in its proper sense
of "at which,"—that is, as denoting, not the place towards which
the attracted body is drawn, but the position of the attracted
body itself; and when this is understood, the second of the above
propositions not only fails to follow from the first, but is directly
opposed to it. Water, under the circumstances described, would
flow not towards, but from, the place of strongest gravitation on
the surface of the sphere, exactly as it would do if its density
were increased at that place, gravitation remaining uniform;
or if a pressure were brought to bear on it at the same place.
To illustrate further the difference between attraction at a place,
and attraction towards a place, it may be remarked that attraction
at the poles acts towards the plane of the equator, and attraction at
the equator acts towards the axis; so that if the attraction exerted
by the sphere on the fluid covering it be from any cause weak
ened at the equator, the attraction exerted on the particles at
and near the poles, urging them
towards the plane of the equator,
becomes the stronger; and the
particles of the fluid tend to sink
and spread at the poles, and to
collect and swell at the equator.
In the case of a plumb-line AB
the attraction BD exerted on the
bob B may be resolved into two
components; BF parallel to the
axis PC of the sphere, and to the
direction of gravity at the pole P,
and acting towards the equatorial
plane; and BG perpendicular to
the axis of the sphere, parallel
to the direction of gravity at the
equator E, and acting towards the axis. If by any cause the
component BG is weakened or partially counteracted, the plumbline will assume a new position of equilibrium, so that the bob
will be further from the axis and nearer to the equator.—I am, &c,

TO THE EDITOR Of TBI CIVIL E50IMEE A.1D ARCHITECTS JOCRKAL.

Sir,—I have read with some surprise a paper in your
number for this month, by Mr. Bakewell, propounding a newtheory of the figure of the earth. I am aware that you cannot be
considered answerable for the opinions advanced in articles to
which the names of the writers are attached. I am also aware
that a monthly journal can hardly be expected to lend much
space to letters of controversy. But the paper referred to is
altogether of a very unusual character, and appears really to
challenge a comment from some of your readers, appealing as it
does to their verdict against the ruling of the scientific world in
general.
Mr. Bakewell gives, in the words of some mathematician from
whom he differs, a lucid explanation of the real operation of the
Earth's centrifugal force, that would seem to leave nothing to
be desired. This force, which is always parallel to the plane of
the equator, is resolvable into two : one, in the direction of the
plumb-line (or earth's radius), tending to abate the downward
pressure of gravity; the other, horizontal, and tending to drive
matter on the Earth's surface towards the equator, in the direc
tion of the meridian line. The inference from this resolution of
forces is, that the attraction, or impulsion, towards the equator
varies as sine (lat.) x cosine (lat.), while the abatement of the
vertical pressure varies as the square of the cosine of the latitude.
At the pole the vertical pressure of gravity suffers no abatement;
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at the equator the abatement reaches its maximum; and in
latitude 45° the impulsion towards the equator is at its greatest.*
A particle at the pole is more strongly impelled towards the
Earth's centre than a particle at the equator, because the centri
fugal force is not appreciable at the pole. But the stronger
local attraction at the pole has no tendency to cause motion along
the surface of the sphere towards the pole. There is no impulsion
of matter from the equator: the impulsion is all the other way.
This is in effect said (and well said) by Mr. Bakewell's astro
nomical friend, in the passage already referred to. But while
apparently admitting the soundness of the conclusion as applied
to a homogeneous sphere, our theorist contends that the revolving
sphere ceases to be homogeneous, its component matter, (if I at
all understand his drift,) being rendered lighter at the equator by
the agency of the centrifugal force. The idea seeming to be, that
the Earth is in consequence of this force specifically lighter at its
equator; so as to cause a preponderating attraction towards the
poles, as the regions where the heaviest matter is located.
I really do not know what the ultimate argument is, if it is not
this. If I have misconstrued Mr. Bakewell's meaniug, I certainly
owe him an apology; for the train of thought I have indicated
involves a remarkable fusion of ideas.
Weight denotes one of two things. It may either be used to
express the quantity of mass in a body, or it may be understood
of the amount of downward pressure towards the earth's centre,
by which such mass is most commonly measured. The centri
fugal force affects the downward pressure, and in this special and
limited sense diminishes the sentible weight .of bodies on the earth's
surface; but it has no effect whatever upon their mass, or inherent
weight. Suppose a very accurate spring balauce capable of
weighing to a grain, aud an equally accurate* ounce weight, were
made and checked in London, and then carried to the equator.
The ounce, tested by the balance (if so nice a test were practica
ble), would be found about a grain "lighter;" that is to say, the
downward pressure upon the spring would be abated by an
opposing centrifugal pressure, to the amount of about a grain.
But the mass, or inherent weight, of the ounce remains absolutely
the same at the equator as it was in the latitude of London. Its
power of attracting other particles of matter is not abated a frac
tion of a grain. Its own gravitation towards the earth's centre
(omitting the consideration of the slight increase of radius) is
really the same at the equator as it was in Loudon; although the
downward pressure resulting from this gravitation i8 reduced by
the centrifugal force. To say—
"The equality of attractive power is disturbed by rotation. The cen
trifugal force at the equator diminishes the attraction of gravitation or
the weight of a body
The matter at the equator is thus rendered
specifically lighter than the matter near the poles, and the mass of the
sphere ceases to be homogeneous. The attraction exerted by it on a par
ticle of matter placed anywhere . . . between the equa' or and the pole
. . . would therefore be no longer exactly alike. The separate attrac
tions tending to draw the particle towards the equator would cease to be
equal in force to the separate attractions in the contrary direction, which
counterbalanced them when in a state of rest, &c.'"—
—seems to evince unconsciousness of the distinctions that exist be
tween vertical pressure, specific weight, inherent power of attrac
tion, and passive gravitation. The whole argument is based upon
equivocal middle terras. To such a fallacy the only answer is to
give a correct definition of the real meaning of the terms em
ployed.
One word as to the plumb-line. That portion of the earth's
centrifugal force which acts in a vertical direction, and opposes
the pressure of gravity, has no share whatever in the local
deviation of the plumb-line from the perpendicular. This devia
tion is occasioned by the other, or horizontal element of the
centrifugal force, which urges the plumb-bob in the direction of
the meridian and towards the equator. In any latitude inter
mediate between the pole and the equator there will be a trifling
deviation: in our hemisphere the plumb-bob will be south of the
true perpendicular passing through the point of suspension; in
the southern hemisphere the variation will be northwards. The
maximum variation of the plumb-line from this cause would
occur in latitude 45°, and would amount (roughly speaking)
to some five or six angular minutes.
If any ono wishes to know whether centrifugal force renders
* The centrifugal force. In terui« of the force of gravity, is equal to KcM flat.) x 8 :
R being (be earth's radius in feet; 8, tho angular velocity of rotation; and g, p32 and a
fraction.
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bodies specifically lighter, let him weigh a gyroscope, stand and
all, in a scale—first at rest, and afterwards spinning. Or a
common top would do as well. In either case, the centrifugal
force generated by the spin enormously exceeds that which the
gyroscope or top derives from the earth's rotation.
Where terms are not understood in the same sense on both
sides, argument ceases to be useful, or indeed, possible. My
object has been simply to point out, to such of your readers
as may feel any perplexity upon the subject-, wherein what I ap
prehend to be the fallacy of the new theory lies. At the same
time, I have endeavoured to give a plain common-sense state
ment ft the matter as I believe it to have been generally under
stood from Newton downwards.
Charles E. Conder
Forest Hill, August 23rd, 1861.

THE SHEARING STRAINS OF DEFLECTED GIRDERS.
By Homersham Cox, M.A.
I am much obliged by having had my attention drawn to a
necessary correction in the short paper on this subject which
appeared in the last number of the Civil Engineer's Journal.
After having shown the effect on the rigidity of a horizontal beam
of rectangular section, produced by dividing it into two similar
halves by a horizontal section, the paper proceeded thus:—
" Assuming the ultimate strength of a beam to be proportional to the
moment of inertia of its transverse section, it follows also that the
breaking weight at the centre of the undivided beam is four times that
at the centre of the divided beam."
The ordinary assumption however as to the ultimate strength
of a rectangular beam is, that it varies as the square of the depth
of the beam, not as the moment of inertia of the transverse
section. Consequently, the breaking weight at the centre of the
undivided beam is twice (not four times) that at the centre of the
divided beam. This correction applies only to the part of the
paper relating to strength of beams, and does not effect the part
relating to their rigidity.

FOREIGN PUBLICATIONS.
The first quarterly part of the volume for the present year of
tho Rivue Generate, of M. Cesar Daly, is now before us, and
presents some admirable illustrations, the most artistic being a
plan and ele vatious of one of the ancient altars of the Abbey of St.
Denis. This altar, in common with tho others which once
enriched that abbey, was thrown down at the time of the French
Revolution, and broken to fragments. Fortunately the frag
ments have been recovered, and, what is not less fortunate, a
series of drawings have been found, made by M. Pereier in about
the year 1797, in which a great deal of the church furniture of
the abbey is represented. Guided by these, the experience and
taste of M. Viollet le Due have produced a restoration of
the altar, which to judge from the illustration under notice
must be one of the most charming bits of work of its kind extant.
The other illustrations include some beautiful specimens of
antefixre in terra-cotta from Pompeii; sundry details of roofing
tiles, showing various forms and the mode of applying them;
several illustrations of a large but commonplace public buildiug, the Maison Eugene Napoleon, a workwhfch, notwithstanding
its very moderate architectural merits, jb due to so well-known
an architect as M. Hittortf; a portrait of Sir Charles Barry, care
fully copied from one taken some years ago in this country; and
lastly, an illustration with full details of a very ingenious movable
centreing to be made use of in the works for covering the Canal
Saint Martin, at Paris, with a vault The centes for this great
work are to be constructed of iron, and to run on rails established
for the purpose of carrying them;—three of them connected
together form the centreing for a portion of the vault, which
when it has served its purpose can be lowered by screw-jacks—
run along the rail till it is clear of the covered portion of work,
and then raised again, so as to take a fresh section. The idea is
an excellent one; but the writer in the review indulges in some
criticism (not altogether unreasonable) on the proposed manner of
carrying it out, as not presenting the necessary rigidity. A large
part of this journal is taken up by the reproduction on its pages
of the pamphlet on competitions of which we have already, in our
last number, given an account. A detailed account of the coru
03

280

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL

petition for the Paris Opera-house is promised, with illustrations
of the principal designs submitted.
Nouvellet Annulet de la Construction.—This journal, part for
August, contains announcements of the proposed commencement
of extensive additional railway works in France. The total
length of the lines of railway, "the execution of which may be
considered as having been sanctioned, is 16,946 kilometres (over
10,000 miles), of which 9448 kilometres are in working order,
and 7492 kilometres are in hand or have yet to be made." In addi
tion to these it appears that the series of railways forming the
third system (Reseau) is about to be undertaken. These are
enumerated, and comprise tweuty-five lines, the majority of which
are short ones, the gross niilensre being 1325 kilometres, and
the total of the estimates together 367,000,0)0 francs, giving a
mean cost of 277,200 francs per kilometre. In the selection of
these lines, attention has been given, we are told, to the partial
completion of the general system of French railways, the connec
tion of centres of production with seaport towns, &c, not however,
it is added, losing sight of the precaution necessary for military
protection of the frontier.

LIST OF WORKS RECOMMENDED TO CANDIDATES
FOR ARCHITECTURAL EXAMINATION.
The following works are recommended by the Council of the
Institute of British Architects to gentlemen proposing to become
candidates, as containing so much of the information that can be
gained from books as is likely to be required in furnishing answers
to the question-papers, except upon particular languages and
styles that may be selected by candidates.
They embrace,—
Drawing and Design— Mathematics and Physics—Languages—
Professional Practice—Materials and Construction—History and
Literature.
Addison. Treatise on Law of Contracts, and Rights and Liabilities ex
Contractu. 8vo. 1858.
Amos and Ferard, Treatise on the Law of Fixtures. 8vo. 1847.
Ansted, Elementary Course of Geology. &c. 8vo. 1856.
•fArnott, Elements of Physics. 8vo. 1828.
Baker, Land and Engineering Surveying.* 1859.
Baker, Mensuration.* 1359.
+Baker, Principle and Practice of Statics and Dynamics.* 1851.
Barlow, Treatise on the Strength of Timber, Cast Iron, Malleable Iron,
and other Materials: revised by Heather and Willis. 8vo. 1851.
Bartholomew, Specifications for Praetieal Architecture, &c. 8vo. 1846.
Batissier. Histoire de l'Art Monuincntale. 8vo. Paris, 1S59.
Bernan, History and Art of Warming and Ventilating Booms and
Buildings. S'vo. 1846.
Brandon, Analysis of Gothic Architecture. 4to. 1847.
Bruff, Engineering Field Work. 8vo. 1840.
tBuniell, Limes, Cements, Mortars, Concretes, Mastics, and Plastering.*
1857.
Castle, Treatise on Land Surveying and Levelling. 8vo. 1845.
Chambers, Treatise on the Decorative Part of Civil Architecture; with
Essay on Grecian Architecture by Papworth. Fol. 1826.
fChevreul, De la Loi du Contraste simultane' des Couleurs, &c. 8vo.
Paris, 1829 (with plates, 4to. 1839): of this there are abridged
translations by Martcl, 1854, and by Spanton, 8vo. 1860.
Chitty, Treatise on the Law of Contracts. 8vo. 1857.
Cicognara, Le Fabbriche e i Monunieuti cospicui di Venezia. Fol.
Venice, 1858.
Cresy, Encyclopcedia of Civil Engineering. 8vo. 1856.
tDobson, Art of Building.* 1859.
"KDobson, Foundations and Qoncrete Works.* 1850.
+Dobson, Masonry and Stone Cutting.* 1856.
+Dobson, Student's Guide to Measuring and Valuing. Svo. 1843.
+Donaldson, Handbook of Specifications: with, Glen, a Review of the
Law of Contracts. 8vo. 1860.
Fairbairn, On the Application of Cast and Wrought Iron to Building
Purposes. 8vo. 1854.
tFergusson, Handbook of Architecture. 8vo. 1859.
Field, Painter's Art, or a Grammar of Colouring.* 1858.
+Fownes, Rudimentary Chemistry.* 1S48.
Fownes, Manual of Elementary Chemistry. 8vo. 1858.
Gailhabaud, Monuments Anciens et Modemes. 4to. Paris, 1812-52.
Gauthier, Les plus beaux Edifices de la Ville de Genes. Fol. Paris, 1830.
Gibbons, Law of Contracts for Works and Services.* 1857.
Gibbons, Law of Dilapidations and Nuisances. 8vo. 1849.
* These form portions of Wcalc'g Rudimentary Treaties.
♦ These works may be selected as affording an abbreviated, but tolerably complete,
course of English reading of an elementary character for btuiltnts; it being presumed
that in each case the loader will be able to discover what portion iif not the whole) of
the volume is intended.
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•(•Glossary of Terms nsed in Architecture. 8vo. Oxford, 1851.
Grandjean and Famin, Architecture Toscane. Fol. Paris, 1846.
tGwilt, Encyclopaedia of Architecture. 8vo. 1854.
tHerscheL On Light, Sound, &c. 4to. 1856, &c.
Hittorff, L'Architecture Polychrome. Fol. Paris, 1852.
Hodgkiiuon, Experimental Researches on Cast Iron. 8vo. 1846.
+Hoskmg, Architecture and Building Construction. 4to. 1854, &c.
Hutton, a Course of Mathematics. 8vo. 1824; and 8vo. 1841-3.
Inman, Ventilation, Warming, and Transmission of Sound. Svo. 1836.
Letarouilly, Edifices de Rome Modern. Fol. Paris, 1855.
Loudon, On Gardening, "fee. 8vo. 1850.
Lyell, Manual of Elementary Geology. 8vo. 1855; and Supplement,
8vo. 1857.
Malton, Complete Treatise on Perspective. Fol. 1775.
Malton, Young Painter's Maulstick, a Practical Treatise on Perspec
tive. 4to. 1800.
Mauch, Neue Systematic lie Darstellung der Architektonischen Ordungen. 4to. Dresden, 1850.
MUizia, Vite; or, Lives of Celebrated Architects. Translated by Cresy.
8vo. 1826.
Nicholson, Principles and Practice of Architecture. 8vo. 1843.
Noble, Professional Practice of Architects, and that of Measuring Sur
veyors, and Reference to Builders. 8vo. 1 836.
Normand, Parallel of the Orders of Architecture, edited by Pugin. Fol.
1829.
Palladio, Les Batimens et Dessins, edited by Scamozzd. Fol. Vioenza,
1786.
Pasley, a Complete Course of Practical Geometry and Plan Drawing.
8vo. 1828.
Pasley, Limes, Calcareous Cements, Mortars, Stucco, and Concrete, £e.
8vo. 1847.
Pausanias, as a Text Book for the Greek language.
Pliny, Historia Natqralis, Books 34, 35, 36, as a Text Book for the
Latin language.
fPortlock, Treatise on Geology* 1859.
Pugin, True Principles of Pointed or Christian Architecture. 4to. 1841.
Redgrave, Elementary Manual of Colour. ISmo. 1853.
Reid, Young Surveyor's Preceptor: an Analysis of Architectural Men
suration, &c. 4to. 1848.
Repton, Landscape Gardening and Landscape Architecture, edited by
Loudon. 8vo. 1842.
Richardson, Observations on the Architecture of England during the
lteigns of Elizabeth and James I. 4to. 1337.
Rickman, An Attempt to discriminate the Styles of English Architec
ture. Svo. 1848.
Serradifalco, Le Antichita della Sicilia. Fol. Palermo, 1842.
Simros, on Mathematical and Drawing Instruments. 12mo. 1847.
Simms, The Principle and Practice i>f levelling. 8ro. 1 8—.
Society of Dilettanti, Ionian Antiquities. Fol. 1769, 1797, 1840.
Society of Dilettanti, Unedited Antiquities of Attica. Fol. 1833.
Stuart and Revett, Antiquities of Athens.
Fol. 1762, 1787, 1794,
1816; and the Unedited Antiquities, by Kinnaird and others. FoL
1830.
Taylor and Cresy, Architectural Antiquities of Rome. FoL 1826.
•tTomlinson, Mechanics.* 1859.
+Tomlinsou, Introduction to the Study of Natural Philosophy.* 1859.
tTomlinson, Warming and Ventilation.* 1S5S.
tTredgold, Elementary Principles of Carpentry, edited by Barlow. 4 to.
1340.
Vitruvius, De Architecture.
Watson, Treatise on the Law of Arbitration and Awards. 8vo. 1846.
Wilkins, Prolusiones Architectonicse. 4to. 1837.
Woodfall, Practical Treatise on the Law of Landlord and Tenant.
8vo. 1356.
The Dictionaries, by Viollet le Due, and by the Architectural Publica
tion Society in progrcas.

WORCESTER CATHEDRAL RESTORATION.
This edifice has for a long time been under repair. Recently
the choir has beeu closed, and the nave fitted up for daily service
till the choir restorations are corcpleted; a temporary altar being
placed at the west end instead of the east, and stalls arranged
for the canons, choristers, &c. The restorations, as far as they
have proceeded, include a new east window, which has been partly
filled witli stained glass. The east end has, indeed, been almost
entirely rebuilt, and the north-east transept is now undergoing a
similar process of restoration, which will take a long time to com
plete. The south-east transept has just been finished; it is, in
fact, almost rebuilt. This transept was until lately blocked up
by some Italian arches, which were altogether out of keeping
with the Early English style of the choir; but were placed there to
support one of the piers standing at the junction of the transept
with the aisle. These arches have now been cleared away, and
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the faulty piers reconstructed. The three walla of the transept
have been almost rebuilt, and the mulliona and tracery of the
windows restored. The piers at the outer angles had become
considerably out of the perpendicular, but they have now been
carried up straight and strengthened. The carvings which run
around the transept in the arcade under the windows, and which
are interesting from theirgreat antiquity and singularity, have been
restored with the greatest care. The alterations iu the transept
greatly increase its beauty and apparent altitude. To support
the heavy groining during the rebuilding of the walls, a very
massive framework of timber was erected by Messrs. Hemming,
of Worcester, reaching from the floor to the springing of the
groins. This has now been taken down and erected in the cor
responding transept on the other side of the choir (the north
east), in order to support its roof in a similar manner.
At the angle of the west transept, as the workmen were
engaged in ascertaining the safety of the foundation, they came
upon a series ofearly Normanarchesand pillars, corresponding with
those of the crypt, from which a doorway communicated to the
portion just discovered, proving that St. Wulstan's crypt must
have extended further towards the north than it does at present.
The vaulting of the roof was gone, but fragments of it were left at
one point or two where it sprang from the shafts. Another
discovery has been made at the east transept, on the south side
of the cathedral. The steps which led down from the aisle, at the
rear of Prince Arthur's tomb, were being carried further back,
iu order to show the bases of the columns at the angle of the
transept, when the workmen found the ancient steps beneath the
modern ones; and immediately under one of the steps was a
Purbeck marble slab or coffin-lid, representing some distinguished
person, the style of whose drapery, and general appearance of the
carving, indicate the workmanship of probably the early part of
the thirteenth century. The restorations are from the designs
and under the direction of Mr. Perkins, 'architect, Worcester.
Mr. Bennett, of Birmingham, is the contractor.
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that is necessary. From this the gas passes Into the holder,
which is of the ordinary description. The retort having been
made red hot, the gas coal, which is broken small, is shovelled
into a kind of funnel, containing about nine pounds weight, and
the cork mentioned above being removed, it is poured into the
cylinder. The cork is immediately replaced, and the handle
working the screw is turned round for one or two minutes. This
operation has the effect of sending the coal well into the*retort, and
after four or five charges are put in at the rate of one every hour
or so, supposing the retort to be empty at the commencement of
expelling the coke of the first oharge down the other cylinder
into the water, from wheuce it is dragged out by means of an
instrument made for the purpose, and used to feed the furnace
fire. By these very simple contrivances all nuisance is avoided,
and though the apparatus does not consume its own smoke, little
or no inconvenience is experienced in consequence.
This apparatus was invented by Mr. G. Bower, (who has taken
out several patents for gas purposes,) but has been much improved
by the present manufacturers, who are the proprietors of the
patent. On a recent visit to the works of Messrs. Porterand Co.,
at Lincoln, we were shown in addition to the above, one of their
new apparatus for farm-yard purposes, called the " Universal,"
iu full operation; and from its extreme simplicity, compactness,
and general efficiency, we are inclined to express ourselves more
favourably of it than of the "National:" the refuse of the house
hold coal-shed can be .employed, even to the smallest dust; and
the cheapness and portability of the whole affair are great recom
mendations. The " National " apparatus appears to be more
particularly adapted for cannsl coal, which gives a gas of greater
illuminating power and cleanliness than that obtained from
common coal. We can recommend these inventions to the notice
of the profession, and to those who wish to obtain a beautiful
light, to be produced on their own premises, at a cost stated to be
(inclusive of interest on capital invested and labour) one-third or
one-fourth that of candles or oil.

SMALL GAS WORKS FOR PRIVATE RESIDENCES
KOTES OF THE MONTH.
AND ISOLATED BUILDINGS.
Within the last few years numerous villages having populations
Chichester Cathedral.—The cathedral of Chichester is again
of 1000 inhabitants and upwards have been efficiently lighted
opened for divine service. To adapt it for this purpose the great
with gas, through the medium of limited liability companies, and
archway is closed up temporarily. A sufficient sum has not yet
these undertakings have generally been attended with commercial been collected for the restoration of the spire. About £30,000
success. Iu Scotland even hamlets and much smaller villages than has been gathered, but £20,000 more is required.
those alluded to have formed companies, and conducted their
Steel Railway Axles.—A large number of steel axles, especially
operations in a more limited but equally advantageous manner; crauked axles, in addition to steel tyres, are now in use on the
while our transatlantic brethren light up every collection of London and North- Western, North London, and other lines. Of
houses having any pretension to be a town or village, and almost the cranks many are Krupp's, and a considerable number are
every isolated building has its own gas apparatus. Our attention now being made by Messrs. Naylor, Vickers, and Co., of Sheffield.
has recently been directed to an apparatus for the manufacture
The Agricultural Hall, Idington. —This hall, which is intended
of coal gas, for use iu detached buildings or villages, and which,
to accommodate the Annual Sniithfield Show, and for other
from the testimony of many who have used it, appears to accom
plish its purpose in the most satisfactory manner. The apparatus purposes, is about to be commeuced, the contract for its construc
is almost |>ortable, and is said to be simple in management, and tion having been taken for £24,000.
Eastern Bengal Railway.—The works upon this lino of railway
free from most of the ordinary nuisance connected with the manu
facture of gas. We allude to the National Coal Gas Apparatus, are now nearly completed. The two principal bridges are over
manufactured by Messrs. Porter and Co., gas engineers, Lincoln, the Echamutty and Koomar rivers, the former having eight, and
the latter twelve spans of 80 ft. each. These works are well
who, although chiefly engaged in the erection of works of mag
nitude, have constructed a large number of the apparatus referred forward, as are also the stations. The line isexpected to be opened
•to within the last two or three years. The retort, which is by the middle of 1802.
New Church of St. Phillip and St. James, Oxford.—This
circular, open at both ends, and tapered from the one end to the
other, is fixed horizontally in a nearly square small framework structure is progressing under the superintendence of the
of iron, filled in with brick, for the construction of the furnace architect, Mr. G. E. Street. Its principal dimensions are, nave
(the door of which is at right angles to the retort) and flues, and 78 ft. by 29 ft.; chaucel, 39 ft. by 20 ft.; north and south transepts,
for the pur|K>se of keeping it firm. At the small end, and on the each 17 ft. by 16 ft; north and south aisles, each 78 ft. by 7 ft.;
vestry, 13 ft. by 13 ft.; south porch, 8 ft. by 8 ft.. The nave is
upper side of the retort, which protrudes slightly from the frame
work, a small cylinder of cast-iron is fastened perpendicularly, 35 ft. high to eaves, and 48 ft. to apex of boarded ceiling. The
having its mouth closed by an iron cork, ground so as to fit it chancel is 20 ft. high to spriuging of vaulting, and 34 ft. to crown.
close, and through the bottom of this a screw, turned by a handle, The tower will be 85 ft. high, surmounted by a spire 55 ft. high.
extends into the retort for about a third or so of its length, At Externally, the ridge of nave will be 58 ft., and that of chaucel
the other end of the retort, which is about flush with the frame, 55 ft. from ground. The walls are built with Gibraltar stone,
another, but a larger cast-iron cylinder, is fastened. This is also faced iu the same way iuside and out. The dressings are of Box
perpendicular to the retort, but extends to the lower side of it, Ground stone, with ornamental courses of red stone. The chancel
and its mouth stands in a large pan, sunk in the ground and filled and steeple are groined in stone throughout. The columns
with water. On the top of this cylinder is firmly fixed a two- generally, inside, are of Devonshire marble, but those in the
inch cast-iron pipe, which, having two elbows, serves to convey main arcades of the nave are of red Aberdeen granite. The
the gas into the purifying portion of the apparatus, which, though work is being executed by Mr. Joseph Castle, builder, of Oxford,
not more than four feet in height and two in diameter, contains all whoso contract for the whole will amount to about £6500.
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The Preservation of Timber.—The success which has attended
the employment of Dr. Boucherie's process of impregnating tim
ber with sulphate of copper is well known, but the cost of apply
ing the preservative has hitherto prevented its application to
many purposes where the preservation is as important as for
railway sleepers and telegraph posts. To remove this impediment
Messrs. Doreett and Blythe have introduced a new and simple
method of Injection, which is to force into the pores of the wood
the antiseptic liquid by means of a vacuum first produced iu the
pores, and, after the admission of the liquid solution, continued
pressure of 120 lb. to 150 lb. on the square inch, in strong close
cyliuders, that are not acted upon by the sulphuric acid in the
salt of copper. The inventors inject the acid solution either
hot or cold, without injury to their apparatus, whilst the cost is
below that of creosote, the wood is clean and inodorous, is nearly
incombustible, and can be worked up for building and other
purposes like unprepared wood.
The Proposed Bath Market Improvement.—Seven sets of plans
have been submitted iu competition for this work, and they are
now on view at the Guildhall, Bath. The first prize of £60 has
been awarded to Messrs. Hickes and Isaac, of Bath, and the
second of £20 to Mr. Green, architect, London.
St. Andrew's Church, Liecester.—The style of this new church
is Early English. The ground plan consists of a nave with
transepts, a chancel with semicircular apse, and a vestry at the
north-east corner. The principal entrances are at the west end,
and through a lofty porch on the south side. The church is built
almost entirely of brick, the exterior being red, and the interior
yellow, and both ornamentally banded with blue. The wiudows
are simple. There is no carving on any of the stonework, but
the effect of the whole, both internally and externally, is grace
ful and pleasing. A chamber for the organ is built over the
vestry, and opens into the chancel. The chancel and transepts
are separated from the nave by lofty brick arches, and the roof
is of very high pitch and wide span.
Stoughton Church, Leicestershire. — The restoration of this
church is progressing rapidly under the superintendence of Mr.
J. Firn, Leicester. The tower and spire which were found to be
unsafe owing to the roots of the trees surrounding the church
having disturbed the foundations, have been taken down, and the
tower is now rebuilt as far as the middle of the second story. The
restoration is being judiciously carried out, every detail being
replaced without alteration, and all the sound stones of the original
fabric being retained. It is intended shortly to restore the chancel
and the body of the church, which are almost equally unsafe with
the old tower and spire. The present chancel—though contain
ing sufficient traces of its original appearance to enable a satis
factory restoration to be made—is in a lamentable state.
Telluric' Currents.—Some time since some highly interesting
experiments were made by the Vicomte de Moncel, electrician
to the Administration of French Telegraphs, with a view to the
further investigation of currents passing through the earth, a
subjeet to which attention had several years ago been drawn
by the researches of MM. Palagi and Hoge. M. de Moncel has
now published some further observations on the question.
Having previously attributed the telluric currents alluded to to
the different degrees of moisture at the points where the metallic
plates lie buried in the ground, he now examines whether the
relative dimensions of the plates may not exercise an influence
in the production of currents. To ascertain this experimentally,
he dipped a large and a small plate, both of the same metal,
into water, and found that a current was produced, going from
the large to the small plate. M. de Moncel explains this by the
argument that under the influence of the liquid in contact with the
plates, the latter are oxidised, and therefore tend to create two op
posite currents, whith would neutralise each other did they arise
under the same circumstances; but if one of the plates be larger
than the other, this is a circumstance which will create a prepon
derance on one side, and a current will be the consequence.
Hence, if two plates be buried in soils of equal humidity a telluric
current may take place, provided the plates be unequal in size.
He further shows that if two plates of the same metal are polished
or scoured unequally, so that the one is more liable to be oxidised
than the other, a current will ensue, and that the one which
is more subject to oxidisation than the other will furnish the
current. This explains why it is difficult not to obtain a current
with two plates of equal dimensions buried in a wet soil—viz.,
because it is extremely difficult to find two plates exactly iu the
same condition
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Statue to "the late Sir Charles Barry.—At a meeting of the
subscribers to this memorial to Sir Charles Barry, held at the
Institute of British Architects on the 12th ult, Mr. Tite, M.P,
President, and Treasurer of the Fund, in the chair, the committee
reported as follows:—" That the subscription amounted to ,£946;
that they had applied to the Chief Commissioner of Works to be
permitted to erect a marble statue in Westminster-hall, at the top
of the steps leading to St. Stephen's-hall; that the Hon. W.
Cowper expressed his willingness to grant this site, or one outside
in Palace-yard, where the statues of Stephenson, Brunei, and
Locke were to be erected; that the Committee on the Decoration
of the Palace of Westminster had, however, refused the site in
Westminster-hall, but suggested and offered the landing at the
foot of the staircase in the inner lobby, leading to the committeerooms, commonly called the 'Witnesses' lobby;' that the commitee
recommended the acceptance of this site, and that a marble statue
by Mr. Foley, R.A., should be erected at that place." After
discussion these recommendations were all adopted, and a sub
committee appointed to carry them into effect.
The Proposed New Bridge at Black/riars.—The design by Mr.
Thomas Page, C.E., for, the new bridge at Blackfriars, is one of great
boldness and magnificence. It isof combined granite and iron, and
enormously massive in all its details. It consists of only three
arches, the centre span being 280 ft, or 40 ft. wider than the centre
arch of Southwark-bridge; the two Bide arches are of 220 ft. span
each. From the springing of the arch to the crown is a rise of
20 feet. The spandrels of the outer rib on each side are closed,
but filled up with figures in the bas-relief and ornamental scroll
work. The cornice beneath the parapet is of bold and handsome
design. The piers are four in number, all of granite; each on its
extremity is surmounted with a Doric column of polished red
granite, 40 feet in height, 23 feet in diameter at base and capital,
and 18 feet diameter in the shaft: their capitals reach to the
summit of the bridge, and it is proposed to surmount them with
colossal groups of statuary. The length is only a few feet greater
than that of the present bridge, but its width is 76 feet against
42. There are two footways of 14 feet wide, instead of as now
two of 7; and two tramways of 8j feet each. These are in the
centre of the bridge, leaving two roadways of 16 feet each for the.
light traffic and omnibuses going and coming. The whole area
of road and footway is nearly 78,000 feet, instead of 41,000, the
area of the present bridge, which cost per square foot of surface
£3. 15*. 6rf. The cost is estimated at from £245,000 to £250,000.
which is at the rate of rather less than £3. 6s. a-foot, or nearly
half the price of the present structure. The piers are 28 feet wide
by 120 feet long. Two of these are proposed to be constructed in
the following manner, as adopted by Mr. Page at new West
minster bridge:—Over the whole area are driven bearing piles of
elm, deep into the clay, at intervals of 3 feet apart. Round this
cast-iron piles are driven to the greatest depth to which they can
be forced. These iron piles are cast with a groove in their side,
capable of containing the edge of a slab of granite 2| feet thick.
Between these iron piles these slabs of granite are slid to a depth
of nearly 12 feet below the bed of the river, and rising to lowwater mark. All the area of the pier thus inclosed is theu
dredged out between the bearing piles, and the slabs of granite,
iron piles, and elm all firmly bolted together by a series of
iron tie rods. The space is then filled in with concrete up to a
little below low-water mark, where the courses of solid granite
commence. The whole pressure on the foundations would not
exceed three tons per foot The arches are of wrought and cast,
iron combined, as in Westminster-bridge. Of the 280 feet span
of the centre arch, 100 feet is of wrought-iron. The two smaller
arches, of 220 feet, have 70 feet of wrought metal. The approaches
are wider and at a much less steep incline than at present, the
gradient being reduced from one in 24 to one in 40. The highest
part of the proposed structure is a little more than 9 feet lower
than the present. The whole surface of the foot and roadways
is formed, as at Westminster, by buckle plates of iron, fastened
between the ribs. Over this is a layer of blocks of wood and
asphalte, and over all the granite pitchiug. In addition to the
design by Mr. Page briefly described, designs have been furnished
by Mr. Barlow, Mr. Brereton, Mr. Goodchild, Mr. Brunlees, Mr.
Joseph Cubitt, Messrs. E. Bidder and E. Clarke, Mr. B. W.
Mylne (grandson of the architect of the present bridge), Mr.
Fowler, Mr. Hawkshaw, Mr. G. Kennie and Sir John Benuie:
there is little doubt, however, that that by Mr. Page will be the
one executed.
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The river piers are composed each of two cast-iron cylinders,
12 feet in diameter, driven 25 feet into the bed of ths river, which
consists of solid London clay. The cylinders are formed in six
segments 9 ft. 6 in. long, with flanges, which are planed so that the
The intended new bridge at Lambeth, which is in course of surfaces accurately fit, and are thus rendered perfectly watertight.
erection by a company incorporated by act of parliament, will The mode of sinking the cylinders will be similar to that adopted
connect Church-street, Lambeth, with the Horseferry-road, at the Charing Cross-bridge now in course of construction. The
"Westminster. Its construction will be understood by Plates 27 cylinders will be filled in to within 4 feet ofthe level of the bed of
and 28. The site is one proposed by a Committee of the the river with Portland cement concrete, and above this level with
House of Commons, appointed in 1854 to consider the necessity brickwork laid in good Portland cement. Cast-iron cylinders
of providing more metropolitan bridges, and a bridge in this have generally been filled entirely with concrete, but the engineer
situation has been loug projected, an act for its construction has adopted brickwork to provide for the contingency of a
fracture of the cylinders, in which case the interior will present
having been obtained as early as 1836. It has however now be
come a work of far greater necessity than formerly, from the a column of brickwork of ample strength to support the structure;
in fact the principal duty of the cylinders here is that of a
rapid increase of the neighbourhood.
The bridge will consist of three spans, each of 280 feet, with cofferdam, to enable the piers to be constructed. The area of the
a clear height of 21 feet at the centre above Trinity high-water two cylinders will be 226 square feet, and the greatest weight
mark. The width will be 32 feet, consisting of two footpaths, they will have to carry when the bridge has its maximum load will
each 6 feet wide, with a roadway between them of 20 feet, be 650 tons; the pressure per square foot on the clay will therefore
giving two lines of carriageway.
be under 3 tons.
The anchorage or abutments are each composed of a rectangular
It is estimated that this width is sufficient without pressure
or inconvenience to take a traffic equal to double that of Water mass of brickwork and concrete, weighing 1500 tons,—on the
loo-bridge; a limit which is not likely to be exceeded while it Westminster side the clay dips below the level of low-water, and
remains a toll-bridge. The bridge is however desigued so that is covered with a bed of gravel, which extends within 5 feet of
an additional width for two lines of carriageway may be added low-water mark. The foundations for the anchorage will be
(making the accommodation equal to that of London-bridge), formed by cast-iron square boxes, flanged and bolted together,
without interfering with the traffic, whenever it may become and open at both ends, carried down to the gravel, and filled
desirable. The average inclination of the approaches to the with concrete. These boxes or cells are bolted together, both
at the top and bottom, and thus in combination form a horizontal
summit of the bridge will be 1 in 27, commencing with an in
clination of 1 in 20 for 200 feet on each side. Although this mass of sufficient strength to carry the masonry, and at the
bridge will be constructed on the suspension principle, it will same time form the anchor-plate to which the strands of the
differ from others erected in this country, in having cables of cables are attached. The Lambeth abutment rests on the
charcoal iron wire, instead of the ordinary wrought-iron links. gravel without the aid of such boxes, and the cables are attached
It will also be distinguished by several important mechanical to massive cast-iron plates on which the brickwork rests.
It is one of the advantages of a wire cable, that an equal tension
features.
The platform is composed of wrought-iron plates riveted to upon every portion of its section can be secured. Each strand is
longitudinal and transverse wrought-iron beams, so that the passed over the standards and down a vertical shaft at the back of
roadway forms a horizontal girder of great strength to prevent each anchorage. A steel link, furnished with a powerful rightlateral motion. The platform is suspended to the cable, not by handed screw, is attached to the anchor-plate, and a similar link
with a left-handed screw to the end of the strand. These screws
vertical rods, but by rigid lattice sides riveted to the longi
tudinal beams of the platform. These lattice sides are intended are received into an octangular barrel screwed at the end to re
to prevent the longitudinal undulation which necessarily occurs ceive the right and left-handed link screws, and thus, by a lever
in other suspension bridges supported only by vertical rods. or spanner fitting the octangular barrel, each strand, after being
It is further sought to check disturbance by attaching the tested to 15 tons per inch of sectional area (double the greatest
strain it is expected to undergo) will be adjusted to take its
cables to the standards; and not as hitherto done, to a saddle al
lowed to move freely on rollers. The standards will be constructed exact position in the bridge.
• of wrought-iron, and form an essential part of the design, act
It only remains now to describe the standards, which are calcu
ing in combination with the lattice sides to produce lateral lated to receive a vertical pressure, and are constructed in boiler
plates, similar to the upper web of ordinary girders. The section
rigidity. This is certainly an original combination. The road
way will be covered with macadamised granite. The use of of metal allowed is such that the greatest strain from the
maximum load will not exceed 2*75 tons per square inch. It is
timber in the roadway platform will thus be entirely avoided.
The employment of iron wire for suspension cables, although not proposed in the first instance to go to any expense in making
new in this country, is frequent on the Continent and in America, them ornamental. If it be hereafter considered advisable to erect
and is thought to possess some decided advantages. The superior towers of an ornamental character, this can be done as a casing
tensile strength of iron wire as compared with bar-iron is well to the acting vertical beam or standard, without interfering with
known. An ultimate strength of 40 tons per inch sectional area the traffic of the bridge.
is guaranteed for the cables used in this structure, by the con
The following is a statement of the estimated cost:—
tractors, Messrs. Newall and Co.
The
cylinders, at the price paid in similar cases
£5000
' The cables will be four in number, each composed of seven The abutments,
containing 3000 cubic yards of concrete and brick
strands; the section of each strand being 3'5 inches. Thus the
work in Portland cement, at an average price of 20». per cubic
total section of wire is 98 inches, calculated for a direct tension
yard
3000
of 3920 tons.
Cast-iron in square cylinders, anchor plates fixed complete,
The total weight of cables is 150 tons, and each strand will not
100 tons, at £12 per ton
1200
exceed 6 tons in weight. Each strand is composed of seven Wrought-iron cables fixed complete
6000
■mailer strands, and each of these latter of seven wires: a fathom Wrought-iron riveted plates for roadway platform complete,
length of the cable will weigh about 525 lb., a fathom length of
450 tons, at £20
9000
each large strand, 75 lb.
£24,200
The cable will be manufactured on the spot, each strand
3,800
strained and delivered from the machine at once to the site on Road metalling, and other contingencies
the bridge, and thus the strands will be carried in continuous
£28,000
lengths across the river. The abutments will be brickwork in
The engineer is Mr. P. W. Barlow, who states in his report to
Portland cement.
The total weight of superstructure for one bay is estimated at the directors that the works have been let at this sum.
The length of the bridge between the abutments being 840 feet,
300 tons, the maximum distributed load (at 80 lb. per foot super.)
and the breadth 32 feet, the area will be 26,880 superficial feet.
at 300 tons: total 600 tons. This would produce a total hori
zontal tension on the cables of 875 tons by the ordinary rules. The estimated cost of construction (.£28000) would be less than
But Mr. Barlow appears to anticipate that this tension will be £1. 2s. per superficial foot. It is expected that .£40,000 will cover
reduced to one-fifth of the breaking strain by the action of the the value of property interfered with in the approaches, as well
as the cost of the works.
lattice bars from which the platform is suspended.
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The contractors for the cable are Messrs. Newall and Co. of
Gateshead, near Newcastle, and for the execution of the work,
Messrs. Porter and Co., of Birmingham. The time of completion
mentioned in the contract is August 1862, but the contractors
anticipate that the bridge will be open to the public in June
next, being an earlier period than the one stipulated in their
contract; provided that the approaching winter prove favour
able to the uninterrupted prosecution of the works.

THE PROGRESS OF INDIA.
A Parliamentary paper has been recently issued containing a
statement exhibiting the moral and material progress and con
dition of India during the year 1859-60, which presents an account
of the character and extent of public works in the course of
construction and contemplated, and of the working of those
departments of the Indian government that are connected with
the arts and manufactures. In a former number of the Journal
we noticed the annual Report on the Railways of India, which are
only incidentally referred to in the present Parliamentary paper;
the public works more particularly mentioned, being the con
struction of common roads and canals.
The report commences with a narrative of the course of
legislation during the year, from which we perceive that Acts
were passed for the amendment of the patent law, for enabling
joint stock banking companies to be formed on the principle of
limited liability, for regulating the establishment and manage
ment of electric telegraphs, and for the determination of disputes
between workmen engaged on railways and on other public works
and their employers. In these Acts there is considerable
variation from the Acts of the Imperial legislature, passed for
similar objects; some of the alterations having special appli
cation to the peculiar circumstances of India. The Act for
granting exclusive privileges to inventors, though based on that
of the United Kingdom, requires the inventor to submit a
petition to the Governor-General in Council, describing the nature
of the invention, and to obtain an order before filing his specifi
cation; the Governor-General being empowered before making
such order to refer the petition for inquiry. This preliminary
form is stated to be adopted to check the filing of specifica
tions in frivolous cases, and it is desirable that some such check
should be applied to the rapid multiplication of patented
inventions in this country. The duration of a patent is for the
same term as in England, but the Governor-General may extend
it for fourteen years, or he may declare an exclusive privilege to
cease. The utmost limit to which the term of a patent can be
extended in this country is for seven years. An importer of an
invention is not to be allowed exclusive privileges unless he be
the actual inventor, and the Act defines an invention to be new
if it has not been similarly used or made known in the United
Kingdom or in India previously to application for leave to file a
specification ; but an inventor to whom her Majesty's letters patent
has been granted may obtain exclusive privilege to vend the
same invention in India if he apply for it within the twelvemonths
from the dateof the English patent. The English patent law would
be improved by the adoption of some of the more stringent regula
tions of that of India. The provisions of the electric telegraph
act are chiefly peculiar to India. They provide for the punishment
of persons engaged in the telegraph department for divulging
messages, whether transmitted with or without an express direc
tion for secresy ; and the Act renders punishable the offer of a bribe
to any person in the employ of the government in the telegraph
department.
The number of letters and newspapers that passed through the
Indian post-office in the year 1859-60 was considerably less than
during the year preceding, the falling off being attributed to the
reduction in the number of European troops, and to the absence of
commercial activity. This diminution was confiued, however, to
the north-western provinces, in which the number of articles pass
ing through the post-office was reduced from 18,424,068 in 1859 to
17,367,072 in 1860. The total number in all the presidencies
amounted last year to 50,497,999. The book packages increased,
and the number of registered letters was also considerably larger
than in any previous year, having amounted to 566,424; the
proportion of registered letters to the whole correspondence being
rather more than one per cent. The financial results of the postoffice operations, notwithstanding the falling off of correspondence,
have been very satisfactory, and exhibit a surplus of 2,070,109
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rupees above the expenditure; the two amounts being, receipts
6,582,903, and the disbursements 4,512,793 rupees. It is ri*ot to
be expected that in a country like India the same regularity and
security can be attained that we are accustomed to in England,
and complaints are consequently numerous, 1696 having been
recorded during the past year, though the director-general of the
post-office asserts that a large proportion of the complaints are
groundless, and he observes that in noticing the shortcomings of
the post-office department in India, the public are apt to overlook
the special difficulties which the post-office in India labours under
from the want of efficient sorters and letter carriers. Another
source of uncertainty which we have fortunately long since ceased
to experience, arises from attacks on the mail carts. During
the year not less than fifty robberies of the mails took place,
twenty of which occurred in the presidency of Bombay, and in
very few instances were the robbers apprehended and punished.
The report of the electric telegraph department exhibits active
progress in extending and improving the lines, and increased
appreciation of the value of telegraphic communication. The
wires last year extended over 10,994 miles, and 136 offices were
open for public correspondence, though several offices had been
closed during the year, as being no longer necessary for military or
political purposes. When the electric telegraph was first
established in india, the lines were made on the rough-and-ready
system. The posts to support the wires were bamboos, and the
instruments for transmitting signals were mere ordinary galvan
ometers of the simplest, construction. The bamboos soon gave
place to wood, but the rapid destruction of the posts having
occasioned great expense to preserve and replace them, iron
standards are being substituted for them all over India, and in.
the plains it is proposed to erect very lofty iron masts at great
distances apart. Experience has proved in India the correctness
of what has been contended for by one of the electricians of this
country, that the insulation of the wires at the posts is a matter
of little consequenee, for rain water is a very imperfect conductor
of electricity, and the principal thing to be guarded against is
actual contact of one wire with another, and with the standards,
when made of metal. The insulation of the wires on the Indian
lines must indeed be very good, for it is stated that the instru
ments had been frequently worked direct from Calcutta to Bom
bay, a distance by the wires of 1600 miles. The instrument
generally used is the Morse telegraph; but instead of employing
it to impress the message on symbols on a long slip of paper, the
messages are transmitted by sound. That mode of applying the
Morse telegraph had its origin in America, the instrument being
literally made to speak at a distance of 1000 miles. This is the
last marvel of the electric telegraph, and Dr. O'Shaughnessy,
the superintendent of the telegraphs in India, has introduced it
there before it has become practically known in England. In
this mode of conversing telegraphically the symbols of the Morse
alphabet are employed. In the ordinary use of that instrument the
"keeper" of an electro-magnet impresses dots and strokes in a
single continuous line on a band of paper that is kept moving un
derneath it; and by the arrangement of those dots and strokes in a
diversified manner, all the letters of the alphabet are indicated.
In transmitting by sound the ear distinguishes the length of the
intervals between the pulsations of the keeper, when it strikes
instantaneously to make a dot, and when the contact is prolonged
to make a stroke; and in this manner the symbols indicating the
different letters are heard. Though this plan of transmission
greatly simplifies the use of the Morse telegraph, it is more liable
to error, and no record is preserved of the signals actually trans
mitted. The errors in the transmission of messages in India are
not, however, so great as might be expected under such circum
stances, for it appears that in the last year not more than one
message out of 65 was erroneous, or one word in 1182. The
business transacted is rapidly increasing, and one of the most
encouraging features connected with it is the increased appre
ciation of the electric telegraph by the native merchants. The
total number of private messages in all India, Pegu, and Ceylon,
in 1858-59 was 101,164, and in the succeeding year they amounted
to 170,566. The "service" messages, on the contrary, had
considerably decreased, in consequence, no doubt, of the more
settled state of the country. The increase of the messages sent
by native merchants and correspondents was from 39,724 to
71,554; and they increased not only in number, but the average
length of the messages sent was much greater. Notwithstanding
this satisfactory state of the electric telegraph in India, it does
not yet pay its own expenses, though its value to the government
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is not to be estimated by pounds, shillings, and pence. Dr.
O'Shaughnessy complains, somewhat bitterly, of many gross
instances of criminal neglect in the persons employed, and he
doubts whether that sad drawback to the efficiency of the electric
telegraph can ever be obviated until the chief superintendent has
power to dismiss the offenders without appeal to the government.
On this matter he seems to feel strongly, for he had himself to
suffer great personal inconvenience from the gross neglect of a
clerk to send him a message from one of the government depart
ments, granting him leave to return to England, which had been
rendered necesary by his failing health. At the conclusion of
his report Dr. O'Shaughnessy says: "There is a great future
before the telegraph in India; by perseverance and determination
it should be made the best in the world, inasmuch as it possesses
a unity of organisation unattainable elsewhere, with all the
resources of the empire to promote its extension and improvement.
In two, or at most three years from this time the lines should
yield a clear profit, and a uniform minimum charge for messages
may then be adopted for all India. This, with the general use
of some simple cypher by habitual correspondence, will enable
the telegraph to perform much of the present business of the postoffice; meanwhile we have at our disposal, at a moderate cost, an
instrument of such miraculous power, that by a single message it
has already saved our Indian empire; while day by day and hour
by hour, it is busy in the promotion of commerce and the further
ance of private interests of every kind."
In the public works department the report regrets that the
prominent feature in it is the excessive predominance of expendi
ture on military works. The aggregate expenditure during the
year was 32,221,675 rupees, of which sum 12,394,670 rupees
were expended on military and naval objects, and 10,774,545
rupees on internal improvements. Of the latter a great number
begun in former years remain unfinished, and have not been pro
ceeded with since financial restriction began to take effect in
1855. In the Punjaub, especially, there are numerous instances
where sections of road of excellent construction are interrupted by
other sections scarcely passable; there are tunnels half driven,
bridges half built or not commenced, though the material is
deposited on the site; costly buildings of other kinds are left half
finished; there are churches roofless, or otherwise incomplete,
and works of irrigation delayed. Many of these undertakings
will probably never be completed, and the question now is to
select which of them are of most importance, so that the funds at
command may be employed in finishing what would not be com
menced in the present financial position of India. The Lahore
and Peshawur road, which was begun soon after the annexation
of the Punjaub, is one of the works which the Governor-General
purposes to complete; the result of a late journey to and from
Peshawur having " impressed him strongly with its grandeur
and unquestionable utility." The whole of the permanent line,
with the exception of five bridges, was expected to be open in the
course of the present year. The expenditure of a lakh of rupees
had also been sanctioned for the repairs of the road from Phillour
to Bezas, which had been neglected on account of a projected new
road which has since been abandoned. The Baree Doab Canal,
on which 90 lakhs of rupees have been expended, has been
partially opened, and the works are slowly proceeding, but they
will not probably be completed until after the railway, along
nearly the same line, is finished. The report mentions several
public works which have been suggested to the government, as
desirable for the internal improvement, among which was a scheme
of Mr. Bourne's for reclaiming and colonising the Sindh Sangor
Doab, in the Punjaub, by means of an inundation canal from the
Indus; but with so many unfinished works on hand, the Indian
Government would be unwise to commence new undertakings,
and as regards Mr. Bourne's scheme it was reported against very
strongly by the engineers to whom it was referred.
Under the head of ecclesiastical works, the iron church at
Rangoon, which was sent out by the home government, is parti
cularly noticed. The cost up to the day of the report had been
62,300 rupees, but it was estimated that the total expense would
be 65,000. The defects in the building which it will be requisite
to avoid in future structures of the kind, are stated to be that the
windows are all fixtures and cannot be opened, that there is a
want of verandahs, and an insufficiency of gutters to carry off
the rain. The sound of the rain beating on the roof and on the
sides of the church was also found to be an annoyance. That
portion of the report on public works which relates to railways
is principally occupied with noticing the lines recommended by
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the government to be constructed ; but there are one or two points
not noticed in the annual Beport on the Bailways of India that
deserve mention. One of these is the failure of the cast-iron
sleepers, which, on the recommendation of the late Mr. Bendel,
were laid experimentally on the East Indian railway. For a time
the road stood very well, but when the express mail trains and
heavy coal trains began to pass over it, breakage of the sleepers
increased so much that they were removed altogether, and
wooden ones were substituted. The opinion of the consulting
engineers of the several Indian railways was sought on the
subject, and they agreed to a resolution generally unfavourable
to cast-iron sleepers, both as regards the ease of motion of trains,
and the wear and tear of the rolling stock and of the road itself;
but they considered that under certain circumstances, where the
ballast is suitable, and where wooden sleepers are not readily
procurable, cast-iron sleepers might be applied. The question of
making railway stations in India defensible had been brought
before the government, and resolutions had been passed to the
effect, that, subject to the primary consideration of the con
venience of traffic, the buildings should be so erected as to be
mutually protective, and that they should be provided with
simple and inexpensive facilities for defence. Various other
matters connected with the general management of the Indian
railways are considered, such as the more severe punishment of
negligence by the railway officials, who have in several cases
occasioned serious accidents by falling asleep when on duty; the
overcrowding of the third-class railway carriages; and the pro
vision of fuel for the engines, of which the north-western
provinces promise to afford an ample supply. It appears from
the general tenor of the report that other public works in
India are for the time considered to be of minor importance
to the completion of the railways and electric telegraphs, and
while most other undertakings remain unfinished for want of
funds, the railways are to be completed and new lines are being
surveyed.

FOREIGN PUBLICATIONS.
Nouvelles Annates de la Construction.—A large portion of the
September number of this periodical, is taken up by illustrations
of the railway stations erecting and about to be erected on the line
of railway now in course of construction from Ancona to Bologna:
these stations have already been referred to in the Annates, and
now a report, pointing out the principle upon which they have
been arranged, is furnished, illustrated by plans, and other
drawings, and worth the attention of those who have the
arrangement of such buildings under their control.
Four classes of stations have been designed by Messrs. Oppermann for this line of railway, and we extract part of the descriptive
report accompanying them as useful in pointing out the way in
which the exigencies of traffic should be taken into account, by
the engineer and the architect, in laying down the first lines even
of the plan of a railway station. It is almost needless to repeat
the observation which we have already had occasion to make
more than once, viz., that Continental railway management differs
in bo many details from English, that it is impossible for a
Continental railway station ever to furnish a perfectly serviceable
model for an English one. It would be well however, if even
only as much forethought, and as timely a recollection of simple
and very obvious considerations had been brought to bear upon
some of our English stations, as is shown in the accompanying
memorandum, and in the four simple plans which illustrate it.
"Memorandum.— In the general arrangement of the buildings on the
line from Ancona to Bologna the attempt has been made, so far as
practicable, to satisfy the following conditions:—
1. A separation of the passenger and goods departments: waiting rooms,
refreshment rooms, conveniencies, and telegraph office being towards the
right; baggage room, goods offices, and porters' &c. rooms on the left.
2. Making the distance which each traveller has to go over between
the times of his entering and leaving the station, as short as possible.
3. Arranging the rooms in an order corresponding with the usual
positions of 1st, 2nd, and 3rd class carriages (1st and 2nd classes at
the head of the train, and 3rd class behind).
4. Avoiding any confusion of streams of travellers coining in with
those going away, by arranging that the exit from the station shall not
open upon the entrance lobby.
5. The above precaution is equally desirable in the case of baggage.
In lst-class and 2nd-class stations, baggage is received through ene
door and given out through a different one.
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6. The station-masters office ii in rJrr,~w,;,**'» contact with all the
department* which he baa to superintend {booking office, baggage office,
postal and telegraph offices, fcc), and near the staircase which lead* up
to bis dwelling.
7- The refreshment rooms are at one end of the station adjoining the
waiting rooms, and the conveniences at the same end, detached8. In fact, a general correspondence has been established between the
position* of the departments of the station, and the order of the carriages,
kc., in the train <as standing opposite the platform). The lamp and oil
room is opposite the engine, tbe baggage office opposite the baggage wag
gons, the 1st and 2nd class waiting-rooms near the head of the train, and
the 3rd class near its tail.
0. It is practicable to convert one class of stations into another, by the
simple addition or suppression of bays or lengths: to facilitate this the
buildings are made to terminate at either end with a plain gable.
10. On the first floor all the rooms are separate, approached from one
corridor lighted from its extremity, so that the rooms can be appropriated
in any way desired. A kitchen and conveniences are placed at the bead
of tbe staircase."
The report, which gives some further details, also observes that
it has been judged advantageous to place the refreshment rooms
and tbe conveniences both at the same end of the station, and
away from the other offices, as by this arrangement passengers
actually in tbe train do not get confused among the passengers
entering it; and the guard, should there be absentees at the
moment when he requires to start, has only to go in one direction
to look for them. The convenience is also very justly pointed
out of having all the parts of each station, whatever its rank
and consequent size, arranged in similar relation to each other;
the traveller thus always knows beforehand, as if by instinct, in
any station on the line, to what part he must go for any particular
department.
The nsual chronicle of engineering and telegraphic works on
hand is given. Among the latter we note an account of an
experiment lately tried in the Champs de Mars, to show the possi
bility of establishing field or flying telegraphs for military
purposes. The telegraphic wire and a series of light posts being
mounted on a light spring cart, well horsed, and accompanied by
mounted artillerymen, the end of the wire was made fast, and the
cart started, paving out wire as it went. The first artilleryman
stopped at 30 metres from the starting point, and receiving one
of the light poles (which can if preferred be carried like lances
by the mounted men,) he twisted the wire round its head, stuck
it into the ground, and steadied it by two guys, themselves made
fast to pegs driven into the ground. The succeeding posts were
fixed at distances of 100 metres apart, and it was shown that a
telegraphic line could be thus temporarily fixed in no more time
than that required for the transport of the wire from one point
to the other.
Encyclopedic d'Architecture.—We learn from this journal, as
in fact from all those published in or treating of the French cap
ital, that the works about to be undertaken this and next year in
Paris and the environs, on public buildings alone, are of an
unprecedented magnitude, 7 millions of francs (equal roughly to
£280,000) being the credits voted for repairs and alterations,
additional buildings, and purchases of land, for nine only of the
public buildings- of Paris. It further appears that, in addition
the cost of works at the cathedral of Notre Dame alone, up to the
end of 1860, was 4,299,424 francs, or very nearly £172,000; and
that of this sum the new fleche alone (of which some details have
already been given by us in a former number) has cost £18,000;
and it is further slated that the estimated additional cost of the re
maining works now in hand at that cathedral is 1,651,034 francs, or
£66,000, giving a total of £238,000 expended chiefly on restora
tions and decorative works. Let us hope that even after so large
a sum has all been expended there will still remain at least some
traces of the old work; more than traces we need not hope ever
r'n to be able to detect, for in this great church, as in most of
monuments remaining from the middle ages in France, all the
characteristic work of the original founders is being ruthlessly
renewed, and all the venerable marks of time are being remorse
lessly scraped away by the indiscreet zeal of modern restorers.
The following extract from the same journal is on a subject of
such practical importance in this country, and one where im
provements are so urgently needed by us, that we do not scruple
to transfer it unabridged to our columns, without however
undertaking to offer any opinion as to the probable success of
the experiment if tried in England.
" Proposed Modification in Smoke Flues.—Messrs. De Sanges and
Magson have addressed a report to the Academy of Sciences relative to a
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new architectural arrangement intended to introduce a great i
into our present system of chimneys. The inTentors term this a sm+kt
chamber. Messrs. De Sanges and Mas^on Six at the highest point of a build
ing or a boose, a chamber into which all the flues from the fireplaces
empty themselves: the smoke spreads freely in this space, and escapes from
it through a single outlet. In this smote dossier might be fixed either a
cistern of water, which would receive sufficient warmth from the smoke to
be valuable for household purposes, or a calorifere or air chamber, which
could assist in the warming or ventuatmg of rooms. This syatem has
been applied to an extensive boose at KemHy, oars the inventor, and with
excellent results.
Eight fireplaces communicating with the common chamber, and lighted
together, or in groups of one, two, three, &c^ have given a very regular
draught under most varying circumstances, and without any gust of
wind having ever been able to cause a single one of the eight to smoke.
M. De Sanges details tbe advantages of his new system as follows:
I. It makes the draught of the chimneys equal and regular. 2. It
destroys the effects of wind, which so often makes other chimneys smoke.
3. It enables the architect to dispense with chimney-stacks, so often
injurious to the ornamental appearance of buildings, and with all those
expensive and dangerous contrivances in sheet-iron, by the help of which
we ordinarily struggle against the disturbing power of the wind. 4. It
renders the process of sweeping unnecessary. 5. It offers facilities for
disconnecting any given flue, in case of fire, or in the summer season
6. It saves about 50 per cent, of the sum which «ach householder is
forced to pay for the removal of soot from his premises."

BRITISH ASSOCIATION FOR THE ADVANCEMENT
OF SCIENCE
Meeting at Manchester, 1861.
President.—William Fairbaim, F.R.S., LL.D., C.E.
Vice-Presidents.—The Earl of EUesmere, F.R.G.S. ; the Lord Stanley.
M.P., D.C.L., F.R.G.S.; the Lord Bishop of Manchester, D.D.,
F.R.S., F.G.S.; Sir Philip de Malpas Grey Egerton, Bart., M.P.,
F.R.S., F.G.S.; Sir Benjamin Heywood, Bart., F.RS.; Thomas
Bazley, M.P.; James A spinal Turner, M.P.: James Prescott
Joule, LL.D., F.R.S.; Joseph Whitworth, F.R.S., M. Inst. C.E.
General Secretary.—Rev. Robert Walker, M.A., F.R.S.
Assistant- General Secretary.—Joho Phillips, M.A., [,L P., FJL&,
F.G.S.
General Treasurer.—John Taylor, F.R.S.
Local Secretaries.—Robert Dukinfield Darbishire, B.A., F.G.S. ; Alfred
Neild; Arthur Ransome, M. A.; Professor Henry Enfield Roscoe, B.A.
Local Treasurer.—Robert Phillips Greg, F.G.S.
The Thirty-first Annual Session of the British Association
commenced its sittings on the 4th ult., at Manchester, under the
presidency of William Fairbairn, LL.D., F.RS. The gathering
of this meeting was much greater than that of last year at Ox
ford. The tickets sold amounted to 2500, of which 80 were those of
life members. The progress of the Association is most gratifying.
In 1831 a system of grants of money for scientific purposes was
commenced. The sum paid in that year was a very modest
one, £20; in 1860-61 it was £1100. This Manchester meeting
has been a great success,—taking the average of thirty years, the
number of members at each annual gathering has been 1600, and
the receipts under £2000. The recent meeting brought together
upwards of 3000 members, and the receipts amounted to £3920.
Cambridge has been selected as the place of meeting next year,
the presidential chair to be occupied by Professor Willis.
The Mayor of Manchester entertained the members at a din
ner, after which the company met in the Free Trade Hall, to hold
the general meeting, when Lord Wrottesley in resigning the
presidency to his successor Mr. William Fairbairn, said: In
retiring from the office which I have the honour to hold, it is &
great pleasure to me to know that I am to be succeeded by one
who is so well worthy of your support We may derive important
instruction from the career of Mr. Fairbairn, whether we view
him as a successful engineer or as a distinguished man of science.
In the former capacity he is one who, by perseverance, combined
with talent, has risen from small beginnings to the summit of his
profession; and he forms one of that noble class of men, the
Stephensons, the Brunels, the Whitworths, and the Armstrongs,
who have conferred such important services upon their country;
and some of whom, unfortunately for that country, have perished,
alas! too soon, exhausted by their arduous toils. . . Such are
men whom we should all delight to honour; and to such a man I
resign, with great satisfaction, the chair which I now vacate.
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The President's Address.
After a few words of introduction, Mr. Fairbairn said—
A careful perusal of the history of this association will demon
strate that it was the first and for a long time the only institu
tion which brought together for a common object the learned
Professors of the Universities and the workers in practical
science.
The periodical reunions have been of incalculable
benefit in giving to practice that soundness of principle and cer
tainty of progressive improvement which can only be obtained
by the accurate study of science, and its application to the arts.
One the other hand, the men of actual practice have reciprocated
the benefits thus derived from theory, in testing by actual ex
periment deductions which were doubtful, and rectifying those
which were erroneous. Guided by au extended experience, and
exercising a sound and disciplined judgment, they have often
corrected theories apparently accurate, but nevertheless founded
on incomplete data or on false assumptions inadvertently intro
duced. If the British Association had effected nothing more
than the removal of the anomalous separation of theory and
practice, it would have gained imperishable renown in the benefit
thus conferred.
Were I to enlarge on the relation of the achievements of
science to the comforts and enjoyments of man, I should have to
refer to the present epoch as one of the most important in the
history of the world. At no former period did science contribute
so much to the uses of life and the wants of society. And in
doing this it has only been fulfilling the mission which Bacon,
the great father of modern science, appointed for it, when he
wrote that " the legitimate goal of the sciences is the endowment
of human life with new inventions and riches;" and when he
sought for a natural philosophy which, not spreading its energy
on barren disquisitions, "should be operative for the benefit and
endowment of mankind." Looking then to the fact that, while in
our time all the sciences have yielded this fruit; engineering
science, with which I have been most intimately connected, has
pre-eminently advanced the power, the wealth, and the comforts
of mankind, I shall probably best discharge the duties of the
office I have the honour to fill by stating as briefly as possible
the more recent scientific discoveries which have so influenced
the relations of social life. I shall therefore not dwell so much
on the progress of abstract science, important as that is, but shall
rather endeavour briefly to examine the application of science to
the useful arts, and the resu'ts which have followed, and are
likely to follow, in the improvement of the condition of society.
The history of man throughout the gradations and changes
which he undergoes in advancing from a primitive barbarism to
a state of civilisation, shows that he has been chiefly stimulated
to the cultivation of science and the development of his inventive
powers by the urgent necessity of providing for his wants and
securing his safety. There is no nation, however barbarous,
which does not inherit the germ of civilisation, and there is
scarcely any which have not done something towards applying
the rudiments of science to the purposes of daily life. Among
the South Sea Islanders, when discovered by Cook, the applied
sciences—if I may use the term—were not entirely unknown.
They had observed something of the motions of the heavenly
bodies, and watched with interest their revolutions, in order to
apply this knowledge to the division of time. They were not
entirely deficient in the construction of instruments of hushandry,
of war, and of music. They had made themselves acquainted
with the art of shipbuilding and navigation in the construction
and management of their canoes. Cut off from the influence of
European civilisation, and deprived of intercourse with higher
grades of mind, we still find the inherent principle of progres
sion exhibiting itself, and the inventive and reasoning powers
developed in the attempt to secure the means of subsistence.
Again, if we compare man as he exists in small communities
with his condition where large numbers are congregated to
gether, we find that densely populated countries are the most
prolific in inventions, and advance more rapidly in science.
Because the wants of the many are greater than those of the
few there is a more vigorous struggle against the natural limita
tions of supply, a more careful husbanding of resources, and
there are more minds at work. This fact is strikingly exempli
fied in the history of Mexico and Peru, and its attestation is
found in the numerous monuments of the past which are seen
in Central America, where the remains of cities and temples
and vast public works, erected by a people endowed with high
intellectual acquirements, can still bo traced. There have been

discovered a system of canals for irrigation; long mining galleries
cut in the solid rock in search of lead, tin, and copper; pyramids
not unlike those of Egypt; eartheuware vases and cups, and
manuscripts containing the records of their history; all testifying
to so high a degree of scientific culture and practical skill, that,
looking at the cruelties which attended the conquests of Cortes
and Pizarro, we may well hesitate as to which had the stronger
claims on our sympathy, the victors or the vanquished.
In attempting to notice those branches of science with which
I am but imperfectly acquainted, I shall have to claim your in
dulgence. This association, as you are aware, does not confine
its discussions and investigations to any particular science; and
one great advantage of this is, that it leads to the division of
labour, while the attention each department receives, and the
harmony with which the plan has hitherto worked, afford the
best guarantee of its wisdom and proof of its success. In the
early history of Astronomy, how vague and unsatisfactory were
the wild theories and conjectures which supplied the place of de
monstrated physical truths and carefully observed laws ! How
immeasurably small—what a very speck does man appear, with
all the wonders of his invention, when contrasted with the mighty
works of the Creator; and how imperfect is our apprehension,
even in the highest flights of poetic imagination, of the boundless
depths of space ! These reflections naturally suggests themselves
in the contemplation of the works of an Almighty Power, and
impress the mind with a reverential awe of the great Author of
our existence. The/great revolution which laid the foundation
of modern astronomy, and which, indeed, marks the birth of
modern physical science, is chiefly due to three or four dis
tinguished philosophers. Tycho Brahe, by bis system of accurate
measurement of the positions of the heavenly bodies; Coper
nicus, by his history of the solar system; Galileo, by the applica
tion of the telescope; and Kepler, by the discovery of the laws of
the planetary motions, all assisted in advancing, by prodigious
strides, towards a trueknowledge of the constitution of the universe.
It remained for Newton to introduce, at a later period, the idea of
au attraction varying directly as the mass, and inversely as the
square of the distance, and thus to reduce celestial phenomena to
the greatest simplicity, by comprehending them under a single law.
Without tracing the details of the history of this science, we may
notice that in more recent times astronomical discoveries have
been closely connected with high mechanical skill iu the construc
tion of instruments of precision. The telescopehas enormously in
creased the catalogue of the fixed stars, or those " landmarks of
the universe," as Sir John Herschel terms them, " which never
deceive the astronomer, navigator, or surveyor." The number of
known planets and asteroids has also been greatly enlarged.
The discovery of Uranus resulted immediately from the perfection
attained by Sir William Herschel in the construction of his tele
scope. More recently, the structure of the nebulas has been
unfolded, through the application to their study of the co
lossal telescope of Lord IJosse.
In all these directions
much has been done both by our present distinguished As
tronomer Boyal, and also by amateur observers in private
observatories, all of whom, with Mr. Lassells at their head,
are making rapid advances in this department of physical science.
Our knowledge of the physical constitution of the central body
of our system seems likely, at the present time, to be much
increased. The spots on the sun's disk were noticed by Galileo
and his contemporaries, and enabled them to ascertain the time
of its rotation and the inclination of its axis. They also correctly
inferred, from their appearance, the existence of a luminous
envelope, in which funnel-shaped depressions revealed a solid
and dark nucleus. Just a century ago, Alexander Wilson indi
cated the presence of a second and less luminous envelope beneath
the outer stratum, and his discovery was confirmed by Sir
William Herschel, who was led to assume the presence of a
double stratum of clouds, the upper intensely luminous, the
lower grey, and forming the penumbra of the spots. Observa
tions during eclipses have rendered probable the supposition that
a third and outermost stratum of imperfect transparency incloses
concentrically the other envelopes. Still more recently, the re
markable discoveries of Kirchoff and Bunsen require us to believe
that a solid or liquid photosphere is seen through an atmosphere
containing iron, sodium, lithium, and other metals in a vaporous
condition. We must still wait for the application of more per
fect instruments, and especially for the careful registering of the
appearances of the sun by the photoheliograph of Sir John
Herschel, so ably employed by Mr. Warren de la Rue, Mr.
65
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Welsh, and others, before we can expect a solution of all the of iron and six other known metals in the sun. In noticing the
more recent discoveries in this important science, I must not pass
problems thus suggested.
Guided by the same principles which have been so successful over in silence the valuable light which chemistry has thrown
in astronomy, its sister science, Magnetism, emerging from its upon the composition of iron and steel. Although Despretz
infancy, has of late advanced rapidly in that Btage of develop
demonstrated many years ago that iron would combine with
ment which is marked by assiduous and systematic observation nitrogen, yet it was not until 1857 that Mr. C. Binks proved that
of the phenomena, by careful analysis and presentation of the nitrogen is an essential element of steel, and more recently
facts which they disclose, and by the grouping of these in gene
M. Carou and M. Fremy have further elucidated this subject;
ralisations, which, when the basis on which they rest shall be the former showing that cyanogen, or cyanide of ammonium, is
more extended, will prepare the way for the conception of a the essential element which converts wrought-iron into steel; the
general physical theory, in which all the phenomena shall be latter combining iron with nitrogen through the medium of
comprehended, while each shall receive its separate and satis
ammonia, and then converting it into steel by bringing it at the
factory explanation. It is unnecessary to remind you of the deep
proper temperature into contact with common coal gas. There
interest which the British Association has at all times taken in
is little doubt that in a few years these discoveries will enable
the advancement of this branch of natural knowledge, or of the
Sheffield manufacturers to replace their present uncertain,
specific recommendations which, made in conjunction with the cumbrous, and expensive process, by a method at once simple and
Royal Society, have been productive of such various and im
inexpensive, and so completely under control, as to admit of any
portant results. To refer but to a single instance; we have seen required degree of conversion being obtained with absolute
those magnetic disturbances, so mysterious in their origin and
certainty. Mr. Grace Calvert, also, has proved that cast-iron
so extensive in simultaneous prevalence,—and which, less than
contains nitrogen, and has shown that it is a definite compound
20 years ago, were designated by a term specially denoting that
of carbon and iron mixed with various proportions of metallic
their laws were wholly unknown;—traced to laws of periodical iron, according to its nature. Before leaving chymical science, I
recurrence, revealing, without a doubt, their origin in the cen
must refer to the interesting discovery by M. Deville, by which
tral body of our system, by inequalities which have for their he succeeded in rapidly melting 38 or 40 lb. of platinum—a
respective periods the solar day, the solar year, and, still more metal till then considered almost infusible. This discovery will
remarkably, and until lately unsuspected solar cycle of about 10 render the extraction of platinum from the ore more perfect, and,
of our terrestrial years, to whose existence they bear testimony by reducing its cost, will greatly facilitate its application to the
in conjunction with the solar spots, but whose nature and causes arts.
are in all other respects still wrapped in entire obscurity. We
It is little more than half a century since Geology assumed the
owe to General Sabine, especially, the recognition and study of distinctive character of a science. Taking into consideration the
these and other solar magnetic influences and of the magnetic in
aspects of nature in different epochs of the history of the earth, it
fluence of the moon, similarly attested by concurrent determi
has been found that the study of the changes at present going on
nations in many parts of the globe, which are now held to con
in the world around us enables us to understand the past re
stitute a distinct branch of this science, not inappropriately named volutions of the globe, and the conditions and circumstances
"celestial," as distinguished from purely terrestrial maguetism.
under which strata have been formed and organic remains im
We ought not in this town to forget that the very rapid advance bedded and preserved. The geologist has increasingly tended to
which has been made in our time in Chemistry, is due to the law of believe that the changes which have taken place on the face of
equivalents, or atomic theory, first discovered by our townsman, the globe, from the earliest times to the present, are the result of
John Dalton. Since the development of this law its progress has agencies still at work. But while it is his high office to record
been unimpeded, and it has had a most direct bearing on the the distribution of life in past ages, and the evidence of physical
comforts and enjoyments of life. A knowledge of the consti
changes in the arrangement of landaud water, his results hitherto
tuents of food has led to important deductions as to the relative have indicated no traces of its beginning, nor have they afforded
nutritive value and commercial importance of different materials. evidence of the time of its future duration. Geology has been
Water has been studied in reference to the deleterious impurities indebted for this progress very largely to the investigations of
with which it is apt to be contaminated in its distribution to the
Sedgewick, and the writings of Sir Charles Lyell. As an ex
inhabitants of large towns. The power of analysis, which en
ample of the application of geology to the practical uses of life,
ables us to detect adulterations, has been invaluable to the I may cite the discovery of the goldfields of Australia, which
public health, and would be much more so if it were possible to might long have remained hidden but for the researches of Sir
obviate the difficulties which have prevented the operation of Roderick Murchison in the Ural mountains, on the geological
recent legislation on this subject. We have another proof of position of the strata from which the Russian gold is obtained.
the utility of this science in its application to medicine; and the From this investigation he was led by inductive reasoning to
estimation in which it is held by the medical profession is the believe that gold would be found in similar rocks, specimens of
true index of its value in the diagnosis and treatment of disease. which had been sent him from Australia. The last years of
The largest developments of chemistry, however, have been in the active life of this distinguished geologist have been devoted
connection with the useful arts. What would now be the con
to the re-examination of the rocks of his native Highlands of
dition of calico-printing, bleaching, dying, and even agriculture Scotland.
Applying to them those principles of classification
itself, if they had been deprived of the aid of theoretic chemistry ? which he long since established, he has demonstrated that the
For example, aniline—first discovered in coal tar by Dr. Hoffman, crystalline limestone and quartz rocks which are associated with
who has so admirably developed its properties—is now most mica schists, &c, belong by their imbedded organic remains
extensively used as the basis of red, blue, violet, and green dyes. to the Lower Silurian Rocks.
Descending from this wellThis important discovery will probably in a few years render this marked horizon, he shows the existence beneath all such fossicountry independent of the world for dye-stuffs; and it is more liferous strata of vast masses of sandstone and conglomerate of
than probable that England, instead of drawing her dye-stuffs Cambrian age; and lastly he has proved the extstence of a funda
from foreign countries, may herself become the centre from which mental gneis3, on which all the other rocks repose, and which,
all the world will be supplied. It is an interesting fact, that at occupying the north-western Hebrides, and the west coasts
the same time, in another branch of this science, M. Taurnet has of Sutherland and Ross, is the oldest rock formation on the
lately demonstrated that the colours of gems, such as the emerald, British Isles, it being unknown in England, Wales, or Ireland.
aqua-marina, amethyst, smoked rock crystal, and others are due It is well known that the temperature increases as we descend
to volatile hydrocarbons, first noticed by Sir David Brewster in through the earth's crust, from a certain point near the surface,
clouded topaz, and that they are not derived from metallic oxides, at which the temperature is constant. In various mines, borings,
as has been hitherto believed. Another remarkable advance has and artesian wells the temperature has been found to increase
recently been made by Bunsen and Kirchoff in the application of about 1 deg. Fahrenheit for every 60 or 65 feet of descent. In
some carefully conducted experiments during the sinking of
the coloured rays of the prism to analytical research. We may con
Dukinfield Deep Mine—one of the deepest pits in this country—
sider their discoveries as the commencement of a new era in
it was found that a mean increase of about 1 deg. in 71 feet
analytical chemistry, from the extraordinary facilities theyaffordin
the qualitative detection of the minutest tracesof elementary bodies. occurred. If we take the ratio thus indicated, and assume it to
The value of this method has been proved by the discovery of extend to much greater depths, we should reach, at two-aud-a-balf
the new metals caesium and rubidium, by M. Bunsen, and it has miles from the surface, strata at the temperature of boiling water;
yielded another remarkable result, in demonstrating the existence and at depths of about 50 or 60 miles the temperature would be
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sufficient to melt, under the ordinary pressure of the atmosphere,
the hardest rocks. Seasoning from these facts, it would appear
that the mass of the globe, at no great depth, must be in a fluid
state. But this deduction requires to be modified by other con
siderations, namely, the influence of pressure on the fusing point,
and the relative conductivity of the rocks which form the earth's
crust. To solve these questions, a series of important experiments
were instituted by Mr. Hopkins, in the prosecution of which Dr.
Joule and myself took part; and after a long and laborious
investigation it was found that the temperature of fluidity
increased about 1 deg. Fahrenheit for every 500 lb. of pressure in
the case of spermaceti, bees'-wax, and other similar substances.
However, on extending these experiments to less compressible
substances, such as tin and barytes, a similar increase was not
observed. But this series of experiments has been unavoidably
interrupted; nor is the series on the conductivity of rocks entirely
finished. Until they have been completed by Mr. Hopkins we
can only make a partial use of them in forming an opinion of the
thickness of the earth's solid crust. Judging, however, alone from
the greater conductivity of the igneous rocks, we may calculate that
the thickness cannot possibly be less than nearly three times as
great as that calculated on the usual suppositions of the conductive
power of the terrestrial mass at enormous depths being no greater
than that of the superficial sedimentary beds. Other modes of
investigation which Mr. Hopkins has brought to bear on this
question appear to lead to the conclusion that the thickness of the
earth's crust is much greater even than that above stated. This
would require us to assume that a part of the heat in the crust is
due to superficial and external rather than central causes. This
does not bear directly against the doctrine of central heat, but
shows that only a part of the increase of temperature observed in
mines and deep wells is due to the outward flow of that heat.
Touching those highly interesting branches of science, Botany
and Zoology, it may be considered presumptuous in me to offer
any remarks. I have, however, not entirely neglected in my
earlier days to inform myself of certain portions of natural
history, which cannot but be attractive to all who delight in the
wonderful beauties of natural objects. How interesting is the
organisation of animals and plants—how admirably adapted to
their different functions and spheres of life. They want nothing,
yet have nothing superfluous. Every organ is adapted perfectly
to its functions; and the researches of Owen, Agassiz, Darwin,
Hooker, Daubeney, Babington, and Jardiue, fully illustrate the
perfection of the animal and vegetable economy of nature.
Two other important branches of scientific research, Geography
and Ethnology, have for some years been united in this association
in one section, and that probably the most attractive and popular
of them all. We are much indebted to Sir Boderick Murchison,
among other 'members of the association, for its continued pros
perity, and the high position it has attained in public estimation.
The spirit of enterprise, courage, and perseverance displayed by
our travellers in all parts of the world have been powerfully
stimulated and well supported by the Geographical Society; and
the preminence and rapid publicity given to discoveries by that
body have largely promoted geographical research. In physical
geography the late Baron von Humboldt has been one of the
largest contributors, and we are chiefly indebted to his personal
researches and numerous writings for the elevated position it
now holds among the sciences, To Humboldt we owe our know
ledge of the physical features of Central and Southern America.
To Parry, Sir James Ross, and Scoresby we are indebted for
discoveries in the Arctic and Antarctic regions. Geography has
also been advanced by the first voyage of Franklin down the
Copper Mine River, and along the inhospitable shores of the
Northern Seas, as far as Point Turn-again ; as also by that illfated expedition in search of a North-West passage, followed by
others in search of the unfortunate men who perished in their
attempt to reach those ice-bound regions, so often stimulated
by the untiring energy of a high-minded woman. In addition
to these, the discoveries of Dr. Livingstone in Africa have
opened to us a wide field of future enterprise along the banks
of the Zambesi and its tributaries. To these we may add the
explorations of Captain Burton in the same continent, and those
also by Captain Speke and Captain Grant, of a hitherto un
known region, in which it has been suggested that the White
Nile has its source, flowing from one of two immense lakes,
upwards of 300 miles long by 100 broad, and situated at an eleva
tion of 4000 feet above the Bea. To these remarkable discoveries
I ought to add an honourable mention of the sagacious and
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perilous exploration of Central and Northern Australia by Mr.
M'Donald Stuart.
Having glanced, however imperfectly, at some of the most
important branches of science which engage the attention of
members of this association, I would now invite attention to the
Mechanical Sciences, with which lam more familiarly acquainted.
They may be divided into theroetical mechanics and dynamics,
comprising the conditions of equilibrium and the laws of motion;
and applied mechanics, relating to the construction of machines.
I have already observed that practice and theory are twin sisters,
and must work together to insure a steady progress in mechanical
art. Let us, then, maintain this union as the best and safest
basis of national progress, and moreover, let us recognise it as one
of the distiuctive aims of the annual reunions of this association
During the last century the science of applied mechanics has made
strides which astonish us by their magnitude; but even these, it
may reasonably be hoped, are but the promise of future and more
wonderful enlargements. I therefore propose to offer a succinct
history of these improvements, as an instance of the influence of
scientific progress on the wellbeing of society. I shall take in
review the three chief aids which engineering science has afforded
to national progress—namely, canals, steam navigation, and rail
ways; each of which has promoted an incalculable extension of
the industrial resources of the country.
One hundred years ago, the only means for the conveyance of
inland merchandise were the packhorses and waggons on the then
imperfect highways. It was reserved for Brindley, Smeaton, and
others to introduce a system of canals, which opened up facilities for
an interchange of commodities at a cheap rate over almost every
part of the country. The impetus given to industrial operations by
this new system of conveyance induced capitalists to embark in
trade, in mining, and in the extension of manufactures, in almost
every district. These improvements continued for a series of
years, until the whole country was intersected by canals requisite
to meet the demands of a greatly extended industry. But canals,
however well adapted for the transport of minerals and merchan
dise, were less suited for the conveyance of passengers. The speed
of the canal boats seldom exceeded from two and a half to three
miles an hour, and in addition to this, the projectors of canals
sometimes sought to take an unfair advantage of the Act of Par
liament, which fixed the tariff at so much per ton per mile, by
adopting circuitous routes, under the erroneous impression that
mileage was a consideration of great importance in the success of
such undertakings. It is in consequence of short-sighted views
and imperfect legislation that we inherit the numerous curves and
distortions of our canal system. These defects in construction
rendered canals almost useless for the conveyance of passengers,
and led to the improvement of the common roads and the system
of stage coaches; so that before the year 1830 the chief public
highways of the country had attained a remarkable smoothness
and perfection; and the lightness of our carriages .and the celerity
with which they were driven still excite the admiration of those
who remember them.
These days of an efficiently worked system, which tasked the
power and speed of the horse to the utmost, have now been suc
ceeded by changes more wonderful than any that previously
occurred in the history of the human race. Scarcely had the canal
system been fully developed, when a new means of propulsion was
adopted—namely, steam. I need not recount to you the enter
prise, skill, and labour that have been exerted in connexion with
steam navigation. You have seen its results on every river and
on every sea; results we owe to the fruitful minds of Miller,
Symingtou, Fulton, and Henry Bell, who were the pioneers in the
great march of progress. Viewing the past, with a knowledge of
the present and a prospect of the future, it is difficult to estimate
sufficiently the benefits that have been conferred by this applica
tion of mechanical science to the purposes of navigation. Power,
speed, and certainty of action have been attained on the most
gigantic scale. The celerity with which a modem steamer, with
a thousand tons of merchandise and some hundreds of human
beings on board, cleaves the water and pursues her course, far
surpasses the most sanguine expectations of a quarter of a century
ago, and indeed, almost rivals the speed of the locomotive itself.
Previous to 1812 our intercourse with foreign countries and with
our colonial possessions depended entirely upon the state of the
weather. It was only in favourable seasons that a passage was open;
and we had often to wait days, or even a week, before Dublin could
be reached from Holyhead; now this distance of 63 miles is accom
plished in all weathers in little more than three hours. The pas
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sage to America used to occupy six weeks or two months; now it
is accomplished iu eight or nine days. The passage round the
Cape to India is reduced from nearly half a year to less than a
third of that time, while that country may be reached by the
overland route in less than a month. These are a few of the
benefits derived from steam navigation, and, as it is yet far from
perfect, we may reasonably calculate on still greater advantages
in our intercourse with distant nations. I will not here enter
upon the subject of the numerous improvements which have so
rapidly advanced the progress of this important service. Suffice
it to observe, that the paddlewheel system of propulsion has main
tained its superiority over every other method yet adopted for the
attainment of speed, as by it the best results are obtained with
the least expenditure of power. In ships of war the screw is
indispensable, on account of the security it affords to the engines
and machinery, from their position iu the hold below the waterline, and because of the facility it offers in the use of sails, when
the screw is raised from its position in the well to a recess in the
stern prepared for that purpose. It is also preferrable in ships
which require auxiliary power in calms and adverse winds, so as to
expedite the voyage, and effect a considerable saving upon the
freight.
The public mind had scarcely recovered itself from the changes
which steam navigation had caused,aud the impulse it had given to
commerce, when a new and even more gigantic power of locomotion
was inaugurated. Less than a quarter of a century had elapsed
since the first steamboats floated on the waters of the Hudson and
the Clyde, when the achievements thence resulting were followed
by the application of the same agency to the almost superhuman
flight of the locomotive and its attendant train. I well remember
the competition at Hainhill in 1830, and the incredulity every
where evinced at the proposal to run locomotives at twenty miles
an hour. Neither George Stephenson himself, nor any one else,
had at that time the. most distant idea of the capabilities of the
railway system. On the contrary, it was generally considered imposxible to exceed ten or twelve miles an hour; and our present
high velocities, due to high-pressure steam and the tubular system
of boilers, have surpassed the most sanguine expectations of en
gineers. The sagacity of George Stephenson at once seized upon
the suggestion of Henry Booth to employ tubular boilers; and that
united to the blast pipe, previously known, has been the means
of effecting all the wonders we now witness in a system that has
done more for the development of practical science and the
civilisation of man than any discovery since the days of Adam.
From a consideration of the changes which have been effected
in the means for the interchange of commodities, I pass on to
examine the progress which has been made in their production.
And, as the steam-engine has been the basis of all our modern
manufacturing industry, I shall glance at the steps by which it
has been perfected. Passing over the somewhat mythical fame
of the Marquis of Worcester and the labours of Savery, Beighton,
and Newcomen, we come at once to discuss the state of mecha
nical ait at the time when James Watt brought his gigantic powers
to the improvement of the steam-eugine. At that time the tools
were of the rudest construction, nearly everything being done by
hand, and, in consequence, wood was much more extensively
employed than iron. Under these circumstances Watt invented
separate condensation, reudered the engine double acting, and
converted its rectilinear motion into a circular one, suitable for
the purposes of manufacture. But the discovery at first made
but little way, the public did not understand it; and a series of
years elapsed before the difficulties, commercial and mechanical,
which opposed its application, could be overcome. When the
certainty of success had been demonstrated, Watt was harassed
by infringements of his pateut, and lawsuits for the maintenance
of his rights. Inventors and pretended inventors set up claims,
and entered into combination with manufacturers, miners, and
others, to destroy the pateut and deprive him of the just fruits of
his labour and genius. Such is the selfish heartlessness of man
kind in dealing with discoveries not their own, but from which
they expect to derive benefit. The steam-engine, since it was
introduced by Watt, has changed our habits in almost every
condition of life. Things which were luxuries have become neces
saries, and it has given to the poor man in all countries in which
it exists a degree of comfort and independence and a participation
in intellectual culture unknown before its introduction. It has
increased our manufactures tenfold; and has lessened the barriers
which time and space interpose. It ploughs the land, and winnows
and grinds the corn. It spins and weaves our textile fabrics. In
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mining it pumps, winds, and crushes the ores. It performs these
things with powers so great and so energetic as to astonish us at
their immensity, while they are at the same time perfectly docile,
and completely under human control. In war it furnishes the
means of aggression, as in peace it affords the bonds of conciliation;
and, in fact, places within reach a power which, properly applied,
produces harmony and goodwill among men, and leads to the
happiest results in every condition of human existence. We may,
therefore, well be proud of the honour conferred on this country
as the cradle of its origin, and as having fostered its development
from its earliest applications to its present high state of perfection.
I cannot conclude this notice of the steam-engine without
observiug the changes it is destined to effect in the cultivation of
the soil. It is but a short time since it was thought inapplicable
to agricultural purposes, from its great weight and expense. But
more recent experience has proved this to be a mistake, and
already in most districts we find that it has been pressed into the
service of the farm. The small locomotive, mounted on a frame
with four wheels, travels from village to village with its attendant,
the thrashing machine, performing the operations of thrashing,
winnowing, and cleaning, at less than one-half the cost by the old
and tedious process of hand-labour. Its application to ploughing
and tillage on a large scale is, in my opinion, still in its infancy,
and I doubt not that many members of this association will live to
see the steam plough in operation over the whole length and
breadth of the land. Much has to be done before this important
change can be successfully accomplished; brt, with the aid of the
agriculturist in preparing the laud so as to meet the requirements
of steam machinery, we may reasonably look forward to a new
era in the cultivation of the soil.
The extraordinary developments of practical science in our
system of textile manufacture are, however, not entirely due to the
steam-engine, although they are no w in a great measure dependent
on it. The machinery of these manufactures had its origin before
the steam-engine had been applied except for mining purposes;
and the inventions of Arkwriglit, Hargreaves, and Crompton
were not conceived under the impression that steam would be
their moving power. On the contrary, they depended upon water;
and the cotton machinery of this district had attained consider
able perfection before steam came to the aid of the manufacturer,
and ultimately enabled him to increase the productiou to its
present enormous extent. I shall not attempt a description of
the machinery of the textile manfactures, because ocular inspec
tion will be far more acceptable. I can only refer you to a list of
establishments in which you may examine their operations on a
large scale, and which I earnestly recommend to your attention.
I may, however, advert to afew of the improvements which have
marked the progress of the manufacturing system in this country.
When Arkwright patented his water-frames in 1767, the annual
consumption of cotton was about 4,000,000 lb. weight. Now it is
1,200,000,000 lb. weight—300 times as much. Within half a
century the number of spindles at work, spinning cotton alone,
has increased tenfold; while by superior mechanism each spindle
produces 50 per cent, more yarn than on the old system. Hence the
importance to which the cotton trade has risen, equalling at the
present time the whole revenue of the three kingdoms, or
.£70,000,000 sterling per annum. As late as 1820 the power-loom
was not in existence; now it produces about 14,000,000 yards of
cloth, or, in more familiar terms, nearly 8000 miles of cloth per
diem. I give these particulars to show the immense power of
production of this country, and to afford some conception of the
number and quality of the machines which effect such wonderful
results. Mule spinning was introduced by Crompton, in 1787,
with about 20 spindles to each machine. The powers of the
machine were, however, rapidly increased; and now it has been
so perfected that 2000, or even 3000 spindles are directed by a
single person. At first the winding on, or forming the shape of
the cop, was performed by hand; but this has been superseded by
rendering the machine automatic, so that it now performs the
whole operation of drawing, stretching, and twisting the thread,
and winding it on to the exact form, ready for the reel or shuttle
as may be required. These and other improvements iu carding,
roving, combing, spinning, and weaving, have established in this
country an entirely new system of industry; it has given employ
ment to greatly increased numbers, and a more intelligent class
of work-people. Similarly important improvements have been
applied to the machinery employed in the manufacture of silk,
flax, and wool; and we have only to watch the processes in these
different departments to be convinced that they owe much to the
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development of the cotton manufacture. In the manufacture of to remodel the navy on an entirely new principle of construction,
worsted, the spinning-jenny was not employed at Bradford until in order that it may retain its superiority as the great bulwark
1790, nor the power-loom until about 1825. The production of of the nation. A committee has been appointed by the Waroffice aud the Admiralty, for the purpose of carrying out a
fancy or mixed goods from alpaca and mohair wool, introduced
to this country in 183G, is, perhaps, the most striking example scientific investigation of the subject, so as to determine—first,
of a new creation in the art of manufacture, and is chiefly due to the best description of material to resist projectiles; secondly, the
Mr. Titus Salt, in whose immense palace of industry, at Saltaire, best method of fasteniug and applyiug that material to the sides
it may be seen in the greatest perfection. In flax machinery the of ships and land fortifications; and, lastly, the thickness necessary
to resist the different descriptions of ordnance. It is asserted,
late Sir Peter Fairbairn was one of the most successful inventors,
aud his improvements have contributed to the rapid extension of probably with truth, that whatever thickness of plates is adopted
for casing ships, guns will be constructed capable of destroying
this manufacture.
*
I miglit greatly extend this description of our manufacturing them. But their destruction will even then be a work of time,
and I believe, from what I have seen in recent experiments, that
industry, but I must for the present be brief, in order to point
out the dependence of all these improvements on the iron and with proper armour it will require, not only the most powerful
coal so widely distributed among the miueral treasures of our ordnance, but also a great concentration of fire, before fracture
will ensue. If this be the case, a well- constructed iron ship,
island. We are highly favoured in the abundance of these
minerals, deposited with an unsparing hand by the great Author covered with sound plates of the proper thickness, firmly attached
of Nature under so slight a covering as to bring them within to its sides, will for a considerable time resist the heaviest guns
which can be brought to bear against it, and be pratically shotreach of the miner's art. To them we owe our present high state
of perfection in the useful arts; and to their extended application proof. But our present means are inadequate for the production
of large masses of iron, and we may trust that, with new tools
we may safely attribute our national progress and wealth. So
and machinery, aud the skill, energy, and perseverance of our
that, looking to the many blessings which we daily and hourly
receive from these sources alone, we are impressed with devotional manufacturers, every difficulty will be overcome, and armour
feelings of gratitude to the Almighty for the manifold bounties plates produced which will resist the heaviest existing ordnance.
The rifling of heavy ordnance, the introduction of wrought-irou,
He has bestowed on us.
Previously to the inventions of Henry Cort, the manufacture and the new principle of construction with strained hoops, have
of wrought-irou was of the most crude and primitive description. given to all countries the means of increasing enormously the
A hearth and a pair of bellows was all that was employed. But destructive power of their ordnance. One of the results of this
since the introduction of puddling, the iron-masters have increased introduction of wronght-iron, and correct principles of manufac
the production to an extraordinary extent, down to the present ture, is the reduction of the weight of the new guus to about
time, when processes for the direct conversion of wrought-iron on two-thirds the weight of the older cast-iron ordnance. Hence
a large scale are being attempted. A consecutive series of follows the facility with which guns of much greater power can be
chemical researches into the different processes, from the calcining worked, while the range and precision of fire are at the same time
of the ore to the production of the bar, carried on by Dr. Percy increased. But these improvements cannot be confined to our
and others, has led to a revolution in the manufacture of iron; selves. Other nntions are increasing the power and range of their
and although it is at the present moment in a state of transition,
artillery in a similar degree, and the energies of the nation must,
it nevertheless requires no very great discernment to perceive
therefore, be directed to maintain the superiority of our navy in
armour as well as in armament.
that steel and iron of any required tenacity will be made in the
same furnace, with a facility and certainty never before attained.
We have already seen a new era in the history of the construc
This has been effected to some extent by improvements in pud
tion of bridges, resulting from the use of iron; and we have only
dling; but the process of Mr. Bessemer—first made known at the
to examine those of the tubular form over the Conway and Menai
meetings of this association at Cheltenham—affords the highest Straits to be couvinced of the durability, strength, and lightness
promise of certainty and perfection in the operation of converting of tubular constructions applied to the support of railways or
the melted pig direct into steel or iron, and is likely to lead to the
common roads in spans which ten years ago were considered
most important developments in this manufacture. These beyond the reach of human skill. When it is considered that
improvements in the production of the material must, in their stone bridges do not exceed 150 feet in span, nor cast-iron bridges
turn, stimulate its. application on a larger scale, and lead to new 2-30 feet, we can estimate the progress which has been made in
constructions.
crossing rivers 400 or 500 feet in width without any support at
In iron shipbuilding an immense field is opening before us.
the middle of the stream. Even spans greatly in excess of this may
Our wooden walls have to all appearance seen their last days; and
be bridged over with safety, provided we do not exceed 1800 to
as one of the early pioneers in iron construction, as applied to
2000 feet, when the structure would be destroyed by its own
shipbuilding, I am highly gratified to witness a change of opinion
weight.
that augurs well for the security of the liberties of the country.
It is to the exactitude and accuracy of our machine-tools that
From the commencement of iron shipbuilding in 1830 to the pre
our machinery of the present time owes its smoothness of motion
sent time, there could be only one opinion among those best and certainty of action. When I first entered this city the whole •
acquainted with the subject—namely, that iron must eventually of the machinery wa8 executed by hand. There were neither
supersede timber in every form of naval construction. The large planing, slutting, nor shaping machines, and, with the exception
ocean steamers, the Himalaya, the Persia, and the Great Eastern,
of very imperfect lathes and a few drills, the preparatory opera
abundantly show what can be done with iron; and we have only
tions of construction were effected entirely by the hands of the
to look at the new system of casing ships with armour plates, to workman. Now everything is done by machine tools, with a
be convinced that we can no longer build wooden vessels of war degree of accuracy which the unaided hand could never accom
with safety to our naval superiority and the best interests of the plish. The automaton, or self-acting machine tool, has within
country. I give no opinion as to the details of the reconstruction
itself an almost creative power; in fact, so great are its powers of
of the navy—that is reserved for another place—but I may state
adaptation, that there is no operation of the human hand that it
that I am fully persuaded that the whole of our ships of war does not imitate. For many of these improvements the country
must be rebuilt of iron, and defended with iron armour calculated
is indebted to the genius of our townsmen, Mr. Richard Boberts
to resist projectiles of the heaviest description at high velocities. and Mr. Joseph Whitworth. The importance of these construc
In the early stages of iron shipbuilding, I believe I was the first tive machines is, moreover, strikingly exemplified in the Govern
to show, by a long series of experiments, the superiority of ment works at Woolwich and Enfield-lock, chiefly arranged
wrought-irou over every other description of material in security
under the direction of Mr. Anderson, the present Inspector of
and strength, when judiciously applied in the construction of Machinery, to whose skill and ingenuity the country is greatly
ships of every class. Other considerations, however, affect the
indebted for the efficient state of those great arsenals.
question of vessels of war; and although numerous experiments
Among the changes which have largely contributed to the
were made, yet none of the targets were on a scale sufficient to
comfort aud enjoyment of life, are the improvements in the
resist more thanaG-pounder shot. It was reserved for our scien
sanitary condition of towns. These belong probably to the pro
tific neighbours, the French, to introduce thick iron plates as a vince of social rather than mechanical science; bnt I cannot omit
defensive armour for ships. The success which has attended the to notice some of the great works that have of late years been
adoption of this new system of defence affords the prospect of constructed for the supply of water aud for the drainage of towns.
invulnerable ships of war, and hence the desire of the Government In former days 10 gallons of water to each person per day was
tin

292

THE CIVIL ENGINEER AND ARCHITECTS JOURNAL.

considered an ample allowance. Now, 30 gallons is mncb nearer
the rate of consumption. I may instance the water-works of this
city and of Liverpool, each of which yield a supply of from 20 to
30 gallons of water to each inhabitant. In the former case the
water is collected from th* Cheshire and Derbyshire hills, and
after being conveyed in tunnels and aqueducts a distance of 10
miles to a reservoir, where it is strained and purified, it is ultimately
taken a farther distance of 8 miles in pipes, in a perfectly pure
state, ready for distribution. The greatest undertaking of this
kind, however, yet accomplished is that by which the pure waters
of Loch Katrine are distributed to the city of Glasgow. This
work, recently completed by Mr. Bateman, who was also the
constructor of the water-works of this city, is of the most gigantic
character, the water being conveyed in a covered tunnel a distance
of 27 miles, through an almost impassable country, to the service
reservoir, about 8 miles from Glasgow.
By this means 40
million gallons of water per day are conveyed through the hills
which flank Ben Lomond, and, after traversing the sides of Loch
Chon and Loch Aird, are finally discharged into the Mugdock
Basin, where the water is impounded for distribution. We may
reasonably look forward to an extension of Bimilar benefits to the
metropolis, by the same engineer, whose energies are now directed
to an examination of the pure fountains of Wales, from whence the
future supply of water to the great city is likely to be derived.
A work of so gigantic a character may be looked upon as
problematical, but when it is known that six or seven millions of
money would be sufficient for its execution, I can see no reason
why an undertaking of so much consequence to the health of
London should not ultimately be accomplished.
In leaving this subject, I cannot refrain from an expression of
deep regret at the loss which science has sustained through the
death of one of our vice-presidents, the late Professor Hodgkinson.
For a long series of years he and I worked together in the same
field of scientific research, and our labours are recorded in the
Transactions of this and other associations. To Mr. Hodgkinson
we owe the determination of the true form of cast-iron beams, or
section of greatest strength; the law of the elasticity of iron under
tensile and compressive forces; aud the laws of resistance of
columns to compression. I look back to the days of ourjoint labour
with unalloyed pleasure and satisfaction. I regret to say that
another of our vice-presidents, my friend Mr. Joseph Whitworth,
is nnable to be present with us through serious, but I hope not
dangerous illness. To Mr. Whitworth mechanical science is
indebted for some of the most accurate and delicate pieces of
mechanism ever executed; and the exactitude he has introduced
into every mechanical operation will long continue to be the
admiration of posterity. His system of screw threads and
gauges is now in general use throughout Europe. We owe to him
a machine for measuring with accuracy to the millionth of an inch,
employed in the production of standard gauges; aud his laborious
and interesting experiments on rifled ordnance have resulted in
the production of a rifled small-arm aud gun which have never
been surpassed for range and precision of fire. It is with pain
that I have to refer to the cause which deprives me of his presence
'and snppport at this meeting.
A brief allusion must be made to that marvellous discovery
which has given to the present generation the power to turn the
spark of heaven to the uses of speech; to transmit along the
slender wire for a thousand miles a current of electricity that
renders intelligible words and thoughts. This wonderful dis
covery, so familiar to us, and so useful in our communications to
every part of the globe, we owe to Wheatstone, Thomson, De la
Rive, and others. In land telegraphy the chief difficulties have
been surmounted, but in submarine telegraphy much remains to
be accomplished. Failures have been repeated so often as to call
for a commission on the part of the Government to inquire into
the causes, and the best means of overcoming the difficulties which
present themselves. I had the honour to serve on that commis
sion, and I believe that from the report, aud mass of evidence
and experimental research accumulated, the public will derive
very important information. It is well known that three con
ditions are essential to success in the construction of ocean
telegraphs—perfect insulation, external protection, and appro
priate apparatus for laying the cable safely on its ocean bed.
That we are far from having succeeded in fulfilling these conditions
is evident from the fact, that out of 12,000 miles of submarine
cable which have been laid since 1851, only 3000 miles are
actually in working order; so that three-fourths may be considered
as a failure and loss to the country. The insulators hitherto
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employed are subject to deterioration from mechanical violence,
from chemical decomposition or decay, and from the absorption
of water; but the last circumstance does not seem to influence
seriously the durability of cables. Electrically, india-rubber
possesses high advantages, and, next to it, Wray's comjionnd
and pure gutta-percha far surpass the commercial gutta
percha hitherto employed; but it remains to be seen whe
ther the mechanical and commercial difficulties in the employ
ment of these new materials can be successfully overcome. The
external protecting covering is still a subject of anxious considera
tion- The objections to iron wire are its weight and liability to
corrosion. Hemp has been substituted, but at present with no
satisfactory result. All these difficulties, together with those
connected with the coiling and paying out of the cable, will no
doubt yield to careful experiment and the employment of proper
instruments in its construction, and its final deposit on the bed
of the ocean. Irrespective of inland and international telegraphy,
a new system of communication has been introduced by Professor
Wheat«tone, whereby intercourse can be carried on between
private families, public oflices, and the works of merchants and
manufacturers. This application of electric currents cannot be
too highly appreciated, from its great efficiency and comparatively
small expense. To show to what an extent this improvement has
been carried, I may state that 1000 wires, in a perfect state of
insulation, may be formed into a rope not exceeding half-an-inch
in diameter.
I must not sit down without directing attention to a subject of
deep importance to all classes—namely, the amount of protection
inventors should receive from the laws of the country. It is the
opinion of many that patent laws are injurious rather than benefi
cial, and that no legal protection of this kind ought to be granted;
in fact, that a free-trade in inventions, as in everything else,
should be established. I confess I am not of that opinion.
Doubtless there are abuses in the working of the patent law as it
at present exists, and protection is often granted to pirates and
impostors, to the detriment of real inventors. This, however,
does not contravene the principle of protection, but rather calls for
reform and amendment. It is asserted by those who have done
the least to benefit their country by inventions, that a monopoly
is injurious, and that if the patent laws are defended, it should
be, not on the ground of their benefit to the inventor, but on that
of their utility to the nation. I believe this to be a dangerous
doctrine, and I hope it will never be acted upon. I cannot see
the right of the nation to appropriate the labours of a lifetime,
without awarding any remuneration. The nation, in this case,
receives a benefit; and assuredly the labourer is worthy of his
hire. I am no friend of monopoly, but neither am I a friend of
injustice; and I think that, before the public are benefited by an
invention, the inventor should be rewarded either by a 14 years'
monopoly, or in some other way. Our patent laws are defective,
so far as they protect pretended inventions; but they arc essential
to the best interests of th3 State in stimulating the exertions of
a class of eminent men, such as Arkwright, Watt, and Crompton,
whose inventions have entailed upon all countries invaluable
benefits, and have done honour to the human race. To this
association is committed the task of correcting the abuses of
the present system, and establishing such legal provisions as
' shall deal out equal justice to the inventor and the nation at
large.
I must not forget that we owe very much to an entirely new
and most attractive method of diffusing knowledge, admirably
exemplified in the Great Exhibtion of 1631, aud its successors
in France, Ireland, aud America. Most of us remember the gems
of art which were accumulated in this city during the summer of
1857, and the wonderful results they produced on all classes of
the community. The improvement of taste, and the increase of
practical knowledge which followed these exhibitions, have been
deeply felt; and hence the prospects which are nowopening before
us in regard to the Exhibition of next year cannot be too highly
appreciated. That Exhibition will embrace the whole circle of the
sciences, and is likely to elevate the general culture of the public
to a higher standard than we have ever before attained. There
will be unfolded almost every known production of art, every
ingenious contrivance in machinery, and the results of discoveries
in science from the earliest period. The tine arts, which consti
tuted no part of the Exhibition of 1851, and which were only
partially represented at Paris and Dublin, will be illustrated by
new creations from the most distinguished masters of the modern
school. Looking forwards, I venture to hope for a great success
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Another subject, which has recently attracted attention by
the terrible and disastrous conflagration in Tooley-street, Lou
don, is the extinction of fire. The powers which now exist for
this purpose, with the methods that ate adopted, would form
useful topics for consideration, and such notices as will illustrate
the most approved methods of prevention — whether by the
adoption of plans of fire-proof construction, or by the judicious
application of water—could not fail to be both interesting and
instructive. In a report written in 1844, by Mr. Samuel Holme,
on the prevention of fire in Liverpool, he gave an estimate of the
loss which had been occasioned by fires in half a century, amount
ing to the sum of £1 ,250,000, and the loss of upwards of Bixty lives.
The frequent recurrence of fire was sufficient to give Liverpool
an unenviable notoriety; but the single fire in Tooley-street,
which occurred last June, nearly doubled the total loss which
had occurred in Liverpool during a period of fifty years. Man
chester has fortunately been comparatively exempt from cala
mities of this nature. I find from the returns prepared by Mr.
Mechanical Section.
Rose, the superintendent ot the fire brigade, that from 1848 to
PrtMeM.—J. F. Bateman, C.E., F.RS.
Vice freskfmti.—Sir W. o. Armstrong, Thomas Fairbairn, Capt. Douglas Galton,
1860 inclusive, the total amount of property destroyed has been
the .Mayor of Manchester, Sir John Rennie, Rev. Dr. Robinsou, J. Scott Russell,
£8o4,373, and the total amount of property saved has been
Thomas Wel.aUr, Rev. Trof. Willis.
£5,900,364, being an average salvage of £453,874, and an average
Secretaries.— 1*. Le Neve Foster, John Robinson, Henry Wright.
Committee. —James Abernethy, J. G. Appolil, Thoo. Aston, Charles Atherton, George
destruction of property amounting to £65,721. There are pecu
Bayley, Adoiiral Sir E. Belcher, Charles F. Beyer, Capt. Blakeley, J. C. Deuius,
liarities in the means adopted at Manchester for the prevention
Capt. Dyer, Win. Fairbairn, Ja*. Fenton, Lloyd Foster, Thoa. B. Bostcr, B. Fothergill, J. Gilbert, Andrew Henderson, John Hetherington, John Hick, John Hopkinson,
of fires, which are deserving of attention. Probably this subject
W. B Johnson, A.J Macrory, sou.; James E. McUonuell, James R. Napier, James
will be alluded to in the course of the meeting; but, as having
Oldliain, John Piatt, John RaunboUom, E. J. Reed, sec. Inst. N.A. ; Richard Roberts,
been responsible for the arrangements that were adopted when
Norman Scott Rus.-^ll, 0. W. Siemens, James .Smith, W. Smith, Biudon B. Stoney,
Charles Vignolles, Joseph Whitworth, Bennett Woodcraft.
the whole piping of the city was re-organised aud extended, on
The President, Mr. Bateman, on opening the proceedings of the introduction of the new supply from Longdendale, I may per
the section, delivered an introductory address, in the course of haps be allowed to say a few words on the subject. We had
an ample supply of water, and considerable pressure, varying
which he said—
It is now nineteen years since I had the privilege of becoming from 100 to 200 feet in the centre of the city and in those parts in
which the most valuable descriptions of property were generally to
a member of this association, and of acting as one of the secre
taries of this section at its former meeting in Manchester. be found. With these advantages, it was my object to get rid of the
During that period there was a time of apathy, when for some old, clumsy, wooden contrivance called a " fire-plug," which was
years it seemed doubtful whether the section could keep itself a disgrace to the mechanical skill of the age, and to do away as
alive, and when I believe the propriety of putting an end to it far as possible with the use of fire-engines. This we have to a great
was seriously debated. Since the meetiug at Hull, however, when extent beeu enabled to do, both in Manchester and elsewhere.
our excellent president presided over the interests of this section, In those parts of the city in which protection against fire was
it has pursued a more vigorous career, and as there is no section most important, the dimensions aud arrangements of the pipes
of which the practical importance can be more fully admitted, were determined with special reference to these circumstances.
so I trust the exertions of its supporters will impart such interest In place of the old wood plug, a simple fire-cock, by which
almost instantaneous communication could be made with the
to its proceedings as will render it as attractive to the real pro
moters of science as any section of the association, and as useful water in the pipe, and to which a hose and jet could be attached,
in its results. In Manchester especially this section should be was adopted, and the fire-engines were rather used as carriages
well supported, for in this district have been or have resided or omnibuses for the conveyance of the firemen and their imple
some of the most distinguished projectors and inventors of the ments, than for actual use at a fire. Nearly every valuable
block of building in Manchester is commanded by at least a dozen
age—men whose ingenuity and labours have conferred incalcu
fire-cocks withiu 100 yards. As an illustration of the advantage
lable benefit upon the world: such men as the Duke of Bridg
water, Sir Richard Arkwrigbt, and Samuel Crompton, in days not derived, I may quote from a report on the re-arrangement of
long gone by, and whose places have been well filled by the the piping in the city of Glasgow, in which the same principles
have beeu adopted. " As an illustration of this, I may mention
inventors and mechanics of our own time.
Amongst the questions which have recently attracted popular two fires that have occurred in Manchester, one immediately
attention, and which are specially deserving of the consideration before the introduction of the fresh supply of water there and
of the mechanical men of the day, are the improvements which the adoption of the improved fire-cock, and the other after the
new system had been perfected. The first was a large warehouse
are taking place in the construction of artillery, and in the an
tagonistic work of protecting the vessels of our navy from the in Piccadilly, the property of Messrs. Wood and Westhead, which
terrible destruction to which they are exposed by the superior was burned to the ground with all its contents, the damage done
There were nine fire-engines on the
power and longer range of the guns which can now be brought to being about £90,000.
ground at work, and one idle, and, in addition, four jets from
bear against them. . . .
fire-cocks of an old construction. Upwards of 500 persons were
The anxious attention of those most interested in the manage
ment of railways was, during the late very severe winter, when employed to work the fire-engines. The other was the ware
house of Messrs. Alexander Henry and Co., in the immediate
the thermometer fell in some places 10° or 12° below zero, un
expectedly directed to the sudden and numerous fractures in neighbourhood of the first. Mr. Rose, the superintendent of the
the tires of the wheels of the carriages and engines.
Indeed, fire-brigade, informs me that there were goods in the warehouse
for some weeks, travelling by railway was exceedingly unsafe, of the value of £145,000, and that when he arrived at the
and the speed of the trains had to be generally and materially building the fire was blazing out of eighteen windowss. In less
than twenty minutes eleven jets were at work from fire-cocks
reduced. The cause of these fractures, and the best mode of pre
venting similar occurrences in severe cold, are matters of public in the streets—not more than fifty men were employed, and the
importance, and fit subjects for notice and discussion in this damage done was only £35,000: £110,000 were saved." The
section. But serious as were the dangers resulting from the great object to be arrived at is the immediate application of a
intense cold of last winter, they are as nothing to those which sufficient quantity of water at the commencement of a fire; when
appear to attend railway travelling by the excursion trains of it has once attained a powerful ascendancy scarcely any water can
the summer, for within the last few days we have been horrified extinguish it, and all that can be done by the firemen is to pre
by the accounts of two of the most disastrous accidents which vent its extending to adjoining property. It should also be borne
have occurred in this country. The prevention of railway acci
in mind that water cannot be thrown with effect either by the
dents is a fruitful subject of discussion, and one to which this pressure of gravitation or by the force-pump of the fire-engine
section may very usefully devote a portion of its time and atten
beyond a limited height, which is practically tinder 100 feet.
tion.

and a further development of the principle advocated by this
association—the union of science and art.
In conclusion, my apologies are due to you for the length of this
address, and I thank you sincerely for the patient attention with
which you have listened to the remarks I have had the honour to
lay before you. As the President of the British Association, I
feel that, far beyond the consideration of merely personal qualifi
cations, my election was intended as a compliment to practical
science, and to this great and influential metropolis of manufac
ture, where those who cultivate the theory of science may witness,
on its grandest scale, its application to the industrial arts. As a
citizen of Manchester I venture to assure the association that its
iutentious are appreciated; and to its members, as well as to the
strangers who have been attracted here by this meeting, I offer a
most cordial welcome.
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Abstract of an Investigation on the Resistance of Ships. By W. J.
Macquorn Rankine, C.E., LL.D., F.IiSS. Loud. & Edin.
This paper is a very brief abstract of the results of an investi
gation of the laws of the resistance of ships, fouuded originally
on experimental data supplied to the author by Mr. James R.
Napier, in 1857, and first applied to practice in order to fix
beforehand the engine-power required for a ship, in 1858. To
state all the mathematical details of the investigation would
occupy much more time than can reasonably be allotted to one
paper at a meeting of the British Associatiou; the present com
munication therefore will be limited to a general view of the
nature of the theory adopted, a statement of the practical rules to
which it leads for computing the power required to propel a
given ship at a given speed, an abstract of some comparisons be
tween the results of those rules and those of experiment, a state
ment of the limitations to which the application of the theory is
subject, and some general conclusions deduced from it.
I.

GENERAL VIEW OF THE THEORY.

The importance of friction as one of the elements of the resis
tance of water to the motion of a ship has long been recognised.
Colonel Beaufoy made many experiments on models, expressly
to ascertain its amount. Mr. Hawksley some years ago proposed
a formula for the resistance of vessels, consisting of three terms;
of which two—representing the effect of pressure on the bow aud
stern—depend on the area of midship section, and the figures of
the bow aud stern; while the third—representing the effect of
friction —is proportional to the wetted surface of the ship. Mr.
Bourne, in his work on the screw propeller, mentions friction as
an element of the resistance of ships, which must depend on the
girth rather than on the midship section.
It is to be remarked, however, that in all previous investiga
tions as to the friction of ships in moving through the water, the
velocity of the sliding motion of the particles of water over the
ship's bottom has been treated as being sensibly equal to the
forward velocity of the ship, and sensibly the same at every
point of the ship's bottom; whereas, in fact, it must be different at
different points of the ship's bottom,—at some points less than
the ship's speed, at other points greater; and, on an average,
greater than the ship's speed in a proportion which is greater
the more bluff the figure of the ship. No definite results are to
be expected from any comparison of experiment with a theory
which does not take account of those variations.
It is further to be remarked that the excess of the pressure of
the water against the bow of a ship above its pressure against the
stern is ouly an indirect effect of friction; for, were it not for
the loss of motive energy which takes place through friction, the
particles of water would close behind the vessel with such speed
as to exert a forward pressure exactly equal to the backward
pressure of the particles of water which are forced aside at the
bow.
The author was induced by these considerations to investigate
the theory of the friction of the water against the bottom of a
ship, taking into account the various velocities of sliding at
various points, as affected by the positions of those points and by
the figure of the ship; and making only the following assump
tion—that the agitation in the water caused by its friction on
the ship's bottom extends only to a layer of water which is very
thin as compared with the dimensions of the ship. This assump
tion enables the ratio which the velocity of sliding at any point
bears to the speed of the ship, to be expressed as a mathematical
function of the position of the point, and of the ship's figure, by
the aid of the general equations of fluid motion; and from that
function is deduced a certain integral, which expresses the work
performed iu overcoming friction over the whole wetted surface
of tin- ship, while the ship advances through a given distance,
such as one foot; and to that quantity of work the force required
to drive the ship against the friction of the water is proportional.
The mathematical investigation is tedious and voluminous, and
is reserved for a detailed paper. The exact expressions arrived
at were very complex, but were easily reduced to more simple
expressions, giving an approximation sufficient for the purpose
in view.
Upon comparing the formula thus obtained with the indicated
power of actual ships moving at known speeds, it was found that
the whole power required to propel the ships could be accounted
for by friction alone, leaving none to be accounted for by any
excess of pressure at the bow above that at the stern, except
such excess as is indirectly caused by the friction, and virtually
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comprehended in the expression for the power required to over
come friction.
II. PRACTICAL RULE FOR THE POWER REQUIRED TO PROPEL A SHIP,
WITH TROCHOIDAL, OR NEARLY TROCHOIDAL, WATER-LINES.

The first rule obtained iu a form sufficiently simple for prac
tical use was the following:—" The resistance of a sharp-ended
ship exceeds the resistance of a current of water of the same
velocity in a channel of the same length and mean girth, by a
quantity proportional to the square of the greatest breadth
divided by the square of the length of the bow and stern." The
mean girth is found by taking the mean of the girths, as mea
sured on the body-plan of the vessel, of the immersed parts of a
series of equidistant frames or cross-sections. The algebraical
expression of this rule is as follows :—

»-■£■""(■ + £)

(1)

in which R denotes the resistance of the vessel; L, her total
length at the water-line, iu feet; L, the length of her bow and
stern together, iu feet; B, her greatest breadth, in feet; G, her
mean girth under water; x2=987; c, the ship's speed, iu feet
per second; g, the acceleration produced by gravity in a
second, or 3^2 feet; to, the weight of a cubic foot of salt
water, or about 64 lb.; f, a coefficient of friction, whose value
for iron ships in a clean state, as on their trial trips, is about
'0036, or nearly the same with the coefficient of friction of water
at high speeds in cast-iron pipes.
The expression for the indicated horse-power of the engine,
deduced from the preceding formula, is as follows:—
*Rc
kfwv3
__/ , irtBi\
in which k is a coefficient expressing the ratio of the gross indi
cated power to the effective power, allowing for the friction of
the machinery and slip of the propeller. Its average value is
about 1'6; so that kf= about •00576 on an average for ships in a
clean state.
But the most convenient formula for practice is one in
which the velocity V is given iu nautical miles per hour, and
is as follows:—
B-\
,.H.P.= ^.LQ(l+_)
(3)
C being a divisor, whose value is
550X2o
115
: 48064 X kfw
— — kf ncarlv
y

(4)

or if fc/=-00576, C=20,000 nearly.
This rule, with a coefficient of resistance deduced from some
experiments on previously existing vessels, was applied in 1858
to the computation of the engine-power required to propel a
vessel then in course of construction (the Admiral); and at the
trial trip of that vessel on the 11th of June, 1808 (the particulars
of which, together with a copy of her body-plan, have been
communicated to the Committee of the British Association on
Steam-ship Performance*), the actual engine-power was found to
differ from the theoretically computed engine-power by less than
one-fiftieth part of its amount, the computed power being 758,
aud the actual power 744; and that notwithstanding that the
Admii-al difl'ered materially iu her proportions from the vessels
from whose performance the coefficient of resistance had been
deduced. The rule was afterwards applied with equal success to
fix the engine-power of other vessels built by Mr. J. R. Napier.
III.

MORE COMPREHENSIVE RULE FOR THE POWER REQUIRED
TO PROPEL A SHIP.

The rule in the form already given was deduced from a mathe
matical investigation based upon a trochoidal form of water-line;
and therefore, although it could be applied with approximate
accuracy to vessels approaching to that type, some doubt and
difficulty arose in applying it to those which deviated widely
from the trochoidal form. To obviate that difficulty, the rule was
put into another form, which, while it was identical in its results
with the original form for trochoidal water-lines, was more
readily applicable to water-lines of other shapes. The alteration
consists in this, that instead of " a quantity proportional to the
square of the greatest breadth divided by the square of the
length of the bow and stern," there is to be substituted "a
* See Report of that Committee to the Aberdeen meeting of the Association, 1859.
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quantity proportional to the square of the chord of the mean
angle of entrance of the water-lines;" it being understood that
the angle of entrance of a given water-line is the angle between
its two tangents at opposite sides of the bow, at the points where
it is most inclined to the keel; and that the mean value of that
angle is to be taken for a series of equidistant water-lines or
horizontal sections of the vessel. The algebraical expression for
the resistance now takes the following form—
t=^l.LG(l + 4sin>|)
R:

(5)

in which the symbols are the same with those already explained,
except 6, which denotes the mean angle of entrance, as already
defined. In what follows, for brevity's sake, the quantity
»
6
4 sin3 — is denoted by V1. The two expressions for the engine-

4. Multiply that resistance by the speed of the vessel in feet
per second, and by a factor (k) ascertained by experiment, to
allow for the loss of power by slip and by the friction of the
engine and propeller; the result will be the power or mechanical
energy expended in a second; which, divided by 550, gives the
indicated horse-power.
Although in most cases the coefficient of friction (/) and factor
for loss of power (k) cannot be separately ascertained, their pro
duct (kf) can always be ascertained by experiment, and this may
be called the " gross coefficient of resistance."
5. The more convenient rule for finding the required indicated
horse-power may be thus expressed: multiply the "augmented
surface" by the cube of the speed in knots, and divide by
, divisor which is found by experiment f<*
(
IV.

power become respectively
*/w03-,LCKl+*)
550 X ig

(6)

_ V3. LG (1 + b2)

(-)
The processes involved in this rule may be represented to the
iuiud as follows:—
1. Multiply together the length (L) of the vessel at the surface
of the water, and the mean girth (G) of the immersed parts of the
cross-sections or frames; this gives the area of the internal sur
face of a channel or tube of the same length and mean girth
with the vessel (LG).
2. Increase that area in the ratio of unity plus the square of
the chord of the mean angle of entrance (l-j-62), to unity; this
increase is an approximate value of the allowance indicated by
theory for the obliquity of the surface of the vessel, and for the
excess of the speed of sliding of the particles of water over
various portions of it, above the speed of the vessel. The result
of this process [LG (1+62)] may be called the "augmented
surface."
3. Compute the height from which a heavy body must fall to
acquire the speed of the ship, I— 1; multiply that height by
a coefficient of friction (f) deduced from experiment; conceive a
layer of water of the thickness resulting from the last multipli
cation to be spread over an area equal to the " augmented sur
face;"—the weight of that layer will be the resistance of the
vessel at the given speed (R).
Length. Breadth.

Example.

Mean Midship Displace
Draught. Section. ment.

1. Vulcan (paddle) ...
2. Black Swan, now
Gange (screw)
3. Admiral (paddle) ...
4. Rattler (screw)
5. Ditto
6. Fairy (screw)
7. Ditto
8. Ceylon (screw)
9. Nubia (screw)

Feet.
160

Feet.
10

Feet.
4-5

244
210
178

36-5
32
33

140

21-1

290

41

13-8
7-5
11-25
13-5
4-83
5-83
18-5

385
214
274
330
71-5
82
649

280

39-6

17-25

515

Sq. feet.
50

Tons.
140
1670
820
870
107S
168
196
3000
(nearly)
2100
(nearly)

= $•

COMPARISON OF THE THEORY WITH EXPERIMENT.

In applying this theory to experimental data, the proper course
is to compute from those data the value in each case either of
the gross coefficient of resistance {kf), or of the divisor (C) which
is inversely proportional to that coefficient; and should those
values present such variations only as can be accounted for by
ordinary variations in the efficiency of engines and propellers,
and in the condition of the vessel's bottom, the inference is in
favour of the soundness of the theory. It is necessary in every
case to have access to the plans of the vessel, and hence com
plete sets of data are less abundant than could be wished.
The formula? to be employed are as follows:—For the divisor,

V».LG(l+&3
C =
I. H. P.

for the gross coefficient of resistance,

uo
The following table gives nine examples of such calculations.
Three of them are founded on experiments made by Mr. J. E.
Napier and the author; four on published data relative to go
vernment vessels; and two ou published reports of the trial
trips of vessels belonging to the Peninsular and Oriental Steam
Navigation Company. The breadth, mean draught of water,
midship section, and displacement are given in each case, to show
the variety of forms and sizes to which the calculations relate.
The displacement ranges from 140 to 3000 tons; the proportion
of length to breadth, from 5^ to 10; the proportion of breadth to
draught of water, from 2^ to 4L The final results show the
divisor as ranging from 19,210 to 20,864, and the gross coefficient
of resistance from 00599 to '00551.

Mean girth
G

L
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LG

1+6*

Feet. Sq. feet.
2360 1-1
14-75

Augmented
Surface.
LG(l-K-)

Speed in
knots.
V

Sq. feet.
2590

14-5

Divisor.

Coefficient of
Oroas Resistance

c

¥

412

19,210

•00599

I.H.P.

40
31-5
32-5
37-5
19-0
21-5
52-4

9700
6615
5785
6675
2660
3010
15,190

1-2
1-36
1-4
1-4
1-2
1-23
1-16

"^l 1,71 2
9000
8099
9345
3192
3702
17,625

12
11-9
10-07
9-64
13-33
11-9
13-34

970
744
428
437
364
321
2054

20,864
20,385
19,300
19.370
20,770
19,435
20,374

•00551
•00565
•00593
•00593
• 0H554
•00592
•00565

48-2

13,496

1-16

15,655

12-15

1422

19,725

•00583

V. LIMITATIONS TO THE THEORT.

The theory stated in this paper is not applicable to vessels
which are so bluff at the bow and stern as to push before them
or drag behind them a mass of water full of whirling eddies; for
in such vessels the assumption already stated, that the water
agitated by friction is a very thin layer, is not fulfilled.
Neither is the theory applicable to a vessel which raises a wave
that buries a considerable proportion of her bows. This does not
occur in well-shaped vessels of the sizes to which the experiments
already quoted relate; but it may occur in models, as experiments
made by Mr. James R. Napier and the author have shown. Small
wooden models of vessels were made, of very various proportions,
the proportion of length to breadth ranging from 5 to 10. The
proportionate resistances of those models when dragged in pairs at

equal speeds were tested by means of suitable apparatus; and it
was found, that when the speed was so small as not to raise a
wave exceeding the ordinary proportion of the height of the
wave to the dimensions of the vessel in large ships (say, from
one-tenth to one-twentieth of the draught of water), the results of
the experiments exactly agreed with the theory; but when the
speed was increased until the wave buried from one-half to the
whole of the bows of the models, the resistance of the broader
model was increased in a greater proportion than that of the
narrower.
From the results of these experiments it follows, that in order
that conclusions drawn from experiments on models may be
applicable to actual ships, care should be taken not to move the '
model at a speed which raises a wave exceeding in propor-
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tionate height the wave raised by the larger vessel; and that such
may be the case, the velocities of the model and of the ship
should be proportional to the square roots of their linear dimen
sions. For example, the models already mentioned were of about
one-hundredth part of the linear dimensions of the vessels that
they were intended to represent, and when dragged at one-tenth
of the speed of those vessels, or less, their resistance followed
the same laws, but not otherwise. This conclusion is common to
the theory of the present paper, and to Mr. Scott Russell's wave
theory.
The effect of such waves as have been here referred to on the
resistance might be taken into account by means of a supple
mentary theory, provided a sufficient number of experiments had
been made on the large scale to determine the necessary data; but
in the experiments on the large scale quoted in this paper, the
resistance due to the wave at the bow seems to have been insen
sible, or to have been balanced or nearly balanced by the pressure
of the wave at the stern. This balanced action is to be expected
in vessels whose lengths, as prescribed by Mr. Scott Russell, are
equal, or nearly equal, to the lengths of waves travelling with the
same speed.
VI. DEDUCTIONS FROM THE THEORY.

The approximate expression for the resistance may be divided
into two terms, one of which is increased and the other dimi
nished, by increase of length. For a vessel of a given size and
type, there is some proportion of length to breadth which makes
the resistance a minimum. To determine that proportion
exactly by the method of maxima and minima would be a process
of extreme complexity and difficulty; but from a series of approxi
mate calculations made by way of trial, it would appear to be
not very far from that of 7 to 1 : a conclusion in accordance
with that which some authorities on shipbuilding have deduced
from practical experience. It appears further, that of two vessels
which deviate equally in opposite directions from the best pro
portion, the longer has less resistance than the shorter: this
conclusion also agrees with practical experience.
If, as the comparison of the theory with experiment seems to
show, the resistance of a vessel is proportional to what has been
called the "augmented surface," it is the area so designated, and
not the midship section, which should regulate the areas of
paddles and screws.
The results of the investigation described in this paper tend to
prove that friction constitutes the most important part, if not the
whole, of the resistance of ships that are well-formed for speed;
and that its amount can be deduced with great precision from the
figure of the ship by the aid of proper mathematical processes.
On this, as well as on other accounts, it is to be desired that the
data which are collected by the Committee of ,the British Asso
ciation on Steam-ship Performance should be accompanied as far
as possible by drawings of the ships' lines: at all events, by the
" body plans," from which the forms of water-lines can easily be
constructed when the distances between the frames are known.
Appendix.
(Added since the meeting of the Association.)
Comparison between the published Plans of two Sailing Yachts, theThcm.it
(formerly Titania) and the A merica.
Themis.

Amkrica.

Tonnage, builders' old measure
...
...
...
99
210
Area of horizontal section at load water-line in sq. feet 1180
1280
Greatest breadth at load water-line in feet ...
...
19
22
L; feet (length at load water-line, including stem and
rudder
84
92
G; feet (mean girth)
27
25
1-H2
113
111
"Augmented surface," LG(1 +6'); square feet
... 2563
2556
Midship section; square feet ...
...
...
...
90
99
The tonnage by builders' old measurement is stated, because it is
usual to consider it as an indication of the capacity of yachts to
carry sail. In the present instance it greatly exaggerates the
difference between the vessels in that respect; for the smallness
of the tonnage of the Themis is caused by the great rake of
her sternpost, from the foot of which the length for tonnage,
b.o.m., is measured. Had she an upright sternpost, like the
America, her tonnage, b.o.m., would be about 122.
The area of horizontal section at the load-water-line is
given; because the capacity to carry sail, though not simply pro
portional to that quantity, is to a great extent dependent on it.
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The greatest breadth at the load-water-line is given for a similar
reason.
From this comparison it appears, that while the capacity of the
America to carry sail is considerably greater than that of the
Themis, the " augmented surfaces " of the two vessels are sensibly
equal (the difference of 7 square feet being within the limits of
errors of measurement); so that the America, according to the
theory, ought to be the more speedy vessel, notwithstanding her
greater midship section : a result in accordance with that of the
well-known trial of speed of those yachts.
The comparative greatness of the mean girth G in the Themis
is caused mainly by the very hollow form of her cross-sections.
If they were nearly triangular, like those of the America, the
mean girths of those vessels would be nearly equal.

On Iron Construction, with Remarki on the Strength of Iron
Columns and Arches. By F. W. Sheilds, M. Inst. C. E.
It is almost needless to expatiate on the great and rapid
development which the use of ironwork has received, within a
few years preceding the present meeting. In bridge work, the
ancient structures of masonry,—in roofing, the employment of
wooden framing,—and in shipbuilding, the use of timber both in
the naval and mercantile marine, are being gradually superseded
by a material eminently possessed of the qualities of strength,
durability, and cheapness, for engineering construction. Nor
are these effects confined to England alone, for the employment of
British iron for such purposes has now become well-nigh
universal. In fact, it appears almost anomalous, that iron for a
bridge or other construction, manufactured in this country and
conveyed abroad at considerable cost, should supersede, with
economy and advantage, in Australia, India, Russia, or Spain,
the materials indigenous to the country and found abundantly
on the spot; and this when iron is more costly in itself than the
materials of wood and stone which it supersedes.
This apparent contradiction is explained by two causes—1st,
that iron possesses, size for size, much greater strength than any
other substance in general use; and, 2nd, that it possesses
eminently the capacity of being manufactured in such variable
shapes and sizes as the nature of the case may require;—so that
sufficient material may be supplied in each part ot the structure
to meet the stress or strain upon that part, without any being
wasted or lost to use.
Under these circumstances, an iron construction of many parts
accurately proportioned for its purpose, should, when loaded to
the point of fracture, have every part strained to the full extent
of its resisting power. If some of its parts be increased in
scantling beyond this proportion, such increase will add nothing
to the strength of the structure as a whole, which is limited by
the strength of its weakest part, and will only involve the addi
tion of useless weight and expense to the construction. It followB
therefore, that the designer of iron structures should possess, not
only the workman's practical knowledge of the material with
which he has to deal, but should be peculiarly acquainted with
the scientific and mechanical principles -by which the strains on
each part are found, so as to enable him to apportion correctly
the scantlings for those parts.
The object therefore of this paper is to call attention to the
necessity for a greater diffusion amongst practical men dealing
with ironwork, of a knowledge of the mode of calculating the
strains upon the usual constructions to which iron is applied.
Nor is economy the only consideration which urgeB the necessity
for progress in this respect. In a framing, where the strains are
transmitted from one portion to another throughout the struc
ture, the insufficiency of one part may easily compromise the
stability of the whole ; and the element of safety enters largely
into the consideration of the question in this view.
It will not be attempted in this paper to recapitulate the
scientific principles in question, which the author of these re
marks has recently ventured to lay briefly before the public.
It is conceived, however, that it may be acceptable to state the
conclusion to which experience has led him as to the practical
amount of loading which may be laid upon iron columns and
arches; the results of which he has not previously made public.
IRON COLUMNS.

The foregoing remarks have had reference to framed and other
structures of comparatively complicated character, with strains
varying both in nature and in amount: but in the simple con
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struction now alluded to it is believed that practice affords the
best guide. The author's professional engagements in the con
struction of the Crystal Palace at Sydenham, and other works,
have given him much opportunity of ascertaining the amount of
load which cast-iron columns will sustain with safety. In his
practice accordingly the following rules are adopted as the basis
of calculation of their strength—the columns being supposed of
good construction, with flat ends, and with base plates at their
bearings.
For hollow columns of 20 to 24 diameters in length, columns
may be loaded with
If cast J in. thick or upwards, 2 tons per sq. in. sectional area of column.
»»
»

h
«

»
»

i>
>>

If
1»

,,
>>

,»
>i

,,
»

For columns of 25 to 30 diameters in length,
K | inch thick or upwards ...
...
... 1| tons per square inch.
t
,,
„
...
...
... 14
„
„
J
»
»
It
11
i>
The cause of the modifications of loading from varying thick
nesses is, that thin and light columns are more liable to fracture
from inequalities of casting and from accident, and should there
fore be less loaded in proportion than those of greater thickness.
IRON ARCHES.

In the apportionment of iron to meet the strain or thrust of
an arch, it ia usual amongst engineers to allow about 2^ tons
of thrust or pressure to each sectional inch of cast-iron ; and
4 tons of pressure to each sectional inch of wrought-iron.
Independently of the compression of the arch, it is advisable in
very flat arches to consider the flat central portion as a girder,
nnd to give to its top and bottom such flanges as a simple beam
of its length and depth would require. Thus, in an arch forming
a curve of 300 feet radius, which the author had recently to
design, the central portion of 70 feet was considered as an inde
pendent girder, and treated in this manner.
In bringing these brief remarks to a close, it may be stated as
their object, to promote a general knowledge of ruling principles
in a subject of ever-growing importance.

Patent Tribunals. By W. Spence.
The number of patents in force on the 1st of July last was
about as follows:—
Under the Old Law
2,586
Under the New Law—
Patents under 3 years old
5850
Ditto over 3 years and under 7 years 3850
Ditto over 7 years and under 1 i years
400
10,100
12,686
Thus, speaking in round numbers, it may be said there are
12,000 patents now in force; and the amount of property repre
sented by this number of patents (which is continually increasing)
is surely of sufficient value to entitle it to consideration. When
therefore we turn to the existing tribunals for trying conflicting
rights, and find that, according to the testimony of the judges
themselves, they are most defective, it becomes a serious question
for patentees to consider whether some remedy cannot be pro
vided by which patent property may be rescued from its present
state of insecurity. Undoubtedly there are inherent difficulties
in settling patent questions, but this is no reason why obvious
and acknowledged defects in the existing tribunals should be
allowed to continue without any effort being made to remove
them. The strong language used by the judges in condemnation
of the ordinary mode of trying patent cases is also worthy of
notice, as showing the impossibility of working the system satis
factorily.
I think the chief objection to the preseut system lies in the
mode of initiating the trial by a scientific contest of professional
witnesses. The adoption of this plan has naturally increased the
artificial character of the pleadings, the uncertainty of the case to
which the court has to apply the law, and the difficulty for the
jury of disentangling the facts from the technical science. Mr.
Grove, in an article in the Jurist in the early part of last year,
alludes to this defect in the following terms:—
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" A plaintiff patentee has all at Btake—an alleged infringer compara
tively little: the former therefore is provided with an array of counsel and
scientific witnesses, which gives him an immense advantage when sub
jects are discussed unknown to the majority of judges and jurymen. The
case is shaped adroitly, and the minds ol the jury are generally
moulded into the groove laid down by the advocate for the plaintiff,
without being at all conscious of it. The cases generally last so long,
that in spite of every desire to do justice, weariness prevents proper
attention to the defendant's case, all that is interesting m the scientific
questions having been already exhausted; and ultimately the counsel for
the plaintiff has a general reply."
Then, after mentioning the advantage to the plaintiff of an
opening and reply by counsel, be adds—
"On the other hand, as against the plaintiff, it not unfrequently
happens that a patent for a valuable invention is upset by an unforeseen
defect in the specification."
According to Mr. Grove, whose well-known ability and
experience entitle his observations to attention, it would appear
that the present mode of procedure enables a plaintiff, who has
sufficient capital to devote to a trial, to gain a considerable
advantage by extending his case, by the aid of an imposing array
of counsel and scientific witnesses, to the point of producing
weariness in the court and jury. This is one aspect of the case;
but then another is that a plaintiff patentee has to choose between
the course described and that of running a great risk of detriment
to his patent right by an adverse verdict. It is the custom for
defendants to organise an attack upon the plaintiff's patent with
the same combined force of counsel and scientific witnesses; and
the plaintiff therefore finds himself compelled to protect his
patent at great expense, so as to cover every point of attack as
far as he can foresee it. Besides, a plaintiff patentee has too
frequently to encounter the combined force of a confederacy of
defendants, whose common purse enables them to carry on the
warfare with crushing effect. But there is no meanB of placing
any effectual check on abuses of this kind: they are fostered by the
present system. To use Mr Grove's words, " Great defects
exist in the trial of patent cases, some of which are incident to
other forms of litigation, but some are peculiar to patent cases."
Then, besides the defects referred to, there is the enormous
sacrifice of time involved, first in getting up a case, and then in
waiting to have it tried. This and the actual expense of a trial
render it impossible for many patentees to protect their patents
against infringement. So that, without prolonging any remarks
on the defects in patent tribunals, it may be assumed that there
is an absolute need of radical improvement in them, so as to give
to patent property a reasonable amount of security; and we
have seen that the amount of property at stake is so great as to
render its adequate protection a matter of considerable social
consequence.
In adverting to the remedy for the evils, I intend to examine
Mr Grove's suggestion, and to point out in what respect I agree
with him and in what I differ from him: then I shall offer some
suggestions of my own. Mr. Grove says—
" My idea is, to have a court for advising the Crown on the grant > 'f
letters patent, for fixing the term for which they should be granted, for
trying patent causes, and for examining and reporting on applications for
prolonging the monopoly. The idea of a special court for trying patent
causes is not new, it has been frequently discussed, and viewed with
favour by many members of the bar; it has been alluded to by judges
from the bench, and has been not unfavourably regarded by patent agent",
attorneys, and others conversant with patent cases. I would, however,
give such a court jurisdiction beyond that of merely trying patent causes;
1 would transfer to it the functions exercised at present by the attorney
and solicitor general, with enlarged powers, or rather with the intention
that the court should exercise the |>owers now vested in the law officials
of the Crown in a more judicial and less ministerial manner."
Mr. Grove's plan (as may be gathered from this and other
portions of his article) consists of three branches of judicial labour.
First, fixing the term for the patent. Second, trying patent
causes. Third, reporting on applications for prolongation of the
term of patent right As to the first branch, I do not agree with
Mr. Grove. He proposes that every application for a patent
should in the first instance be referred to the new court, and that
" the claims should be heard upon petition in open court, where
any oppouent should also be heard, and the merits of the invention
thus discussed as far as they could be at such a stage." Instead of
the provisional specification being as now a sealed document, it is
proposed to make it public as soon as it is deposited; and instead
of the patent being granted as now on mere application, at the
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entire risk of tbe applicant (unless it be opposed), it is proposed
to give the court a discretion as to the granting of a patent at
all, and in any case to fix the term of the patent right according
to what shall appear to the court to be the merit of the invention.
The great difficulty as it appears to me in the exercise of such
a function by a court, is the embryo state of the invention at the
time of the original application for provisional protection. Mr.
Grove appears to have some sense of this difficulty by his
inserting the qualification expressed in the words " as far as they
could be at such a stage" with reference to the preliminary dis
cussion of the merits of the invention. But the difficulty is more
likely to be brought home to the mind of a patent agent than of
a barrister, because apatent agent is ordinarily consulted on inven
tions prior to a patent being taken out, and he suggests the form
of provisional specification adapted to secure the essential parts of
the invention, reserving the subsidiary parts to be determined by
experiment in time to be inserted in the final specification ; whereas
the barrister is seldom consulted except upon the final specifica
tion or after this has been filed. The patent agent is necessarily
more familiar with inventions in what I have called their embryo
state than the barrister, and this is probably the reason why
patent agents oppose the opening of provisional specifications to
the public before the final document has been filed, while barristers
are found to advocate it. From my own experience of patents,
I am convinced that many inventions of merit cannot be duly
appreciated before experiment, and that their merits could not be
discussed at all at the stage proposed, with a view to determining
whether they were worthy in the eyes of a court of being pro
tected by patents.
I altogether doubt the practicability of the following sugges
tions of Mr. Grove:—
" In considering the question of what was the subject of a patent, the
court would not, if it did its duty, take the narrow ground hitherto
adopted, and aay that everything was a proper subject for a patent which
was new, in the sense of no one having practised it before, and of its
having some, though ever so little, utility: it would look to substantial
merit, to inventions which promised efficient service to the community,
and adjudge accordingly. It might possibly, in rare cases, reject a
meritorious invention, but this would be less injurious than the present
state of doubt and confusion. By having the power of naming the time
for which letters-patent should be granted, the monopoly would liear a
proper relation to the merit of the invention."
I doubt the practicability of the court choosing out of the mass
of inventions with anything like accuracy those " which pro
mised efficient service to the community," and assigning to them
their respective values so as to give to each a term of patent
right which would bear a proper relation to the merit of the
invention. Mr. Grove meets the supposed objection that " the
court would, as the attorney or solicitor general do, grant all
demands, or so large a number of them as to make it hardly
worth while to have the discretion vested in it," by referring to
the mode in which the Judicial Committee of the Privy Council
have been in the habit of exercising their discretion with respect
to prolongations of patents. But this I submit is quite a diffe
rent case. Patents are fourteen years old when presented to
the committee, evidence of their practical utility and inadequate
remuneration is produced; and the practice has been simply to
ascertain whether any case of hardship on the patentee exists,
and if so, to grant a prolongation of the term, but if otherwise,
to refuse it.
The exercise of a discretion of this kind is as different from
that proposed as a retrospective decision is from a prospective.
In the one case there exist data on which to found a judgment,
while in the other many points require to be settled by experi
ment before any accurate judgment can be formed. Then there
i- a very serious objection to the plan in the time the investiga
tions would occupy. At present there are three thousand appli
cations for patents in a year. How long would it take to
dispose of these so as to give to each the attention which is
implied in hearing a discussion of their respective merits, with
a view to the exercise of a discretion to the extent of withhold
ing a grant or of proportioning the length of its term to the
value of the invention ?
On the foregoing grounds, with others, I venture to doubt the
practicability of any plan of preliminary investigation of the
merits of inventions before granting patents, whether in the
form proposed by Mr. Grove or in any other form that I have
known to be suggested. Preliminary investigation can only be
ied to check irregularity of practice. But I pass now to the

[Oct. 1, 1861

second branch of judicial labour proposed to be assigned to the
court—that of trying patent causes.
Here I am happy to find reasons for accepting the statements
of Mr. Grove, and it is undoubtedly a satisfaction to my mind to
feel that the cause of a special tribunal for trying patent causes
has the benefit of so able an advocate. I quite agree with him
that " the judges of the new court should be chosen from prac
tising barristers of a certain standing."
I also admit that
" nothing qualifies a man for testing the truth in judicial inves
tigation so well as practice at the bar." Mr. Grove's quali Bed accep
tance of the suggestion of a scientific assessor to sit with the judge,
appears to me likewise to be correct. The judge ought to be un
fettered, and alone responsible for the conduct of the case; and
therefore in those cases in which it was advisable to afford him
scientific aid, the scientific man or men called to aid him should be
subject to his control. I think with him that it would be better
for the judge to "have power, as the law officers now have by
section 8 of statute 15 and 16 Vict. c. 83, to call in occasional
aid," than to appoint a permanent assessor. Mr. Grove makes
the following valuable remarks on the probable working of the
court:—
"In trying patent cases the court, by having its entire attention
directed to scientific matters, would be able to deal more satisfaetorily
with scientific witnesses, woulde detect their fallacies and apprciate their
Bound evidence, and thus be able to unveil the truth to a jury with more
Buccess, lie it said with all respect, than judges who have only occasionally
to devote their minds to a class of subjects requiring a peculiar apprentice
ship fairly to master them. The court would analyse matters of fact,
leaving them to a jury, so as to do away in some degree with the advan
tage gained by the more skilful advocate. The discretionary power of
granting new trials in the han<ls of such a court would be of great advan
tage. All the interlocutory matters, such as the settling particulars of
breaches and notices of objections, would be more fully gone into and
more satisfactorily settled by such a court than they are in the present
scramble before a judge at chambers."
All barristers of experience in patent trials know the trouble
of settling particulars of breaches and notices of objections, and
I think they would bear out Mr. Grove's remark in character
ising the present proceedings before a judge at chambers as a
"scramble" The following additional remarks of Mr. Grove
on the probable working of the court are also worthy of
attention:—
' ' Questions of disclaimer and memoranda of alteration would l>e fully
and openly discussed before the court, and the publicity of these matter*
would not only have its recognised effect of compelling the court to give
the fullest and most careful attention to the questions on this head
brought before it, but would enlighten those sections of the publicinterested in the patents discussed, as to the real merits of the patentees.
These discussions would have the proper effect of giving increased
stability to meritorious, and of exposing frivolous patents."
Mr. Newton has repeatedly drawn attention in his journal to
the defects in the present mode of administering this part of
patent law; and to me it has appeared to be the most defective
part of the functions of the law officers, arising no doubt from
the little time which they have at command for the purpose,
compared with tbe great amount of attention which some points
connected with disclaimers and memoranda of alteration require.
It is probable that the proposed court would do much towards
remedying the defects in this part of the administration of the
law.
Mr. Grove also says:—
" The court would have the powers now vested in the law officers of the
Crown, in the judges trying patent causes, and hearing arguments on
them in banc, and in the Judicial Committee of the Privy Council."
By this arrangement there would be a consolidation of the
functions of the present separate authorities, which would in all
probability have a tendency to give strength and consistency to
the proceedings: besides, it would avoid the necessity of apply
ing to different courts, with the risk of opposite decisions,
thereby incurring useless expense. The argument of the Lord
Chancellor with reference to the Bankruptcy Bill appears to me
to be applicable also to such a court as this, wherein he speaks

of
"The benefit that would result from the establishment of an all-suffi
cient tribunal, that would be able to administer justice in all its branches,
and would set the example of a court competent to discharge its duty
without dancing the suitor to and fro, to enable hhn to get a fragment of
justice in one place and another fragment elsewhere."
The same learned authority said—
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" We in England suffer under evils which have grown up from the
fact that a great portion of justice is administered by one tribunal, and
another equal or larger portion of justice is administered by another; the
tribunals being frequently antagonistic and opposed to each other: so that,
in point of fact, justice is constantly elaborated by a system of counter
processes."
This remark might be abundantly illustrated by a reference to
the history of many patent cases, and who will doubt the ano
maly of such a state of things? Hence it will appear that
Mr. Grove's proposed court would possess an element of strength
in its concentration of jurisdiction.
Having thus shown iu what respects I differ from Mr. Grove,
and in what respects I agree with him, I will now proceed to
offer a few suggestions of my own. On this point it is difficult
to avoid repeating myself in a manner that may be considered
tedious by some who may have read portions of my letters in the
Engineer. I do not however propose going over much of the
ground traversed in those letters, but will content myself with
making a mere allusion to my leading purpose in writing them,
and a few remarks in connection therewith.
I have all along contended that the chief requisite in a good
patent tribunal is an efficient means of interpreting the specifi
cation at the outset of the proceedings, and that the present
tribunal does not supply this—hence its great defect I am
ready to admit that the specification does eventually get an in
terpretation under the present system of trial, but that is usually
not until, after several years of litigation, the case arrives at the
House of Lords, the highest court of appeal. The objection to
the existing mode of investigation is that it is too circuitous.
There is often indeed a great show of precision in language,
while there is really a wide divergence from the essential matters
of the specification. The counsel and scientific witnesses have a
natural tendency to twist the language of the document to suit
their particular purposes. Then there is all the by-play and
mancsuvring to produce an effect on the jury. All this comes
in the way of an interpretation of the specification. It would
occupy too much time to illustrate these points by referring to
cases. I will only refer to Heath's case, which has been so fully
reported and commented on by Mr. Webster, who remarks
thus:—" A considerable degree of uncertainty is unfortunately
an incident of the legal proceedings necessary for the mainte
nance and protection of property in inventions; but Heath's is a
most remarkable case of such uncertainty." In this case the
claim in the specification was thus expressed negatively:
" Not the use of any such mixture (the particular mixture de
scribed) of cast and malleable iron, or malleable iron and car
bonaceous matter, but only the use of carburet of manganese in
any process for the conversion of iron into cast-steel." The
claim was also thus expressed positively: " The employment of
carburet of manganese in preparing an improved cast-steel."
Now in this case the patentee was non-suited in the Court of
Exchequer, on the double ground of the elements of carburet of
manganese being so much cheaper than the composite substance
as to make it a new invention, distinct from that of the patent,
and of the insufficiency of the evidence to prove the formation of
carburet of manganese during the process of using the elements,
so as to bring the alleged process within the terms of the
claim.
The specification in this case seemed to be used as a subject
for the trial of logical exercises. Looked at from one point of
view it was shown to mean one thing, and from another point
of view another thing. But what was held to be its real mean
ing is not stated: we are left to gather this from the terms of the
non-suit, which are unfortunately ambiguous. The assertion that
the use ot the elements was a new invention, on the ground of
its comparative cheapness, seems to imply that the specification
was held to include only the more expensive mode of using the
composite substance previously prepared. There seems to be no
clear distinction drawn between a difference in degree and a diffe
rence in kind. The one passes into the other (it seems to be said) at
a certain point, but where we are left to guess. Then the other
ground of the non-suit seems to imply that the specification was
held to cover the formation of carburet of manganese per se—
otherwise what could it matter whether it was formed or not, as
it was confessedly not formed in the manner directed in the spe
cification.
Hence it appears that no clear opinion as to the
specification was pronounced by the non-suit.
On the first
ground the document seems to be declared to be confined to the
use of carburet of manganese in the expensive mode—that is as
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a composite substance previously prepared; on the second ground
it seems to be declared to cover the use of carburet of man
ganese in any manner, that is as extending to the elements. And
then, if this point of the two conflicting constructions of the
document be followed throughout the whole of the decisions
(ten in number) it will be found that such ten decisions were
respectively governed by the particular side of the alternative
that happened to be adopted. One class of opinions (adopted by
seven judges) construed the specification as covering the use of
carburet of manganese without limitation, and affirmed the in
fringement of the patent by the use of the elements; the other
class, adopted by four judges and two law lords, construed the
specification as limited to the use of the composite substance
previously prepared, and declared that the use of the elements
was no infringement.
Now the important question of principle in the trial of patent
causes—illustrated by this slight reference to Heath's case—is,
that the conclusion of the case is governed by the opinion formed of
the specification, and this principle is universally applicable in
patent cases. Hence the proper test of sufficiency to be applied
to a patent tribunal is this,—What means of interpreting the
specification does it possess ? The precise form of constitution
for the court is comparatively unimportant provided it possess
the means of interpreting specifications readily and accurately. I
think that, whatever form were adopted in the first instance, it
would have to be modified as the work on the hands of the
court increased; therefore it is advisable as a preliminary mea
sure, to adopt as simple a form of tribunal as is compatible with
the end in view. The machinery can always be increased.
I would thus suggest as an experiment the mode of trial
adopted in the case of Wheeler v. Turner. In this case the parties
agreed to refer the matter to a patent agent chosen by each party,
who before sitting as arbitrators were to choose an umpire. The
arbitrators and umpire had the case laid before them at two
sittings of about four to five hours each, at which they took
notes of the evidence separately. They then adjourned over a
day in order to look over their notes, and afterwards met and
disposed of the case. The form of proceeding was, to take a deed
of agreement, previously arranged by the solicitors of the parties,
simply stating the issue to be tried, as the basis of the investiga
tion, and then to examine the case submitted by each party with
reference to its bearing on the questions required to be answered
by the arbitrators. The case for each party was stated by coun
sel, who abstained from introducing irrelevant matter, and
avoided " topics of prejudice " and mere speech-making.
No
professed scientific witness was examined, the arbitrators not
standing in need of any such help; so that the usual consumption
of time in bringing out and answering hypercritical statements
on the specification was avoided. The evidence was exclusively of a
practical nature, the witnesses were all men practically acquainted
with the manufacture in question, either as workmen or as
directors of work; not accustomed to the practice of giving evi
dence, and therefore amenable to the control of counsel. And
it did not appear all through the investigation that any point of
importance bearing on the science of the case failed to be elicited
from want of power in the examiners to reach the full meaning
of the witnesses: so that the arbitrators had full confidence in the
evidence as it appeared on their notes. It will be easily under
stood by anyone who has had any experience of the labour and
expense in time and money to the parties in ordinary trials how
much was saved by adopting so comparatively simple a mode of
settling a patent case.
The only question is as to the quality of the decision in such a
case as this. It may be asked, what security is there that good
arbitrators can be found ? Probably Mr. Grove would have some
doubts on this point, for he says:—
" The large majority of those who have had opportunities of seeing or
trying the difference between what is termed a lay arbitration and a legal
one, will need no argument to convince them of the superiority of the
latter, ' cuique in sua arte credendum ' ; and few, if any, professions
require such training, moral as well as intellectual, as does that of an
advocate or a judge."
Now, I have endeavoured, in letters published in the Engineer,
to answer various objections to arbitration in patent cases, I will,
therefore, at present only refer to Mr. Grove's objection in
particular, which it appears to me may be answered by claiming
for the arbitration in the case of Wheeler v. Turner just described
the quality which he contends for as essential. The arbitrators
were professionally trained in the law and practice relating to
67
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patents.
They were adjudicating in their own art, and were
therefore to be believed.
The only valid objection that I am aware of to such arbitra
tions, is the difficulty of getting the parties to consent to a proper
reference. The case of Wheeler v. Turner was the unusual one of
both parties requiring merely a settlement of their just claims. If,
however, a few reasonable parties would set the example, and the
cases so tried were fully reported, patentees would probably be
led to realise the advantages of such a mode of trial, not only in
point of economy, but also in point of clearness and intelligibility
in the settlement of rights. Then the courts of law might in
time be brought to see the advantage of referring questions
on specifications to arbitrators properly chosen, whose interpreta
tion of the document they might accept as the basis of their
own determination of legal rights between parties.
In this
way it might be possible to arrive at the best form for a
permanent special court. It is time, however, that my remarks
should be brought to a close, although many points have been
necessarily omitted, and others treated too briefly to convey
an adequate idea of my meaning to persons who have not
given much time to the consideration of the subject. Still, I
trust enough has been said to form a basis for useful discus
sion; I will, therefore, in conclusion, shortly recapitulate the
several points submitted.
The amount of property invested in patents, of which there
are at this time about twelve thousand in force, surely entitles
it to be rescued from its present state of insecurity, arising
from the defects in patent tribunals, not only confessed but
frequently dwelt upon by the judges, who, evidently feel that
patents have outgrown the capabilities of the present system
of trying them. They are, confessedly, too special to be
properly dealt with by the ordinary legal machinery. Mr.
Grove, as a lawyer, eminent in science, and in the knowledge
of patents, sees so many defects in the present system, that he
strongly recommends the establishment of a Bpeeial court for
trying patent causes, the judges of which by confining their
attention to patent cases would acquire power to deal with
them effectually.
But then, his suggestion is clogged with
what appears to me an impracticability in one of its branches, that
which refers to the preliminary investigation of inventions, for
the purpose of determining whether or not they are worthy
of patents, and if so in what proportions their merits are to be
acknowledged in the length of the term of patent right allowed.
In all but this feature I think Mr. Grove's suggestion valuable,
especially in his consolidation of legal authority. Still, I think,
the precise form of the court may be varied, so long asit possesses
the means of readily and accurately interpreting specfications.
Hence it seems advisable to try a simple form of arbitration like
that described, as an experiment, with a view of determining what
would be the best mode of securing a ready interpretation of
specifications and settlement of rights, in order that eventually
powers might be given to enforce acquiesencein a reference to arbi
trators or to a special court from the courts of law. I will only add
that, as a patent agent, I have naturally felt a desire to do all in
my power towards finding a remedy for the acknowledged defects
in the administration of patents, which desire is equally felt by
other members of my profession, who with myself hold it to be a
duty incumbent upon us to seek to place patent law on as efficient
and permanent a footing as possible.

On the Application of Workshop Tools to the Construction of Steam
Engines and other Machinery. By J. Robinson.
In treating the subject of workshop tools, or, as they have been
less technically described, " machines for making machines," it
had been first intended to trace in a brief manner the history and
progress of these machines from an early date to the present time;
but it was subsequently decided to limit the scope of this paper
to a recent period, during which, the rapid progress made in the
adaptation of steam-engines and machinery to the purposes of
locomotion and almost every branch of manufacture and agri
culture has stimulated the energies of mechanical minds to dis
cover and apply the means, not only of keeping pace with the con
stantly increasing demands made upon them, but also of treating
in a commercially remunerative manner the ponderous masses
of metal required for our steam marine, and other cognate
branches; while they have at the same time been obliged carefully
to keep in view the best mode of obtaining the accuracy needed
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in the application of constructive machinery to those minute
details which have been until lately attempted only by manml
labour.
LATHES.

The best known and most commonly received constructive
machine, is the " lathe " or " turning bench," embracing as well
the tiny foot-lathe as the massive machine required for turning
our large marine cranks, and the centres of our paddle-wheels,
and railway turntables. Since the invention of the slide motion,
these machines have gone on rapidly increasing in accuracy of
construction, as well as in general dimensions; and the time is
easily recalled when, in our machine factories, the beds or benches
employed for hand turning-lathes (i.e. where the steam-engine
turned the machine, but the hand of the workman fashioned the
object revolving in it) were simple beams of timber faced with
sheet-iron, and supported on cast-iron feet or wooden packing
blocks. These are almost universally superseded by cast-iron beds
planed by machine, and adjusted by the file; and in all wellfurnished workshops compound slide rests are now employed,
at least, wherever the lathe is geared with sufficient power to
permit their use, and the self-acting principle is advantageously
and simply applied to them by means of an eccentric fixed upon
the revolving lathe spindle, which actuates a plain lever, and
draws down a chain passing over pulleys attached to any con
venient place overhead, descending to a ratchet wheel upon the
slide rest screw, which receives an impulse at each revolution of
the lathe, and the tool is thus made to pass over the surface
of the work. A modification of the ordinary compound slide rest
ia frequently employed for turning spherical work, whether
externally or internally; the rest for this purpose being formed
by the addition to the top slide of a circular worm table actuated
by a corresponding worm worked by the hand of the operator.
Besides this simple application of the slide rest principle, the
number of self-acting slide lathes is rapidly increasing; in these
the tool travels unaided by the workman, not only along the
cylindrical surfaces of objects, but also transversely to the axis of
the work, thus frequently permitting one workman to employ two
or more lathes at the same time. Another means of increasing
the production of work from these machines is that of using
several cutting tools in one lathe at the same moment. This ia
done in the " duplex" arrangement, by which one tool is made to
cut upwards in the ordinary way at one side of the object, while a
second tool placed opposite to it is taking another cut downwards,
the cutting edge of the tool being reversed accordingly. This
operation, whether effected in a slide lathe or in a compound rest
lathe, wili be readily understood to be a means of saving time,
and thereby of decreasing the cost of the several parts of machines
capable of being so operated upon. It may be interesting to state
that this multiplication of the number of cutting tools in one
lathe has been carried to the extent of seven, all of which are
controlled by one workman; three of them being placed ou the
aide of the bed next to him, and four on the opposite side, all
worked by self-acting motions, and thus giving the operator time
to watch the action of each. This lathe has been constructed
chiefly for the purpose of turning cranked axles for locomotive
and other engines, and when so employed, the three tools on the
side next the workman are brought to bear longitudinally upon the
cylindrical parts of the axle, while the four opposite tools, their
cutting edges downwards, are made to act transversely upon each
of the sides of the two crank sweeps,—the time for effecting the
whole operation of turning the axle being thus reduced to a mini
mum. A very frequent application of the self-acting compound
slide rest is to double face-plate lathes employed for turning
the rims and tires of locomotive wheels; many of these " wheel
lathes" are constructed with four such slide rests (i.e. two to
each face plate), one of them holding the downward, and the
other the upward cutting tool, and placed of course at opposite
sides of the objects being turned, the two faces of the rims or tires
of the wheels, and two of their sides, being thus operated upon at
the same time. Another form of lathe now in frequent use is the
gap or break bed-lathe, which permits of an object being turned
in it larger in diameter than that which the actual height of the
centres above the ordinary surface of the bed would take in.
These gap lathes are of two kinds, one being made with a fixed
gap always existing, and without the means of closing by pushing
up the bed to the headstock, and the other has the fixed headstock
placed on the bolster, bolted to a long planed base plate, on which
the bed carrying the movable headstock and slide rest can be
shifted at pleasure, so as either to be in contact with the fixed
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headstock, or at such a distance from it as the object of large
diameter may require. The last class of lathe to which it is
intended to refer is the screw cutting lathe, which is a modifica
tion of the sliding lathe, and has the sliding tool carriage put in
motion by means of an accurately cut guide-screw and nut, the
number of revolutions of which, in proportion to the speed of the
headstock required to give the various pitches of screws, is
regulated by the application of change and intermediate toothedwheels, placed at the end of the lathe, and capable of giving to
the sliding carriage any required range of motion suited to the
pitch of screw desired. Otljer lathes for special purposes—such
as gun boring, propeller turning, and lathes with reciprocating
motion to face plate—would require a larger space for their
description than the limits of this paper would allow. Before
leaving the subject of lathes, it may not be considered out of
place to call to mind that the use of these now accurately con
structed machines will fail of producing correspondingly accurate
results, unless the workman be provided with the means of
testing the exactness of his diameters (whether external or
internal), the taper of his cones, the correctness of his curves, and
the parallelism of his cylindrical objects, which cannot be done
without the use of carefully-constructed standard gauges and
templates; and these are now preserved from a too-rapid deteriora
tion by the hardening process which their surfaces, whether of iron
or steel, undergo.
TLAKING MACHINES.

The form of our earlier planing machines, like that of the
older lathes, was very simple, although the invention took place
at a much later period; but no long time elapsed before selfacting movements were applied to every required change of
direction of the cutting tool over the surfaces to be planed,
whether these were horizontal, vertical, or at any angle what
ever to the plane of the table. The use of the rack and pinion,
and also of the screw and nut for moving the table, soon suc
ceeded the original chain motion, the latter especially being
employed in those machines where the cutting edge of the tool
is reversed at each change of direction of the table, so as to
cut in either the backward or forward movements, the speed of
the table in both being the same wherever this system of re
volving tool is made use of; whilst, in the case of most machines
with tool-boxes arranged for cutting in one direction only, the
table is made to return at a speed considerably greater than during
the operation of cutting. As in the case of lathes, so with these
machines—the pressure of work to be produced in a given time
led to the adoption of several tools cutting at the same moment,
and this has now been carried to the extent of employing eight
cutting tools at work simultaneously upon one machine, the
power of moving the table being of course increased in propor
tion; and, in most well-fitted workshops, planing machines may
be found having two, four, and even six tools, at work upon them.
Many years ago large planing machines were constructed with
the view of operating upon fixed objects of great weight by means
of travelling tools, since in this case the weight of the tool-slide
and its fittings was in most instances considerably less than that
of the object to be planed: but this arrangement of machines
seems not to have obtained to any extent, most of the large
masses involved in the ponderous machinery of the present day
being planed on ordinary machines of large size—either by tra
versing them on the table in the usual way, or by placing them
near the side of the machine, and planing them by means of a
cutting tool fixed on a standard and slide travelling with the
table, and having a self-acting feed motion imparted to it at each
return of the table. This mode of dealing with them is rendered
almost imperative by the unwieldy size and form of the larger
castings now employed for constructive purposes. An interesting
adaptation to the ordinary planing machine has been made, by
the addition to it of a radial arm working upon a pivot fixed
vertically on a bracket extending some distance from the side of
the machine, and made to reciprocate by a pin inserted in the
ordinary table, on which is fixed a block capable of adjusting
itself in a groove of the arm prepared to receive it; by this ar
rangement objects fixed upon the extended surface of the radial
arm or quadrant receive a curvilinear motion when the table of
the machine travels backward and forward; and when the fixed
tool of the cross slide is brought to bear upon the work, the
cutting lines form arcs of circles corresponding with the length
of their radii, measured from the projected centre, which latter
being adjustable as to its distance from the centre of the table
gives great facility for producing a considerable range of curves.
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This apparatus has been used chiefly for the expansion links or
quadrants working the slide valves of locomotive engines and for
objects of analogous form. It will be well perhaps here to refer to
an arrangement of machine invented a considerable time ago in
thiB country, and recently reproduced in the United States.
This machine may be called a circular planing machine, and con
sists of a circular table resting upon circular grooves, and made
to revolve horizontally by bevil gearing underneath a cross
slide carried by two vertical brackets, the slide carrying the
tool-box being moved along this cross slide by a self-acting screw
motion, as in the ordinary rectilineal planing machine. It
will be obvious that a piece of metal bolted upon the table and
thus made to revolve with it, could have a true surface produced
upon it, by the tool applied to it from the cross slide above, just
as would be the case if it were fixed to the face plate of a lathe,
with a tool traversing in front of it. Such machines seem to
be almost obsolete in this country; the lathe and common
planing-machiue being found to answer all necessary ends. In
consequence of the extensive introduction of hardened surfaces
into our higher class of engine work, it has been found necessary
to employ grinding-tables to restore these surfaces to accuracy
when irregnlarities have been created, either by the process of
dipping in the case of wrought-iron, or chilling in producing cast
surfaces. Such tables are of two forms—one, like that of an
ordinary planing machine, the steel cutting-tools being replaced
by revolving stones or emery rollers, made to act upon the sur
faces of the hardened objects by lowering the tool-slide to them;
and the other composed of a circular disk of copper or lead, in
which grooves are cut for the reception of emery powder and oil,
and on which, while revolving, the various objects are laid by
skilful workmen, and the faces brought up to mathematical ac
curacy. In both cases facilities have been obtained for the pro
duction in our eugines of that hardness of rubbing surfaces
which our high pressures, and the increasing weight of the moving
parts, are rendering every day more imperative.
DRILLING MACHINES.

In the process of putting together the objects which have
undergone the operations of the lathe and planing machines,
the drilling machine is brought into requisitiou to produce
the holes necessary for the passage of the bolts, screws, and
other means of fastening together the various parts. Since
the invention of the primitive machines this class of tool has
undergone considerable change and has experienced much im
provement. For large holes back-geared motions are applied,
resembling in principle those of a lathe headstock; and in
these larger classes of drill the tool is usually moved down to
the work by means of a worm or other such-like gearing,
whether worked by the hand of the operator or kept in motion
by the machine itself. A now increasingly-frequent form of
machine is the radial drill, which usually consists of a drilling
spindle mounted upon an arm, radiating like the jib of a crane
from a central pivot, the length of the arc described by the
drill being variable by a screw, or rack and pinion movement,
attached to the arm, and the elevation of the machine from
the floor being effected by similar apparatus. Some of these
machines are attached to independent cast-iron columns or
frames to which the pivoting brackets are fixed, while in
others these brackets are simply bolted against the walls of
the workshop, and thus a much cheaper and lighter machine
is obtained. These radial machines are found particularly
applicable where a great number of holes have to be drilled
in large objects, since the drill can be brought to bear on any
point, embraced in one direction by a considerable por
tion of the radius of the arm of the machine, and by the arc
described by the radiating motion in the other—and thus, not
only does it become unnecessary to move the object every
time an additional hole is drilled, but the successive holes are
produced exactly true with each other, and vertical to the
face of the object operated upon.
For special uses
drilling machines have been constructed on the planingmachiue type, having several drilling spindles revolving upon
a cross slide in an analogous position to that of the cutting
tool of a many-tooled planing machine. The objects to be
drilled are fixed upon the table in the usual way; and where
a number of holes are required to be drilled at regular inter
vals, as in the case of the roller beams of spinning machines,
this is readily accomplished by a self-acting movement to the
table coming into operation immediately the drills return from
67*
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the holes, and bringing under them successively the points of
the beams or other similar objects where the next row of
holes is required. Two others forms of drilling machine are those
called the slot drill and the traversing drilling machines—the in
tention of these machines being the production of slots or
grooves in objects of almost any form by a drilling, instead of a
planing or slotting process. In the slot drill the article to be
operated upon receives a self-acting reciprocation by means of a
revolving disk or other similar movement variable in its extent
according to the length of the groove or slot required to be cut, the
drill at the same time is brought down to the surface of the work in
the usual way, aud the feed given to it at each reciprocation: by
this means a groove of any ordinary depth is produced in pins
or shafts of moderate dimensions. Following upon this, came
the traversing drill, having a similar end in view, but adapted
for larger objects, and suited for more accurate work. In this
machine the drilling headstock itself is made to travel by means
of a disk movement along an accurately planed bed, the object
to be grooved or slotted being fixed upon a table firmly bolted to
the bed. The traverse is given by a connecting rod, worked by
a stud in an indexed groove of the revolving disk, and can be
varied by the workman, who is guided to the length required by
the indexed groove already mentioned. This revolving disk is
set in motion by an elliptical spur-wheel cast upon it, and worked
by a pinion keyed eccentrically upon its shaft, so as to accomo
date itself to the varying diameters of the pitch line of the
elliptical wheel. The object of this arrangement is to obtain a
more regular speed in the lateral motion of the tool than would
result from an ordinary circular wheel and pinion, which would
obviously give a very rapid movement in the middle of the length
of the slot, and a very slow one at the two ends. The vertical
feed motion is also self-acting, and takes place during the slow
est portion of the traverse of the headstock, i. e., when the pin
attaching the connecting rod to the disk is turning each centre;
and by this means great regularity aud accuracy of effect are
obtained, since the drill is not required to cut vertically and
laterally at the same time. In many cases two headstocks and
two tables are fitted upon one bed, so that two ends of a con
necting rod or other similar work can be operated upon simul
taneously; aud as these drilling headstocks have also self-acting
vertical feed movements, which can be used independently of the
traverse motion, they can be conveniently used for ordinary
round holes; and where the two heads are fixed at any required
distance apart upon the bed, it is evident that any number of
holes can be drilled consecutively by them, precisely at the
same distance from each other.
This machine has also been
constructed on the cross slide or planing machine type. In this
arrangement the objects pass between the vertical standards or
uprights, and the slot holes, or grooves, can be produced
either in a line parallel with or transversely to the axis of the
object in hand, such as an engine beam, a cross-head, piston
rod, or pump ram of a stationary or marine engiue. The use
of this class of drilling machine obviates the difficult and ex
pensive process of making cottar aud slot holes by first drilling
through the object a row of cylindrical holes, aud afterwards
chipping and filing them by hand labour; besides which, more
accurate and highly finished work is obtained from it, without
any hand adjustment whatever, than is ordinarily practicable
when manual labor is employed.
SLOTTING. OR KEY-GROOVING MACHINES.

Next in order to the drilling machine follows the slotting or
key-grooving machine. This machine was brought into use many
years age, aud has gradually been enlarged in size and capability,
so as to keep pace with increased dimensions and weight of the
masses, as well of wrought as of cast iron, now desired to be
operated upon. Its first form was one which the name of keygrooving engine describes—viz. a machine for cutting the grooves
iu wheel bosses or naves, to receive the keys by which they are
fixed upon their shafts or axles; subsequently other uses were
discovered for this machine, the main feature of which is a vir
tually reciprocating tool, aud convenient motions were added to
the tables fixed upon the underpart of the framework—the
result being an admirable machine, having self-acting circular,
longitudinal, and transverse motions applied to the tables, by
which means the scope of the machine is extended to the pro
duction of all forms of outline to which a tool working vertically
can be applied, the paring or chiselling operation being now per
haps more frequently employed in this machine than in the first
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one of "key-grooving." A very useful modification of this ma
chine has been constructed, in general arrangement like the bed
and table of a planing machine, having two pair of uprights or
standards with cross-beams attached to them; on these are
worked slotting tools having a moderate length of stroke, and
capable of receiving a transverse as well as a longitudinal motion,
so that the two tools can be brought to bear upon the vertical sur
faces of any large object fixed upon the table; aud thus, at the same
time, can be pared and slotted two surfaces, whether of curved or
rectilinear outline. The primary object of this arrangement seems
to have been the shaping of the edges of locomotive frames, several
of which may be placed one above another on the table, and
their edges brought simultaneously to the required form. The
two tools of the machine working at the same time expedite the
completion of the work in hand, and thus an economy of time
and labour results.
Following upon the slotting machine, with its vertically work
ing tool, comes the more recently invented shaping machine,
called by our French neighbours the " limeuse " or " filing
machine." The tool of this macldne reciprocates horizontally,
and iu its simplest form is often called the " steam arm ; " in this
the stroke is usually short, say six inches, and no quick returnmotion is given to it; the surfaces cut by it are flat only, and they
are traversed along under the tool by a ratchet movement work
ing a screw, having its nut fixed in the table on which the work
is placed. The more advanced form of this machine is that in
which the work is stationary, bolted on tables fixed to the bed or
frame of the machine, and the tool moved along in a travelling
head actuated by a ratchet motion and screw, in a somewhat
similar way to that of the table of the steam arm. This mode of
operation gives facilities for cutting larger objects with more
extended surfaces, aud at the same time permits of curvilinear
and cylindrical surfaces being produced—the former by a sector and
worm motion on the tool box itself, giving the tool a radial
action; and the latter by fixing the cylindrically shaped object on
a revolving mandrill made to rotate by a self-acting worm and
worm-wheel motion attached to the bed of the machine, the tool
in this case merely reciprocating in the same line without having
traverse motion imparted to it, the rotation of the work itself
bringing the successive parts of its surface under the cutting
edge. Various arrangements have been applied to this machine
to render the speed of the tool greater on returning from than
when making the cut—one by means of a crank arm fixed upon a
spur wheel, the point of connection with the reciprocating arm
being variable within the limits of the eccentricity of the crank
arm, which produces a corresponding increase of speed iu the
return motion. Another and very simple method is the applica
tion of a slotted link radiating from a fixed point and giving
motion to the cutting arm at the other extremity. A block is
made to slide in this arm worked by a pin projected from a disk to
which motion is given by ordinary spur gearing; the greater
the aniouut of the eccentricity of this pin the longer is the stroke
of the arm and cutting tool, and the greater the difference between
the cutting and returning speed imparted to it. The length of
stroke applied to these machines is ever increasing, and aiauy
are now fitted up with two or more cutting heads upon one bed,
so as to give greater facilities to the workman, and to enable him
to attend to more than one cutting tool at the same time. The
last form of shaping machine to which it is intended to direct
attention is that used for the purpose of shaping the sides of nut s,
and the heads of screws. These machines have been usually made
with revolving cutters: two of them are fixed upon one revolving
spindle, both toothed on the disk faces and placed at that distance
as under which allows the exact finished dimension of the nut or
screw head to pass between them. A series of nuts, varying in
number according to their size, is then placed upon a long man
drill, fixed by jaws and a centre point to the dividing plate of
the travelling slide, and so adjusted as to be embraced between
the revolving cutters, which as they progress finish at once to the
required dimensions two opposite sides of the range of nuts; all
the spring and jar incidental to a one-sided cut being removed by
the resistance afforded by the operation of the second cutting
face. Such machines are readily applied to a variety of _ other
purposes, such as grooving screwing taps, cutting out forked joints,
getting up the narrow edges of such joints, and a large class of
work of a similar character; the form, diameter, and speed of
the circular revolving cutters being varied to produce the results
desired. A machine of a somewhat analogous character is the
wheel cutting machine, constructed for the purpose of cut
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ting the teeth of wooden or iron wheel patterns or models—
whether these are of the ordinary spur form, or for bevil, mitre,
or worm wheels. In the earlier machines, the wooden or iron
pattern required to be cut is placed upon a horizontal spindle,
under or at one side of which the headstock and its revolving
tool is fixed upon a slide of sufficient length to travel across the
toothed face of the pattern. Some of the more recent machines
have been made to cut the pattern and other wheels while fixed
in a vertical position; and as in much of the spinning machinery
now in use, wrought-iron toothed wheels are employed, it was
needful to produce more simple apparatus for cutting them—
amount of production in this case being a greater desideratum
than great exactness of form and finish. The production of the
revolving cutters employed in these machines at a cheaper rate
than was possible by hand turning and shaping, has been
accomplished by the invention of the pentagraph cutting machine,
in which, after the turning process, the serration or toothing of
the cutter disk is effected by small revolving cutters actuated on
the pentagraph principle of adjustable proportionate arms, setting
out the proper curves, and keeping the cutter to its work with
the most minute accuracy: without this, it is obvious that these
cutters would be most costly—and even now, with all modern
appliances for their production, the value of each in proportion to
its size is still considerable.
BOLT AND NUT SCREWING MACHINE.

A machine which has made rapid progress of late years is that
used for cutting the threads of bolts, screws, and nuts. Originally
of simple form and rude construction, the results obtained from
its use were of a similar character—indeed, in most cases, stocks
and dies with their corresponding taps, all worked by hand, were
the sole means within reach of the mechanic for the production of
the bolts and nuts he required. Many forms and arrangements
of machine are now used for bolt and nut cutting, most of them
consisting of a revolving head, somewhat like a lathe headstock
fitted with cone speed-pulleys to vary the number of revolutions
according to the diameter of bolt or nut to be cut. The cutting
dies are fixed in a box attached to this head, and the bolt is
inserted into a sliding standard travelling upon the bed in front
of the head containing the dies. In most cases the process of
passing through the dies is repeated twice, and even three times
for larger bolts, until the requisite size and quality of thread are
obtained. When nuts are required to be cut, they are usually
fixed in the sliding standard, the tap being inserted in the re
volving head; the standard containing the nuts is then forced up
to the tap which enters the hole of the nut-formed taper for the
purpose, and by the process of passing through it a proper thread
is produced. Recently a very ingenious bolt and nut cutting ma
chine has been introduced from the United States, in which the
cutting dies consist of three separate tools, arranged concentrically
in the die box, and kept up to their work by curved inclines fixed
upon the die-holding box; the plate forming the front cover of
this box has fixed upon it three curved inclines corresponding with
those of the die box, the die pieces are notched so as to fit upon
■ t ie.se inclines, and by these notches the dies are drawn back when
the bolt is screwed, so as to permit it to be withdrawn from the
dies. This internal portion of the box holding the dies is capable
of being worked backward and forward by the gearing of the ma
chine itself; this backward and forward movement is produced by
employing spur wheels of different diameters keyed upon hollow
shafts, one driving the die box when cutting, and the other thrown
into gear by a lever and friction clutch-box; the speed being such
as to over-run the die box, and thus cause the curved wedges to
withdraw the die pieces to their widest extent by means of the
notches before mentioned; when the lever is released the smaller
wheel is thrown out of gear, and the dies resume their cutting
position. This machine works thus: The bolt is fixed into the
si id ing carriage concentrically and accurately by means of holding
dies simultaneously brought together by right and left handed
screws; it is then pressed into the dies by means of a ratchet lever
motion, and the dies being formed like chasing tools, but with
some taper on their cutting faces, completely turn out the thread
from the surface, and producing at one passage of the bolt a
perfectly finished thread; when by means of the lever and inclined
wedges, the die pieces are at once opened, and the bolt can be
withdrawn instantaneously without stopping the machine or
reversing its motion, and thus a great economy of time is gained,
and the work done is of superior quality to that where the thread
is compressed and drawn out by ordinary dies. Nuts are cut in
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this machine in the method above described, for the ordinary
construction of machines,
STEAM HAMMER AND RIVETING MACHINES.

It will be sufficient for the object of this paper to mention very
briefly the facilities which now exist for the economical production
of work in the forging and boiler-making processes, as compared
with the state of things some twenty or thirty years ago. The
great agent in economising labour in the forge and smithy is the
steam-hammer, in its various applications. Originally adopted by
engineers, more perhaps for the purpose of working up economi
cally the scrap wrought-iron produced in their own establishments,
it has now become the necessary adjunct of every well-mounted
smith's shop, and numbers will be found in most of our engi
neering establishments—not only working up the scrap iron
there to be obtained, but producing forgiugs of large size, and
stamping under well-arranged dies all possible shapes of smiths'
work, the "fins" or overplus left on which are rapidly sheared
away by powerful shearing machines, and thus the productions
of the steam-hammer are in many instances passed forward into
the turning and planing shops, without the intervention of a smith
and his assistant hammermen. Steam-power has been likewise
usefully employed in smaller classes of machines for forging
bolts, rivets, and other articles of that nature, where a large
number of objects of similar form are required. Punching and
shearing machines of enormous power are now in constant use
for punching plates lj inch in thickness, and shearing bars,
plates, &c, up to 3 and even 6 inches; so that all the cutting
processes are accomplished either by their means or the employ
ment of circular saws running at high velocities, and brought to
bear upon the iron hot from the hammer, from the rolls, or from
the smith's fire. The operations of the boiler-maker are now
much facilitated by the employment of steam for the riveting
process; several adaptations of the steam riveting machine have
been invented, all of them having some peculiar excellence. The
work produced is of first-rate quality, tighter in most instances
than where hand-labour is employed, though more careful putting
together of the plates is rendered necessary; and of course the
operations are much more rapid where suitable lifting cranes and
gearing are brought into play for the easy manipulation of the
large objects to be operated upon. A riveting machine originally
constructed to work by steam has recently been modified to suit
the application of hydraulic power, and with results in every
respect satisfactory.
From this rapid survey of the chief classes of tools applied to
the construction of steam-engines and other machinery, it will be
se*en that the means now placed at the disposal of the mechanical
engineer are vastly superior, both as to variety and excellence
to those which were within his reach thirty years ago, when
steam-locomotion, whether on land or in the water, made Berious
demands upon him, and its rapid advance stimulated the applica
tion of machinery to all those branches of manufacturing industry
which were ready to spring into new and vigorous life imme
diately the steam-horse rendered possible the transport on a large
scale of the raw produce in one direction, and the distribution
of the manufactured article in the other. A measure of the in
crease of the production of machinery in this country since the
year 1830, will be supplied by the consideration of one or two
salient facts:—
1. That of the exportation of steam-engines and other machi
nery, which has progressed at the following rate:—

e.
From 1831 to 1835 inclusive—total exports
...
845,203
1836 „ 1840
„
„
2,689,339
1841 „ 1845
„
,
8,500,565
1846 „ 1850
„
,
4,940,939
1851 „ 1856
„
8,679,533
1856 „ 1860
„
„
17,756,136
2. That during these thirty years the whole of our railway
system, with its thousands of locomotives and concurrent ma
chines, has been built up.
3. That during the same period nearly all our existing steamvessels, as well for commercial as for governmental purposes,
have been constructed; and,
4. That our exportation of manufactured cotton, woollen, linen,
and silk goods, has jumped from the sum of .£38,000,000 in
1831, to the enormous sum of £132,000,000 in 1860.
Without the aid, then, of labour-saving tools, no one can suppose
that the immense increase in the production of machinery, indi
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cated by the foregoing facts, could have taken place— we must,
on the contrary, without them have proceeded at a very much
slower speed in every department. And when we consider that
the workshop tools themselves, as well as the machinery pro
duced by their aid, have been the handiwork of one of the best
remunerated classes of our population, it may well be admitted
that not only do these tools deserve the appellation of labourlaving machines, but also the apparently anomalous one of labourmaking machines; since, as in the cotton manufacture, so in the
engineering trade, the increase in the number of workmen em
ployed has been very nearly proportionate to that of the tools
invented for facilitating the various stages of mechanical con
struction: showing thus that the application of machines to any
manufacture whatever tends not to diminish, but rapidly to in
crease the number of workpeople employed in connection with it.
Freight at affected by Differences in the Dynamic Properties of
Steam Ships. By Charles Atherton, Chief Engineer, H.M.
Dockyard, Woolwich.
The national importance of steam shipping is a theme which
demands no demonstration, and any attempt to originate, pro
mulgate, and popularise inquiry into the comparatively economic
capabilities of the steam ship, as devoted to the international
conveyance and interchange of the products of nature and of
manufacturing art, is a task which requires no laboured intro
duction in support of its being favourably received for considera
tion by an association devoted to the advancement of science.
The former papers on " Tonnage," " Steam Ship Capability,"
and " Mercantile Steam Transport Economy," which the author
of this further communication has been permitted to present to
the British Association, and which appear in the volumes of its
Transactions for the years 1856, 1857, and 1859, were devoted
to an exposition of the technicalities of the subject as respect
the mutual quantitative relations which displacement, speed,
power, and coal hold to each other in the construction
and equipment of steam ships, with a view to the realisation
of definite steaming results.
So far, therefore, these in
vestigations have had reference to the constructive equipment of
steam ships; but the course of inquiry now submitted for con
sideration is a practical exposition of the extent to which the
expense per ton weight of cargo conveyed is effected by the
various conditions of size of ship, dynamic quality of hull with
reference to type of form, weight of hull with reference to its
build, the economic properties of the engines with reference to
the consumption of the fuel and the steaming speed at which the
service is required to be performed; all which circumstances
respectively, aud in their combinations, affect the economic
capabilities of steam ships for the conveyance of mercantile cargo,
and consequentlyfreights charged, to an extentnot publicly known
because hitherto not specially inquired into nor promulgated by
the press, and which in the distinctive details above set forth do
not appear to have been duly appreciated even by the parties
most deeply concerned in the mercantile control and prosecution
of steam shipping affairs. The aggregate expenses incidental to
the prosecution of steam transport service must generally regu
late the average rates of freight at which goods are conveyed;
and seeing to what an extent the ultimate cost of manufactured
goods is dependent on the cost of transport, often repeated as
freight charges generally are in the various stages of transition
of material from the raw to its manufactured condition, and its
ultimate consumption as a manufactured article, it becomes
evident that this investigation especially concerns the manufac
turing interests of the country. Economy of price, inducing
quantity of consumption, is the characteristic feature of the
manufacturing enterprise of the present day; and it is the
absolute cost of goods which affects consumption, irrespec
tively of the various causes in detail by which the costs may have
been enhanced. Under these circumstances, it is remarkable to
what extent the manufacturing interests, though keenly alive
to legislative imposts, and sensitively jealous of legislative inter
ference in the control of labour as affecting the cost of manufac
ture, pass wholly unheeded deficiencies and imperfections
in the practical control of shipping with reference to freight
charges, though equally affecting the ultimate price of manu
factures.
Such incongruity demonstrates the necessity for
popular exposition and inquiry into the various circumstances
and combinations of circumstances which directly affect the
expenses incidental to the conveyance of merchandise by steam
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ships, and by which the rates of freight are in the aggregate
necessarily regulated.
Freight, therefore, is the text of the
following discourse, to which attention is directed under the
various aspects of steam ship construction and management by
which freight charge is affected, and which may be classified
under ten heads or sections, as follows:—
Section A.—Freight, as affected by variations of the size of
the ship by which the service is performed.
B.—Freight, as affected by variations in the constructive type
of form of the hull.
C.—Freight, as affected by variations in the working economy
of the engines, with reference to the consumption of coal.
D.—Freight, as affected by variations in the constructive
weight of the hull, with reference to its load displacement.
E—Freight, as affected by variations in the constructive
type of form, combined with variations in the working economy
of the engines.
F.—Freight, as affected by variations in the size of ship, com
bined with variations in the constructive type of form, and in the
working economy of the engines.
G.—Freight, as affected by variations of the steaming speed
at which it is required that the service shall be performed.
H.—Freight, as affected by variations of the size of ship,
combined with variations of speed.
I.—Freight, as affected by variations of the speed, combined
with variations of the working economy of the engines.
K.—Freight, as affected by variations of the speed, combined
with variations in the type of form, working economy of the
engines, and weight of hull.
It will be observed that it is not proposed to determine the
actual amount of prime cost expenses incidental to the prosecu
tion of steam ship enterprise, by which the scale of freight
charge may be chiefly regulated, but it is proposed to demonstrate,
with reference to a specified unit of performance, the ratio or
comparative scale of cost, in which the prime cost expenses inci
dental to the conveyance of cargo per ton weight of goods con
veyed on a given passage is (ceeteris paribus) affected oy each of
the various circumstances or conditions set forth under the ten
different heads above referred to.
Thefundamental consideration on which it is proposed to basethis
investigation is this, that within moderate limits of variation the
investment incidental to the fitting out of steam ships for commer
cial transport service is approximately proportional to the quantity
of shipping as measured by the constructors' load displacement of
the ships, and the amount of working power employed as measured
by the indicated horse-power; also that the interest on investment,
upholding of stock, and all other annual expenses incidental to
the working of steam ships, such as coals, stores, and wages,
harbour dues, insurance, and pilotage, are approximately pro
portional to such investment ; and further, as the mercantile
service of steam ships employed on a given station generally
requires that their passages shall be periodical, it is assumed in the
following calculations that the number of passages made annually
by each ship is the same in all the different vessels assumed
to be employed on the same service and brought into com
parison with each other.
It is particularly to be observed that these calculations and
deductions of comparative freight charges are not of general
application to different services, but have reference only to the
special service which, as an example of the system of calculation
for any service, has been adopted as the unit of performance,
namely, the performance of a ship of 5000 tons displacement,
employed on a passage of 3000 nautical miles, and steaming at
ten knots per hour, the coefficient of performance by the formula
■
I.H. P.

= C, being C=250, and the consumption of coal being at
a

the rate of 2 lb. per indicated horse-power per hour, which data,
have been assumed as the base of the following tabular state
ment, the purport of which is as follows:—
Column 1.—Reference to divisions or sections of the subject
under consideration.
2 and 21—Designation of the vessels referred to in the various
sections.
3.—Size of the ship as determined by displacement at the
draught to which it is intended by the constructor that the ship
shall be loaded.
4.—Steaming speed at which the vessel is required to perform
the passage.
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6.—Co-efficent of dynamic performance of the vessel by the
V3D§
formula
I.H.P.

6.—Consumption of coal per indicated horse-power per hour
expressed in lbs.
7.—Co-efficient of dynamic duty with reference to coal consumed
by formula

__. , W being the average consumption of coal

expressed in cwts. per hour.
8.—Power required to propel the vessel at the required speed
expressed in indicated horse-power and calculated by the formula:
Vs DS
indicated horse-power= n •
9.—Length of passage to be performed by the ship without recoaling, expressed in nautical miles.
10.—Weight of hull, including all equipment complete for sea
(exclusive of engines, coal, and cargo), taken at 40 per cent, of the
load displacement.
11.—Weight of engines and boilers in working order, including
all equipment for sea, taken at the rate of 5 cwt. per indicated
horse-power.
12.—Weight of coal required for the passage, calculated on the
foregoing data.
13.—Cargo, as determined by the load displacement less the
weight of hull, engines, and coal.
14.—Investment in the hull of the ship, including rigging, fur
nishing, and all other equipment complete for sea, taken at £50
per ton weight of hull.
15.—Investment in the engines, including spare gear and all
equipment for sea, taken at £15 per indicated horse-power.
16.—Total investment in hull and engines.
17.—Comparative rates of freight or ratios of cost expenses per
ton of cargo, being proportional to the investment divided by the
tons weight of cargo conveyed.
18.—Ratios of cost expenses per ton of cargo, with reference to
that incurred by ship A, taken as the unit of performance, and
which is expressed by the number 100.
19.—Ratios of cost expenses per ton of cargo with reference to
the cost incurred by ship A, taken as the unit of performance,
and which is expressed by £1 per ton.
20.—Comparative freight on 100,000 tons of goods, assuming
the freight by ship A to be at the rate of £1 per ton of goods
conveyed.
21.—Designations of vessels referred to in the sections.
The table (see page 307) may be interpreted as follows:—
Section A.—Freight, as affected (ceeteris paribus) by variations
of the size of ship.
By reference to the table referred to it will be observed that as
the ship's size (column 3) is reduced from 5000 tons displacement
to 4000 tons, the expenses per ton of cargo (column 17) become
increased in the ratio of 49 to 51, that is, in the ratio of 100 to 104
(column 18), showing an increase of 4 per cent.; or, expressed in
money, assuming £l per ton to be the rate of freight by ship A,
of 5000 tons displacement, the rate by ship A„ of 4000 tons dis
placement, will be £1. 0*. 10d., and by following the table it
appears that the rate of freight by ship A^ of 3000 tons, will, as
compared with ship A, of 5000, be increased 8 per cent., amount
ing to £1. Is. 8d, per ton.
The comparative freight charges on 100,000 tons of goods
(column 20) by the vessel A, A,, Aj, respectively, would be
£100,000, £104,000, and £108,000.
Thus, in a merely mechanical point of view, and irrespectively
of various mercantile and nautical considerations which may limit
the size of ships, we see the benefit of performing goods transport
service by large vessels in preference to small ones, provided that
adequate cargo be always obtained, and that no delay be thereby
incurred. But it is to be observed that if the 5000 tons ship A,
instead of being loaded with its full cargo of 2395 tons, be loaded
only with the quantity of cargo (1878 tons) that could be carried
by the 4000 tons ship, Aj, the freight expenses per ton of cargo
would in this case be enhanced in the proportion of 63 to 49, that
is, in the proportion 128 to 100, or 28 per cent.; or, expressed in
money, in the proportion of £1. 4s. 10d. to £1, the same being a
higher rate by 24 per cent, than the freight charge at which the
4000 tons ship, A ,, would perform the service. By pursuing the
calculations from the data adduced by the table, it will be found
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that the economic advantage of the 5000 tons ship A, as compared
with the 4000 tons ship, A„ will be entirely sacrificed if its cargo
be reduced from 2395 tons to 2305 tons, or be only 90 tons or 3} per
cent, deficient of its full load. Also, as compared with the ship
A^ of 3000 tons, the advantage of the 5000 tons ship A will be
lost if its cargo be reduced from 2395 tons to 2218, or be only
117 tons deficient of its full load.
Hence it appears that the superior economic capabilities of
large ships in a mechanical point of view for the conveyance of
foods, may in a mercantile point of view be very soon sacrificed
y mismanagement in assigning larger vessels for the discharge
of mercantile service than is demanded by the trade, notwith
standing the economic superiority of large ships when promptly
and fully loaded.
Section B.—Freight as effected (ceetsris paribus) by variations
in the constructive type of form of the hull.
The relative constructive efficiency of mercantile ships 'in a
purely dynamic point of view, as respects type of form (irre
spectively of materials and workmanship), is now generally
recognised as being determined by their coefficients (C) of
dynamic performance, as deduced from actual trial of the ships,
V3DS
and calculated by the following formula:
= C, which may
be expressed as follows:—Multiply the cube of the speed (V3)
by the cube root of the square of the displacement (DJ), and
divide the product by the indicated horse-power; the quotient
will be the coefficient (C) of dynamic performance.
To enter upon the various uses to which this formula is applied
would be irrelevant to the matter now under consideration.
Suffice it to say that the numeral coefficient obtained as above
set forth affords practically a means by whicli the mutual relations
of displacement, power, and speed of a steam ship of given type
of form, and of which the coefficient is known, may (aeteris
paribus) be deduced, and it affords a criterion indicating, whatever
be the size of the ship, the constructive adaptation of its type of
form for mechanical propulsion, as compared with other types of
form tested by the same rule; the condition of the vessels as
respects cleanliness of immersed surface, stability, and other
essential properties, being assumed to be the same. And we now
proceed to show to what extent, under given conditions, freight
per ton of goods conveyed is effected by variations of type of
form, as represented by variations of the coefficient of per
formance.
By reference to the table (section B), it will be observed that
as the coefficient of dynamic performance is reduced from 250
to 150, the expenses become increased in the ratio of 100 to 132,
or 32 per cent.; or assuming the freight by ship A, of which the
coefficient of dynamic performance is 250, to be at the rate of £1
per ton of cargo, the charge by ship B^ of the same size, but of
which the coefficient is 200, will be £1. 2s., being an increase of
10 per cent, and the charge by ship B.,, of the same size, but of
which the coefficient is 150, will be £1. 6*. 5tf., being an increase
of 32 per cent, as compared with the rate of freight by ship A, of
which the coefficient is 250.
The comparative freight charges on 100,000 tons of goods by
the vessels A, Blf Ba respectively, would be £100,000, £110,000,
and £132,000.
Seeing, therefore, that variations of the type of form, as
indicated by variations of the coefficient of dynamic performance,
even within the limits of 250 and 150, which are of ordinary
occurrence in steam shipping, affect the expenses incidental to
the conveyance of mercantile cargo under the conditions referred
to, and consequently affect the rate of freight to the extent of
32 per cent., the coefficient of dynamic performance which a ship
may be capable of realising, being thus (aeteris paribus) a criterion
of the economic working of the ship with reference to power,
becomes a highly important matter for directorial consideration
in the purchasing or disposal of steam ships.
Section C.—Freight as affected (cteteris paribus) by variations
in the working economy of the engines with reference to coal.
The relative working economy of marine engines as respects
the consumption of coal per indicated horse-power per hour is
evidently an important element for consideration as affecting
freight: to illustrate which it has been assumed that variations
in mercantile practice extend from 2 lb. per indicated horse
power per hour to 4 lb. The consumption of so little as 2 lb. per
indicated horse-power per hour is not usually attained, but being
now admitted to have been achieved, and such having become a
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matter of contract stipulation, it may be looked forward to as the
probable future consumption on board ship generally, although
the ordinary consumption of existing steamers cannot at the
present time be rated at less than 4 lb. per indicated horse-power
per hour.
By reference to the table (section C), it appears that under the
special conditions of the service under consideration (namely
vessels of 5000 tons displacement employed on a passage of 3000
nautical miles, and steaming at the speed of 10 knots an hour),
by increasing the consumption of coal from 2 lb. to 4 lb. per
indicated horse-power per hour, the expense per ton of goods
conveyed becomes increased in the proportion of 49 to 56, that is
in the proportion of 1Q0 to 114, an increase of 14 per cent; or
assuming the freight by the standard ship A, consuming 2 lb. of
coal per indicated horse-power per hour, to be at the rate of .£1
per ton of cargo conveyed, the rate of freight by ship C1, con
suming 3 lb. per indicated horse-power per hour, will be £1. Is. 2d.,
being an increase of 6 per cent., and the rate of freight by ship
Cj, consuming 4 lb. per indicated horse-power per hour, will be
£L 2*. 10d., being an increase of 14 per cent per ton of goods
conveyed under the conditions referred to.
The comparative freight charges on 100,000 tons of goods by
the vessels A, C1( C^ respectively, would be £100,000, .£106,000,
and £114,000.
Section D. — Freight charge as affected (catteris paribus) by
variations in the constructive weight of hull with reference to
the size of the ship as determined by the load displacement.
To illustrate this matter it has been assumed that the weight
of hull, including the whole equipment complete for sea (exclu
sive of engines, coal, and cargo) may vary from 40 per cent, of the
load displacement to 60 per cent., under which limitations, by
reference to table (section D), it appears that under the special
conditions of the service under consideration, by increasing the
weight of hull from 40 per cent, of its displacement to 60 per
cent., and assuming the cost of the hull to be in proportion to its
weight of materials, the expenses or freight charge per ton of
cargo conveyed become increased in the proportion of 49 to 120,
that is, in the proportion of 100 to 245, being an increase of
140 per cent.; or, assuming the freight charge by the standard
ship A, of which the weight of hull is 40 per cent, of the
load displacement (2000 tons), to be at the rate of £1 per ton
of goods conveyed, the rate of freight by ship D„ of which
the weight of hull is 50 per cent, of the load displacement
(2500 tons), will be £1. 10*. Id. per ton, being an increase of
53 per cent.; and by ship D„, of which the weight of hull is
60 per cent, of the load displacement (3000 tons), the rate of
freight becomes £2. 9*. per ton, being an increase of 145 per
cent, per ton of goods conveyed under the conditions referred to.
The comparative freight charges on 100,000 tons of goods by
the vessels A, Dv Dj, respectively, would be £100,000, £153,000,
£245,000.
Hence, in the construction of steam ships we see the import
ance of quality of material and excellence of fastening as a
means of reducing weight, and the disadvantage that attends
heavy-built ships, such as war steamers, for discharging mercan
tile service. Hence also we see the deficient steaming endurance
of high-speed armoured ships, unless built of enormous size, as
measured by their load displacement
Section E.—Freight as affected (cateris paribus) by variations
in the constructive type of form combined with variations in the
working economy of the engines.
By reference to the table (section E), it appears, under the
special conditions of the service under consideration, that by an
inferior type of form, as indicated by the coefficient of perform
ance being reduoed from 250 to 150, combined with an inferior
construction of engines, as indicated by the consumption of fuel
being increased from 2 lb. to 4 lb. per indicated horse-power per
honr, thereby reducing the coefficient of dynamic duty (column 7)
from 14,000 to 4200, the expense of freight charge per ton of
goods conveyed becomes increased in the ratio of 100 to 179,
being an increase of 79 per cent.; or, assuming the freight charge
by the standard ship A, of which the coefficient of performance is
250, and rate of consumption 2 lb. per indicated horse-power per
hour (giving a coefficient of dynamic duty 14,000), to be at the
rate of £l per ton of goods conveyed, the rate of freight by ship
E„ of which the coefficient of performance is 200, and the con
sumption of coals 3 lb. per indicated horse-power per hour (co
efficient of dynamic duty 7467), becomes £1. 4*. per ton, being an
increase of 20 per cent.; and by ship Eg, of which the coefficient of
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performance is 150, and the consumption of coal at the fate of 4 lb.
per indicated horse-power per hour (coefficient of dynamic duty
4200), the rate of freight becomes £1. 15s. 10rf., being an increase
of 79 per cent, per ton of goods conveyed under the conditions
referred to. The comparative freight charges on 100,000 tons of
goods by the vessels A, Ej, E„ respectively, would be £100,000,
£120,000, £179,000.
Hence, iu control of steam shipping we see the importance of
the coefficient of dynamic duty (column 7), as indicating the eco
nomic efficiency of the ship in a mercantile point of view, with
reference to the merits of her hull and engine construction, being
made a subject of contract stipulation.
Section F.—Freight as affected (cateris paribus) by variations
in the size of the ship, combined with variations in the construc
tive type of form and in the working economy of the engines.
By reference to the table (section F), it appears, under the
special conditions of service under consideration, that by the
size of the ship being reduced from 5000 tons displacement to
3000 tons displacement, combined with an inferior type of form,
as indicated by the coefficient of performance being reduced from
250 to 150, and an inferior construction of engine, as indicated
by the consumption of coals being increased from 2 lb. to 4 lb.
per indicated horse-power per hour, the expense or freight
charge per ton of goods conveyed becomes increased in the ratio
of 49 to 113, that is, in the ratio of 100 to 230, being an
increase of 130 per cent.; or, assuming the freight by the
standard ship A of 5000 tons, of which the coefficient of perform
ance is 250, and the consumption of coal at the rate of 2 lb.
per indicated horse-power per hour, to be at the rate of £1 per
ton of goods conveyed, the rate of freight by ship F of 4000 tons,
of which the coefficient of performance is 200, and the consump
tion of coal at the rate of 3 lb. per indicated horse-power per
hour, will be £1. 5s. 2d., being an increase of 26 per cent, and by
ship F2 of 3000 tons displacement, of which the coefficient of
performance is 150, and the consumption of coal at the rate of
4 lb. per indicated horse-power per hour, the rate of freight
becomes £2. 6*., being an increase of 130 per cent per ton of
goods conveyed under the conditions referred to.
The comparative freight charges on 100,000 tons of goods by
the vessels A, Fu FB respectively, would be £100,000, £126,000,
and £230,000.
Section G.— Freight as affected (cateris paribus) by variations
of the steaming speed at which it is required that the service
shall be performed.
It is proposed to illustrate this most important elemental con
sideration by reference to rates of speed within the range of
present practice—namely, from 10 to 14 knots per hour.
By reference to the table (section G), it appears that, under
the special conditions of the service under consideration, by in
creasing the speed from 10 to 12 knots per hour, the expense or
required rate of freight per ton of goods conveyed becomes in
creased in the ratio of 49 to 64, that is, in the ratio of 100 to 131,
being an increase of 31 per cent.; and by increasing the speed
from 10 to 14 knots, the expense or required rate of freight per
ton of goods becomes increased in the ratio of 49 to 93, that is
in the ratio of 100 to 182, being an increase of 82 per cent. Hence,
assuming the freight by the standard ship A of 5000 tons, making
a passage of 3000 nautical miles at 10 knots per hour, to be at
the rate of £1 per ton weight of goods conveyed, the rate of
freight by ship G„ steaming at 12 knots per hour, will be re
quired to be £l. 6s. 2d. per ton weight of goods conveyed; and
the rate of freight by ship G2, steaming at 14 knots per honr,
will be required to be £l. 16*. 5d. per ton of goods conveyed.
The comparative freight charges on 100,000 tons of goods by the
vessels A, G„ G,„ steaming at 10, 12, and 14 knots per hour,
respectively, would be £100,000, £131,000, and £182,000.
Hence we see how onerous are the obligations which usually
impose on mail packets a rate of speed higher than that which
would be adopted for prosecuting a purely mercantile service;
and as no service can be permanently and satisfactorily performed
which does not pay, it follows that the inadequacy, if any, of a
high-speed postal subsidy must be made up by surcharge on
passengers and cargo, and is therefore, pro tanto, a tax upon
trade.
Section H.—Freight as affected (cateris paribus) by variations
of the size of ships combined with variations of steaming speed.
We will suppose the size of ships to be 6000, 4000, and
3000 tons displacement, and the steaming speed to be at the rate
of 10 knots, 12 knots, and 14 knots per hour, respectively.
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By reference' to the table (aection H), it appears that, under
the special conditions of the service under consideration, by re
ducing the size of the ship from 5000 to 4000 tons, and increasing
the speed from 10 to 12 knots per hour, the expense or required
freight charge becomes increased in the ratio of 49 to 66, that is,
in the ratio of 100 to 134, or 34 per cent.; aud by reducing the
size of ship from 5000 to 3000 tons, and increasing the speed
from 10 knots to 14 knots, the required freight charge becomes
increased in the ratio of 49 to 119, that is, in the ratio of
100 to 243, being an increase of 143 per cent., or a multiple of
2£ times nearly. Hence, assuming the rate of freight by the
standard ship A of 5000 tons, steaming at 10 knots per hour, to
be at £1 per ton weight of goods conveyed, the required rate of
freight by ship H,, of 4000 tons, steaming at 12 knots, will be
£1. Gs. 10rf.; and the required rate of freight charge by ship H„,
steaming at 14 knots per hour, will be at the rate of £2. 8s. Id.
per ton weight of goods conveyed.
The comparative freight charges on 100,000 tons of goods by
the vessels A, H17 H2, respectively, will be £100,000, £134,000,
and £243,000.
Section I.—Freight as affected by variations of speed com
bined with variations of the working economy of the eugines.
Assuming the rate of speed to be 10 knots, 12 knots, and
14 knots, and the consumption of coal to be 2 lb., 3 lb., and
4 lb. per indicated horse-power per hour respectively, by refe
rence to the table (section I.), it appeal's that by increasing the
speed from 10 knots to 12 knots an hour, aud the rate of con
sumption of coal being also increased from 2 lb. to 3 lb. per
indicated horse-power per hour, the required freight charge be
comes increased in the ratio of 49 to 72, that is, in the ratio of
100 to 147, or 47 per cent.; and by increasing the speed from
10 knots to 14 knots per hour, and the rate of consumption of
coal being also increased from 2 lb. to 4 lb. per indicated horse
power per hour, the required freight charge becomes increased
n the ratio of 49 to 152, that is, in the ratio of 100 to 310, being
an increase of 210 per cent., or more than trebled. Hence,
assuming the expense or required freight charge by the standard
ship A, steaming at 10 knots per hour, and consuming 2 lb. of
coals per indicated horse-power per hour, to be at the rate of £1
per ton of goods conveyed, the required freight charge by ship I„
steaming at 12 knots an hour and consuming 3 lb. of coal per
indicated horse-power per hour, will be at the rate of £1. 9*. 5rf.
per ton of goods, and the required freight charge by ship I2,
steaming at 14 knots per hour, and consuming 4 lb. of coal per
indicated horse-power per hour, will be at the rate of £3. 2*. per
ton of goods conveyed.
The comparative freight charges on
100,000 tons of goods by the vessels A, Iu I„, respectively, would
be £100,000, £147,000, and £310,000.
Hence we see how onerous are the obligations of increased
speed, if attempted to be performed with engines of inferior con
struction as respects economy of fuel.
Section K.—Freight as affected (ceteris paribus) by variations
of the speed combined with variations in the type of form, work
ing economy of the engines, and weight of hull.
The object of this section is to show the effect, even of small
differences of practical construction, when operating collectively
to the detriment of a ship, combined with the obligation of in
creased speed.
By reference to the table (section K) it appears that under the
special conditions of the service under consideration, by increasiug the speed from 10 to 12 knots, with a ship of iuferior type of
form, as indicated by the coefficient of performance being reduced
from 250 to 225, and of inferior engine arrangemeut, as indicated
by the consumption of fuel being increased from 2 lb. to 3 lb.
per indicated horse-power per hour, the weight of hull being also
increased 5 per cent.—namely, from 40 per cent, to 45 per cent,
of the constructor's load displacement; by this combination the
expense per ton of goods conveyed becomes increased in the pro
portion of 49 to 102, that is in the proportion of 100 to 208,
being an increase of 108 per cent., or more than doubled; or,
assuming the freight by the standard ship A to be at the rate of
£1 per ton, the rate of freight by ship K„ under the differences
above referred to, becomes £2. 1*. 8rf.; and it is to be observed
that if the speed be increased to 14 knots, whilst at the same
time the coefficient of performance is reduced to 200, the con
sumption of fuel increased from 2 to 4 lb. per indicated horse
power per hour, and the weight of the hull increased 10 per
cent.—namely, from 40 per cent, of the load displacement to
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50 per cent.; under these conditions the entire load displacement
of the ship Kj will be appropriated by the weight of the hull,
engines, and coal, leaving no displacement whatever available
for cargo; that is to say, the vessel K2 is utterly unable to per
form the conditions of the service as a mercantile steamer.
The comparative freight charges on 100,000 tons of goods by
the vessels A and Kx respectively would be £100,000 and
£208,000.
As respects the relation which subsists between the dynamic
properties of vessel A, taken as the standard of comparison in
the foregoing sections, and the dynamic properties of mercantile
steam ships generally at the present time, it might be regarded
as invidious to refer to and particularise the actual performances
of vessels presently employed on commercial service, but it may
be affirmed generally that the ocean performance of mercantile
steam fleets does not average a coefficient of economic duty by
V3Df
the formula
exceeding 5600, whilst modern naval archi
tecture and engineering has practically shown that with certain
types of form the coefficient of performance may be expected to
vary from 250 to 300, and that some engines of modern con
struction have consumed only from 2 lb. to 2^ lb. of coal per
indicated horse-power per hour, thus practically constituting a
possible coefficient of economic duty as high as 14,000, which
has therefore been assigned to ship A in the foregoing table, and
whereby, under the conditions of the service referred to—viz.
ships of 5000 tons displacement steaming at 10 knots per
hour on a passage of 3000 miles, the conveyance of goods per ton
weight may be expected to be performed at fully 30 per cent less
cost than would be necessarily incurred under the same circum
stances by vessels of the same size, but of which the coefficient
of economic duty does not exceed 5600; and this comparative
difference would be greatly exceeded if the size of ships be
reduced, the length of passage increased, or the speed accelerated.
From the foregoing statements it appears that public interests
in the great matter of Fkeiout demand that steam ships only of
the most effective construction, as respects hull and engines, be
employed on mercantile service. Bad types of hull and wasteful
engines necessarily, as we have seen, enhance freight, increase
the cost of production, and consequently curtail consumption,
thus constituting a blight on national industry. A check on
these evils, highly conducive to the gradual reduction of freight
expenses by steam ships, would at once be instituted by
making it a matter of contract stipulation, that a definite coeffi
V3Df
cient of Dynamic duty by the formula
should be realised
W
on test trial of the ship, at the builder's load displacement and
steaming at the stipulated speed. Unquestionably for years past,
iu our popular marine engineering, prejudice and expediency have
retarded progress ; marine engineering practice has not duly
availed itself of the established truths and scieuce of the times.
Expansion, superheating, and surface condensation, now being
reanimated as the basis of modern improvements, are but the
legacies of a by-gone age hitherto neglected.
It is only by directing public opinion to bear on such subjects
of general interest, that any prevalent evil can be corrected ; and
surely an appeal on the important subject of Freight, as affected
by differences in the dynamic properties of steam ships, cannot
be more appropriately made to any public body than to the
British Association, under the presidency of a man especially
distinguished and honoured in the path of practical science, and
assembled at Manchester, the birthplace of free trade, and the
manufacturing capital of the world.

On Fire and Railway Alarms.

By C. W. Siemens.

In the years 1849 and 1850 the firm of Siemens and Halske
applied electricity to the two important purposes of giving im
mediate information of the locality where a fire breaks out, and
of announcing the progress of every railway train from station to
station, so as to be known by every engine-driver, pointsman,
and platelayer along the section of the line where the train is to
pass. Both these systems have now stood the test of nearly
twelve years' trial on a very extensive scale, but, having never
been brought prominently before the British public, their appli
cation has remained confined to Germany, and other conti
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nental countries.
The calamities caused lately, both by the
several extensive conflagrations and railway collisions, render
this perhaps the most favorable opportunity d bringing the
subject forward.
The Fire Alarm Telegraph was first established at Berlin, in
1849, but has since been adopted in other cities.. The city is
divided into a number of fire districts, comprising each a suitable
number of alarm and engine stations, connected by underground
Fie. 1.
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This system has not been known to fail since its introduction,
and it is certainly a remarkable fact, that there has been no great
fire at Berlin ever since its introduction; five minutes being
generally sufficient to bring the first engine to the scene of action
after the alarm is given.
The Railway Alarms which are at present in general use in
Germany, consist of one or two cast-iron bells placed on the top
of the signalman's hut or elsewhere along the line, at intervals from
a quarter to half a mile, all of which are connected by a single
line-wire between station and station. At each station a battery,
or more recently a powerful multiple magneto-electric apparatus,
is placed, and in turning the handle of this machine, a series of
powerful currents is sent through the line-wire, which releases
the clockworks of all the alarms between the two stations. Their
bells will then give the signal all along this section that a train
has just left the station, and continue to sound for a sufficient
length of time to be distinctly heard at every point of the line,
including the next station. A difference is made between the up
and down trains; in announcing the one by giving the signal only
once, and the other by repeating it after a short interval.
By placing in the circuit at each of the stations one of Siemens
and Halske's magneto-electric dial apparatus, and connecting
the line-wire at each of the alarm stations by an iron bar, capable
Fia 3.

line-wire. Each district forms an independent circuit, and is
distinguished by a letter of the alphabet, while the single sta
tions in tho same are marked by consecutive numbers; the line
wire of each circle passes through a central station. (See Fig. 1.)
Supposing a fire breaks out in district B, near station 0;
the person who first observes it proceeds to the near station,
(usually the post-office, theatre, or engine station), where an
alarm apparatus (Fig. 2) is exposed to view.
In breaking tho
glass window of the casing, and pulling the handle h, the disk d
is set in motion by clockwork, and the galvanic circuit in
district B is interrupted and restored a certain number of times,
and a bell placed in the alarm case at each engine station of tho
district is sounded correspondingly. After a short pause this
signal is repeated, by action of the clockwork, and again a third
and fourth time, in order to give ample opportunity to the watch
man at the engine station to
Fin. 2.
notice not only the fact that
a fire has broken out in his
district, but also the station
whence the alarm proceeds.
The engines of the district
will thereupon at once pro
ceed to the position indicated
by the signal. At the central
station the same acoustic sig
nal is received, but in addition
to that the central station re
ceives unmistakable informa
tion of the district where the
alarm has been given, by the
release of a lever bearing the
letter B, or other number de
noting the circuit. The chief
superintendent stationed at
the central station can there
upon communicate to and re
ceive information by ordinary
Morse signals from the station
where the alarm was given,
respecting the extent of the
fire, &c, and, if it appears ne
cessary, he has it in his power
to communicate tho alarm to
as many of the other circles as
he may find necessary, and to
communicate to them particu
lar instructions. The whole
system is worked by a single
battery placed at the central station, the communications being
made by interrupting the metallic circuit.

of being removed when necessary, the engine driver will be able
to communicate with the stations from any point of the line, in
case any accident should happen to the train, simply by inserting
the magnet electric dial instrument which he carries constantly on
his engine, into the lino in place of the iron bar of the nearest
alarm hut, signalling and receiving in the usual way. This alarm
apparatus would render accidents such as have lately happened
almost impossible; and it is well known that accidents of that
description are hardly known in Germany, where this system
has been generally introduced.
Fig, 3, shows the general arrangements of the railway alarum.
A, is the electro-magnet with the clockwork, generally protected
by a wooden case. BB, are two bells of different sounds, under an
iron roof on the top of the the station house. CC, the arms
which move the hammers DD.
(The report of the Section* will be continued in our next. )
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Recollections of A. W. Pugin. By Benjamin Ferret, Architect,
F.RLB.A.—London: Stanford. 1861.
A life of Welby Pugin has certainly yet to be written—at least,
regarded from a professional point of view. The 'Recollections' of
Mr. Ferrey are without doubt valuable contributions to the more
general and personal phase of it, but they cannot be said to satisfy
an inquirer wholly, or in the manner necessary, viewing Pugin
as the reforming architect he claims, and which all must allow
him to have been. Generalities or recapitulations simply of
every-day acts, however extraordinary, never do satisfy in the case
of such a man: while panegyric should be based upon a foundation
laid open to the observation of all who look to see and judge
whether such be deserved or is concluded by a practical result.
It has been already well observed by a contemporary that Mr.
Ferrey, desiring for Mr. Pugin a rank among the most eminent
architects of the present or former days, does not dwell upon
one single proof of the supremacy in stone and brick which he
says generally was his due. There will be few of those indeed,
among his professional brethren more particularly, who will
deny to Pugin the credit justly belonging to him of being the
strenuous and enthusiastic supporter, both in theory and in his
literary productions, of the true and legitimate in architecture,
as distinguished from the common practice of his time, or who
will fail to attribute to him, as a prime mover through the influ
ences of his uncompromising pen and powerful pencil, a very
large share of the good which has followed his strictures upon
the debased and untruthful expression characteristic of the build
ings of his day. It is the more interesting and imperative there
fore on this account, if for no better or more extended a reason,
that the extent to which his theories and advocated principles
were embodied in his material works should be shown as far as
possible in any review of his life.
The data and opportunities for arriving at any certain conclu
sion on this point are not to be found among Mr. Ferrey's 'Recol
lections;' and this is the more to be regretted, because Mr. Ferrey
is an architect of repute, and should be well qualified by the par
ticular direction of his professional study and acquirements to
discriminate and instruct in relation to the subject. It would per
haps be a difficult task to point out how far, clearly, the buildings
which Pugin erected bear the impress of his mind, unfettered by
extraneous interference and the pressure from without which it is
the common lot of all architects to be subjected to, notwithstand
ing they be ever so bold in denunciation; indeed, from his own
words it would seem as if in many cases they were not so much
what he desired or proposed they should be, as what the restric
tions surrounding him necessitated (see the observations he is
stated to have made on St. George's Church, and those at Not
tingham and Kirkham); still, such a task should have been
attempted, and particularly by an architect writing of an archi
tect—even if it were only for the sake of answering the reproach
which has been levelled against him of acquiescing "in the
miserable conditions of cheapness and parsimony." Instead of a
simple list of his buildings, a critical analysis of them, with refe
rences to the amount of true principle exhibited in them, would
have been of far greater value as a feature in his architectural life
and progress, than the record of his singularities and his rude
nesses, however far either of the latter may have insured his
notoriety or originated his "utter contempt for effeminacy and
dandyism."
The same observation applies also to the account of his ma
trimonial disappointment, in which the "statement of facts"
stands so prominently as a feature. Little general and scant pro
fessional interest can possibly attach to this curious episode in
Pugin's career; and, except as showing the natural enthusiasm
and religious prejudice actuating all he did, can be but of little
moment to any but his family, and the other parties more imme
diately concerned.
Again, how closely stands the relationship, agreeably to the
old proverb, between the sublime and ridiculous, is very un
necessarily presented in the case of the wedding card used on
his third and last marriage. This, and the letter of congratula
tion from Lord Shrewsbury, add no halo to the name or memory
of Pugin. The former is puerile altogether, and the latter simply a
kind and opportune testimony of personal consideration, giving no
higher title to the position of the recipient, architecturally speak
ing, than that which his acknowledged talent had already fixed
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upon him—a reflection borrowed from the friendly courtesies of
high rank is quite unnecessary to Pugin's professional fame.
The absence from the ' Recollections ' of the more critical re
view of Pugin's productions and professional life here adverted
to, several of the notices which have appeared of Mr. Ferrey's
work have sought to supply, at least in some part In one of
these—the Saturday Review—the reviewer, having dilated on
his theory, says that, "as to the practice of his art we should
judge him by his actual works to his disadvantage,-" admitting,
however, it to be " well known, that he never had a thoroughly
food opportunity of carrying out his own principles of design,
n continuation he observes—
" His best works, perhaps, are the church at Cheadle, which he built
for Lord Shrewsbury, and the church in St. George's-fields, London,
The former however, though a beautiful design, is over decorated in pro
portion to its scale; and the latter, with several grave faults, has never
been finished externally, while its interior has been fitted up in a manner
quite opposed to all its designer's principles of church arrangement.
Both these buildings—and it is the same with all his other works—
show Pugin's chief weakness: the design is on too great a scale for
the actual dimensions. We could point to modern churches which,
though insignificant in area, give an effect of height and breadth which
approaches to the sublime. This is the touchstone of the highest archi
tectural art: it is quite otherwise with Pugin's churches. The actual
structures require to be magnified at least fifty per cent, to give the
proper effect to the design. As a mere architectural draughtsman
Pugin was unrivalled, but the glorious visions which he delineated on
paper dwindled into mean proportions when they were translated into
brick and mortar. No doubt this was owing partly to his peculiar train
ing as a scene-painter for the theatres; but he never forgave the friendly
criticism which pointed out the difference between the promise and the
performance of his designs. Anyone may test for himself our present
criticism of his style of drawing who will try with a pair of compasses the
very beautiful perspective of the St. George's-fields Church, as originally
proposed by Pugin, which adorns this volume. Allowing the moderate
tallness of 5 ft. 8 in. for the priest at mass, the height of the central
boss of the apse groining will be more than 75 feet from the raised steps
of the altar. So that, we repeat, the genius of Pugin will not be fairly
judged by the actual buildings which he has left behind—unless indeed
by the unpretending, and therefore much more satisfactory little church,
which he built at his own cost, adjoining his own house, on the West
Cliff at Ramsgate."
There is a considerable amount of truth in these observations;
on the other hand, as showing how commonly the restraining sub
jection to which we have before alluded, and which he himself
directly complains was exercised in the cases mentioned, had to be
contended against, and how fatally it may have been applied in
others where favouring circumstances existed in less degree than
they did in that which we shall now bring forward, an instance
occurs in connection with the alterations effected by Pugin at
Alton Towers. Even here he had to combat for correctness and
the proper expression of his idea, though ultimately in this case
he met with more fortune in the way of success than it is probable
he could on all occasions command. Writing in answer to some
expressed wish of Lord Shrewsbury, to retain portions of the
existing work condemned by Pugin, the latter says as follows:—
" Hornby Castle.
" My dear Lord Shrewsbury, —I cannot admit that I am to blame
respecting the design of the dining-room. Of course, I intended to make
a fine thing, suitable to the purpose for which it is destined, and not a
common room, fit only for an hotel. This is the very first room at the
Towers that I was called upon to design, and it was quite natural that I
should wish to produce something that would have a striking effect,
especially when so many persons were loud in condemning the alterations,
and declaring that the present room was far better than anything that
could be done: yes, indeed, on the plan proposed by your lordship at
present, I do think the present room far better as regards design; for the
new room would be the most commonplace apartment that can well be
imagined. If I am not enabled to exercise any judgment, and make u*e
of my knowledge and experience, I am reduced to the condition of a mere
drawing clerk, to work out what I am ordered, and this I cannot bear;
and, so far from knocking under, I really must decline undertaking the
alteration unless your lordship will consent to its being made worthy of
your dignity and residence. It shall never be said that I have spoilt the
dining-room at Alton: I would not do it for a thousand pounds. I always
opposed the window; and at one time your lordship suggested it would do
for the east window of a church, to which I quite agreed, for it is a
church window in design. From the first moment I spoke of a screen;
and it is indispensable to break the current of air into the room. I never
proposed anything for mere effect. I know my design was quite right,
and again I entreat of your lordship to carry it out, or to leave the present
building unaltered. . . Nothing can be more dangerous than looking at
prints of buildings, or trying to imitate bite of them; these architectural
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books are as bad as the Scriptures in the hands of Protestant*. I am
very unhappy about it; and as regards the hall, I have nailed my colors to
the mast, —a bay window, high open roof, lantern, two good fire-places,
a great side-board, screen, minstrel-gallery— all or none. I will not sell
myself to do a wretched thing. Lady Shrewsbury told me, when I was
last at Alton, that she would rather see the present room left, unless the
new one was a truly fine work; and I am sure her ladyship is right.
Ever, dear Lord Shrewsbury, &c,
A. Welby Pugin."
In relation to this view of the matter Mr. Ferrey very pro
perly brings forward this letter of Pugin, as an instance of " the
independent manner in which he insisted upon carrying out his
own views" wherever possible, and as illustration of the fond
hope he had entertained that "in designing buildings for his
lordship he should be spared the mortifying interference bo often
encountered with public committees, and been permitted to erect
structures iu every respect suitable to the dignity of his em
ployer." Where he was enabled to do this the results are gene
rally satisfactory. The church at Cheadle is certainly one of the
best of the works erected by him strictly in the way of his pro
fession, but the unpretending hospital of St. John, at Alton,
claims an almost equal share in the list; there is also a church
at Yarmouth hardly less deserving of attention, as exhibiting
the old principle and character he so earnestly contended for.
Others are more open to the charge just made of weakness and
poverty in constructive fact and effect. In Birmingham and
Derby are notable examples, but these are among his first
efforts, and may have been also affected by the causes we have
referred to; one great and redeeming quality in all defects how
ever is the reality in his work, which he ever retained and
fought for, and the previous general absence of which he was
among the first to depreciate and expose. He it was, as has been
truly observed by a late writer, who first publicly contrasted
" the shams and concealments of modern architecture with the
heartiness and sincerity of Mediaeval work;" and showing " the
lair outside of a modern building having no relation to its con
struction, except that of a screen to hide its faults," exhibited in
opposition to it that " the first principle of Mediaeval work was to
expose construction, and not to hide it, but to adorn it." " A
modern building for example," in continuation the same writer
observes, "conceals its flying buttresses with a dead wall; an
ancient one exposes them, and derives a principal charm from
these contrivances being seen. It is the law of all the old archi
tecture,—there is nothing it fears to show, it rather invites
inspection within and without; whereas concealment was for long
the rule of modern British architecture—concealment of the real
materials—concealment of the manner of contruction." Let us
remember, to Pugin's honour he adds: " that if now there seems
to be the dawn of a better architecture, if our edifices seem to be
more correct in taste, more genuine in material, more honest in
construction, and more sure to last, it was he who first showed
us that our architecture offended not only against the laws of
beauty, but also against the laws of morality."
No higher or more just tribute can be paid to Pugin than this,
and it is one with which his warmest admirer should be satis
fied, since few will fail to indorse it as representing the true view
and colour of his primary and distinguishing excellence, and as
showing the grand point in relation to his art, to which all his
after efforts tended, and with greater or less amount of positive
success attained to.
With reference to the religious sentiments and prejudice of
Pugin in connection with his theory and inculcation, Mr. Ferrey
deals very fairly and truthfully. Vindicating Pugin from the
imputation of being led to his change of religion " solely by the
love he had for the outward splendour of the middle ages,-" he
states that " this was far from being the fact," and claims for
him a rest for his faith " on far higher grounds than his admira
tion for external magnificence." On the other hand, speaking of
' Contrasts,' he refers to the unquestionable unfairness of his
selections, induced " by his desire to put everything connected
with Protestantism in a bad light." " Moderation in most mat
ters," he says, " was unknown to him; and it is not likely he
would have practised that virtue when dealing with the system
of the church from which he had just seceded;" and he gives in
illustration the following passage from that work, than which
nothing, as he truly observes, can be more " exaggerated " in
character.
" When we reflect on the horrible repairs, alterations, and demolitions
that have taken place in our venerable edifices, ever directed by a tepid
and parsimonious clergy, brutal and jobbing parochial authorities, and

ignorant and tasteless operatives, I do not hesitate to Bay that the lover
of ancient art has more to regret during the period the present establish
ment has had the churches in possession th.au even during the period
that drove the ancient churchmen from them."
Of a parallel kind are the feelings expressed in what Mr.
Ferrey denominates truly the " one great fallacy in the remarks
made iu his ' Contrasts,' " the object of which is to prove " that
no work of high art can be produced by anyone not within the
pale of the Koman Church." "This," says Mr. Ferry, "is the
whole gist of Pugin's arguments."
" He appears wholly insensible of the merit which belongs to work of
the Classic period, and we fiud not a word even in toleration of that
great Bchool of art. Conceding very readily the unsuitableness of the
severe Greek and Koman styles of architecture for giving the most im
pressive character to religious edifices; still the assertion that it is im
possible to effect great and masterly productions unless inspired by the
genius of the Roman Catholic Church, is untenable. No one denies that
the ceremonial character of the ritual of that church, and the intensity
of feeling generated by its doctrines and traditions, afforded a wide scope
for the exercise of those branches of art, such as architecture and paint
ing, which have flourished chiefly in connection with it; nor that a revul
sion of feeling, not yet wholly extinct, which took place at the Reforma
tion, chiefly through the fanaticism of the Puritans, affected most seriously
the cultivation of fine art. Still, to conclude that none but Roman
Catholic artists can produce works of merit and feeling, even in a re
ligious sense, is a lamentable mistake, of which Pugin himself must have
been convinced before his death. Beyond all doubt a debt of gratitude
is due to him for the remarks in his 'Contrasts," calling attention to the
degraded state of architecture; but the public fail to recognise that iden
tity of cause and effect, which, in Pugin's view, would give the monoply
of art to the Church of Rome. The many structures erected by Pugin
himself, though superior to the generality of modem buildings, and ex
hibiting much of the architcc'.ural truthfulness for which he contended,
are yet far from being perfect; on the other hand, Beveral churches and
schools in connection with the Anglican communion have been built since
he commenced practice, which beyond all question, both in design and
feeling, will bear comparison with anything executed by him. Nay,
more, they may be considered superior, since they manifest an amount
of study and care in design which are sometimes foond wanting in
Pugin's best works. The very soul and expression which he claims a?
exclusive prerogatives of his own church, are present in the carefully con
sidered details of some of our own recently built churches. But in
justice to Pugin, it should be added that this excellence has been really
attained through the impetus which his writings gave to the study of
'the true principles of Gothic architecture.' "
The prejudices exhibited iu the limited views which Mr. Ferrey
thus remarks upon, are the disparaging features in Pugin's cha
racter, the more so as he was on occasion quite alive to the in
correctness of them, as is proved by his own observation recorded
in a later part of Mr. Ferrey's work, where it is stated that
"speaking to a friend, he observed 'that the only merit he
claimed was giving to other architects the key to the use of the
knowledge wmch they in theory already possessed; that since
he opened the door other men had surpassed him in the goodness
of their work.' "
However far, nevertheless, this perversion of his mind may
have existed, we must not shut our eyes to his real merit in an
artistic point of view, and as the great advocate kand promoter
of the great good that his forcible and unsparing observations
have called forth. That we owe largely to him in this respect
js unanimously allowed. Mr. Ferrey not more justly than pro
minently brings this forward, and his observations have received
the stamp of general echo and acquiescence. One writer says:—
"That though his works may be much open to criticism, and
the leading idea of his life be an exceedingly subordinate one in
the life of the world, yet there can be no doubt that the strong
earnestness of his devotion to that one idea enabled him to set
his mark for ever in the history of art in England." Another
say:—" The merits of Pugin we hold to have been real. If he
was wild, he was honest. He had the true artist-sense, the true
artist-eye, the true artist-hand, the true artist-heart. But mental
distemperature may have set in with him at an early age; and
such fact may offer the key to much that is violent and without
coherence in his career." It is probable that this was really the
case:— "eager, excitable, impressionable, and impulsive," as a
third writer remarks, he was just the subject to offer open ground
to the seed of such disease, and it will be no more than due
charity to conclude that the illiberality of doctrine he generally
exhibited in dealing with the religious view of his art, is owing
to such infliction, and a consequent partial affection and abase
ment of his mental powers.
In completion of Mr. Ferrey's book an appendix has been
09
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added, having for its burden the consideration of Pugin's writings
and character in their Catholic aspect. The arguments adduced
in support of, and the success in relation to its object attained by
the writer of this portion of the work, has been already so fully
discoursed upon, and so fairly disposed of, in almost every notice
which has appeared of the book, that it is unnecessary here to
enlarge upon it. It may be sufficient to say that they are dis
appointing; and, as one literary opinion gives it, seeking "to
show that Pugin was less tolerant than his actions and writings
showed him to be, happily for Pugin's fame do not prove the
point" argued for. Pugin was doubtless sectarian in a large
degree—but his better nature was not always dormant, and he
lived, it is generally admitted by those who knew him best, to
discover and allow the existence at last of some good from out
of Galilee.

A Complete Treatise on Cast and Wrought Iron Bridge Construc
tion. By William Humber, A. Inst. C.E., M. Inst. M.E. Folio,
2 vols, (text and plates.)—London: Spon.
Having briefly noticed this work in our last number, we pur
pose now bestowing some further examination on the text.
In the first or theoretical part it is evidently sought to exhaust
the subject of the strains, sectional strength, and deflection of
girders, and some attention is also given to the arch and the
chain.
On transverse strain and moment of inertia, detached and
continuous girders, &c, we have in these pages a pretty fair
compendium of what mathematical research has effected up to the
present time. We regret to observe some inaccuracies in the
printing of the algebraical portions, which a careful revision should
nave excluded from a work of such considerable pretensions, but
otherwise, the treatment appears (on a somewat cursory inspec
tion) satisfactory, and in accordance with existing standard
authorities.
Following however, as he has wisely done, the beaten track in
these investigations, the author is apparently not without sus
picion that a more direct method of getting at the strains caused
by the load might be desired, or even attempted, by some.
" It will doubtless be remarked, that in treating the case of a straight
girder generally I do not commence at the load itself, and immediately
show its results upon that part of the structure with which it is in contact,
although as all strains must pass through such parts to the piers, it would
seem most natural so tq do; but on the contrary, I calculate the effects of
the loads placed upon the structure, from the reaction of, or effect pro
duced upon, the points of support. To treat the subject in a different
way may or may not be possible; but I did not attempt it, feeling that
the introduction of methods of reasoning totally different to those which
have already been received would be very undesirable in a work pre
tending to a practical character, and intended for reference; but I
notwithstanding thought it equally undesirable to pass unnoticed so
important a point, wherefore I have introduced into the sixth chapter,
which is devoted to the consideration of shearing strains, an investigation
of the immediate relations existing between the downward pressure of
the load on a beam, and the direct strain on the horizontal fibres of such
I icani ; but I have there limited myself to the determination of the mode in
which the vertical force produces horizontal strain, without at all inquiring
into the numerical relations of the two forces."
When we turn, however, to the chapter spoken of, we find
anything but a lucid exhibition of the manner in which the
horizontal compressive and extensive strains are generated. Why
the upper part of a beam supported at both ends sustains com
pression and the lower part extension, and why these conditions
are reversed in the case of a beam supported at one end only, it
would be difficult to gather from following Mr. number's explana
tion.
" If the beam was fixed at one end, and free at the other, the particles
in the upper parts of the sections would be most readily movable, and
would, therefore, be separated to a greater distance than those in the
lower part of the beam; hence, supposing them to revolve, while their
relative position is being altered, round an axis contained within the beam,
the upper part will be in tension and the lower in compression."
We fail to derive any clear idea from the sentence we have just
quoted. Why the upper parts should be most readily movable,
and why their higher mobility should cause them to be intension
ami the lower parts in compression, our author does not tell us.
In treating of straight detached girders the following formula
is given for the variable greatest strain under a concentrated
movable load:—
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where / is the span, and z the distance of the load W from one
end of the girder. This of course is correct, which is more than
can be said for the following inference:—
" The curve of moments for a moving load which may be calculated by
this formula will be elliptical. '
The formula is readily reducible to the following form:—
TUT

W(P

-\

x being the distance of the load from the half-span. It is there
fore very obvious that the curve of moments in question is not an
ellipse, but a parabola.
The " theory of arches and bowstring girders " is treated in a
somewhat summary manner. The formula! arrived at are suf
ficiently clear, but applicable only to the case of a load disposed
on a roadway above the arch rib, with spandrels effectually braced.
We do not find any rule specially suited to the bowstring girder
carrying the load on a level with the tie, although the heading
of the chapter leads us to look for it. We are informed at the
outset that " investigations into the conditions of equilibrium of
linear arches " are no longer regarded in the construction of arches
of metal. Yet further on in the chapter the " line of pressures "
is spoken of, which is essentially a part of the theory previously
said to be discarded.
In examining the form of the line of pressure for an equally
distributed load, the author produces a well-known and correct
result indeed, but seeks to prove it by reasoning neither clear
nor convincing:—
"Let AB, (Fig. 1.) represent the loaded roadway supported by half
the arch, C being one abutment. Take any section ab, and make afequal
to the horizontal strain,
A
a.
C
t* B and ae equal to the weight
between a and Borxx
(oB), theneB will be the
resultant, and the line of
pressures will pass through
the point e. We must
next find in what direction
it passes r, and to do this
we will consider the load w X (aB) as concentrated at its centre of gra
vity c, which, if the load be uniformly distributed, bisects a B ; then the
proper direction for the strain between e and e is evidently a straight line,
therefore ee is a tangent to the line of pressures at e; but because ce bi
sects oB, in c, therefore it is a tangent to a parabola, and the required
curve is a parabola."
Grievous confusion characterises the passage above quoted. In
the first place, the points f and B are confounded both in the
diagram and in the reasoning, af being taken equal to the
horizontal strain, and ae equal to the weight, and then a B being
called the resultant. Secondly, it is asserted that the line of
pressure will pass through the point e. Now as ae is by construc
tion proportional to oB, it would follow (if that assertion were
correct), that the line of pressure must be a straight line. Thirdly,
it by no means follows that because ce bisects oB in c it is a
tangent to a parabola in any sense that helps towards the desired
demonstration. It is indeed a tangent to an arc of a parabola
drawn between e and B, but it will be an arc of a different para
bola for every successive position of e, and the point e will, as has
been indicated, travel along a straight line in consequence of the*,
proportion between ae and oB being constant. If the author of
the investigation (after clearing up the confusion between of
and aB) were to draw a line through c, paralllel to ye, to intersect
ae, he might be in a better way to arrive at a parabola for the line
of pressure.
But this is assuming all the while that the horizontal strain is
everywhere the same. We do not see, however, what right the
investigator has to make this assumption, if he ignores the arch
theory, or treats the rib as but the lower member of a girder of
which the spandrel is an essential portion.
Almost equally obscure and futile is the following endeavour
to investigate " the curve proper for sustaining a rolling load,
supposing the arch itself to be devoid of weight." We areh,
constrained to correct some errors in the original to render it
intelligible.
" Let A B, (Fig. 2.) be half the length of roadway, and let a lo&d W
roll from B to A. When the load is at c let ce equal that portion borne
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by the abutment at d, then to find what la borne by the same pier as the
load passes each of the points b, a, &c, make Ad = W, and join rfB,
draw ag, If, perpemlicular to AB and pa- ?
£
^
£
rJ
rallel to Ad and «, to
meet cIB in g, f, then
bf, ag, are the required
quantities. At each of
these points the direc
tion of the strain will lie
cd, bd, ad, resolving J1
the strain in these direc
tions, the strains become cp', bp", op"', &c, and p', p", p"' are points
in the curve. From the construction in the curve it is at once evident
that it is elliptical."
Even were all this correct, we should be at a loss to explain,
why the curve found in the manner exemplified should be proper
so sustain a rolling load. The lines cd, &c, in which the succes
sive strains are conceived to be transmitted towards the abutment
in every case just cut the curve, and then shoot altogether below
it. If this is what is wanted, any curve will do. But the author
starts with a false division of his rolling load, according to which,
when the load was at the crown B, no portion whatever would be
transmitted to the abutment: in fact, the distribution is as if B
were the opposite abutment instead of the crown. And the curve
giving by the construction shown in the diagram is not an ellipse
at all, but a parabola with a horizontal axis, having its apex at d.
An attempt to show how to lay out the curve for an arch for a
distributed and rolling load together reproduces with some
variations the errors noticed in the previous processes. Here the
rolling load is treated as transmitted exclusively to the nearer
abutment Just before it was considered as divided between the
two abutments. No reason is adduced for these conflicting
suppositions.
After a page or two on suspension bridges, the theoretical part
of the work concludes with a chapter on the strength of materials,
g'ving tabulated results from the experiments of Messrs. Eaton
odgkinsou, Stephenson, Napier, and others.
We should however give an unfair impression of the theoretical
section of Mr. Humbert book, if we confined our comment to
those portions which have called for stricture. These are but
blots here and there in what must as a whole be regarded as a
valuable compilation of some sixty or seventy pages (a third of
the entire volume) ; recording generally in an intelligible manner
the commonly received results of scientific research. With regard
to the fallacies to which we have taken exception, and which
stand in very unfavourable contrast with the sound reasoning to
be found in the rest of the section, we can only hope that
Mr. Humber may have a future opportunity of correcting them.
We cannot now give consideration to the second and third sections
of the text, but propose doing so in a further notice. They appear
to contain much that is instructive and interesting.

NEW THEORY OF THE FIGURE OF THE EARTH.
TO TBI 1DIT0R OF THS CIVIL S50IHSBS ASD ARCHITECT' fl JOURNAL.

Sir,—It would have been unreasonable to have expected that
those whose minds have been accustomed to run in the rut
formed by established authorities would readily accept my views
of the action of centrifugal force on the earth, and I prepared the
way for objections by publishing the adverse opinions of one of
the most eminent mathematicians of the present day. It is
satisfactory to me to find that two other objectors have expressed
their reasons for not agreeing with me, as it affords an oppor
tunity for explaining more fully some points of my position,
which it seems from their letters that I failed to make so clear as
I should have done.
Your correspondent " R." asserts that water on the surface
of a solid sphere would flow not towards, but from the place of
strongest gravitation, " exactly as it would do if its density were
increased at that place, gravitation remaining uniform; or if a
pressure were brought to Dear on it at the same place." In the
foregoing passage the attraction of the fluid to the earth is
regarded as if it were independent of, instead of being caused solely
by, the attraction of gravitation in the mass of the globe. This
is the error into which all who have objected to my theory have
fallen. They confine their views to the effects of attraction and
of centrifugal force on a single particle, instead of considering
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their effects on the mass of matter in the earth, though it is the
latter which entirely governs the direction and tendency to
motion of bodies on the surface. Your correspondent considers
that the attraction of gravitation operates in the same manner as
pressure, but the nature and action of the two forces are very
different. In one case a body is itself drawn to the earth by the
attraction of gravitation, whereas in the other case it is pressed
down by a force distinct from its own gravity. There is the
same distinction between the two forces as there exists between
the attraction of a piece of iron by the inherent attraction of a
magnet, and the pressure of a piece of lead on the surface of the
same magnet by a spring. In the case of the magnet, the point
of greatest attraction would be the point towards which the iron
would be drawn; but movable particles would be propelled from
the point of greatest pressure.
The fallacy of your correspondent's assertion that water would
not flow towards, but from the place of strongest gravitation on
the surface, will be further apparent on considering the effect of
gravitation on the surface of a solid spheroid at rest. I feel
assured he will not deny, what has been demonstrated by the
most eminent mathematicians, that the attraction of gravitation
on the surface of a solid spheroid of homogeneous matter, at rest,
is strongest at the shortest diameter. Neither will he deny, I
presume, that water poured on such a spheroid would flow
towards the points of strongest attraction. Sir John Herschel,
when explaining the condition of attraction on the surface of a
solid spheroid at rest observes, that water would not remain at
other parts of the surface than the poles (the shortest diameter)
" any more than if it were thrown on the side of a hill." It
being admitted, therefore, that on a spheroid at rest particles on
the surface would be attracted towards the shortest diameter, it
is evident that it is not only possible that the point at which the
attraction is strongest may be the point towards which particles on
the surface are attracted, but that it could not be .otherwise. It
may indeed be said, that the rotation of the spheroid would pro
duce a difference, but the proposition of your correspondent is an
absolute one, and could not be altered by change of circum
stances.
The same illustration disposes also of the similar objec
tion raised by your other correspondent, Mr. Conder, who
affirms that "the stronger local attraction at the pole has no
tendency to cause motion along the surface of the sphere towards
the pole. There is no impulsion of matter from the equator; the
impulsion is all the other way." Had he considered the cause of
the stronger attraction at the poles he would not have made such
assertions. It is not a " local attraction," as Mr. Conder regards
it, but it is the result of the attractions of the particles of matter
in all parts of the mass of the globe. If, therefore, from any
cause, the matter near the poles becomes more attractive than the
matter in other parts of the globe, it is contrary to reason to
assume that the increased attractive power would produce repul
sion. Your correspondent " R." has apparently been misled by
considering what would be the effect of increased attraction at
the poles on a fluid sphere, in which case his reasoning would
correctly apply, as I explained in my paper; but it is fallacious as
applied to a solid sphere.
Mr. Conder is more diffuse in his objections than your corre
spondent " R," but they seem to be principally directed against
the " idea " that the component matter of the earth is rendered
lighter at the equator by the agency of centrifugal force. He
says "The whole argument is based upon equivocal middle
terms. To such a fallacy the only answer is, to give a correct
definition of the real meaning of the terms employed." Unfor
tunately, however, he omits to give that answer; and though he
attaches so much importance to the correct application of terms,
he is far from precise in his own use of them. He speaks of
" weight," " sensible weight," " inherent weight," " downward
pressure," " vertical pressure," " gravitation towards the earth's
centre," "passive gravitation," and "downward pressure
resulting from gravitation;" and as regards those terms I plead
guilty to the charge of "evincing unconsciousness of the distinc
tions." It appears to me, indeed, that by this multiplicity of
expressions for the same thing he misleads himself, and may
possibly mislead others. Since Mr. Conder has failed to give the
definition of terms which he considers so all important, I will, in
order to avoid mistakes, explain the sense in which I understand
the terms "weight," "gravity," and "specific gravity," on
which he lays the most stress. I understand weight to be a
relative term, expressing the actual force with which a body on
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or near the surface of the earth is drawn towards it by the
attraction of gravitation. The amount of the force may vary with
the temperature, with the density of the surrounding medium,
and with the position in which the body is placed. To speak of
the "inherent weight" of matter, therefore, seems to be as
absurd as to speak of its inherent velocity. Gravity is the inherent
attractive power which a body possesses, independent of place or
circumstances; and this it is what I suppose to be intended by
" inherent weight." Specific gravity I understand to be the weight
of a given bulk of one body compared with the weight of an
equal bulk of another, or the comparative weights of equal bulks
of the same kind of matter under different circumstances. Thus,
a cubic inch of lead is 1T35 times heavier than a cubic inch of
water when they are weighed together, and that number indicates
the specific gravity of lead compared with water; but if the lead
were by any change of circumstances to weigh more or less, while
the water with which it was compared remained of the same
density, the specific gravity of the metal would be changed. Thus,
for example, if a pound of lead weighed by a spring balance at
the equator weighs 1T35 times more than its bulk of water, and
when weighed again with that balance nearer the pole, the same
mass of lead weighs more than a pound, the specific gravity of
the lead would be increased, compared with the water at the equator,
as well as its actual weight. In this sense Sir John Herschel
observes, that at the equator " the sea is lightened " by centri
fugal force, and that at the poles " the water may be considered
as specifically heavier."
I do not affirm that the rotation of the globe diminishes the
inherent gravity of the particles of matter, but what I contend
is, that by the rotation of the globe a mechanical force is intro
duced which tends to separate them, and to counteract the
attraction of the particles to each other. I fear to extend this
reply to too great a length, otherwise it might be shown that the
direction of the counteracting centrifugal force is not confined
to the plane of the equator, but extends radially from each par
ticle throughout the mass of matter in the globe; and that, by
thus counteracting the attraction of the particles to one another,
it in fact renders the matter near the equator specifically lighter,
though the gravitation of the particles to the sun and to other
heavenly bodies remains unchanged. The illustration of the
spinning top, which Mr. Conder adduces, supports my argu
ment iustead of contradicting it. The top, it is true, does not
weigh less when spinning than when at rest, because the gravity
of the particles continues unaltered by rotation; but the attrac
tion of the particles among themselves is weakened by centri
fugal force, and, if the rapidity of rotation were much increased,
it would be altogether counteracted, and they would be torn
asunder. This weakening of the force of attraction between the
particles of matter by the action of centrifugal force takes place
in the mass of the earth, and the attraction of gravitation on
the whole surface of the globe is thereby diminished. Mr.
Conder, indeed, asserts that "at the pole the vertical pressure of
gravity suffers no abatement;" and he says further, "the centri
fugal force is not appreciable at the pole," but these assertions
must have been made without sufficient consideration, for it
could readily be proved that the earth's rotation about its axis
must diminish the attraction of gravitation on all parts of its
surface.
Before I conclude I will adduce an additional illustration in
support of my views of the action of centrifugal force, derived
from the further consideration of the effect of gravitation on a
solid spheroid brought from a state of rest into rotation about
its shortest diameter. It being admitted that a particle free to
move would be drawn to one of the poles of such a spheroid
when at rest, it is evident that it would remain there until the
spheroid had attained a velocity of rotation sufficient to overcome
the polar attraction. Let it be assumed that that effect would be
produced by a rate of rotation of once in twenty-three hours,
and that at slower speeds the attraction towards the pole would
continue to be greater than to any other part of the surface. It
follows, therefore, that when rotating with the same velocity as
the globe, viz., once in twenty-four hours, the parts of greatest
attraction would be the poles, and that all particles on the surface
would be attracted towards them, and not towards the equator.
That is the position T have endeavoured to establish with respect
to the earth, which may be considered to be in exactly similar
circumstances to those of the assumed spheroid.
Having, as I hope satisfactorily, answered the objections of
your correspondents, I purpose in your next publication to
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explain the probable causes of the disturbance of the equilibrium
which the earth must have attained when in a fluid state, and
to point out some of the consequences of my theory.
Hampstead, Sept. 13, 1861.
F. C. Bakewell.

SHORT PRACTICAL RULE FOR FINDING THE ANGLE
CONTAINED BETWEEN THE CHORD AND TAN
GENT OF ANY ARC.
TO TBI IDITOa OF TBI CIVIL 19013m AND AUCBITKCT'S JOCRJAL.

In the accompanying diagram let the arc ABC be portion
of a railway curve which it is required to lay off by Mr. Rankine's
method; that is, by means of the angle contained between its
chord and tangent. Let AI = the tangent we use in this case,
and AC = chord of arc; a = length of arc ABC, R = radius of
curve, and 0 = angle required. We have the following propor—- .
a
from which we obtain
tion, 0° : 45° : :

ir = ratio of circle to diameters 3-141 6,

90a
6=

a
= RX 28-64?

(1)

ttR

This equation gives the value of $ in degrees and decimals for
any length of arc, thus being of service in the finding of the

angle for what is known to those who have used this method in
the field as the " odd distances."
Supposing 6 to be known (as it always is for the whole curve),
by transposing the equation we find the following value for tho
length of the arc:—
.= 28-648
***-

(2)
v

bearing in mind, that in both these equations a and R must be
in the same terms.
By means of these two equations we obtain two very important
data for laying out curves by this method, without requiring the
use of tables of logarithms, or natural sines, &c.—very valuable,
but, to say the least, very troublesome aids to calculation in the
field. If in formula (1) we put a=l chain, and multiply the
right-hand side of the equation by 60, we obtain for 6 the follow
ing value in minutes and decimals:—
1719
6=
R
which is the formula given at page 275 in the last number of the
C. E. <$ A. Journal.
Thomas Cargiu, C.E.
Dublin, Sept. 13, 1861.
Ely Cathedral.—The reconstruction of the lantern of this cathe
dral, as a memorial of the late Dean Peacock, is about to be
commenced in a few days, from designs prepared by Mr. Gilbert
Scott. The intention of the friends of the late Dean to enter oa
this work was announced some months since, but, as the estimated
expenditure was from £5000 to £6000, some difficulty has been
experienced in providing the requisite funds. Sufficient promises
of support having now been obtained to justify the commence
ment of operations, thej will be prosecuted [with energy. The
new lantern, like the existing one, will be of oak cased with lead,
but windows will be introduced harmonising better with the rest
of the building. Mr. L'Estrange, of Hunstanton, an amateur
artist of considerable taste and skill, is proceeding with the
painting of the ceiling of the nave, a series of gigantic medallions
representing the Creation, and other series from early Scripture
history, being in course of execution.
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ASHWICKE HALL, GLOUCESTERSHIRE.
(With Engraving/.)
The handsome structure which is illustrated by the accom
panying perspective view and plans, has been recently completed
at Ashwicke, Gloucestershire, for Mr. John Orred. It is wholly
built of stone, the quoins, dressings, carvings, &c, of box stone,
and the walling and plain surfaces of au oolitic stone, which was
quarried on the estate. In adopting the castellated style of ar
chitecture the object of the architect was to take advantage of
some of the broad and massive features of that style, without
attempting to make a gentleman's country residence look like or
in any way resemble a castle of the middle ages, which in the
nineteenth century would be an absurd anomaly. The result
has been highly successful, and from many parts of the park tho
effect of the hall—especially from some of the lower portions—
is noble and imposing. It forms a conspicuous and pleasing
object from the old Roman road or Foss-way, running from Bath
to Cirencester.
The whole of the details of the work have been carried out
with the greatest care, and display a very considerable amount
of taste. The carving especially is very beautiful, and has been,
with few exceptions, drawn and designo.l by the architect him
self. It is chiefly arranged upon natural foliage, such as the
oak, hawthorn, hop, vine, lily, maple, fuschia, primrose, chry
santhemum, and is interspersed with animals, birds, monograms,
heraldry, &c, furnishing matters of great interest as works of
art, and yet in perfect keeping with the architecture.
The top of the tower is. occupied by an iron tank, containing
about 9000 gallons of water, supplying the various parts of the
house and offices. The tauk is filled by hydraulic rams from
springs which rise in the park, and the house is surrounded by
hydrants in case of fire, but which are ordinarily used for water
ing flowers or turf on the terraces and gardens. The entrance
porch is surmounted by a hare, the crest of the proprietor,
and over the arch of the entrance doorway is sculptured the
quaint inscription—" Welcome the coming, speed the parting
guest." The entrance hall has an oak carved and panelled ceil
ing, with oak herring-bone flooring, and parquetry borders. The
chimney-piece is of Caen stone, elaborately carved, and of bold
proportions, with fire-dog grate. On the frieze is sculptured
the motto —"Fear God, and honour the queen." The prin
cipal staircase is of carved oak, with massive newels and twisted
balusters. The doors and fittings of all the best rooms are
of carved oak, with monograms and other devices; and the
dining room has also an elaborately carved oak ceiling, and an
elegant oak sideboard standiug in a canopied recess. The chim
ney-piece is of Caen stone, tastefully enriched with a variety of
birds and foliage, and bearing the inscription — " Except the
Lord build the house, they labour in vain that build it." The
cost, including conservatory, stables, lodges, &c, was about
£20,000.
Jle/erencet to Plant.
GROUND FLAN.

A. Porch.
B. Entrance hall.
C. Principal staircase.
D. Morning room.
E. Library.
F. Dining room.
G. Drawing room.
H. H. Passage.
I. Mr. Orred's room.
J. Billiard room.
K. Side entrance.
L. Gentlemen's water-closet.
M. Hat and cloak room.
N . Back staircase.
O. Glass passage.
P. Conservatory.

a.
a'
b.
V.
c.
d.
e.

f.
ti
ll.

>'.
i.
1
M,
It.
0.

Housekeeper's room.
Closets.'
Kitchen.
Kitchen entrance.
Servants' hall.
Butler's pantry, d'. Plate closet.
Scullery.
Store closet.
Wicket.
Stairs to hot water apparatus.
Larder, j. Pantry.
Coals.
Knives and shoes.
Wood.
Trapway.
Kitchen court.

CHAMBlat PLAN.

A. Corridor.
B. Turret staircase.
C. Principal staircase.
D. Bed room.
E. E. Dressing rooms.
F. Bour'oir.
G. G. G. G. Bed rooms.
G\ G'. Bed rooms or Dressing
rooms.
H Closet.

a.
4.
e.
d.

f.
.7-

A.
i.

1.
m

Governess' room.
School room.
Nurse's room.
Day nursery, e. Night nursery.
Women's work room.
Bed room.
Nursemaid's closet.
Linen closet.
Back staircase.
m. Water closets.

The architect was Mr. J. K. Colling, of London ; the builder,
Mr. George Myers, of Lambeth; and the water work was exe
cuted by Messrs. Easton, Amos, and Sous, engineers, of the
Grove, South wark; the gardens and grounds, which have beeu
most tastefully aud charmingly laid out, have been arranged by
Mr. Edward Milner, landscape gardener, of Sydenham.

THE RE-OPENING OF LICHFIELD CATHEDBAL.
Since our last article, iu February 1860, on the works of
restoration and improvement then in progress at Lichfield
Cathedral, the greater part of what was therein adverted to has
been successfully acoraplished ; so that the intention, long
purposed, of re-opening the choir on the 22nd ult, was actually
realised, and celebrated under the most auspicious circumstances.
The chronological history of the cathedral, aud its successive
portions, Norman, Early English, &c, were pretty fully detailed
in the article just alluded to, but it is worth while to recur to the
subject, if only to note a singular coincidence or parallelism which
has been detected between these several structures ami corre
sponding ones in the Cathedral of \ ork, as laid down by Professor
Willis. From the statements of that learned authority it appears
that the gradual progress of Lichfield Cathedral from the original
Norman church to its present structure, as thus developed, pro
ceeded in a curiously simultaneous manner with that of York.
For instance, York had a cathedral in the Norman era (built
about 1080), and so had Lichfield. Between 1154—1181, Arch
bishop Roger substituted for the origiual chancel at York a lonj;,
square-ended choir, with the aisle carried round behind the end.
At Lichfield, during the same period, the large chapel was built
at the end of the Norman apse ; and about the beginning of the
13th century the whole Norman eastern termination was, as at
York, replaced by a long square-ended choir with the low aisles
behind. Next, at York the Norman transepts were rebuilt in
Early English, between 1230 and 1260. The same occurred at
Lichfield, beginning, as at York, with the south transept, followed
by the north. The Early English work of this cathedral is shown,
by the licences to dig stone, to have beeu iu progress in 1235 aud
1238. York nave, and also Lichfield, were next rebuilt iu Early
Decorated ; and lastly, at Lichfield the elongation of the eastern
part was begun at the extreme east, beyond the existing choir, by
the lady-chapel, in Late Decorated (1296— 1321), aud followed by
taking down the choir, and continuing the same work on its site
westward; while the works at York followed in the same order,
but forty or fifty years later. Moreover, the plans of the two
cathedrals rival each other in the simplicity of their pro
portions.
It is perhaps needless to observe, that in the hands of so con
servative a church restorer as Mr. Scott, the utmost vigilance has
been exercised in preserving as far as possible all old fragments,
more especially such as are of historical value: we allude more
especially to thecurious evidence afforded by the examination of the
pillars and arches on each side of the choir, as illustrative of the
abrupt transition of style in which our forefathers did not disdain
frequently to indulge; and great praise must be accorded to those
acting uuder the direction of the architect, and especially to the
general superintendent of the works, Mr. Clark, for so skilfully
aiding in carrying out his instructions.
To the present Dean and Chaper all honour must be accorded
for their energetic and untiring labours in the prosecution of a
scheme of such magnitude as the complete and systematic restora
tion of the beauteous fabric under their charge ; nor must it be
forgotten to acknowledge the munificent donations, and gifts of
various kinds, which have poured in from different quarters, and
which have contributed so much towards the gratifying result.
It will be seen with satisfaction (as remarked in the statement
just issued by the Dean and Chapter) that the liberality of tha
diocese has enabled the greater part of the dilapidated or wantonly
destroyed stonework to be restored,—the whitewash of loug
standing to be removed,—the bishop's throne and stall work
to be completed,—the pavement of the choir to be ordered, though
it will not be entirely laid,—and a light open screen to be substi
tuted for the formerseparation of the church iuto two parts,—besides
the introduction of many costly requisites, the organ, the font, the
lettern with bible, the litany desk, lighting standards and candle
sticks, books of service, embroidered altar cloth, poor's-box &c,
many of which have been the gift of individual benefactors.
Much yet remains to be done, and all will be proceeded with aa
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rapid ryM&rtuny&ncekiaSayi perffiU:arid nmoag such unfinished
work&hrtylje^toeratea, tfar^ fcsretfcWwrth thesedilia; the fitting
up of the lady-chapel for an early Service,' in eofffbrmlty with the
plosions 6f the'ancUrit cathedral: rithtv»««B; iiieial screens tinder
tWotHJir' arches east'of the' stalls, hnd a low Ornamented grille
(a^in^l screed), flimtlar in! bhimwiter, to* be continued along the
otner arches; aithe back of the slSAlIsiheiriselves," pulpit), and due
supply of seats; the restoration of the windows in tlie south
transept-aisle? the :re<-rtoor4»g of ia' large part! of the area; the
repair of the arcading in the nave; the improvement of the debased
wesl window; the restoration' of the chapter house, and library;
thaJprtrvkionof vestries! and by degrees, perhaps, the introduetiori of additional stained' glass windows. ' '■
■Wf. Sbdtt'si restoration' df the stxmew'ol'k is in every sense a
success. All the delicacy and characteristics of the details of
the various architectural styles, and especially the Decorated,
which most prevails, are brought out with surprising freshness
and force. The foliage of the capitals presents all the crispness of
the best-preserved originals, -while the mouldings of the arches
and shafts of the clustered piers ajre models of symmetry.
As an example of the conscientious adherence to authorities
which has been displayed thoroughout, it may be remarked, that
on the testimony of Dr. Stukeley, in a manuscript written in
1715, and a copy of which is gWn in Shaw's 'Staffordshire,'
(vol. i., p. 254,) six figures have [been replaced in the "middle
choir," three on each side, and standiug on corbels attached to
the continuation of the groining shafts which support the main
vaulting, in a sitnjlar manner to those against the groining shafts
at the end of the lady-chapel. Stukefey's' quaint record is as
follows :—
„" Jp the middle choir, ;upou six of the pillars, are six figures, three of
a st#e. The first is St. Peter, and at his feet a little cross,, which shows
Mm crucified with his head downwards. The secoiid'is the Virgitt'Mary,
The third is Mary Magdalen, figured with the leg and part of her thigh
bare, <it? an emblem of Tier wantonness'. On the other side is, first, St.
J«sU*r WonaVSlJ Phflip; and thirdi Stt Christopher, wiOi Christ on Ms
back."
The new. figures, which are excellent specimens of sculpture,
have been produced (as was the carving generally) by Mr. W.
Farrier, of London ; the cost being defrayed by donations given
specially for the purpose.
The whole of the wood-fittings, which have been beautifully
executed by Mr. Evans, ofEllas tou,near Ash bourne, are ofoak; they
are of the most substantial character, and for the most part
elaborately moulded and carved. The choir is arranged length
ways, so as to have a succession of stalls, twenty on each side,
ranged against the line of pillars, besides two others on each
side, placed obliquely, and agaiust the large tower piers; the
first on the right on entering the choir being appropriated to
the Dean, and the corresponding stall on the left being allotted
to the Precentor. It front ot the elbowed-stalls are placed
the substalls, the length divided into three equal portions, which
again have book desks, of corresponding length, in front, the two
extreme ones being of oak, and the centre one (intended for the
chorister boys) or open brass work. In consequence of the
desirableness of gaining the effect of the width of the choir aisles,
as seen through the choir arches, the stalls, which have carved
rriisenei-es, and are in other respects in conformity with ancient
examples, will have light pierced metal-work behind, in place of
the usual tabernacle-work.
The fittings we have thus described occupy the three western
most of the bays which compose the choir. Beyond these east
ward, on the south side, is the bishop's throne, a most elaborate
and exquisitely carved specimen of workmanship, and still further
en are the flights of steps leading to the sacrarium, the altar
table, and the reredos. The altar table and reredos are replaced
in their ancient positions, at the second pier westward from the
lady-chapel ; the- table is eight feet long, of oak, and consists of
boldly-designed pillars supporting a massive top. Upon the
design cjf the reredos itself, not yet fully carried out, the utmost
study hps'been bestowed, both in regard to its purpose, its position
in combination with other features, and the materials of which it
should he composed. While fully expressing its object, the whole
has been treated so as to produce as light and unobstructive
aftWrirooe as possible. With this aim the whole has been kept
low,' and the portions north and south of the table consist of open
arcade Work, sothata perfect view of the elegant proportions of the
uiysiUalemfof the cathedral, and especially the stained glass in
its windows, may be almost uninterruptedly obtained. •■£

[Hot. l.lWl

reference to the illustration accompanying the article in our
number for February 1860, already referred to, will give a good
idea of the reredos as being executed, but the design of the centre
part has been somewhat altered, as well as the number of side
arches, and the several levels. The greater part of its ornamental
decorations will be derived from arts practised, or materials pro
cured, in the diocese. Thus, it will be constructed mainly of
alabaster, with the shafts of Derbyshire and other marbles, the
inlaying and mosaics of the same, with fluor spar, encaustic tiles,
&c. occasionally interspersed. In the open arcade another va
riety of colour will be attained by means of the scroll metal-work
which fills the lower portion. A third illustration, showing the;
lady-chapel as seen from the north aisle of the choir, wili be
found in the number of this Journal for January last.
' ■••. A
The pavement throughout is of the most sumptuous description,
and composed of tiles made expressly for the purpose, used day
combination with various marbles. A portion of this pavement
has been liberally presented by Mr. C. M. Campbell, the nephew
of the late Mr. Herbert MintdB: Beyond the stalls eastward,
a space, two bays jn depth, atid entirely free, except that part on
which stands the bishop's throne, 'admits of a dfn*eYent treatment,
and will, when finished, present art unique effect. This large area
is mapped out into four squares, surrounded by mosaic inlaid
borders, and each consisting; of a central "subject,"' witli
subordinate figures in circles at theifour angles. • These subjects;
which are formed in cement let into stone, are designed by Messrs.
Clayton and Bell, from a scheme prepared by the Ra v. E. R Pitman^
of Rugeley, who with no small skill has embodied in it certain
leading events in the history of the Diocese and Cathedral of
Lichfield,' which had been placed before him.
ii,H
Metal work is extensively introduced in the cathedral restora
tions, and the whole (with the exception of the lettern, which it
by Hardman), has been- entrusted 'to the experienced hand of
Mr. Skidmore, of Coventry. The three large screens and gates
which sever the choir from the tower and transepts are the first
objects which meet the eye in approaching the choir and its aisles
from the west. The large central screen completely occupies the
space between the tower piers, and rises, at its summit, to ai
height of 25 feet In some respects the prominent features of the
design remind one of that at Ely, save that the latter is princi■ally of oak. In the centre is a lofty arch, ensped, and hooded
y a richly crocketed gable, surmounted by a oross. In the lower
part are two handsome brass gates, designed after an ancient
example. The sides of the screen consist each of an arcade,
springing from twisted shafts, with elegant capitals in hammered
metal, and in the design of which conventional and natural forms
are alternated. Above these arches the space up to the cornice is
tilled by large cusped circles, to the bases of which are fixed
corbels, upon which stands a series of angels iu bronze, exquisitely
modelled. Between the horizontal bars of the cornice is intro
duced rich foliated scroll-work, and, above, there is a bold
ornamental cresting continued along. The lower parts of the
screen are treated panel-wise, and filled in with light quatrefoils.
The screens across the north and south aisles are equally meri
torious in point of design, but, of course, less in height and
elaboration than the principal one.
The choristers' desks are wholly of brass, the front being filled
in with bold scroll foliage; the altar rail is also of brass, consist
ing merely of coupled shafts at intervals, supporting the rail, but
fixed at the bottom to a continuous flat metal plate, on which is
chased a suitable pattern.
The position for the organ in the new arrangement was a point
that occasioned much perplexity, but it was eventually deter
mined to place it on the north side of the choir, in the bay formed
by the junction of the transept with the choir aisle. This posi
tion has necessitated much contrivance in the construction of the
organ itself, which is an entirely new instrument, the munificent
donation of Mr. Spoode, who commissioned its erection at -a
cost of .£1000. The maker is Mr. Holdich, of the Euston-road,
London, who has exercised much ingenuity in the arrangement
and adjusting of the various parts under the circumstances. It
has three rows of keys, and a large independent pedal organ,
the number of pipes to each respectively being 1056, 828, 312,
and 311, making a total of 2507 pipes. The total number of
stops is 60.
Iu one of the western arches, on the north side of the nave, a
costly new font has recently been placed, the gift of the dean's
lady, and a few friends. The design was furnished by Mr. W.
Slater, of London. It is of square form, with the angles canted
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off, against which stand detached figures. There are four sub
jects carved in panels on the principal faces, representing the
Passage of the Bed Sea, Noah's entry into the Ark; the Baptism
of our Lord, and the Resurrection. The bowl is of Caen Stone,
supported on a large central column of Irish marble, having four
smaller ones, of Languedoc, at the angles. In other portions
Derbyshire marble is introduced, with alabaster. The whole has
been executed in admirable taste by Mr. J. Forsyth, of London,
The estimated cost of the different itemflie as follows*-*
bishop's throne, £400; choir stalls, sub-stalls, and fronts, £2500;
choir screen, £800; aisle gates, £160; lighting, about £000;
pavement (f); reredos, £1800; the entire expense will amount to
nearly £12,000. Nor does this sum include the whole of what
is contemplated; the chapter-house and the- nave, will still remain
to be done! still, we may hope that the zeal and perseverance
which have been so far successful, will ultimately be rewarded
by the complete realisation of the noble project, iliiw i-oitruidur •>
W".',| .,1 ■•• f P'-M-jin.''..) 1/ ') *,]/ 7' 'p-ijii'v ntj yJIijt* id if-»**-I .ii.if
.hi* ■"»■'■* •>"■.'■» -jin hu.Trsft— #'iiill* i-i-.-haH iK jjf-.l tuft 1u
jl'j hi' ; If.ri'm
,)i"in;i;

;■#&$:

of,
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' (Continwd from pag* %'26.) [„riI;i u'iriw ,l\\ir lu«e
I The example of the constructive method of determining the
Line of Pressure already given (p. 226) will have made it suffi
ciently dear that the similarity of form between that line and
the Curve of Moments furnishes the key of the whole process.
In-order that the icourse of reasoning might be the more readily
followed, it seemed necessary (in Fig. 19) to draw a Curve of Moments (»*»), as well as tb*) Line of Pressure (ad). •■■ ?'.i .v, uit.t ■ •[
But although necessary in order to demonstration, the Curve1
of Moments practically never need be drawn. The horizontal
distances between the ordinate 1' 1", •_' 2", 3' 3",. See. of the recti
fied Curve of Moments. on the right-hand side of the figure are
all that it is essential to find; and these distances may be plotted
at once by reading off the moment of each section successively to
such a horizontal scale as may be considered convenient. Thus
(referring to column 4 of the table given in page 226) 539, the
moment of the section (0, 1), gives either the distance 0 I', or a
proportionate distance, which will answer the purpose of rectifica
tion equally well. 16*30, the moment of (1, 2), in the same way
gives the distance 1' 2', or a proportionate distance. The plotting
of these successive intervals may afterwards be checked by com
paring the extreme distance 0 13' with the sum of the moments,
or moment of the semi-arch, 1341*24, with which, if the plotting
be exact, it will be found to correspond.
1-./. in.--'
By these means the ordinates are at once set up at such pro
portionate distances that the Curve of Moments, if drawn on
equidistant ordinates and then transferred to these, would become
a straight line. Knowing this, we know that the Line of Pres
sure also will, if displayed on these ordinates, become a straight
line, i- '
In fact, since a Curve of Moments can but be plotted to a per
fectly arbitrary vertical scale, and sinee its ordinates give the
proportion of the ordinates of the Line of Pressure, the latter may
justly be regarded as no less than the Curve of Moments plotted
to a definite vertical scale. It is requisite that this scale be such
as to read the moment of the semi-aroh (1341*24 in the instance
under consideration) for the crown of the Line of Pressure; the
heights being taken from the horizontal line passing through its
lower extremity,
The Line of Pressure is thus at once the Curve of Moments
and the Path of Resultant Pressure; the latter at least for all
arches that may be considered as finding their equilibrium in
simple compression, without exercise of transverse strength.
On looking at the table on page 225 already referred to, and
observing the steps by which the figures for the "Moment of
each Section" (in the 4th column) were obtained, it will be
seen that they are merely twice the successive values of the load
between the crown and the middle of each section. Thus 6*39 is
equal to the weight of the section (0,1); or to twice the weight
from 0 to a point midway between 0 and i. 16*30 is equal to
donble the weight of (0,1) added to once the weight of (1,2): this
is equivalent to twice the weight from 0 to a point midway be
tween 1 and 2: and so on. The reason of taking twice these suc
cessive aggregate weights is, that by so doing the figures in
the 4th column can be obtained at once by simple addition,
without stopping to halve the weight of each section. The sum
total, 1341*24 (in the 5th column), will require to be multiplied
by half the common interval between the section lines, in order
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to .give the actual moment of -thenaepvirWoh^niRairii^iliejPWWBt
instance, the half interval being 2 feet, the multiplier is unity
and leaves the figneesjonaltered./lij-s nr. -10. foqado-V-NsJ irii'lo qn
- To obtain the Horizontal Thrust, it is only necessary to dividethe moment of the semi-arch by the rise of the Line of Pressure.
In Eg. 19 the rise of the Line oft Pressure, iisj^fqet,'-^, -the
moment KMJta-V divided,(byi the aisei, 13»«Tv«i Jft3-JLJ,..fcr-i4h»»
Horizontal ThruatJunv/ erfl 'to noi linoJRi-i 91b ;E)«oa ,_o xlqqus
We, now proceed to, give further examples of the ap-pJicaAjoft-j-rf*
our method) to arches of various, forms. ,dj ni ^ailji-w*. silt to iir,q9-r
Fig., 21 repreaeats.aChanctal Arftkaf.^lf,. 4,favwfMrf; WAr
half arch is divided into eight sections, each section haviug 11
horizontal width of 1 fW/4in. „ The raspeQtiv0jWaighfe,o£,the:»eo-t,
tiona in cwtsv (ioflluding the .portion of W,»1L -Jt^cirried by ea-*h)
... -.lii-Jeli -jilt to ■-■;
)il*lh Bill IIA .RR99DI-**
,!i*i'j;*io:)oU 9if,i /I In
l/niJJo'jJido-M* euohev siii
■vj-tq Isora d.idw
BR Hill-! *l*l'f ■.ilir.'lll'III''
'to anjiiq^ii") :,ilJ l|jt >
u't silT .eo-ioi lin**
Rsd'nr; Oil. "I
9vi9R9iq-*)B9d odJ
.V.*i91I. to e.i'\ndg bar.
aiiti-inilii/is
msr.3 an kA
Jjjlt ,1 i/l-T'.il
11991I fcsri ilaiilw
f, utttiiw ,ti
•milp.ii odt no
',')lu|i-lnr.'ftBl^|
illif.-.iii-' :uli).
ol f-_.il- st'-i
air.M t-ilj )*io
f-j'udh *_nii'[ 1
.':« ki blo.yi

'j /; hflfi ,«*• I V I

,-?.S .q ,.i .lov)
0 9a*irf*) ",-iiodi

iJr.rruiiuo'j ed
it ui ,-iiaiJltjflv
to iui9 oil. .*
—: rwoIIo.

are ffl Ji, IL/lL. l£ I%M m^WX^^MM^ &
the Line of Pressure, and to calculate the amount 91 -hpj-^pnfal.
thrust, „J -,., ,., , 1, „. ,: .,.*. ,,„'., |. ,„, :, „ „, . , ..-/ vl,.u „ •,-,,]) .,,[*.The first step is to find (by the addition of the weight*} the co--,
efficients for the moments of the sections as in the following
table:—

"..lij-d

1-

2.

Reference to
Sections.

Weight of
each Section.

o.°i

HP1

jdT

„
3.

teA

Coefficient for Moment; or
Twice tne Aggregate Weight
Procese of addition. from Crown to centre of MHV
,
Settion,, yilT

~
1,2
2,3
8,4
4,6
6,6
6,7
7,8

11
12
13
17
24

12-=
12+12+11 =
35+11+11 =
57+11+11 =
79+11 + 12=102+12+13 =
1*37+13+17 =
167+17+24 =

in

Sum of M<.i--e*--6

11

Sum of weights

(•-•I'll

I

1

7!wt~
12
to 91*
35
-lod-sis
57
79
102
123.[j no .a-ifl
157
198
-ulj o.
il u'usls

To check the additions, observe that the weight (24) of the last
section added to its coefficient of moment (198) is equal to twice
the sum (111) of weights.
Now take any convenient horizontal scale for cwts., and set up
the ordinates in Fig. 22 at distances answering to the figures iu
Fitt.

1

22.

A !■

u

-il-jjiUl-i'in-

I/.iirii "Jill

L.iiiif9 ©HT

lo (fao-fi
no ,bn.-o
IJBi'npiS . • 1 r r.
1 MilJ v\r, n»
1

oq tii"i'Mir. iir>i(j ni
. 1 I

■(Ib'lod

column 4. That is to say, the distance 0 1 most scale 12; the dis
tance 1 2, 35; the distanced 3, 67: and so on. Check the plotting,
by observing that the total distance 0 8 corresponds on the saali*.
to 767, the coefficient for the Sum of Moments, or moment of
semi-aroh.
tw. ml<! ed v>
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*» hertjontal thrust whatever to sustain. Bat in order to reduce
Na« Lu>* of Pressure to the form of a semicircle, the load must be
toXMsed from the haunches towards the springing at a rapidly
\ -«JW jMcolerating rate, the load per foot forward immediately over the
apriuging becoming in fact infinitely great. The result would
be, not absolutely no thrust, bat a load so enormous that the
thrust would be o$ nothing in companion with it. Before such a,
condition could be approached, the abutments would of course be
crushed. We may therefore, for practical purposes, consider
semicircular and semi-elliptic arches simply as they are actually
constructed and loaded, and dispense with the consideration of
purely imaginary cases.
We now proceed to examine the effect of unequal loading oa
the form of the Line of Pressure, and the manner in which an
, , lTu» riae is arch may be adapted to a large and permanent inequality of
load.
Fig. 24 represents an arch unequally loaded, with the diagram
■v c.M *6«h |>erhaps for finding the Line of Pressure. The span is 40 feet, and each
„....o. *u*o» the points semi-arch, with the loading or backing over it, is divided into ten
, . ...„<«# -*uJ ,n*ir deter- sections, by ordinates at intervals of 2 feet; the ordiuates being
_..> alM:w*» trials. By numbered from crown to springing. The following tables show
N .. ->v-, -n* application of a in the totals at the foot the weights and moments of the two
.. < . mature with absolute semi-arches. The second columns give the weight (in tons) of
. u* s*u he attained in the masonry and loading in each section, for a 16 feet breadth of
arch: and the third columns give the respective moments of etch,
._,.»*>, owinot go farther.
uu^ed proportions that no section (or twice the successive aggregrate weights to the centre
.» ii,^ svWU b# contained between of each section).
,.v.i*k\s th* application of the
Left Semi-arch.
Right Semi-arch.
iH..»»«l u» cty aa wouI(1 at once
1.
3.
1.
2.
a.
\w uUKwted how it might beet be
8.'
t«<Ma>*' extradoa near the crown be' »».ii««i •*' ♦•* summit, the increase of
'„ .^u^wuivvi by tlio horizontal distances
'*rtv »>»h thi' rise of the extrados. A
" TSu .a* would raise the Line of Pres[*..;'"■» of rupture coincided at the crown.
' Vr.x^tvvd iutrados towards the springing
,'i»- ■i v!w loading at and below the haunches
"'K •><*<*» of ihearcii.
i iu eliiotio aroh, we will take Bow Bridge,
V. s w\vu>p»"it>d with a description, will be
'.'X.uiuA vl'l4- MB— 121). Fig. 23 shows on the
i«t .iivh aud rectified Line of Pressure: and on
^ ot the aeuii-arcb (on the square), with subdivi' iiUM».d»; pi i» the Line of Pressure.
,u elliptic as well as semicircular arches, the
■« "'*4 i,,uptur*
r conies considerably above the springing.
", . i lU# tf IVeasuro is thus restricted, so as to be conifctu the rise from the springing of the arch to the

Weight
Reference
Moment
to
of
Sections. each Section. each Section.
No.

Tons.

0,1
1,2
2,3
3,4
4,5
5,6
6,7
7,8
8,9
9,10

6
6
6
6
7
8
9
11
18
16

6
18
30
42
65
70
87
107
131
160

Total...

88

706

Reference
10

Sections.

Weight
Moment
of
each Section. each Section.

No.

Ton.

0,1
1,2
2,3
3,4
4,5
5,6
6,7
7,8
8,9
9,10

6
6
7
8
9
11
12
15
17
21

6
IS
31
46
63
83
106
133
165
203

112

854

Total

After choosing a horizontal scale for moments, set up the
central ordinate ok, and mark off the intervals o\ = 6, 1 2 = 18,
2 3 = 31, &c on the right, the readings on the horizontal
scale answering to the moments, or the numbers in the 3rd
column of the table for the right semi-arch; the last interval
no. ss.
9 10 will be 203, and the total distance from o to the point
6 or 10 will, if the intervals have been plotted correctly, be
854. In the same way, from the column of
moments for the left semi-arch, plot the ten
successive intervals on the left of the centre
line, observing that the total distance oi must
be equal to 706.
At the points that have thus been fixed set
up the ordinates 1 to 10 on the right, and
1 to 10 on the left. Transfer the lines of
sivwu of Mtrados. The thrust will therefore be greater than extrados and intrados to these and the central ordinate from
i.uxM bo supposed from looking merely at the rise of the arch.
the equidistant ordinates of the same numbers in the true sec
Vml the general iufereuce may be drawn, that an arch with a tion of the arch. This gives the line efcr for the displayed ex
aeuit-ellipae for its intrados and the major axis for its span will
trados, and inb for displayed intrados.
\lwnvs exert a greater horizontal thrust than an arch of the •
Draw the straight line kb, giving the Line of Pressure for the
•itiue vise and siwu with circular intrados: and also that the semi
right semi-arch. Since the rise of the Line of Pressure must
circular arch will have a greater horizontal thrust than a parabolic be everywhere proportional to the moments, the straight line
»rvb of the same rise and span; the loading being the same in kf, forming the same angle with the ordinates as kb (which may
the respective cases. The reason being that that arch exerts least be found by measuring the base line of, equal to the base line
tlir»;<t which allows the greatest rise to its inscribed Line of under kb), must give the Line of Pressure for the left semi-arch.
This line cuts the last ordinate in a. Draw the horizontal line
Pressure.
ail: then, ilk is the rise of the left branch of the Line of Pressure,
This conclusion is not in accordance with the theoretic deduc
tions that have been made from the study of different forms of in
and bears the same proportion to ok, the rise of the right branch,
trados, on the supposition that the Line of Pressure must coincide that the moment, oi, of the left semi-arch bears to the moment,
with the curve of intrados; the distribution of the load being ad
ob, of the right semi-arch. The straight lines ok and kb,
justed to meet this arbitrary and frequently impossible assump
being transferred to the ordiuates on the elevation, give the Line
tion. If a semicular arch really had a semicircular Line of Pres
of Pressure, akb.
sure it would indeed at first seem that the abutment would have
The rise of the right branch of the Line of Pressure being
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1225 feet, and the moment of the right semi-arch being 854 tons,
854
the horizontal thrust is
, or 70 tons. This thrust is generated by the right semi-arch, which has two points of rupture;
the left half of the arch, which has no inner point of rupture,

319

loading. But its chief advantage is, that it gives points of rupture at springing on both sides, so as to reduce the thrust to a
minimum.
The point where the load divides will be at k, where the joints
of the voussoirs become vertical. Calling the ordinate at this
point zero, divide the arch and loading into 2 feet sections by or-

Fis. u.

Horizontal Scale of Moments for distances of Ordinates.

standing by the thrust impressed on it through the action of the
right, or more heavily loaded, half of the arch.
For a given load, rise, and span, that arch will be the strongest
of which the points of rupture are at crown and springing; be
cause it will allow the greatest rise to its Line of Pressure, and
consequently stand with the least thrust. Examined by this rule,
the arch in Fig. 24 is not the strongest that could be devised for
the unequal loading, for, although there is a point of rupture at
springing on the right side, there is no lower point of rupture at
all on the left side. So that the thrust is greater than is needed
for the support of the left, although but just sufficient to sup
port the right semi-arch.
It is therefore advisable, when there is a great and perma
nent excess of loading on the one side of an arch (as will happen
under a steeply inclined roadway), to give the arch a " cant " or
tilt, by raising the level of springing on the one side, and lowering it on the other, so as to get a point of rupture at intrados
on each side.
Fig. 25 illustrates this. A road, at an inclination of 1 in 8,
has to be carried across a span of 40 feet by an arch, of which the
radius of intrados is 30 feet, the thickness at crown 2 feet, and
at springing, 3 feet. There must nowhere be less than 1 foot of
road metalling over the top of the arch. The breadth of the
arch is 16 feet.
The dotted line ict represents the intrados of an arch fulfilling
these conditions, having the points of springing i and t on one
level, with a rise of 7' 8 to its crown at c. The line of extrados

dinates numbered either way, up to 8 on the right hand and 12
on the left. The weights (in tons) and moments of the sections
are given in the following tables.
Left Semi-arch.
1.

Right Semi-arch.

3.
2.
Weight of
Moment of
each Section. each Section.

No.
0,1
1,2
2,3
3,4
4,5
6,6
6,7
7,8
8,9
9,10
10,11
11,12

Tons.
7
6
6
7
7
8
9
10
11
13
16
19

Total ...

119

7
20
82
45
59
74
91
110
131
155
184
219

1.

No.
0,1
1,2
2,3
8,4
4,5
5,6
6,7
7,8
Total...

2.
3.
Weight of
Moment of
each
Section.
each Section.
Tons.
7
7
8
9
10
11
13
15

7
21
36
53
72
93
117
145

80

544

1127

Having ihese moments, construct the diagram for straightening
the Line of Pressure, on which extrados and intrados will be re
presented by the lines ekz, anb. The left and right branches of
the Line of Pressure are given by the straight lines ak and kb,

Flo. 25.
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Horizontal Scale of Moments.

is omitted, to prevent confusion. This arch would stand with a
thrust of 89 tons.
The full lines represent the same arch tilted over by raising
the springing on the right to b, and lowering that on the left to a.
This arrangement reduces to some extent the inequality of the

forming equal angles with the ordinates: {kb, if produced to /,
would cut off a base line of, equal to oa.) The Line of Pressur*
thus determined is shown on the elevation of the arch by th<
dark line akb.
The rise of the left branch of the Line of Pressure is Ao =
70*

m
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1^'rft">H(R'lM,,flpr)t«»iM(0(ljpg modest i(H3Z4aras), divided bytbis
r^f,.gj,\f^,SPJ,tpMfor fi(9.^[or«»n^l:TUrurt. Thetsame, thrust
is^jajned'by oHvio^g the. moment ((544, tons) pf th* p*he*.iW*j
<4tfflft*Ffih |by„fcd-=F# #,,whjeh,is the, was, qf thft right branch.
«&wJw?Af.Prffljnre5,(I;i.liu.l -jilt ni v'.iu .-... /•.,!' u ■!!'».,■■] -jrlJ m
Cpfflpawg! this thrust (80| taaskiwifb that previously givea
wte?s)nW Slid, that,in this. case, |,.„i[, >Mi-.»ia<a«l>'''., :.t vfeuo
WW toniparrc^tvpf.the, thrust is, ,
^yedbyMWug the,arch.* i ,., i, .,,. My—
sfl'WH'.W»>Abut«ueflt,ptwrifi»:ith*- i ,\ i! ,
wmt'.oi flWaad* the bridge assumes ,
tn^,f<>rpfoJy$,w#iT«civ-th« erown. ,
bearing against the other abutment,
Tfc^.Wre^i* »w#iy,h^uoaJal ,, ;
react^t^^^lustratipu'is given, in, ,
;*,■?(+ i^ftuph-t, case thara, ars ,,, rfH , i -■
bM^W;i.RPi«Mffiof.. rupture, ,Afifr.K ..„„,[,. Uu-.iiMi <i \,-U\<m
|W<W;[»wquaiity of jewrf, between,! ,„ .,» M, .„,,,,. n -,.,•,,., „ ,..,]
i^jex^mjjies would, coaysrt tiio structure intp what icould, not,
Vfl l9^lj#aflftwbi89:P»operlya« a flving.buttress.and the hjgbestl
»r>P#rW W»w4 transmit ;«m upward a«i weUas a horizontal thrust
^lM^»y^a»Wfi<f.whicb,iti abutted, ,:),■ .„[ ,,, ,; ,,j„ ,j; ,.,iw>^i.[mm
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for his nostrum; and having also really assumed an importance
worthy of the most careful scientific scrutiny, the whole question
was brought before the Koyal Institute of British Architects by
Mr, Tite, in the early part of this year, and was considered at
g*e**,lebgtoi by that body. This was immediately followed by
the appointment of a commission composed of architects, engi
neers, chemists, and geologists of eminence, whose sittings exr
tended over a period of nearly six months, and whose conclusions
are embodied in the recent official report already mentionedj! \e\ I.
- Of the report we shall say less than we otherwise might had/
not: our, readers the opportunity of judging of it for themselves.
To us it is an unsatisfactory document, and although, after, a care
ful porusal of the evidence, conflicting as it is on some points, and
showing complete want of data for forming a judgment on othera,
wo cannDt say: that there was ground for a thoroughly decided
expression of opinion, we cannot but feel that in some respects
less guard ad and ambiguous language would have been admis
sible—we had almost said was called foe ■ A few words from n
oontemporarj', written with reference to an important report on aj
branch of public service, prepared by a no less eminent cemmis-.
sion than the one which sat on the question of the decay of
atone, are so apposite, that we make no apology for quoting them
hsroit-^ni \ t')J>.j',iii t"Ij i.'.r-inj. jiif- v.iit n.i\» <>l •ii'ij: vlui. r.toiv
oasrfT .onotoinil 'to in
.II .'I wi;il iir.ill Mil
_
u« |Ai oommlnioo firmed o* the- *cleC*io pHaetple is apvt» bWafc <toway
The opininns of its members are so various, and conflicting that their
uiuh.'l Ji^JPABWAMiBNTi': ,ANDi IXSii DiECA-Y* ,' I .»-i-.dq» refwrt is! g^n«raU{li lowered to tiny standard , bf ■ a> compromise. If unaaiiferJanothflr'part of the" present number Of thiei iTonnisl ■wiPI'be luit.y is ,.|,uiinii.|, it, is st' the expense of oomplelbertees aod sinoerity: aad,
in.iiv lileal copvictions of eauli lueuilier of the Ixxlv wpuld probabiy.
foujsHi tatftoportof: th*"eomttiitteO which has been sitting1 with a; tin:
rtew* tb' itarvefettgate the causes and liatui«:of the decay of the be entitled to more weight t^uui the mosaic work ,to winch all of.theoa,
have put thgb; names. WaJi ffe.even.think.that.thiJ individual recommen-.
atowecitt'.ttfe'&ew Houses of Parliament, and the remedies' of datious of the assistant coioiniaaJoaera, e;»ch one speaking in his own naun^
pre(«enlir#s i^opoeed; ahd to indicate what qfcaWty of stttfie might are more judicious and practical than those of the commission itietf."* '
with safety be employed in anyfutur* fewildings of importance in!
j The reports by the subrcopomittee of chemifits will be reao^ with:
tbafaeSttobolis';''' Jo-mil >ilt li*i;..li on «ii -.ii.ij-. ..;ilT
i,)- nfviii-.lA
interest by, ail scientific man, and ijre ,of gfeat i value; inor ia th^,
Tie main circumstances of the case are so1 well' kftowfi, that it least part of tlje Advantage Jo be, gained frotn them the knowledge,
istiardty necessary tOTieeapitulalie them, except In the moat brief that the problein of the,. induration pf soft or decaying stone
raannierf.'iiifphe New Palace at Westminster was commenced aome
ttwjIbiHltfcjiee' arid' twenty years *go; and before the masonry of remains yet unsojyed—this at least we, may re^t^ assured of, afteifi
very carefuj and impartial testing and investigation whiq^j
fcb*J bbHtliag'Was begun'a eommissionwas appointed (a'.d. 1838) the
these processes have received. Perhaps it is W' altogether ,8,,
towaxaoriaeWd' reportiipon ill) 'the available qtwrrieafrotn which'
bhildrog1' stone might be prbeoredj and' to recommend -what stone
was Hhcbert; --Tlris commission was composed of Sir Charles'
Bawft S^ Henry Do la'Beohe, Mr. William Smith, and Mr, C. Ry really is sound: and if the result pf these inqnjries^be.ty draw
Smith; and after an elaborate and prolonged inquiry these more attention to the importance pf carefully choosing the stops,
gentlemen produced a detailedjjeport, familiar to all who have for buildings jn.(. %> metropolis, grea,f |)Qod,, will haven.be^,
to make use of stone for bu|lding purposes, on account of its accomplished.
, . .■ |t ,/ ' \, , „ .. ,.,. ■ , ,. i, „ . ..,.,, .^Uob
comprehensive enumeration and description ' ijf the principal
The evidence appended,, tp this report will ;well repay perusal,
English^ftatries and their •products. In this report the maguewill lead the careful reader Ao form conclusions on points re^,
sian vjimestokieof Uolsovor Moor was recommended for adoption and
lating bpth Iq the real cause of the existence of decay in tho stone,,
in: the jbMMittg: 'It ■ however subsequently appeared that the of
the Houses of Parliament, to the danger of similar misfprtunea,
qmabcryiwfi'Bolserver'waB not capable of furnishing stones of eveu under
any system of contract whatever, and to the course tp be
inotlaratetyi large dimensions, and that consequently this reoom- pursued
in future buil^ingSr. aomP ofi which, are rather implied
mdniiatitin mould aot be carried out. The neighbourhood being than expressed ju the repqrt. It appears, to us, that the, eyideacBj
fniUieriehtamiaed; other quarries were discovered—or at least seems to prove that, though a selection of stone was made, anpT,
becta of ate.tie' convenient for quarrying were discovered, which carefully made, and a fairly, good stone was after all chosen, yet;
wsi^belieVed to 'famish a material in every respect fitted for the the very best stoue available was not actually selected, for we Jean^
worMya:nd'tiie nse of stone from these quarries (those at Anston) (as has been already alluded tp) that the Mansfield Woodhouse,
having- been" sanctioned by the commission, that material stas; stone, having been at one time preferred, was given up, the reason,
employed though the building. ■ At or about this time, however,
being thatsuppliessuf#c^ntly^rse,cou)idpotbe procured;,
theiieiappekir to have been the following variations In the part of assigned
and yet we find, from the singularly lucjq and distinct eyidencej
tbarmerghboiirhood selected. First the Bolsover quarry was of 'Mr. G. G. Scott, whose intimate and' accurate acquaintance;
abandoned before any stone had been quarried, and the Stone's with building stone is clearly evident iq- alibi's answers, that. the
End quarries were selected and worked for a time; these were In Mansfield Woodhouse stone is, better than that of the Anston,
tusa exchanged fpr those at Mansfield Woodhouse; and after a quivrries, and if. js to be had at the present day\ in, large UpcfcaaocL
time tohn.daavuawied stone was. to lit* turn given un, and the iu considerable quantities. Upw much it is a, cause of regret,
getting "«rfistdn» at Anston commenced;, and from this place the that the efforts since made, to put this, quarry into an efficient
stone continued to be procured till the completion of the btrilding position were not made at the time tlje building of ths Houses^
(Ewidencaj ^ lWX)—<1*17). \.u > ' u.ft ,.,:i ,, .. i.im >u >.<>;,!
was commenced, may be gathered from the fact that thofle blocks
After the lapse of a period of time estimated at from seven to of Mansfield .tVoodhouse stone which actually were suppheeV
eight years by the witnesses examined, isywptottiS of decay 'began! and are in the building^ are. stated to have, uniformly escapefl.
to 'appqar-hr portions' «f tha stone,'and this decay eontinuiug, decay (Evidence, § 1925).
•
,...,••.
• %•..,•.,,
munVax^Wiantowere profiosed and experimentally applied, with
Further, it appears that np supervision was exercised op the pari),
a View tw 6 ndirig omt the' best mqans of achieving the prevention of the government or the architect oyer the working of the quanry ;
or :euro of such' decay: and ab Ust^ the' matter having been' and it does not appear that, although the power of supervision
dragged into notice by the otiort.s of the proprietors of rival indu- existed on the.workp, tliere, was any exercise of it; for the huilder^,
ratiugiprocessesj each endeavouring to procure public patronage1 Mr, Griasell, gives it as his evidence that certainly not more,
^ In lh« forejvin^ '■xauij>l"'c it bus beau As«umed '\» ts iuviiriubly done) that the ccown
than half a dozen stones were rejected for waut of hardness.
ortli^llne o( Vrt»!Mr6; (* pnhlt +h«Mthe lo*d fflvKWa, will «< Itcclf trhcrc the joint
throughout the whole work (Evidence, § iD3}. That such superr,
nf'tlu' roie-tiaj^ bttxmiea voniail, ei«M uu vr,ipbt ih *iij>iwh.'c1 to be oiiQfttuittod throucu
vision might, in the opinion pf, tbe,o«Piniiss),on,,b^\e bean benej,
a rocVtcal ioioU Xbi*iti.kMf4nf dq thq eafp side, i" icalitvvuveuian Ui \ :.;i:h. lin"ioiiu it tiiiitnmtn" for tho surfaces in contact »on)d be sttch n» to allow tho crown of
LHP ~~7f
Ul• Bun^h 'KitUa; irtuV^srt; p.''«.'
IHMJlWdr Turn • te ablft couiklunibly towanik tuu overlwuleU »ido. I
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firially exercised, is proved by the strong expression of their regret
that Mr. C H. Smith was not actually employed, as had been
proposed, to inspect all- fche stune, block by block.
i Probably the com mission really did not care or wish to elicit
more decisively the fact that the stone, which -was quarried just as
it came (with the exception 'of certain inferior beds), and was sent
up to London joist as it was quarried, really was unequal in textoro, and ought to have been most carefully scrutinised by a
disinterested and thoroughly skilled judge. We cannot other
wise aocoant for the absence from the evidence of certain matters
which it would .'have been otherwise easy: to prove. The oUly
overlookers, who wore examined, who state that they were masont
bg -trader were; persons who bad been engaged on the building on
the part of the contractors. There is nothing to show that either
Mr. Qaarm, or imyi <oi the four or five clerks of works under him,
was praitknlly acquainted with stone; and, if report speaks true,
it would be difficult to prove that that qualification was possessed
by any 'one :of them./' On tbe other hand, while on the part of
those employed toy the contractors there is evidence to prove the
generally satisfactory character of, the material, there is enough
(M|>eciAlly takiug.'iato qecodntii certain transactions wlti» ;rtfe>
rsnoe) tp'tha stone &r l)itK!oln'«'Intt)'to prove that the foremen
were duly alive to what they supposed their masters' interests,
and woulifBOti ibave rieedlessly , iuvited minute criticism upon
indifvidunl pieces of stone*; ,n,:> - '.in »i ,|,ir.ui -n v •• ■■•<'•■■■
'1'
•One class of ovidenee howevwr, wtoioh Wouldi have' helped' to1
attsr up'tbis-psirt of die: qwestion' materially, isrenmrkftbly a*»'
8*b't;',"No-insspn; or sculptor who used a chisel upon the stone'
appeared 'before" thV pChitnittee, and yet none but the masons!
actually wc^lrig'a'blofct/bV persons perfectly familiar with stone
and Oiaking1 trial' drafts' Vith a chisel, are quite aware pf the
degree of softness and'hardness of stone. Supposing it had been
prWed'in'evldence'thitt/'of. two masons working at tl>e same wo*rk
od Wo 'different 'blocks 'df Ansttm stotte, one ,'could have easily1
completed in' four1 'diys: what the other found' it handwork to
gfet through1 in' six; would not the commission have felt justified
iq deciding that' the' secret of the non-success of the building was
tile' oiiecpial quality' of' the stone, and the want of proper disin
terested superintendence". ;'
'/Such evidence as this' ctmFd not have been obtained from any
of the '"practical11 irieri employed, as neither the clerks of the
WdrKs nW'tiie general foreman of the builder would be quite
aw.Wof'su^^^e't-^fdr'bf course, true to the rules, or at feast
tne'dpstdms of th^.trarle,1'tW'n«wdn wfth the soft stone would
tafie care hot to Outstrip his' neighbour in the amount of work
done, unless working "piecework." None but masons or carvers,
we repeat, could have enlightened the committee on this point, and
no 'such witnesses' we're'cdlled. We have good reason tp believe
tBtit had ! such evfdei}c& ' been produced the supposition we have
now made would have.' appeared in the present report as An as
certained fac^. T )1"l«'l.i
~' -"' ■'
" '' Ab to the, pdssibility^of obtaining a very satisfactory result in,
London frotn'tne' eniployment 6f rhagnesiah limestone when
selected wfyh care; the report of the sub-committee who examined
Loudon buildings was conclusive. They reported that the two
buildings w,Bere the stone was in the most satisfactory cpudition
were' the Musetthx' of Economic Geology, in Jermyn-street, and
the AmicabW 'Instirance'Office, in Fleet-street. The stone for the
museum Was selected and" its excellence watched by the late Sir
Henry Dela'Beche'. ''The committee do not however seem. to
h&fA been- apprised of ^he fact that any special care had been
taken in the other pasei ' The fact of the matter is, however, thai
the architect of the Amicable (the late Mf. Samuel Beazley)
selected the stone' h5raself with the greatest care^ personally
visiting the1 quarry—iri fact, so much personal attention did he
devote to this pohjt,'tHat the board of the company are Widerstood to have voluntarily paid him a hundred guineas' in addi
tion to tbe commission upon the building, In acknowledgement
of these services? that their value was not Underrated will be
apparent to anyone Who inspects the building at the present day,
and notices the perfect state of preservation in which' its stone
work remains aftLr nearly twenty years' exposure1.
' .
The first le-son for the future now taught seenis, then, to be
that a most careful examination .of the stone employed in build-'
ings exposed to the London atmosphere, block by block, and Dt.
a ski'ful mason, is essential to success. The second seenis jto be,',
that the judicious selection of very hard 'varieties'of Stones, aDd '
their employment in certain situations' in the building, would
probably be a most advantageous proceeding.
From the evidence of Mr,. Bunnell we gather that this is a

common praetiee in'Fra^fEvMetiee. I'l^Jlatfd'ffonr (he tehoV
of the report it1 is clear' tlfrtt '•the'op1rt?ch''c-f the cvtmmlttee'lfr-'
ollnedvery ronoh> to lhe^iewlrhktl'tliellfleciy^or'8&ch1 MocWf'of
stone as hre liable to deeay;'is nccelemted 6t retarded 'accprdttig
to the position they occupy in the building?'lTh'e,sic(tfe,'WHereye1'
exposed to the BeaMlng ^ 'dripping: of witter,' and '.dfeadvantageouBly placedtfom being dried .by'-trW,wiflfl,'tsl,mil*Kl mttrS amtb
decay J^an in other parts of the^MTldiagVahd tfte- dUrkbilrbAn* itstone structure would be promoted nolesS'tbkU'HH-beirtrty by tire
judicious introduction into loeHHtfe^ettob W^rfe described by fte
farnilihr phrase Naetweerf wiiid'aHfrWaSerjH'ofii^^
mental and all-btrt indestriit«M8 tt^ter'rals'fhrnhilred 'by'ottr
granites, poi-phyries/Aci
.InswJndr. isclJo siil leoifi^ S1'1"^
Jt jsto be regretted that 'fhe eWWBiHte*'ffidrn-fVt']dMlmoTe:il'
length into the very Iriiportatft pmciycrt^ueSlteft'of 'whatWotfe*'
mrty ^>e safely employea in IJbhcWfli''tfiel orfv'BlBtei'ftil recom
mended is Portland slone, and'few recWinWSndHtiMft'cbuld have.
been safer. It. appears to us howtfverj th*tJha3d iiJbe*rJ wiHiin'the'
p^tfvinc^ t?yfWeYco«mHteeW^dvaHce'*nggest?WiliB; they tiifght have
beenrdihp6tfea,'fo reeoti(meBd;;a* on^bfltM^rinflfbeV kc"tualiy!
dbes'ra Msle^6^te,'th^adbpt!on'br%Wne1*f!tWe' bettet sorttfof
sandstone, as likely to be atteu^Wd'WltR'tf6Te'«ulrfbrrWy^ncc«Bsful
results than have followed the employment of limestone. _ These
stones, are largely employed in.the, north pf England and JuL.Scotl^d.an^aVe^rarel.ftl) UeVen dfec^/even^Tn'tne^woVff^tm^
sphere. Perhaps 'Utd fiiJosl prfav&cuil 4dilfliii |> UJ Oreat Britaiu
is st. GeergerBtHalJIj at. Livwpao], ,af«J.jt.,6Mn(ls;jjp a,'mo»t. ^xppsed situation,. and iu tad »«mo»pn BvsialwveS* if not q«i<* As iB^ricius as that of London, . ,T;h is. •buildings is in .a, wonderful statw
of jjroservatioti, andiisfllrao«*!tifl'«owpMmPU>Tf<*r'the.beauty and
uwfoniu^-oft.it«;ttMerM4/'I<iiaibn)l^pf.i}Jb^StM)aUf>W'X^
Dtale- «to*errrtJte' stpOBliSiifcpted^tfpri.tlae jw^w.jAssiM Courts1**
Manchester. This stone is no doubt the finest stouB of ite olosa,
perhapB tU« finest building «t©n« i »q , ^gtoudmbttti its, durability
is closely appioauhed by tW,p»odiKej<rf .otheejqiiftwiesi'aoi afSer
th*, resMlta of the etupl^ineAt of wagpesinirjiniestofleitintteri oiihi
cumstenowi which, aften,»il iBj,ea*M* .^efeiifu^ejfa^oiuiablei.thju*:
can oi dioarjly ,be |Oo»ui»uded,i iWSi.otmnatidMjt K|,Uinki Uifttl ti*i
beauty and good, preservation, of sukjIi sandstone buUdinga««/tli«
one to which we bava adljuded: »tttitl**i .tjie.tniatcrial of which
they are ooBslruoted to churn- ai high.j>witk\i* tiinong the stones
mwst likely to. be^aweoessful in resisting the uufaviiuUibl* atasH
spheric conditionB of thoiiJHtish metr«p»iis(„; -w'fu hie jifjim^
■! , l( ..lie I!,, ot ii-ili, ,.■:'>

t-i,i<Mt I,qIo:1.,(, l; booul'oiq 1IUU1 ■■Ijlt'iv

:."ii'juiii| ,iIj ?JQM|i iJjT i+IPK, Si43iTfti o''i^iiiiI'ji<[(iioj
.. ix„.fn in «piRo»,»t^aiil<jrfiL ftQ}ffu^,*'p.-t,im\tfpi»,miiff^^\\-Ait'A
Sm,— With iefew»«e> to <Mr.rBlwce,w«ir*,:Mro»rks. in your
Journal for October, «n. >uy sUitHUient/ti»ti(water^VOutd tend to
flow/ fr»m> Utei point! of strongest gravitnUojft *» the surface of *
sph*re, I.hBveito explain (what, pevhapni t.did not make suffi
ciently clear at first), .that il meant that «tatemw»ti to apply to the
case in which the. sphere ia« 6g<»reopf eqUilibriomt' that atj^Bi
figure to the surface of which the direction -of gravity Ls every-'
whero perpendicular. ■ If such: a isphere be covered witli a shell
or sheet of water, aftd if gravity, etilii continuing (everywhere
perpendicular to tbe surtaceof tlie.Bphara, beaoiuws more inteuse
at a certain point than it is elsewhere, tile pontdon of the inassof
water which la- above! and, »«arl.v.abvV8i that. point' will teudjto'
descend, which it con only do: by spreading out laterally, nnd
forcing aside the adjacent particles, :uid so causing currents; fc4
run from the point wiiere gravity iawost initeuaa,.v/ i iu;.i|i iniM
The; waters of the ocean; flow towards ,the points whore the
earth's nttraotiou on them ispa»ti»Uy oounteitaoted'by.ttiatloftbje*
moon, and from the points wh««otb«iioarstfs*ndithoiBOon'«is*K|
traction Co-operotejt .ioiiio-'-oi.' Ilii Wmaoiu ->J o) i»>iinitnoj iiioJb
I have further to state, that having considered 'Mr. Bakewell's
letter, in jwimi October; numbec* t L. must admit that, as: too . sup
poses,. I did not fully uuderatand his letter invyp«r August uuta«
ber," and that, hisl views now appear to uie to be Icms open to
objection, than they did before. In lact, it I bow rightly under-;
stand them, I can only see two points in them which appear tw
me to be erroneous. One is that, (Unless, I again mistake Mr.
Bakewell's meaning) he seems to consider tliat particles movable,
but not revolving^ ion the anrtaceof «noWato splwroid tend to
move towards the nearest pole, because it it the point where ojt ruction is slrunycst. The pole'iV.ili£,i'pqiiifc i'Jiere aUracti^i. i%
strongest, and the particles do tend to nwve-towards it; but not for'
that ressrjn.'but because the direction of attraction at every ttcWt'
between the equator and the pole. UmoUicjus to tlie surtace iu
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a direction towards the pole; in short, because towards the pole
is down hi/'. 'I
point in which I think Mr. Bakewel! is
mistaken is, lhat"Ws' conceives' h1e.jUa*'il'etected an errorin the
'existing theory of fflii' Wrfrt of the* earth; whereas it is only a
defect ffltlie ordinary inWe rf-fsfatiug^at theory.
•■"tt1 ifc'iintrue'stiou'aWy true, that supposing a loose particle to
eifsi oix the surface of an oblate'Spheroidal plauet, and to have
no motion of revolution about the Axis of that planet, the particle
Wmhf'teud'to'appmach thje nearest 'pole of the planet, because
f tW4fMv^-'inedt|HK'ey'pb1iqurfy Hif^Seattractloh to the planet's
MftKe? 'THeW \M i'-^eHn\ti Velocity of$volprfon which the loose
urtu-le ninst have1, in order tyat its centrifugal force Uiay exactly
Ouuteract the obliquity of the planet's attraction; and should
the velocity of revolution of ihe loose particle full short of that
amount"ft'w^n *tlrt' tend 'to' approach the pole. On the other
hand, a loose' particle with a greats Velocity of revolution than
is necessaly to counteract the obliquity of the planet's attraction,
tends to move towards the equator:'
One of the chief inafheriiati'cal problems of ihe! existing theory
of the figure of the earlhVfe,' tb find the relation between the
elHpticity or flattening of.' a: spheroidal planet, and the velocity
of' 'revolution which is just Sufficient to counteract the tangential
oonipoiieut, aeting' ' tnwaidb the nearest Jpole, of the planet's
attracti6lh'o4jJa"16oie partiile." so'tfoVt We effective part of that
aftrWctihW '''sHHfr 'be 'everywhere!' 'perpebdicular to the surface
offtW*f*M-oid;lhn'd-to''16tJ9fe particle shall ootteud to shift its
ptsiiibtf'"0'" J: r",; -"ii-i^'i >K -"■ -•■'■)
"TKe1 (Mbt'fil'tWorifin'rtry nfbd«r of explaining this problem is,
that the centrifugal force, which counteracts the tangential comj&ne'rifc of 'Wife a'ttFactltm 0n: a particle is' frequently mentioned as
S' oHVecf en*$! of the ■r'tfttiiion of the body of the planet; whereas
1lrMs Wdi'r'ecT effect of tWtVcbhttitmofthe loose particle; and unless
tftWt'ftifrt'lele'ls eir/ied ifp'ntui al6ng: with the planet's surface, its
centrifugal force' will be null or insufficient, and it will tend to
nliove1 towards the nearest of
pole,,'•■.asoro
Mr.
Biikewell states.
hue. ,Tjduii.il ) i i.;|fii* /.l
_n.j iu / ;'I*iii-u-rj iij
j»
Eiloite-iUp jI'ijjk -i'iiii i ■'■■'

'■ "

:''m>- ■ .-'■'■
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vouml, .uni^ul'iii'"' )<-uj a in -in :ir-; ■■ ■ -.r
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sdj svry <>] I u- SJSJBWtBEVfiL GEARING.
• ...
sdi 3r.T(j tftt WbMod of 'rtfi ottrt ksSINSrin a«d *»cntTE«'s journal.
"^8ftt;-Mt"|s desirable that the attention of designers and conStiracfofs1 Of mechanism should be called to a paper on skew-bevel
gearing/^Hjn'rifl^e hyperixAoidique) in the Bulletin de lu Societe
)toiifTEncauragement dc I'Industrie Nationale, for March 1861, in
which' the author, M! Bclanger, points out and rectifies an error
ftito Which' other writers on mechanism have fallen. It is well
RnoWrt 'Wat, in order to connect by means of toothed wheels two
aireS winch are neither parallel uor intersecting, the pitch-surfaces
of the two wheels shoxild be portions of hyperbolouls, described
atiqtlt each of the two axes by the revolution of an oblique straight
fine, called the "generating line," at the end of an arm, the sum
of the arms being equal to the perpendicular distance between
the axes'. ' To; find the direction of the generating line, let OA,
OBJ represent the projections of the axes on a plane perpendicular
to their common perpendicular; take OA and OB proportional
to the required angular ve-,
Iodides, or the two wheels;
complete the parallelo
gram OACB, and its dia
gonal OC will be the prolection of the generating
Hue. The common bat er
roneous' mode of finding
the lengths of the arms is
to divide the common per
pendicular into two seg
ments inversely proportional to the angular velocities. This
however is correct only when the axes are parallel, and the
wheels become common spur wheels.
The correct method demonstrated by M. Belanger is as follows:
—Let fall a perpendicular, such as AD, on the diagonal from one
of the angles A or B, and divide the common perpendicular into
two segments proportional to the segments into which D divides
the' diagonal, the shorter segment being next the axis about
which the angular velocity is to be the greater: these will be the
required arms.—I am, fcc. '
ipli ' W. • 3: Mac^ork Rakkink
'■''-efflAfeaVSiitOWIotierrlBpi. '
n(j 'WUiH

:<.1JlJmJ *., ,-.
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THE PATENT LAWS.
DuRivo the recent meeting of the British Association for the
Advancement of Science the patent laws were several times
brought under consideration: first on the address of the presi
dent, next on the presentation of the report of the committee on
those laws, they were discussed on the reading of a paper on the
patent laws by Prof. Rogers, and the president again alluded to
the subject in his concluding address. Nearly all the speakers,
with the exception of Sir William Armstrong and Prof. Rogers,
were agreed on the general principle that inventors ought to-be
secured fn the possession of their inventions, though the present
means of doing so were considered veryobjeotiOnable, arm ought
to be amended. Sir William Armstrong and Prof. Rogers, on the
contrary, contended that patent monopolies retard the progresh
of invention, and are injurious to the public, and that inventors
would be sufficiently rewarded by having priority in the market,
by secrecy, or in certain cases, where the inventions are of great
public utility, they should be rewarded by the government It
was, indeed, contended that inventions' do not come within that
definition of property which it is the1 duty Of government 'to
protect. Patentees appeared to be regarded by those gentlenien
as if they were a class who preyed on1 tke community, without
doing any good; and that inventor* should be outlawed.
There is surely no property to which a man can h^ive k
Stronger claim than to the product (if his own brain,1 especiiHy
when he has spent much time and money in bringing it to'^wfection. But it is objected that the satoie idea often oeeirbrfcj
several persons independently, the one1 havfrig as much claim to
be the inventor as the others, and that it is a great hardship/ fbr
a man who has equal merit to be excluded frOrit all advantage 'be^
cause he may happen to apply for a rjatent a few months or a few
days later. There is no doubt a securing1 hatdship in sneh a case),
but it is not greater than we are accustomed to witness daily,
without complaining, in the disposition of landed property, wbefe
several brothers, each having an equal natural claim, are set
aside because one of them has been bom a year perhaps, ahd
sometimes only a few minutes, before the others. If it be con
sidered to the advantage of society that such a hardship shonld
exist, and that, without any merit Whatever, priority of birth
should give a right to monopolise land, there caunot fairly be
an outcry raised against the right to monopolise an inveiitioili
acquired by priority of merit.
The strongest objection that has been urged against the mono
poly of an invention i , that it not only prevents the free use of
it by others, but it obstructs further improvements. That ob
jection however does not apply to the principle of granting pro
tection to inventors, bnt to the manner and conditions of the
grant, and it involves the question of an amendment of the
patent law8, on the necessity of which all are agreed.
The amended law of 18/54 was so vast an improvement on the
old system, that inventors were not inclined to scrutinise very
closely the boon that had been conferred on them. Now, how
ever, that they have had some years' experience of its advan
tages, they have become acquainted also with its defects, and are
anxious to have them remedied. The chief defect of the exist
ing law is a remnant of the old system, according to which
patents are not granted as rewards of merit, but are sold to the
first comer. There are now certain useful forms prescribed for
the purpose of defining the object of the invention for which
letters patent are applied, and for preventing differing inventions
from being included in the same patent; but when those form?
are complied with, letters patent are still granted, without any
regard to the utility or novelty of the invention. So little atten
tion is paid to the novelty of the inventors' claim, that if ten
applications for letters patent, for substantially the same inven
tion, were made within a month, no difficulty would be raised on
that account, and the patentees would be left to make good their
respective claims in a court of law. The conflicting claims aris
ing from this indiscriminate sale of letters patent occasioned
much annoyance and litigation under the old system, and de
prived the protection obtained of much of its value; and the
great increase of applications for patents—in consequence of the
reduction of the price—has multiplied the conflicting claims
nearly tenfold.
At the time when fees to the government
officers amounted to about .£100 for each patent, the average
annual number obtained was 400; but now that the fees have
been reduced to £25, the average number of patents granted
exceeds 3000 in each year. It is evident that a large proportion
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of these fancied inventions must be entirely worthless. Sir Wb.
■ Armstrong expressed the opinion that not one in twenty was of
any value, and we believe, had he said one in a hundred he
would have been nearer the truth. This enormous increase id
the number of applications for letters patent has had the further
had effect of diminishing the check which private interest for
merly imposed on the grant of patents for old and similar inven
tions. It was the custom for those who were interested in an
invention to enter a caveat at the Patent Office against the grant
ing of any patent for a similiar object; and the parties received
notice when any such application was made, and entered an op
position. The applicant then explained his invention to the
attorney or solicitor general, who afterwards heard the objectors,
and if the inventions were alike the patent was refused. . In the
present throng of applications, however, it is scarcely worth the
sacrifice of time ana money necessary to oppose the grant of a
patent, and thus the restraining check is weakened, and the flood
of claimants for protection overpowers opposition.
When the bill for the amendment of the patent law was intro
duced into parliament, it contained several clauses making pro
vision for a preliminary examination of inventions before com
petent judges, for the purpose of determining their novelty and
claims to be protected; but iu the progress of the bill through
parliament those valuable clauses were omitted, and the act con
tains no restrictive provisions of the kind. The necessity for
such a tribunal becomes more and more evident as the increas
ing number of protected inventions multiplies conflicting claims
to the same invention. It is, indeed, to the interest of inventors
more than of the public that every claim should be carefully
examined before it is cou verted into a monopoly—if that can be
so called which is assailed by competitors on every side. If themerits of each alleged invention were investigated by a compe
tent examiner, the grant of letters patent to such inventions as
were deemed worthy of the privilege, would be an honour, and a
patented article would have increased value in the market; but
by the present system of selliug patents to all comers, they have
entirely lost their value in public estimation. The careful exa
mination of a specification by competent authority before the
grant of a patent would be prima facie evidence of its novelty,
and should protect the patentee against the infringement of his
monopoly, unless strong evidence were adduced against it. But
at present a patent affords no protection; it merely recognises
an invention to be property, the possession of which anyone may
contest.
The report of the committee on the patent laws, read in the
Mechanical Section of the British Association, was founded upon
and embodied the following resolutions, agreed on by the patent
committee in London: —
" 1. That all applications for grants of letters patent should be sub
jected to a preliminary investigation before a special tribunal.
2. That snch tribunal shall have power to decide on the granting of
patents, but it shall be open to inventors to renew their applications not
withstanding previous refusal.
3. That the said tribunal should be formed by a permanent and sala
ried judge, assisted when necessary by the advice of scientific assessors;
and that its sittingB should be public.
4. That the same tribunal should have exclusive jurisdiction to try
patent causes, subject to a right of appeal.
5. That the jurisdiction of such tribunal should be extended to the trial
of all questions of copyright and registration of design.
6. That the scientific assessors for the trial of patent causes should be
five in number (to be chosen from a panel of thirty to be nominated by
the Commissioners of Patents) for the adjudication of facts, when deemed
necessary by the judge or demanded by either of the parties.
7. That the right of appeal should' be to a court of the Exchequer
Chamber, with a final appeal to the House of Lords.
8. That for the preliminary examination the assessors (if the judge
requires their assistance) Bhould be two in number, named by the Com
missioners of Patents from the existing panel; the decision to rest with
the judge.
9. That the committee approve of the principle of compelling patentees
to grant licences, on terms to be fixed by arbitration, or in case the partfes eh«fl not agree to such arbitration then by the proposed tribunal, or
by an arbitrator or arbitrators appointed by the said tribunal."
. It will be observed that the resolutions of the committee
relate, with the exception of the last one, entirely to the appoint
ment of a special tribunal, for the preliminarv examination of
inventions, and for the trial of patent causes. The preliminary
examination is the point of most importance, but it appears to
lis that the resolutions of the committee suggest very inadequate

provision for such a preliminary examination «« wouhl be re
quired. A single tribunal, however constituted, would be in
capable of disposing of half the cases that would be brought
before it.
The present applications for patents average ton
daily, and if the novelty of the invention, as well as its ingenuity
and probable utility, are to be considered, and the objections of
opponents are to be heard, it would be impossible to dispose' of
more than four or five cases in one day. It would be necessary
also to have numerous permanently appointed examiners, (to
search the pafeut records, before the claims to novelty coul^ be
satisfactorily established, and their reports might be open to
objection, and give rise to lopg discussions. The .time of two
judges, with assistant assessors, would tins oe. fully occunujdSn
the preliminary investigations, without allowing an hour for fjbe
trial of patent causes. The proposition to hear the claims putujfly
would, we believe, be strongly objected to .by iuveutors, fpr their
secrets would thus be exposed, and might be used to their pre
judice in case a patent should be refused. The necessity, ibr
previous reference would, indeed, render it almost essential that
the preliminary investigation should be conducted privately and
confidentially, and after the inventor had established his claims
to the satisfaction of the assessor appointed to examine them,
the opiniou of that officer might be publicly given, on the under
standing that it would be confirmed unless reason were showu
to the contrary. An arrangement like that, would, we couceive,
be satisfactory to all applicants for patents, and it would a'tjjtjw
same time give any competing inventor a fair chance of having
his claim examined.
,
,
The incompetency of jurors to decide questions which require
scientific or mechanical knowledge, renders it most desirable
that some more fitting tribunal should be established for the
trial of pateut cases, and the one proposed by the committee
would fully answer the purpose. We object however to the pro
posed right of appeal, for unless the judge or assessors be charge
able with partiality or prejudice, the Lxchequer Chamber, and
still less the House of Lords, could not determine such questions
with an equal chance of arriving at a just conclusion. Justice
delayed or dearly bought becomes injustice; and to give the
power of appeal would perhaps place a poor inventor at the
mercy of a rich invader of his rights, and be the means of inflict
ing grievous wrong, far more heartrending aud injurious than
open robbery, because inflicted under the cloak of the law.
The objection to giving protection to inventors, founded on the
ground that such monopoly obstructs the progress of other in
ventions, would be completely obviated by an arrangement based
on the last resolution agreed to by the committee on patents. It
is contrary to the principle on which a patent is bestowed that the
patentee should refuse to grant licences on reasonable terms, for
it is expressly stated in the letters patent, as the inducement for
granting them, that the petitioner conceives his invention will
be "of great public utility,' and that "we, being willing to give
encouragement to all arts and inventions which may be for tie
public good, are graciously pleased to condescend to the peti
tioner's request." It is also an express condition that if it be
made to appear " that this our grant is contrary to law, or pre
judicial or inconvenient to our subjects in general," the letters
patent shall be " utterly void." It appears, therefore, that the
terms on which protection to an invention is granted provide for
the removal of such obstruction to subsequent inventions as Sir
William Armstrong complains of; but it must be admitted that,
practically, owing to the cost and uncertainty of legal proceed
ings, patentees might, and sometimes do, throw difficulties in the
way of improvement, in direct contravention to the conditions
on which their patent rights were grauted. The establishment
of the means of readily and at little cost compelling patentees, to
grant licenses on reasonable terms,—consideration being had to
the condition that the validity of their patents depends on public
utility —would be a valuable improvement in the administration
of the patent laws. It was indeed contended by Mr. Webster
that it is the administration of the existing system, and not the
system itself, that requires amendment; but it is well known
that the ordinary legal tribunals afford no redress in the great
majority of cases, and that the terrors of the law are much more
effective in screening injustice than in protecting right., ,,
As public utility is the basis on which patent rights are
founded, if it can be proved that any protected invention is
useless or prejudicial, the protection should cease. But at present
such proof is difficult to be established, in consequence of the in
competency and costliness of the existing tribunals. Hence the
71
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necessity of other., courts especially adapted to consider cases
depending on the application of scientific principles, and in which
justice may be obtained by the poor inventor as well as by the
capitalists. This is the more necessary, in consequence of the
"present reckless system of granting patents without previous
examination of the inventions; but if the amendments proposed
by thjerpaient law committee were efficiently carried out, all
reasonable objections to patent rights would be removed.

/
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without which in very cold weather, when the difference in tem
perature between external and internal air becomes very great,
the flow would be too rapid, and consequently the amount of
fresh air passed through the flue too great for comfort. la all
cases in which these Hues were adopted by the liarrack Commis
sion means were provided for diminishing their openings by the
introduction of a valve at the lower extremity of each flue. .<Of the action of the Are on the air contained in a room we
hardly need say anything; a large amount of air is drawn to feed
its combustion, and, deoxygenised, passes up the chimney, while
, . ■
ft**, -.!••■
■' ' .'.l.n

VENTILATIO

OF], DWELLINGS AND HOSPITALS.
intinued from p. 219.)
V
In our former notice oPthis subject we mentioned the autho
rities td which it was <W desif-e to draw attention, and advanced
so far ii an account (of, the improvements lately introduced into
our barracks—thejdwejl|ng8 of the soldiery—as to give the bare
outline pf_thejayflteta|adiqpted for them: a system contemplating for
the removal of vttiated~air'two pi; more! outlets from each room, one
being the chimney flue, and tjiej bther or others being aD ontletshaft or shaff^constructed
the purpose; and providing for
the supply of the requisite
;h aip two or more inlets, one
bringing in externanHr thro| % a ichamber contiguous to the
fire-grate where it may beBom
rtially warmed, and the remaining one or more inlets bei
luply openings for external air
of the natural tempei^ature^
^TJefbre cbnsltfe'ririg the subject of1 the ventilation of rooms in
ordinary dwelling-houses, jt will be desirable to give some of the
details of the simple arrangement just referred to, as adopted by
the' Commission in the ventilation of barrack-rooms. To com
mence with the outlet shafts;—those introduced into the barracks
operated upon bytn6 Commission were, it must be recollected,
additions to existing biiijdings in which no such system had been
Contemplated or 'provided »r, In new buildings such shafts
Should be introduced during the erectiou, and should be made of
blazed tubular tiles, as the smoothness of the inner surface is of
great importance.' "jne snafts made for the Barrack Commis
sioners were 6f |dnch deal, planed smooth inside, and rebated at
the" angles, and were carried from oiie angle of the ceiling to 3 or
4"feet above the roof, and protected by louvres to prevent the
rain beating down them. As the length of these shafts increases,
the velocity with which air moves through them also increases,
so that the sectional area of shaft necessary for rooms low down
in ' the building is proportionately less than that needed for
rooms on the upper■ :floors.
, '' In rooms on tits top floor of a barrack we recommend shafts with a
national area of 1 iuoh to every 60 cubio feet of room space; for the
rf'juis nejtt below the upper floor a sectional area of 1 inch to 55 cnbic
feet of room .space; and where the barrack consists of three floors, we
hays required for the lower floors a sectional area of 1 inch to b'O cubic
feet of room space."
JJ The theoretical velocity of the air leaviug by any vertical out
let would be determined "by the following formula:—
V = 8024 l/H a (t — ()■
V = velocity in feet per second; H = height of shaft; t — tempera
ture of room; V = temperature out of doors; a = coefficient of dila
tion of air for 1° F. 'OO^. It is consequently obvious that the actual
velocity of air in the shaft will vary constautly with the varying
temperature of the external air, and it is consequently of great
importance to supply outlets sufficient in number and area to
change the air of the room to which they are applied during
weather such as we often experience in this country, when the
external temperature is high, and yet the air is so humid or the
rain so decided as to render the opening of windows undesirable.
" The friction in the shaft, and the freedom or otherwise with
which the air to supply the shaft enters the room," are pointed
out as circumstances affecting the uuifdrni action of such appliaucos; the escape will also be retarded if there be any difficulty
at the outlet—that is to say, if the contained air be compelled to
encounter obstructions at its exit fronl the. shaft, or be exposed
to the force of an opposing current of cpld wind. All these con
siderations point out the necessity of providing an ample amount
of exit, and also, as far as possible, of simulating the escaping
current. The syphon, to which we shall advert hereafter, is often
a. i very efficient means of securing this last-named desideratum;
and is worthy of more extensive adoption than it has received.
> in io means should also be provided for regulating the exit,
, ii. w ■•■ • '..* •..•) f. : .<i..!i -i
■ '•
•' ' ■■■• - •

the current so created draws with it an equal—often a greater1—
amount of air which is not required to feed the flames, and
passing above the fire enters the flue of the chimney. To supply
this constant demand, and to replace the air which it is necessary
should escape through the outlets, there is need of a constant
influx of external air. This influx is commonly provided, in
rooms of ordinary dwelling-houses, where the chimney flue or
valve or syphon communicating with it forms the only outlet, by
the small crannies and apertures in and about the doors and wiuFio. s.

b toltiA
oa» mct'i
»Idi«eoi
r.ufiOTim

dows, and this source of supply being situated in parts of the
room not so usually occupied as other portions, and being more
over spread over a comparatively extensive surface, is not often
attended with serious inconvenience, though in large rooms it is
not always—perhaps not often—sufficient.
When however an outlet-shaft is provided, up which a portion
of the products of respiration are expected to ascend in conse
quence of the rise in their temperature, it becomes imperative.
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that some distinct and sufficient inlet for fresh air should be at
the same time established; otherwise the chimney flue will, in all
probability, overpower the less vigorous current which ought to
occupy the shaft, and will convert what ought to have been an
outlet-shaft into an inlet shaft for fresh air. Inlets were, in the
case of the barrack-rooms, in all instances placed at or near the
ceiling; their sectional area was, as remarked above, 1 square
inch to every fiO or 60 cubic feet of air iu the room,—though, if
air were also admitted round the fire-grate, Isquare inch of the
inlet to ISO eubie feet of space was considered sufficient. Gene
rally two or more were introduced into each room. The report
says on this subject—
" In order to prevent draughts as far as practicable, as well as to
Kiait the number of places in which the wall has to be cut away, we have
covered these inlets by a wooden cornice several times their length, sloping
npwards to the ceiling at an angle of 45 degrees. The upper side of
the cornice is formed of perforated zinc, with holes of one-eighth to oneHi vth of an inch in diameter. The front of the cornice opposite the inlet
is of wood, to break still further the force of the current. The area of
perforated zinc though which the air passes into the room is from six to
eight times the area of the inlet from the outer air."
The illustrations, Figs. 1 and 2, show the form of ventilating
cornice adopted over the the inlet. The general disposition of
the inlets, outlets, and fireplace in a room ventilated according
to the system now laid down are shown in the accompanying plan
and section, Figs. 3 and 4, where the best relative positions for
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cise a deleterious influence on the quality of the a
This is a point sedulously to be guarded against, and in small
rooms where only one inlet was needed it would be very unde
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over a surface of heated iron on its way. In such circumstances
it would be wise to remain contented with adopting some means
for obtaining the surplus heat from the products of combustion
in the chimney flue, without actually allowing the inlet-channel
to pass behind the stove itself.
It has seldom occurred even to those engaged in devising the
best means for promoting the comfort of the occupants of dwel
ling-rooms to recollect, that when the fresh air requisite for the
use of the fire, if one be burning, and of the living inmates is
provided, there is yet required the provision of an extensive
amount of fresh air to replace the consumption of oxygen by the
artificial lights made use of. The amount of air vitiated by light
ing is so seldom understood—so all but invariably underrated
when taken into account at all, that we venture to claim special
attention for the following extract:—
" In no barrack room lighted with gas have we found any proviutn
for ventilating the gas burners. This absence of gas ventilation bun, nu
doubt, in many cases added seriously to the impurity of the air in bar
rack rooms. Every burning candle introduced into an inhabited room >•
about equivalent to the addition of a fresh inmate. Two common gas
jets require more fresh air than suffices for the respiration of three men.
Two fan gas lights, similar to those in nse in barrack rooms are equiva
lent to the addition of eight men to the occupants of the room. ' Bacfc
cubic foot of good ooal gas consumes about 2}, cubic feet of oxygen, and
produces 1 J cubic feet of carbonic acid, together with a large amount ot
watery vapour and other deleterious products, which, when diffused
through the atmosphere of a crowded room, produce oppression fOf-|ti»
vital powers, and other sensations similar to those arising from great
overcrowding and insufficient ventilation. But the remedy for this evil
L, , , ■— ■

outlet and inlet are shown—namely, positions the most remote
from each other, so as to promote as complete a change of air as
possible in the room. Fig. 5 shows the arrangements as actually
introduce into a room at the Wellington barracks.
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" 1, 1, are the cold-ait inlets, protected by wooden cornices with per
forated zinc covers. 2, is an inlet for air to be wanned in the space
behind the fire-grate, which air, after being warmed, passes up the flue
in the wall, and is admitted into the room- through the louvres, 3. The
outlet foul-air shaft is at 4. But in practice this outlet shaft should be
placed at as great a distance as possible from the nre-pbjbe."
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The only portion of the scheme which we ' hfty©1 not now
noticed is that which relates to the fire-grates, and the mode of
heating a portion of the external air admitted into the room by
letting it pass behind them. To discuss the form of fire-grate best
fitted for adoption in any particular position hardly falls within
the limit of our space—and we are not sure that anything short
of the practical test of the use of a grate during a considerable
period will suffice to enable an exact judgment to be formed of
its merits. The form proposed for adoption in barracks seems
open to the objection that the surfaces inclosing the chamber in
which air is to be heated before it enters the room are of iron,
and consequently when raised to a high temperature will exer
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is simple enough: an ordinary ventilating shaft, if not too fur from tbe
gas burner, effectually remove* the products of combiiHtiuii, while tli*
heat of the gat increases the draught of the shaft. Hence, in ven tiln tiuj
the room we have also ventilated the gas burners. Where however the
distance between the burner and the ■haft has been too great, and there
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has been danger of the foul air becoming diffused through the atmosphere
of the room, we have had the burners ventilated separately by a venti
lating funnel and tube of the common form (Fig. 6) to convey the pro
ducts of combustion into the chimney, an arrangement which not only
removes the products of combustion from the gas burner, but improves
the ventilation of the room. The hot air from a gas light may also be
used for increasing the draught in the foul air flue, by being conveyed
directly to it by means of a metal tube. In some peculiar situations, or
where the length of the shaft or the difference of temperature between
the air in the room and the air outside is too small to occasion a current
in the ventilating shaft, a gas burner placed at the lower end of a shaft
becomes of great use in producing a current."
There are some other recommendations embodied in the report
before us (that of the Barracks and Hospitals Commission), but
they will be found indicated in the following summary, which we
extract as a sort of counterpart to the statements already given
by us {ante p. 219) of the nature of the problem required to be
solved.
" Summary of Principles adopted in Barrack VentUation.—We shall
conclude this subject by summing up the principles we have recommended
as practically applicable to the ventilation of barracks.
1. Ventilating each room by itself, and quite independently of any
other room.
2. Providing each room with a shaft passing from the ceiling of the
room up through the roof.
3. Closing up all inlets near the floor, where such have existed, and
placing the inlets for air close to the ceiling, bo constructed as to insure
the diffusion of the inflowing current.
4. Remodelling the barrack room grates and providing a chamber
behind, for heating fresh air drawn from without, to be introduced warm
above the level of the men's heads.
6. Ventilating all passages, staircases, and corridors by shafts and
perforated panes independently of the rooms.
6. Providing as nearly as possible 1 200 cubic feet of fresh air per man
per hour, in a room space of 600 cubic feet per man.
7. Ventilating guard rooms by shafts, and remodelled grates for warm
ing the air admitted.
. 8. Ventilating libraries, school rooms, reading rooms, and cook houses
situated in the same houses as the barrack rooms, on the same principle
as barrack rooms.
9. Ventilating non-commissioned officers1 rooms, canteen tap-rooms,
JlC, by Arnott's ventilators and perforated panes.
10. Ventilating all stables under barrack rooms by Bhafts from the
ceilings carried above the roof, and by inlets for air.
11. Providing for the ventilation of all gas burners in the way men
tioned
12. We have recommended that ventilating and wanning, together
with the other sanitary arrangements of barracks, be placed in charge of
some officer responsible for their efficiency."
We have dwelt thus at length on the ventilation of barracks,
because those structures present almost all the difficulties with
which we have to cope in the ventilation of ordinary dwellings
—the subjact more properly before us; because they will furnish
many illustrations of the ventilation of hospitals, to which we
purpose hereafter devoting some space; because our barracks pre
sented the same condition when the Commission approached
them which 99 per cent, of our dwellings do now—viz. they were
buildings erected without any regard to ventilation, and required
to have the deficiency supplied by the best expedient possible;
but above all, we have thus enlarged upon the Barrack Report
because it contains very practical and simple statements on the
subject of ventilation, and unfolds a system applicable and
actually applied to ordinary buildings, with every prospect of
success.
Most dwelling-houses require some appliances to be adopted—
at least in the living rooms—for the proper supply of fresh air
and removal of foul, and in the arrangement of such appliances
the general system just laid before us will be found safe, and, if
carried out with intelligence and prudence, successful. Modifi
cations may and probably will be required, and particularly it
will generally be found impossible to adapt the vertical extract
ing or outlet flues for any but the upper rooms of existing dwel
ling-houses; their unsightly appearance in the angle of the rooms
above those out of which they would open, and the probability
that they would act as conductors of sound from one room to
another, will ordinarily forbid the attempt to employ them. Ac
cordingly we find the most successful expedients for extracting
air from ordinary rooms are openings which draw it off at or
near the level of the ceiling, and introduce it into the chimney
flue. Among these we may enumerate Arnott's valve, the syphon,
the perforated cornice of Varley, and the gas ventilator described

pre*, i, ian

above. Other self-acting methods exist, by the use of which air
can be extracted from rooms, but they are ordinarily inapplicable
in cases where a simple extracting shaft is inadmissible, and
where that can be introduced it supersedes the use of any other
means. Methods not self-acting we may at once dismiss, as
being inapplicable for use in dwellings, and, to say the least,
more or less undesirable under all circumstances and in all
sorts of buildings.
Arnott's valve is now well known: it is fixed in an aperture
communicating between the room and the chimney flue, at or
near the level of the ceiling, and consists of a metal frame in
which a small light valve works, calculated to admit air escaping
from the room, but to obstruct any current setting into the room
from the chimney. Where a sufficient supply of fresh air is pro
vided, and where the lower opening of the chimney flue is not too
large, this valve answers well, but it is liable, if these conditions
are not complied with, to admit smoke into the room in place of
drawing off vitiated air.
A syphon-shaped outlet for the vitiated air from rooms formed
the subject of a patent long since expired, and has been recently
again introduced to notice. The action of it is exactly similar
to that of an ordinary syphon, only reversed; a common syphon
conveys fluids heavier than the surrounding air from place
to place, and in it the gravity of the fluid in the longer leg
overcomes the weight of the shorter column in the other leg,
and causes it to ascend till it reaches the bend. A syphon
for extracting warm air from a room must be in an inverted
position, its shorter leg going downwards to the bend, and
its longer one rising again, and its action is to draw a fluid
lighter than the surrounding air down the shorter leg, the
buoyancy of the longer column overcoming that of the shorter.
In adapting this apparatus to common rooms the bend is placed
near or behind the fire-grate and the shorter leg descends to it
from an opening in the wall at or near the ceiling, while the
longer leg rises up the chimney flue to a point above the level
of the entrance from the room, and then discharges its con
tents into the flue. The advantages of such a tube as com
pared with a simple opening are, that its action is not easily
liable to become reversed even when there is no fire in the grate,
while the smallest fire, by filling the syphon with rarefied air, at
once sets up a vigorous and sustained action far more energetic
than that of an Arnott valve or a simple vertical escape flue of
the same area. This plan, and that of Mr. Varley about to be
noticed, appear to have escaped the attention of the Commission
on Warming and Ventilating Dwellings.
Mr. Varley's system received a prize which was offered some
considerable time ago by the Society of Arts for a system of
ventilation applicable to existing houses, at small cost; and ap
pears well calculated to supply the required amount of air, and
carry off the products of respiration easily and without draught.
He proposed to form a hollow cornice of perforated zinc, by fixing
a strip of that material across the angle formed by the junction of
the ceiling and the walls; this cornice was to run round the whole
of the room, or parts of it, as desired; but when it ran entirely
round it was to be divided at two points, so as to form two chan
nels, the one running near the chimney being made to commu
nicate by an opening with the chimney fine, and the other half
having an opening leading into it which communicated directly
with the external air. The action of these two openings is of
course that the one shall draw ofT vitiated air and the other
supply fresh; and it is stated that if only the precaution be
adopted of omitting or closing up the perforations exactly oppo
site the two points where channels open into and out of this
hollow cornice, the perforated zinc will be found to equalise and
distribute the incoming and outcoming currents, so as to avoid
risk of draught.
Of the ventilation of gas burners much more need not be said
than has been in the extract above given. In ordinary dwellingrooms it is most desirable to ventilate gaa burners, and as the
hot air from them is given off at a very high temperature, the
current will be really very strong; and consequently, if the open
ing be of sufficient size, and not too much cut off from surround
ing space, the ventilation of a gas light may be easily made to
create a sufficient current to cause the removal of all products of
respiration from a crowded room.
{To he continued.)
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BRITISH ASSOCIATION FOR THE ADVANCEMENT
OF SCIENCE*
On the Effects of Vibratory Action and long continued Changes
of Load upon Wrought Iron Bridges and Girders. By Wm.
Fairbairn, LL.D., F.RS.
(With tm Engraving.)
It is upwards of fifteen years since a series of experiments
■was made to determine the value of wrought-iron riveted plates
in the form of rectangular tubes, when employed as girders
spanning rivers and ravines, for the support of roads and rail
ways. Those experiments led to the erection of the Conway and
Britannia Bridges, on the Chester and Holyhead Railway, and
determined the form in which such structures should be de
signed, as also the strength necessary to resist the straiu of the
passing loads. A new theory of construction was thus developed,
and a new era established iu the history of bridges. Since that
time some thousands of bridges, composad entirely of wroughtiron plates, have been erected, supporting roads and railways,
with a degree of safety not attainable with any other description
of material.
The construction of the Britannia and Conway Bridges of the
tubular form led to the introduction of tubular, girder, plate, and
various forms of lattice bridges, all founded on the same principle.
The tubular bridges were originally designed so that their ulti
mate strength should be six times the greatest rolling load which
could be placed upon them after deducting the weight of the
tube. This was considered a fair margin of strength, but subse
quent considerations have induced in niauy cases an increase of
this margin of resistance to five or six times the maximum
rolling load and permanent load taken together.
Owing to the great success in the first examples of wroughtiron bridges, a great demand for them arose in every direction,
and numbers were made without any regard to principle or the
laws of proportion so clearly and satisfactorily developed in the
Millwall experiments. The result of this was the erection of
many weak bridged, so disproportion ed as to be at the point of
breaking with little more than double their own weight. This,
together witli the bad system of contractors tendering by weight,
and the employment in some cases of bad iron and bad workman
ship, have brought discredit upon the margin of strength at first
considered sufficient. No construction requires greater care or a
more minute attention to sound principles of construction than
wrought-iron girders. The lives of the public depeud on the
knowledge and skill of the engineer, and the fidelity of himself
and the contractors iu the selection of the material.
The defective and abortive structures which followed the first
successful application of wrought-iron led to doubts and fears on
the part of some engineers, who contended for a margin of
eight or even ten times the heaviest load, whilst others con
sider a much smaller surplus of strength sufficient. In the evi
dence given before the Commission on Railway Structures, in
1848-9, this variety of opinion was fully shown. Mr. Brunei
allowed the maximum load to be one-third to two-fifths of the
breaking weight.
Mr. Grissell and Mr. May considered onethird sufficient; Mr. Rasbrick, Mr. Barlow, and others adopted
one-sixth; Mr. Hawkshaw, one-seventh; and Mr. Glynn, onetenth. Ultimately the authorities at Whitehall appear to have
decided, but upon what data is uncertain, that the maximum
tensile strain on any part of a wrought-iron structure, arising
from the permanent load and the greatest rolling load together,
should not exceed 5 tons per square inch. This corresponds
with a strength of at least four times the rolling load and the
permanent load taken together.
The requirement of 5 tons per square inch on the part of
the Board of Trade appears to be founded on no fixed principle,
and is far from satisfactory. It is well known that the powers
of resistance to strain of wrought-iron depend very much upon
the form iu which it is combined, and, uuless the proportions of
the part.s are permanently established, the 5 ton tensile strain
may lead to error.
I have been led to iuquire into this subject with the utmost
care, not only on account of the imperfect state of our knowledge
in this respect, but from the want of definite instructions from
the authorities, whose business it is to secure the safety of the
public, and enhance the value of these constructions. To accom
plish this, I have in the following experimental researches en* Coutinned from page 809.
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deavoured to arrive at the limit to which a girder may be
strained without injury to its powers of resistance.
During the years 1858-9, I was engaged in the construction of
a viaduct of 230 feet span, for the purpose of carrying the In
verness and Aberdeen Junction Railway over the river Spey.
Concerning this viaduct an important discussion arose between
one of the government inspectors of railways, Capt Tyler, R.E.,
and myself, having reference to the margin of strength necessary
to prevent disruption from the strain and vibration of the passing
load. It has been thought by some that long-continued impact*
ultimately destroy the cohesive properties of beams. In cases of
extreme loads this has been proved to be the case, both in the
following experiments and in the earlier ones of the royal com
mission. But it is very imperfectly known what fraction of the
breaking weight, operating in a long series of changes, as a
transverse strain, would in a given time absolutely lead to frac
ture. As the designs, calculations, and proportions of the super
structure of the Spey Bridge were entirely in my hands, I found
myself responsible for the security of the structure. My original
estimate of the strength of the bridge was—
Sectional area of top
120 sq. inches.
„
hottuiu
,
110
,,
Depth of girders ..
...
...
...
...
16 feet.
Span of girders ...
...
...
...
... 230 ,,
Hence, for the centre breaking weight of one girder, we have,
from the formula deduced from the experiments at Millwall:—
adc
110X16X80
W=
= 612 tons,
/ ~
230
and for the breaking weight of the bridse, with the load dis
tributed, 612 X 4 = 2448 tons.
To this calculation the Bo:ird of Trade objected, on the fol
lowing grounds: —That I did not deduct the area of the rivet
holes in the bottom web. That I included two packing strips of
a total area of 12^ inches, which, not having their joints covered,
did no duty in strengthening the bridge. That the depth ought
to be calculated between the centres of gravity of the top and
bottom flanges, thus reducing d from 16 feet to 1.5 ft. 3 in.
Lastly, that the constant 80 is too high for tubular girder
bridges; 74'4 more nearly representing the results of the experi
ments. Capt. Tyler's data are therefore:—
Area of bottom ...
...
...
...
... 99 inches.
Depth
15 ft. 3 in.
Span
230 feet.
Centre breaking weight of one girder =

w= nxiraxM = 488.37<
Breaking weight of bridge, load distributed, = 488'37 X4 =
1953*5 tons, or about one-fourth less than my own calculations.
With the exception of the objection as to the packing strips,
however, T cannot consider Capt. Tyler's views correct. I do
not deduct the rivet holes, because the formula is obtained from
the gross area of the model tube, nor can I accept 74'4 as the
proper constant for girders with cellular tops. But in calcu
lating the strength of a bridge in which a proper ratio is pre
served between the top and bottom areas, the constant derived
from a similar case is, in my opinion, the most appropriate one
to employ. It is manifestly unfair to use a constant derived
from a beam of defective proportions, and composed, as is not
unfrequently the case, of inferior iron. Again, however theoreti
cally advantageous it may be to calculate the depth between the
centres of gravity of the top and bottom flanges, it has been
found sufficiently accurate hitherto to take the whole depth, if
this has also been done in deducing the constant.
Making allowance for the absence of the covers over the
joints of the packing strips, the strength of the Spey Bridge was
not less than 2200 tons with the load distributed; and provided a
further allowance were made for the thickness of the sides, it
would- bring the streugth up to the original computation of
2448 tons.
But, in the consideration of the margin of strength, a more
important difference arises between myself and Capt. Tyler.
The permanent weight of the bridge between the abutmeuts is
375 tons, and the weight of the platform 46 tons, so that the
total permanent load is 421 tons. The maximum rolling load for
a double line of rails was ultimately taken by Capt. Tyler at
408 tons, the weight employed by him in testing the bridge.
Capt. Tyler considers that the ultimate strength of the bridgo
72
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ought l/< bn four or fivn time* the total maxlmnm rolling load
added to the total |>«rtrinricnt load. Thai i«, that the strength of
lli/. M|»iy Hrld^ should amount (<> 4100 tons, instead of 2448,
wliluli ( had provided for in my calculation*.
Oil i.lin (ii.lnir hand, I havn Im-mi ncriiNtomiid to regard the perinniiniit, weight of I.Imi In 1<I«m /m. I tint rolling load n» acting indeiii'inli'iiUy. From ihn brim king weight I deduct the permanent
I I, mid noiinldnr tlm remaining resistance ax the surplus
uticiiglh fur resisting tlm rolling load,
'I'm both of these, methods of i-alrnlatliig the margin of strongth
oeilidn objection* nllai'li. Willi very siimll bridges they agree
neatly wli.li oiw mini lick Willi larger bridges, the niothnd I
lollow given Weaker bridges llian Hume desired by thu govcrutiient Inspector, The larger the bridge becomes, llin more ruro
HI" Hie oeeiiNliiiiN mi which thn rolling load In at it* maximum.
Willi very large bridges, i.<|iml in spun to IIioho over the Con
way mill Alenal Strait*, both line* can scarcely ovor lin loaded up
In llm limit nf two toim per foot run. Now, tlm fault of thu
allowance of strength demanded by thn Hoard of Trade appear*
lo in" In 1 111, (li.it II. IiiKcm no account of till* fact. It provides
bridge* which becnine increasingly lit rung in proportion to their
work a* the *pnn I* lmiii<a*ed. Ili'iien thn Conway (fridge, strong
and durable a* It ha* proved lt*nlf, iloe* not reach the margin
of *l length which the Hoard of Trade require.*. In fact, in order
to rnUe II, to that, standard, It mu*t be increased to at leant five
(line* It* present strength, *lnce, with bridge* of such span,
every iiddltlou to the strnnglh Adds al*o In a nigh degree to the
penimiieiit, weight, of the bridge.
1 1 remain* therefore to bo
eon*ldei'i>il how far the weight of bridge* of largo spun act* by
Hi Inertia In antagoiiUm to the rolling load.
On the other hand, thn rule 1 have employed doe* appear to
provide In Idgi'M which, in very large *pan*, am weaker in propoillnii to their work than In nmall spans. Within the limits ordi
narily required, that i* not exceeding !ID0 foot apAit, I have not
li<um\ bridges mo proportioned to offer any signs of weakness.
The *t remit h of tlie Conway and Britannia Bridges, although
funsldorahly In excess of »l\"tlme* the rolling load, is nevorthol«>« i much iiiwwr to that than tho proportion, of five tons per
"qitaix Inch ol'»eotlon.
I hn\e drawn curve* allowing the relations of strength, weight,
and «|wn which ari> given by the rules* I have discussed, between
the limits of ,Vi and 4iMi ttat'spnn isoe Plato X X X 1.1 The dotted
line* represent the ratio of the centre breaking weight of the
l»rtdv>i> to It* *pan, and the ratio of the permanent weight of the
bridge to the «piin, whatever that may he. The black linea repre
sent the name ration according to mv own rules.
Photo I'uvvM show;- -First, that lor spans of less than 100 feet
the IWrd of Trade rule gi\o* weaker bridges than my own.
Second, that in very large span* the lloartl of Trade rnle give*
In \. !oe« ei\.>in\v>ns|\ stronger than my own. Thir\l, that at or
below: ;hv 1\s<t of *|vm the limit is reached at which it is praeticil'\ |Hv>s\Me to onvt tubular girder bridge* of the same pro|s-\t»M\« as th>v»e across the tVnwav or Menai Straits, in which
the mivimntn strain d.*\i not evoeed the Hoard of Trade atandaivl
Tlie roa«on of this is tho high ratio in which the weight of
the bridge incroasoa in large spau*. In fl»ct» the weight increases
,»* the o.ils\ whore the strength increase* as the square of the
l.neal d'lnension*.
U\e atvvw cor-vidcrationa haw led me to experiment upon the
inrinence of Mhtation in causing the rupture of beams and
bi..vgo» For this purpose I have constructed a small wroughti-on pUte Ivmu, ot iV foot dear span and 1<< inches deep, repre».-.»t-.vg the wviwi-ti.ix of one of the girders of the Spey hridi.0,
sod e\\v«\i \\ io o-i.iitioos similar to thvNftf <4 a brdo^ snb'cot
U> >'V«if,cox of lovi sihI M'oratvMi. as )Nj\\h>.v\i bv the passage of
!• t -.:v so,'. <u '.mv-ivm t „m> to the boa\iost ro'.V.n^ ~1 v»d. Tbe propvM i - « ,\t '.:■-,» K\»u» arv as W.ows-—
V .-

I »(. I \ j

;
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TTii* beam having been fixed securely, as will be seen by refe
rence to the illustration (see C. E. df A. Journal, vol. xxiii. p. 257),
tho experiments were commenced. In the woodcut referred to,
A i* a abaft and pulley driven by a water-wheel; B a wheel and
pinion giving motion to the connecting rod C, which lifts the end
of the lever and load from off the beam, shown in section at D,
with the shackle and clip a. At the lower end of the connect
ing rod C is a slot, made for the purpose of allowing the load
to come fairly upon the beam before the next suspension: E is
the lever, and F tho scale, for regulating the weight. On the
top flange of the beam was stretched a gauge to ascertain the
deflections during the changes and vibrations produced by the
di fierent loads. Hy means of a water-wheel the continual lift
ing and releasing of the lever was continued night and day,
and thu number of changes of load was registered by a counter
at L>.
The experiments were commenced by loading the beam to
within a fourth of it* breaking weight, and startiug the appa
ratus. After more than half a million of changes of load tbe
bt'Hin appeared to have sustained no injury.
Taiii.e I. -lleam loaded to one-fourth of its breaking iccigltt.
Total moving loud
6809 1b.
Permanent load (or half weight of the beam) 434 lb.
Margin of strength l>v Hoard of Trade ...
8"4 to 1.
...
4 '35 tons per sq. in.
Strain on bottom Mange ..
...
Number of
chKnjreii
oflusd.

Dsto.

lStil).
March 21
o»>
•J3

Deflection
at centre of
beam.

^
10

1860.
April 13
14
17
20
25
27
28
May 1
3
5
I
9
11
14

0-17
018
016

10,840
15,«10
27,840
4O.100
87,7!>0
"2,440
8.">.«ti0
!'7,42l>
112,810
144.350
lii5,710
2o-2. <i>0
285.S11

24
2fi
2"
2,S
20
80
31
April
2
4

Sstc.

016
0-17
0-17
0-17
017
017
016
0-1S
017
017

Number
of change!) of
load.

Deflection
at centre of
beam.

268,328
281,210
321,015
343,880
390,430
408,264
417,940
449,280
46S.600
4S9.769
512.1S1
53H.355
560.529
5915,790

017
0-17
0-17
0-17
017
0-16
0-16
016
016
016
016
016
016
016

The beam took at first a permanent set of about 001 inch,
which did not appear to increase afterwards. The beam ins
then subjected to experiment with an increased load, equivalent
to one-third the breaking weight
Tabu; II. —Zihh/ ^..'ni'dU to o*c-fAi'rrf the breaking weigkt.

...

...

Total moving load
IVrnuuient load
Margin of strength bv Capt. Tvlers rule
mv own rule
„
Strain on botu«i flaug«

...
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Table III.—Load equivalent to one-half the
10050
breaking
1b. weight.
Total moving load
Permanent load
434 lb.
Margin of strength by Capt. Tyler's rule
2-05 to 1.
,,
„
my own rule
209 to 1.
Strain on bottom flange
7 '32 tons per sq. in.
Number of changes
of load.

Sate.
I860.
June 27
28

Deflection
in inches.

Eeinarks.

0-35
5175

The beam broke.

The beam was then taken down and repaired; a patch was
riveted across the fracture iu the bottom plate, so that the area
of the sound plate remained as before. The experiments were
then renewed: 158 changes of load were sustained with a load
equivalent to one-half the breaking weight. The load was then
reduced to two-fifths the breaking weight, and 25,900 changes of
load were sustained. Lastly, the load was reduced to one-third
of the breaking weight, and the results given in the following
table were obtained :—
Tablr IV.— Load equivalent to one-third of tlie breaking weight.
Total rolling load
6359 1b.
Permanent load
434 1b.
Margin of strength ...
...
...
...
8'2tol.
Strain on bottom flange
...
...
...
4"74 tons per sq. in.
Number
of changed of
load.

Date.
1860.
Aug. 13
16
20
24
25
31
Sept. 1
S
15
22
30
Oct.
8
13
20
27
Nov. 3
10
17
23
Dec.
1
8
15

Deflection
Date.

in

inches.

25,900
46,326
71,000
101,760
107,000
135,260
140,500
189,500
212,860
277,000
320,000
375,000
429,000
484,000
538,000
577,800
617.800
657,500
712,300
768,100
821,970
875,000

I860.
Dec. 22
29
1861.
Jan. 9
19
26
Feb. 2
11
1G
23
March 2
9
13
23
30
April 6
13
20
27
May 4
11
June ...

0-18
018
0'18
0-18
0-18
0-18
0-18
018
0-18
018
018
0-18
0-18
0-18
0-18
0-18
0-18
0-18
018
0-18
0-18
0-18

Number
of changes of
load.

Deflection
in

Inches.

829,470
1,024,500

0-18
0-18

1,121,100
1,278,000
1,342,8110
1,420,000
1,485,000
1,543,000
1,602,000
1,661,000
1,720,000
1,779,000
1,829,000
1,885,000
1,945,000
2,000,000
2,059,000
2,110,000
2,165,000
2,250,000
2,727,754

0-18
0-18
0-18
0-18
0-18
0-18
0-18
0-18
0-18
017
017
0-17
0'17
0-17
0-17
017
0-17
0-17
0-17

The following table gives a summary of the results obtained in
this series of experiments:—
T.IBLE V.— Summary of Results.
a.

Load at centre.
3
3
?
3
£

&

be
q

•a
1
6

t>
JL 5809
7406
11.
111. 10050
•IV. 6359

as

S3
•3-s

a©

1*

"1 S
fJ

o a

si
lb

434
434
434
434

0

a
S
H

UtQ.

3-4
2-7
2-05
3-2

: 1
:1
: 1
: 1

Tons.
4-35
5-47
7-32
474

~»

1o

1.1°
si
at
Tuns.
5-91
596,790
103,210
7-43
9-92
5,175
6-42 2,727,754

|

A

O

9
S3

n9

1

Ins.
0-17
023
0-35
0-17

Uninjured.
Uninjured.
Broke.
Uninjured.

In using the numbers giving the strain in tons per square inch
of the gross sectional area of the bottom, it must be remembered
that a larger proportion is punched out for the rivet holes in this
small beam than in bridges. Taking the next column, which
gives the strain on the metal of the bottom after deducting the
rivet holes, we find that the beam suffers no deterioration with
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strains of nearly 7J tons per square inch. With 10 tons per
square inch the beam broke after 5172 changes of load. Now, as
the limit of elasticity is reached at about 9 tons per square inch
in ordinary boiler plates and bridge plates, it would appear that
it is unsafe to load structures subject to a continually varying
load beyond that point. Within these limits however we have
no evidence that a deterioration of the structure takes place.
The results given here apply chiefly to cases where nearly the
whole load of the beam is a chauging load, the weight of the
beam itself being insignificant It remains to be considered in
the case of large bridges, where the chief part of the load is per
manent and stationary, and the lesser portion only changes,
whether even greater strains than these would not be suffered
with impunity. On this subject we have no experiments which
apply to wrought-iron, but in the case of cast-iron some results
have been obtained which have an importaant bearing on the
question.
In the first place I have shown that where the whole load is
permanent and stationary, cast-iron bars loaded with three-fourths
of the breaking weight suffer very slight deterioratiou in the
course of time. Thus, in the experiments recorded in the "Keport
on the Effect of Time on Loaded Cast-iron Bars," published iu the
Transactions of this Association, it was shown that the increase
of deflection of bars loaded with three-fourths of their breaking
weight amounted in the course of five years to 0(104 iuch iu the
case of cold-blast iron, and to 0009 iuch in the case of hot-blast
iron: that is, that there was a mean iucrease in five years of ^n
of the whole deflection of the bar. With a cold-blast bar loaded
with above nine-tenths of the breaking weight the increase in
four years was xottb °f an inch, or not more thau T£e of the
whole deflection. These experiments would seem to show that
with a stationary load materials may be loaded with impunity
within the limit of elasticity, or nearly up to a force calculated
to produce fracture.
Secondly, in the case where part of the load changes and part
is permanent, some experiments were made by the Commission
on Iron Structures, which gave the following remarkable result.
That additional loads spread uniformly over a beam increased its
power of resisting impacts. They found that beams of cast-iron,
loaded to a certain degree with weights spread over their whole
length, and so attached as not to prevent the flexure of the bar,
resisted greater impacts from the same body falling on them than
when the beams were unloaded, in the ratio of 2 to 1. There
is great difficulty in applying such results as these to the case of
bridges of wrought-iron, but at least they may serve to indicate
the direction which should be taken in further experimental in
quiries on this very interesting and important subject.
On some future occasion I may have again to refer to this
subject. For the present, I would advise that in all beams and
girders, tubular or plain, the permanent load, or weight of the
girder and its platform, should not in any case exceed one-fourth
of the breaking weight. And that the remaining three-fourths
should be reserved to resist the rolliug load iu the proportion of
six to one.
As a general rule, these ratios of strength would apply to all
bridges, but the strains would be least on the smallest bridges,
which, in my opinion, is requisite on account of the frequency of
neglect of smaller structures.
I would earnestly direct the most careful attention to the laws
which govern the resisting powers of girders exposed to trans
verse strains; to the best principle of uniting the joints; and,
above all, to the selection of the best material, which, in the
parts of girders subject to a tensile strain, ought always to sus
tain a test of from 22 to 24 tons per square inch. There is no
economy in the use of inferior iron for this purpose, and its em
ployment inevitably leads to a loss of character in the structure,
and danger to the public.

On a Bathometer, or Instrument to indicate the Depth of the Sea
on board Ship without submerging a Line. By C. W. Siemens.
Those who are acquainted with the difficulties and expense
attending the taking of deep-sea soundings by means ofa weighted
line, will readily perceive that an instrument capable of indica
ting depths upon a graduated scale in the cabin of the vessel
would be of great advantage, as a means of extending our know
ledge of ocean geography. In laying submarine telegraph cables
through deep seas, such an instrument would be invaluable.
It occurred to the writer that the total attractive force of the
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earth must be sensibly influenced by the interposition of a com
paratively light substance, such as sea-water, between the vessel
and the solid portion of the earth below. This he demonstrated
geometrically as follows:—Assuming the1 earth to be a perfect
sphere of uniform density, two lines are drawn fronj a point on
the surface, so as to intercept the circumference at the semicircles.
A line is then drawn through tha two points of intersection,
which passes through the earth's centre, and a second Hue pa
rallel to it, touching the circle at its lowest point. It was next
demonstrated, that in dividing the solid cone represented by
these lines into a number of slices of equal thickness, in a direc
tion perpendicular to its axis, each slice would exercise the same
amount of attractive force upon a body at the apex of the cone;
the reasou being that the mass of each slice increases in the pro
portion of the square of its distance from the apex, and the
attractive force diminishes in the same ratio.
It was thus demonstrated that the true centre of gravity of the
earth in reference to an attracted body oh its surface does not
reside in its geometrical centre, but in a variable point between
the centre and the attracted body. In dividing the sphere itself
into slices of equal thickness a mathematical expression was
obtained, representing the attractive force of any of these slices;
and in integrating this expression for a
series of slices it was the following '■} '.I Vt7'-:i|:
formula: —
A{-2wh(\— - - /A\
-:U ■<• '
v
3'V 2B/
in which A, signifies the attraction of
the piece of the sphere sliced off, A the
depth of this piece, and R the radius of
the earth. In substituting 2R for h,
the formula gives the total attraction of
4
th* earth, A=— Rr, agreeing with
o

Newton's formula.
Considering that the depth of the sea,
which is represented by h, is exceedingly
small as compared to 2R, the expression
a / -— may be entirely neglected, and
the first formula may be written
A, = 2wh.
Consequently, A : A, = — R;r : 2rr/i,
or, A,: A=A: JR.
For moderate depths the attraction of
.!■•;«
the earth may be represented by a very
obtuse cone, with jU for its height. If
sea-water were of no weight, the totil
attraction of the earth would be dimi
nished upon its surf-ice in the propor
tion as the depth to fit; but considering
that sea-water has about one-third the
weight (bulk for bulk) as the generality
of rock, the actual diminution of gravita
tion was shown to take place in the pro
portion of the depth to the radius of the
earth.
Accordingly, 1000 fathoms of
depth would produce a diminution by
nVw P*1^ °f tne total gravitation, a diffe
rence so small, that it appears at first
sight impossible to construct an instru
ment capable of indicating it with sulhcient accuracy.
The second part of the paper described
the instrument designed for this purpose,
which consists of a tube containing mer
cury, diluted spirits of wine, and coloured juniper oil. The mercury
column, about 30 inches high, ascends in a tube from the bottom
of a large bulb a', containiug imprisoned air, and terminates in
tlie middle of a second bulb a1. The remainder of the second
bulb U filled with the diluted spirits, which reach upward into a
narrow tube provided with a scale. Upon this rests a column of
the coloured oil, which terminates in a third bulb «\ the re
maining space being vacuous, or nearly so. This gauge is inclosed
in a glass tube b, b, tilled with distilled water, which in its turn
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is surrounded with ice c, c, contained in an outer casing: the
latter is suspended by a universal joint. The air in the lower
bulb, being maintained in this way at a perfectly uniform tempe
rature, will oppose a uniform elastic force against the column of
mercury, which latter, being removed from all atmospheric influ
ences, fairly represents the gravitation of the earth.
In moving this instrument from shallow water upon a sea of
1000 fathoms depth, the mercury column would rise a»,ViS l*1"* °f
its length in the second bulb; but before any sensible attraction
has taken place iu the mercury level, the upper surface of thft
spirits of wine terminating in the narrow tube will have risen
sufficiently to restore the balance of pressure, and the spirits
being 20 times lighter than mercury the .scale of observation
would be increased twentyfold. But the spirit column, in rising,
displaces oil of very nearly the same specific gravity, which
causes another increase of scale at least twentyfold. By these
means a scale of 3 inches per 1000 fathoms of depth is obtained.
An instrument of this description was tried by permission of
the Admiralty, and although it was still imperfect in some re
spects, its indications agreed generally within TO per cent, wiffl
the results of actual soundings.
' !•>/■■
In the course of the discussion which ensued, Prof. Tyndall '
suggested that the instrument would be equally applicable Iformeasuring heights.
'"•"'
•ilj

On some applications of Ebonite, or Hard India Rubber.
By H. A. Silver.

r

! Hi

The material known as Hard India Rubber, Vulcanite, Horji
Rubber, or in its most perfect condition as Ebonite, was first ob-1
taiued by Hancock; although its discovery was also effected by the
independent researches of Goodyear. Ebonite consists of indiarubber vulcanised with sulphur at a high temperature, which is
coutiuued for several hours. As in the case of caoutchouc or
pure india-rubber, the applications of this material were until
lately extremely limited. It is principally met with in the form
of combs, paper-knives, and pen-holders; but its peculiar pro
perties possessed render it available for far more important
uses. Its acoustic qualities have been utilised in the construction
of stethescopes, and render it well adapted for ear trumpets,
for flutes, and several other wind instruments. Like horn
or ebony, it may readily be turned in the lathe, although in
practice it is found preferable to produce it in moulds of any
desired form. It is a most powerful—probably the most powerful
—negative ideo-electric; and from not being liable to fracture,
it advantageously replaces the glass plates of electrical machines.
From this fact, and from its possessing no hygroscopic attrac
tion for moisture, it may be inferred that it is also an excellent
insulator of electricity. Apart from its application in the form
of insulators for overground wires, to which I have to direct
attention in connection with the accompanying table, it is found
most useful in the insulation of practical and philosophical elec
trical apparatus.
A recent and valuable application of ebonite is in the con
struction of "nitrate baths," and other apparatus for use in pho
tography, and also for battery cells. In vessels of this material
the nitrate of silver may, with suitable precautions, be boiled,
without affecting the solution. This process is sometimes neces
sary, and cannot be performed in vessels either of glass or gutta
percha.
The battery cells, indestructible in other respects,
resist, even the intense fluid heat produced by the addition of
concentrated sulphuric acid of water. In a recent number of
the Photographic News, Mr. M. A. Gandin calls attention to the
prejudicial effect upon silver solutions of the tannin contained
in the gutta-percha of which photographic vessels are now com
monly made. The advantages offered by vessels combining the
resistance to fracture of gutta-percha with the negative che
mical properties of glass and porcelain, and capable of with
standing a temperature considerably above 212° Fahr. without
danger of bulging or softening, will be duly appreciated by
photographers.
In an ornamental point of view, ebonite has been used for
covering articles of iron or steel, such as buckles for belts or
harness; thereby rendering them unalterable by oxidation, and
substituting an equally beautiful material for the metallic sur
face.
It has been employed as an imitation of buckhorn
handles for knives, and as a substitution for horn or ebony iu
buttons, napkin-rings, and various kinds of ornamental work. In

'.
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the form of bracelets and similar ornaments it advantageously
replaces jet, to which substance ij. bears great resemblance, with
out being liable to chip or fracture. It has also been used for
mounting jewellery.
The table of comparative results obtained with glass, porce
lain, brown ware, and ebonite insulators for overground wires,
gives a few unselected tests from the lengthened series by which
the great superiority of the last-mentioned material is established.
It is to be observed that the surface of the glass, porcelain, and
brown ware insulators consists of nearly the same substance —
viz, an alkaline or earthy silicate, possessed of considerable hy
groscopic properties, through which it allows of the passsage of elec
tricity by the conduction of the deposit of atmospheric moisture.
Besides being in itself a better insulator, ebonite is free from the
hygroscopic property which thus constitutes so serious an objection
to the use of glazed insulators. The non-liability to fracture of
the ebonite insulators is also an important advantage. It will
be seen by inspection of the insulators constructed of wood and
ebonite that the latter material is protected both from the direct
rays of the sun And from rain. To those whose experience of
overland telegraphy has rendered them familiar with the nu
merous causes which interfere with the efficiency of the apparently
simple contrivances for pole insulation, the inspection of this
insulator may prove of interest. Ebonite, like pure caoutchouc
in the case of submarine wires, appears to be "almost specially
intended" for the insulation of overland wires. The perfection
of the means for. obtaining the latter is a problem of sufficient
importance to have induced me to offer these few brief observa
tions on this subject; being one that is more within the limits of
my own observation and experience than the kindred topic
which now almost engrosses attention —the perfection of the,
means for seenriug telegraphic communications from, shore to
shore throughout the globe.
Table of Tests, allowing comparative merits of Gloat, Porcelain, Brovu
Ware, and Patent Ebonite Insulator).
. ,
The system c< imposed of the above description of insulators fixed on seven
poles, one of each kind on every pole, tbe whole covering 420 yards of
marshy land.
Date, kr.

1860.
Dec. 29, 9 a.m.

Dewiption of insula
tor, and result.

Tempe
Elorature. mente.
Kahr.

Porcelain . 8°
Glass . . 26
Elwnite . 0

17

Dec. 31, S a.m.

Porcelain . 14°
(.lass . . 33
Ebonite . 0

35

1861.
Jan. 5, 7 a.m.

Porcelain . 7"
Glass . . 45
Ebonite . 0

32

Feb. 4, 8 p.m.

Porcelain . 90°
Glass . . 90
Brown ware 90
Ebonite . 0

Feb. 8, 9.45 a.m.

Porcelain . 67°
Glass . . 67 "5
Brown ware 90
Elwnite ■ 025

March 12,
6.30 a.m.

Porcelain . 15'
Glass . . 90
Brown ware 75
Ebonite . 0-50

March SO,
9.45 a.m.

Porcelain
Glass .
Br. ware
Ebonite

March 30,
10 40 a.m.

State of weather.

Dense fog ; wires
and insulators co
vered with frost.

12

j Great thaw, and
12 •' foggy; everything
( damp where ex
posedSnowing and damp.

■ .•• ii-. i! r-.'.'i
i:

-40

tl'l-Hil ,»K

, .

Night fine.

[Ml

■.••" /
46

11

Thick and heavy.

r
90

Raining heavily,
with much wind ;
bad been raining
all night.

297°
915-75
51975
. 225

354

"Raining very hea
vily since 7 a.m.

7 Porcelain 36'
28 Ebonite
P50

21

Fine— sun out ;
rain ceased since
10.25.

Note. — In the last experiment tbe number of porcelain insulators used
was 7, the leakage 36°; whilst 28 ebonite insulators (7 each of four diffe
rent shapes) were used, loss 1° 50': it follows therefore that the escape in
]>orcelain must be X by 4, which gives the following result: —
Loss in porcelain insulators
... 144°
Loss in ebonite insulators
1'50, or nearly 100 times less.

On Property in InvfritlMt, and (tf«ff^tks'vn'ffie\tr»aM Malta- ■
/acrttre*: ' By'TitoMAS.-WjfeWER/MIAll'F.'rtSl
"i
To deny to the, creations and labour of the niiud, that pro^'
perty and protection by the civu power which is given to the
skill of the band or tp bodily Jjtppijn-^is, in effect, 'to make intel
lectual of no account, as couipni«<^' yritP physical labour; and to
give a predominating influenceitcj capita), and thc^e other repre
sentatives of accumulated hiboirr which may be profitably en
joyed without any fresh, creation of iiuud pi^exerqise of inventive
faculties.
Considerations of public uoljc^Ji^Ye■. left to certain'
rules, laws, or regulations respeetpg^ the use ^ap3 enjoyment of
all property; property in lands, and .chattels may be enjoyed for
the whole term of tie natural tjjfe'pf, tie, occupant, or by' the,
family or successor of s,uch occupant, but.siieh successor is merely
the creature of positive Laws and public policy; and the common
wealth in allowing such succession* or affording by the arm pf
tbe law and civil power tha^protecpan which, is essential to the
very notion and existence of property in : a civilised country, or
wherever might does not constitute, right, assigns in what man
ner such succession shall jta^e njace, 05. for v^tyit term the pro
perty should lie enjoyed,. ,, ,, ,,',., , ,'. .,,,,, ,.,, .,,,,.,.,
, . ,,i„
If occupancy and possession be the true principle to which the
origin of property is to be referred, tbo invenjtor has a peculiar
claim to its recognition, and claims in respect of any improve
ment in the arts and manufactures— the produce of his own
brain; he has the absolute control of tli£ iuvemtiptv; he may give
it to or withhold it from the public:/biit so soon as such im
provement becomes enibndiedin^uaj't pr, tnawfacture accessible
to the public, the right of *KQlu»i,ve possession, ,us gone, the secret
has been disclosed, and may be practif* -d by anyone; and thus, tin.:
labour of many years niay.be adopted by he who wills, and
enjoyed by the public without, jreiuuneration. or reward, unless
restrained by the municipal laws of the country. To say that
an inventor may keep his secrefcis-to propotind an impossibility
in the majority of cases, and in the few cases in which it would
be practicable, the feffect would be to convert his art into mys
tery, and to re-introduce pratfifces 16ng str/ce 'extinguished and
condemned.
These general principles are not, as I understand, contravened
by the supposed opponents of the patent system; the justice of
rewarding the meritorious inveutor is admitted. Further, it jh
not denied that patents may have been beneficial iu the earlier
stage of the arts and manufactures, but it is said that such a
mode of reward is bad, and contrary to the principles of free
trade—that some other system of rewarding the inveutor should be
adopted ; and that dauntless spirit which, in matters of established
trade, cast off the trammels of protection, is called upon to eman
cipate the arts and manufactures from the excess of protection
by which they are borne down, and to correct the injurious ten
dencies of class legislation when opposed to general freedom of
action, and to declare patents for inventions to be monopolies
which are alike odious and injurious to the real interests of the
inventor and the public. These views appear to me to iuvolve
several fallacies.
The principles of free trade, or of unrestricted competition, are
not applicable to a trade which does not exist; the creation of a
new trade, to which when created the principles of unlimited
competition should be applied, is the object of protection for a
limited period; and until such trade is created or established,
that which exists cannot be the subject of any grant, which must
be the working or making of some new manufacture.
The doctrine of finality cannot be recognised in the arte and
manufactures any more than in political or social science; pro
gress should be our watchword. Who will venture to assign any
limit in the succession of improvements in tbe adaptation of the
elements of nature or art to the requirements of man 'f The ma
chines and processes of to-day are the elements 6nt of which
each new work is to be created; and whatever may be the ex
haustion appearing to have taken place of mechanical elements
and mechanical combinations, who can venture to assign any
limit to the productive applications of light, heat, chemistry, and
electricity. The mine of gravitation may have been well worked,
but we are only just breiiking the soil of those other wonderful
agencies by which we are surrounded. It is the province of the
philosopher to discover and to analyse what exists in nature, but
it is the province of the inventor and of the manufacturer to recombine, create, and produce new forms and products.
It was said by Aristotle that there existed only three steps of
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continuance in art—namely, theory, contrivance, and production;
this observation is equally applicable to manufactures resulting
from mechanical skill: but it is the contrivance and production
alone which can he the subject of property in patents; an idea, or
that which is matter of theory only and not reduced to practice,
cannot be the subject of letters patent. An idea must be em
bodied in some contrivance, and many of the objections to patents
are founded on the attempts made by inventors, in which they
are sometimes successful, to obtain property in that which is not
legitimately the subject of invention. To permit this is a defect
arising from the maladministration of the system; it is no objec
tion to the system itself.
Let it not be supposed in making these observations that I
am not deeply sensible of the many defects in our patent system.
It cannot be denied that, in the language of Sir W. Armstrong,
an excess of protection exists: the promoters of the reform re
sulting in the Patent Law Amendment Act, 1852, pointed out
and predicted many of these defects, being deeply sensible of the
inherent difficulties and probable defects of the system; but I do
not hesitate to assert that a very large proportion of the objections
made to the patent system and existing defects are due to the
neglect of the precautionary measures provided in the act never
having been taken.
If it is true that the public are suffering from an excess of pro
tection, it is in great measure due to the non-administration of
the system then established. It has been said that every inventor
is compelled to be a patentee; but he may make a record of his in
vention at a small expense and no one else can patent it. The
interest of the inventor is put forward as an objection to the
present system, and it is suggested that he might be left to the
gratitude and liberality of the employer in whose service he
may be engaged. It would be a thankless task to recount the
many instances within my own knowledge in which contests
have arisen in the granting of patents between the workman and
his employer; and if asked what portion of the new system was
to be viewed with the greatest satisfaction, I should most unhesi
tatingly point to the power by which the artisan by a simple
document of his own preparation may obtain provisional pro
tection and inchoate rights, at a cost within his well-husbanded
resources. The manufacturer who has a large capital embarked
in an existing trade is not indisposed iu the majority of cases to
let well alone; ho can hardly be expected to view with favour an
invention which will leave him behind in the race of competition,
unless by the abandonment of existiug and the substitution of
lu-w machinery. The question of property in inventions is pro
minently a working man's question, and if there are bands of
schemers who have to rue the day when they were drawn aside
from their daily routine by the alluring prospects of invention,
there are many in this city who can point to the patent system,
with all its defects, as one of the rounds of the ladder by which
they have been enabled to obtain and enjoy their present honour
able position.
Whatever conclusion may be arrived at as to the benefit con
ferred on inventors as a class, and in the aggregate by the patent
system, cau any reasonable doubt be entertained as to its bene
ficial effects iu stimulating pr< gress iu the arts and manufactures?
It has been well described as a forcing system; the stimulus
cauuot be doubted, it is assumed and urged as an objection to the
whole system.
An inveution requires a careful training—it must be adapted
to the requirements of the public, and the public must be pre
pared for its adoption; the process is one essentially of education.
If such an education be necessary, how can it be attained but by
enabling the parent to have that enjoyment of his property—use,
so to speak, and service of his child for such a period as may be
sufficient for the education of the child and the reward and re
muneration of the parent. Instances illustrative of the above
will crowd on the minds of all persons conversant with the pro
gress of the arts and manufactures.
Would the enormous
capital in many cases essential to the creation of new trades
have been applied if the experience so dearly bought could be
adopted at the will and pleasure of another. But it is said, that
iu the advanced and rapidly-advancing state of practical science,
that patents are obstructive, or iu other words, that persons in
carrying out their own ideas find they have been anticipated,
and that they cannot run on a particular line without the con
sent or payment of toll to some prior occupant. That such an
obstruction may exist cannot be denied, but the actual instances
of such obstruction are more imaginary than real; it would be
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desirable that the instances should be cited, that the value and
real nature of such obstruction should be estimated. The law
admits of successive patents for successive improvements, and a
subsequent inventor cannot use the property of a prior inventor
without his consent. Obstruction from this cause is of rare oc
currence; it may exist, but it is the interest of the owners of
such property, and may safely be trusted in the majority of cases,
to insure an arrangement beneficial to both parties. The remedy
for any such case of real obstruction is obvious: apply to the
owners of property in inventions the principle which has been
so beneficially applied to the proprietors of land; let a person
have the power of claiming a licence on payment of such a sum
of money or on such terms as may be settled in case of difference
by arbitration. The supposed sanctity of property in land has
been invaded by the provisions of the Land Clauses Consolida
tion Act, and a clause introduced into every patent would pro
vide an effectual remedy for the grievance in question, whether
real or imaginary; the power to apply the remedy would eradi
cate the disease of the system.
Property in inventions is the only means yet suggested of re
warding the inventor; but the creation, duration, and enjoyment
of that property may well become matter of municipal regula
tion, towards which the experience of many in this city cannot
but fail, and I look forward with confidence to the result of this
meeting as leading to a combined operation for attaining another
great—if not a final—instalment of reform. It is essentially a
working man's question, whatever relative position in society
that man may occupy: it is one form of the contest between
capital and labour—of that intellectual toil by which, as civilisa
tion advances, man is to fulfil his mission to subdue and re
plenish the earth.
On an Electric Resistance Thermometer vrith Balancing Coil.
By C. W. Siemens.
The Philosophical Magazine for January last describes a method
which the author had occasion to resort to for ascertaining
the temperature of the interior of a mass of electric telegraph
cable, suspected of spontaneous generation of heat. Coils of
copper or platinum wire of known resistance were placed among
the layers of cable (in coiling it), and leading wires were brought
to an observatory, where the temperature of the cable could at
any time be ascertained, in measuring the actual resistance by
means of a Wheatstone Bridge arrangement and in comparing
the result with the resistance of the same coil at standard tempe
rature. The electrical resistance of a well-annealed platinum or
copper wire increases iu a very uniform ratio with increase of
temperature, which enabled the author to determine the latter
with a remarkable degree of accuracy. In endeavouring to sim
plify the arrangement he has succeeded in dispensing with the
Bridge arrangement entirely, and, in fact, in reducing the obser
vation to the reading of an ordinary mercury thermometer.
The apparatus consists of a differential galvanometer, and of
a bath of water or oil, the temperature of which can be changed
at will by opening one or the other of two cocks, the one bringing
a supply of cold, and the other a supply of hot liquid, an overflow
pipe being provided to prevent accumulation. A battery of from
four to eight cells is also provided, besides a number of electric
coils, consisting each of a certain length of thin insulated platinum
wire, inclosed in a sealed metal tube. These coils having been
carefully adjusted in the first instance, so as to offer equal resist
ance at one temperature, are connected to insulated copper lead
ing wires of comparatively large sectional area (No. 16 B.W.G.),
the ends of which are brought to the binding screws of the appa
ratus, to be inserted when required into a circuit including the
battery and the galvanometer. These thermometer coilB are
deposited at the places where the temperature is to be observed,
excepting one, which has to be reserved for comparison with the
others. This last-mentioned coil is (through its leading wires) so
connected as to form an electric circuit with the battery and the
second coil of the differential galvanometer, and is immersed in
the bath before mentioned. It is evident that if the temperature
of the bath should be the same as that of the place where the
thermometer coil under examination is deposited, the two electric
currents proceeding from the battery will meet with equal resist
ance in the two circuits, and in passing the two spirals of the
differential galvanometer in opposite directions will produce no
visible effect upon the needle. If however the temperatures of
thermometer and balancing coil should be unequal, the needle
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will be deflected by the preponderance of current in the cooler
circuit, showing by the direction of its deflection whether cold or
hot water should be added to the bath to establish equilibrium
of currents. AVhen this equilibrium is obtained the temperature
of the bath is observed by means of an ordinary mercury thermo
meter, which temperature must be identical with the temperature
at the di.st.int place.
In dividing the thermometer coils into two portions, the appa
ratus is rendered applicable for observing wider ranges of tempera
ture than can be directly obtained by the mercury thermometer.
In this modified form it may be used for pyrometrical purposes.
In measuring the ordinary temperatures, the employment of
equal and undivided coils is however not only the most simple
arrangement, but has the advantage in its favour that the accu
racy of the observation is not depending upon the rate of varia
tion of resistance being uniform or even accurately determined.
The heat produced in the coils by the electric current employed,
affecting the two coils equally, is also completely compensated in
using equal coils.
The late extensive conflagrations of hemp and jute have sug
gested to the author the idea that these instruments might be
applied with advantage in detecting in this way spontaneous
generation of heat, or in meteorological and other scientific obser
vations where maximum and minimum thermometers are at
present used.
On the Amount of the " Direct " Magnetic Effect of the Sun or
Moon on Instruments on the Earth's Surface.
By G. John
stone Stonet, M.A., F.R.S.
In the Philosophical Magazine, for March 1858, Dr. Lloyd
showed that the observed disturbances of the magnetic needle,
depending on the hours of lunar and solar time, follow laws in
consistent with their being due to the direct magnetic attraction
of the moon or sun. Hence it might be too hastily concluded,
from the absence of observed effects following the proper laws,
that these luminaries are not magnetic. The design of Mr.
Stoney's communication was to show that, though as highly
magnetised as the earth, their direct effects would be almost
inappreciable.
The maximum moment which the moon could impress on
the needle was first ascertained to be 2

- ; where M and M'

are the magnetic moments of the moon and needle, and D the
interval between their centres. It was then shown that we.may
substitute for the moon a globe a metre in diameter, of equally
magnetic materials, and placed at such a distance as to subtend
at the needle an angle equal to the greatest apparent diameter of
the moon as seen from the surface of the earth. By applying to
the problem in this form the numerical data elicited from the
observations by the wonderful genius of Gauss in his memoir on
the magnetism of the earth, the greatest direct disturbance which
the moon, on the hypothesis of its being of as magnetic materials
as the earth could produce, proved to be less than a tenth of a
Becond of space on the declination needle, and less than the
twenty-seventh on the dipping needle.
The observations with which these are to be compared have
been made at several stations. The principal part of the observed
lunar-diurnal variation consists of a term depending on twice the
lunar hour angle, but there is also a small term containing the
simple hour angle. This latter is that which, as Dr. Lloyd has
shown, the direct action of the moon would effect, and General
Sabine has determined its values at several stations scattered
over the earth, in calculating the formula; which best represent
the observations. These values range (see the second vol. of the
' St. Helena Observations') from 0"'48 up to 2"04. There is there
fore no ground for presuming, from the minuteness of the
coefficient, that the moon is not of as magnetic, or even much
more magnetic, materials than the earth.
If the comparison with the earth be made mass for mass,
instead of bulk for bulk, the above disturbances must be reduced
ia the ratio of the moon's density to that of the earth—that is,
to about two-thirds of the values already given.
The same method of course applies equally to the sun, and
whether his magnetic moment be conceived of as exceeding the
earth's in proportion to his mass or to his volume, his maximum
influence will be even less than that assigned above to the moon—
for he never attains an apparent size as great as the maximum of
the moon, and his density is only about naif that of the moon.
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ARCHITECTURAL ACCESSORIES OF MONUMENTAL
SCULPTURE*
By F. P. Cockebell.
The subject of the Architectural Accessories of Monumental
Sculpture embraces so wide a field of research, and the line to be
drawn between architectural accessories of sculpture and sculp
turesque accessories of architecture, is in many instances so little
defined, that to draw that line, and to sketch even superficially
the leading features of the whole subject, would be matter for a
volume. The narrowness of the limits of one evening's paper
therefore constitutes in itself an apology for its incompleteness.
All that can be done is to point to a few examples of the ancient
schools, and, where the actual examples are wanting, to quote
the authority of those who from the obscure hints of ancient
historians have brought to light some of their principles of art.
And if we compare with the few examples that remain the
efforts of our modern schools—our own especially—we shall find
that, obvious as these principles may appear, they have been
sadly misunderstood, and too often utterly ignored by our artists.
Perhaps the fault will be found to exist, not so much in the
want of talent in these times, as in the spirit of utilitarianism,
which, by insisting on the union of the artist and the tradesman
in the same person, limits the artist to a single branch of art, and
practically ignores that union of the three sisters in which alone
true strength in art can be found.
Taking as an axiom that the object of a pedestal is to give
dignity and importance to the group or figure which it supports,
rather than to act as an architectural feature having a primary
importance and interest of its own, our first desire in studying
the subject is to find some fixed principle of design and rule of
proportion to guide us in our combinations, such as are found to
exist more or less positively in the architecture of every school.
But if in the' study of the present subject we turn to architecture,
it seems at first sight to otter but little assistance; for when once
we have established that the object of a pedestal is to give
importance to the feature which it supports, the analogy in the
application of the pedestal in the two arts seems to stop; for the
precise and geometrical lines, and the spirit of line and rule,
which constitute the essence of architecture, have nothing in
common with the flow of line—the ever-varying, and as it were
accidental forms of sculpture. Yet though it may not be possible
to establish a direct and palpable parallel, or to apply the rules
which govern the proportion and form of architectural pedestals
to those of sculpture, still, the spirit which pervades one branch
of art will be found to exist in the coeval works of the sister art,
and a thorough acquaintance with the one cannot fail materially
to assist us in our study of the other.
If we compare the few remaining examples of architectural and
sculpturesque pedestals in the antique schools, there will be
found a coincidence of priuciple in each school which will afford
reasonable ground for adopting the architectural principle where
examples of the other are wanting. We cannot enough regret
the scarcity of authentic information on the subject of Greek
pedestals, but such hints as are afforded by written descriptions,
and the paintings upon vases, &c, should be regarded as the
Sybilline books, aud turned to account as best we may. It is no
platitude to repeat that the Greek school is that from which all
that is good in art is derived, more or less directly: it is that
which beyond all others evinces the deepest thought and the
most unerring priuciple, and which is least subject to that caprice
which so frequently bewilders us and throws us off our scent in
modern schools. Horace, in the often-quoted passage—
" Exemplnria Graeca
Nocturuil versate uunu vursate diurna,"

—says only what scores of writers aud artists of all times have
said or implied, if not with the same eloquence, with equal
iusistance.
Of the earliest style of art but little need be said, for though
the monumental sculpture of the primitive schools of Greece
(commonly called the Dtedalian school) and of Egypt has great
and peculiar qualities of its own, they are not such as will
materially tend to illustrate tho subject under consideration. It
is not unworthy of remark, however, that the coincidence be
tween the works of architecture aud sculpture which we shall
find in other schools exhibits itself also in the primitive works
by the fewness of parts and the almost entire absence cf thos«?
* Paper read at the Royal Institute of British Architects.
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accessory features (as the pedestal) which are used in other
schools to give scale and dignity to the leading features, and
which the massiveuess of the forms in the earlier schools seems to
render less necessary. In Egyptian and Assyrian architecture
the columns generally stand upon the ground, or, where they
are raised upon a stylobate (as, for example, in the small temple
at Philoe, commonly called the Bed of Pharaoh), the latter is of a
height which gives it rather the importance of a leadiug feature
than an accessory. The pedestal, properly so called, belongs
altogether to a later and more complete style of art, and seems a
natural step in the dev;lopmeut as well of sculpturesque as of
architectural composition. Even with the Greeks this feature
is but rudiinentarily treated in the earlier works, the stylobate of
three stops (*f«|irt?<«>/i«is) being the only approach to the idea of
a pedestal until the introduction of the Ionic order. The Temple
of the Giants at Agrigeiitum is the ouly example that I am
aware of in which a base is applied to the Doric order. This
and a greater number of steps iu the stylobate seems to show a
marked progress in the development of the principle involved in
the use of the pedestal. As in the earlier architecture, so in
the sculpture there is an entire absence of what may properly
be called a pedestal.
The sphinxes of the Sacred Way at
Philoe have only a low square plinth, without architectural
features of any kind. The colossi of the plain of Thebes, of the
rock-cut temple of Ibsamboul, and many other examples, are
treated in the same way. It should be observed however that in
none of these examples is the secret of scale—namely, the subor
dination of parts and gradation of dimension—entirely omitted,
though it is not applied by means of architectural accessories.
The eolos*i are surrounded by smaller figures of nymphs and
divinities, and the sphinxes and caryatid figures have hiero
glyphics and incised ornaments upon the square plinths, which
assist materially in giving importance to the principal object.
Of archaic Greek sculpture of monumental scale and character
but very few examples exist. The sittiug statues of the sacred
way at Branchidoe, one of which is in the British Museum,—
those cut in the rock at Palazzuolo, the ancient Acroe, in Sicily,
—and a colossal lion, also cut in the rock, at Naxos, are some of
the examples that I can quote. Pansanius mentions and gives
descriptions of several which it would be foreign to our subject
to refer to. These are very similar to the Egyptian sculpture,
and are evidently derived from it; and they always exhibit the
same absence of architectural accessories. There are many small
statuettes of the Dse lalian school, which were no doubt in many
cases copies of colossal statues, and were used as votive offerings.
Their pedestals (if any) have not been preserved. One of the
volumes of sculpture published by the Dilettanti Society gives an
example of a statuette of Minerva of this character, which has a
pedestal. This is clearly a copy of a colossal statue, but it is
highly probable that the pedestal may have been added to the
original statue in later times, as in the case of the Apollo of
Amycloe, and in other instances.
Having thus briefly noticed the earlier practice, and the absence
of the feature which forms the substance matter of our conside
ration, we now come at ouce to the great times of art, when
sculpture had reached its highest development, and when, as we
may naturally suppose, the architectural accessories had reached
the same pitch of perfection. It must be a matter of great regret
that the sources of information upon this subject are so few, and
that of the thousands of statues which adorned Athens and other
great cities of Greece, none of the pedestals remain; so that the
scanty descriptions given by Pausanius, Pliny, and other writers,
and the conventional representations on vases, are the only sources
of information. We may however derive some assistance in
developing theoe scanty hints from the architectural pedestals of
the period.
The school from which our modern practice is chiefly derived
—if indeed it cau be said to be derived from any school at all—
is the Roman; a mere vulgarised imitation of the Greek, in
which the substance is copied but faintly, and the spirit not at
all. In looking through the examples of Greek architecture in
which the pedestal occurs, one is struck first with the relative
importance of the dimension of the column to that of the pedes
tal, in which such a marked difference from the Boman appears.
In the Greek the pedestal never exceeds the height of the entab
lature, and is more generally about one-sixth of the height of the
column, while in the Roman the proportion is usually not less than
one-fourth. There are some examples of Roman architecture in
which the Greek system has been adopted, as in the temples at
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Assisi and at Pola, and in the building called the Incantada, at
Salonica. Iu the latter the pedestal is less than one-eighth of the
height of the column; but these are exceptions to the Roman
rule. The loftiness of the Roman street architecture appears to
have rendered it necessary to elevate the order in public build
ings and temples upon a higher pedestal, so as to give it a proper
importance in relation to the surrounding houses. This necessity
would hardly be felt in the same degree by the Greeks in their
less crowded spaces. A second and not less important charac
teristic of the Greek pedestal is, that the width of the die is not
much larger than the diameter of the column itself (namely,
about one-sixth of its height); while in the Roman the width is
equal to that of the base of the column. Thirdly, the Greek
die commouly diminishes upwards, thus preserving in the pedes
tal the character which the entasis gives to the column, and as
it were uniting the pedestal aud column in one composition, and
avoiding the ap|«irent break in the line which is so observable
in the Roman. Fourthly, the small dimension of the pedestal
causes the cap aud base mouldings to assume an importance
which they have not in the Roman (without the actual size
of the mouldings in reference to the column being increased),
thereby imparting a rich and composite character, which, while
adding to the mass, affords a valuable contrast by its horizontal
lines to the vertical lines of the column.
Iu the Italian revival the Roman exaggeration of the pedes
tal was carried still further, until it became necessary to give
such a development to the capping that it assumed the import
ance of a complete cornice, with bed mould, corona, and cyoiatinm, instead of the simple moulding used by the Greeks. Thus
the pedestal might almost be said to have ceased to be a part of
the order incorporated with it and forming merely a base to it,
aud to have become a separate feature, with an importance en
tirely its own. The Taylor and Randolph Institution at Oxford
affords au example of the low pedestal used by the Greeks.
Those who are acquaiuted with that building will hardly fail
to recognise the beauty of this feature.
Of sculpturesque pedestals of the Roman school a sufficient
number of examples remain to trace the presence of the same
defects which characterise the architectural pedestal. It will
therefore not be an unwarrantable assumption to suppose that
the same affinity between architecture and sculpture existed iu
the Greek, and the very scanty information which we have
seems to confirm this supposition.
Thus much for the elementary principle of form aud proportion
per se, independently of the very important subject of the appli
cation of it to the various conditions of small, life-size, and
colossal statues, which the small size of this paper will allow
us to treat but superficially.
The next and most important principle which we have to con
sider is the giving of scale to the principal object by the intro
duction of ornamental aud sculpturesque detail in the pedestal.
The principle involved iu this practice is, as we have observed,
not forgotten in the earlier works of sculpture, but it is applied
to the sculpture itself, and not to the pedestal, there being none
to apply it to. The advantage of its application to the pedestal
instead of to the priucipal object is obvious. There seems to be
an irrationality in grouping together giants and pigmies in the
same composition, as in the rock-cut temple of Ibsamboul, and
many other examples, where a small figure stands by the legs of a
large one. One accepts the expedient as one of necessity, aud its
grotesqueness is rendered less prominent by the conventional
character of the whole work: but where the same thing occurs
in later and more perfect works, as in the Toro Farnese at
Naples, aud the Nile God in the Vatican, one is at once struck
with a sense of disproportion, and one is disposed to question
whether a better means of giving scale might not have been
used. There are not wanting those even who question the pro
priety of making the sous of Laocoon so much smaller than him
self. When however the smaller figures are contained within
the lines of an architectural form, and are subordinate to it,
forming its enrichment only, they cease to come in competition
with the statue, and ouly act as a foil. They are then no longer
of the same nature with the statue. The fact of their forming a
part of the architecture conventionalises them, and renders them
inanimate things—stone or metal, while the statue represents
a living creature. Quatremere de Quincy, in speaking of the
Victory in the hand of the Olympian Jupiter at Elis, says, " There
is no comparison to be established between the Victories plnewl
in the hands of statues and the statues themselves. The figures
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of Victory in question, if one considers the usual conventions in, rows, one over the other," says he, " I oould, if necessary; quote
this sort of composition, play the part only of images, not of a great number of examples in the antique." Having thus
determined the height, it 5b evident that the width 'Of the
living beings."
The greatest examples of the importance of the principle pedestal could not have been less than 18 feet, considering ;the
whjch we are now considering, namely, that of gradation, are the expanse that inuBt have been given to the lower part of the
works of Phidias—the chryselephantine statues of Jupiter of Elis, figure by th# shield, the griffin, and the serpent.
If we restore in imagination these and other examples of which
of Minerva at Athens, and many others.* In these statues the
Pausanias and Pliny give descriptions', we shall find in them, an
smaller figures were not confined to the pedestal, but were intro
duced in every available space. The throne of the sitting figures, illustration of what we constantly beat of, and never see—namely,
the shield of the Minerva, even her very sandals (on the edge), perfect simplicity and unity, together with the greatest armorrfjt
were covered with subjects; but these are mostly in basso-relievo, of richness and interest. In these tbe natural union' of the arts
and ' in those parts where it is supposed that complete figures of architecture and sculpture is most completely carried out,
were introduced they formed part of some conventional object, as each preserving its owu character, while, by the due relation of
griffins subduing Greeks, which supported the arms of the the one to the other, they combine in perfect harmony in one
homogeneous composition. So soon as we turn from the Greek
throne. I find in Q. de Quincy an observation upon the import
ance which 'Phidias must have attached to the pedestal. He to subsequent schools, we find this quality of unity gradually dis
says, " We may conclude from a passage of the orator Themis- appearing; the architectural element dwindling aWay, aud giving
tecis,that the bassi-relievi of the pedestal occupied Phidiiis a place to an exuberance of sculpture and ornament. The first
long time. Although this artist says he had great ability step in this direction is the general substitution of alto for basso
in the art of representing1 in gold and ivory the figures of relievo in the Roman pedestals.* Of this there are abundant,
men and gods, nevertheless he required ranch time and leisure examples: for instance, a pedestal in the Studii at Naples, with
figures of cities, which I believe formed the base of a statue
to finish these works. It is reported indeed that in the exe
cution of Minerva he employed a considerable space of time of Titus; that in the Vatican Garden; aud many other exam
ples.
■■ •
in the works of the pedestal of the goddess." Pliny particu
larly dwells upon this fact. He says, "Among all nations
In the Gothic I am not aware of any examples of monu
which the fame of the Olympian Jupiter had reached, Phidias is mental sculpture not forming part of an architectural composi
looked upon, without doubt, as the most famous of artists. But tion (except Calvaries^; but in general we find that the duo
to let those who have never seen his works know how deservedly relation between architecture aud sculpture is almost entirely
he is esteemed, we will take this opportunity of adducing a few lost sight of, as in the porcheB of cathedrals, &c., where it is
slight proofs of the genius which he displayed. In doing this difficult to say whether the sculpture is made for the architec
we shall not appeal t<> the beauty of his Olympian Jupiter, nor ture, or the architecture for the sculpture. Richness seems to
yet to the vast proportions of his Athenian Minerva, 26 cubits be the objept aimed at: the result obtained is profusion, not to
in height, and composed of ivory and gold; but it is to the shield say confusion. (I would not however be understood to disparage
of this vast statue that we shall direct attention, upon the convex Gothic sculpture, which I have studied and drnwn most reve
face of which he has chased a combat of the Amazons, whilst rentially, and in which I find inestimable beauties that belong
upon the concave side of it he has represented the battle between entirely to itself. I am only speaking—as my subject requires
the gods and the giants. Upon the sandals, again, we see the —of the scientific relation of one art to the other.) In the re
wars of the Lapitbee and Centaurs,—so careful has he been to fill vival, the Greek principle is recognised, though not so generally
up every smallest part of his work with some proof or other of carried out. There are, no doubt, abundant instances of pedes
his artistic skill. To the story chased upon the pedestal of the tals in which the relation of the architecture to the sculpture
statue the name of the Birth of Pandora has been given, and the is well preserved; but in general, where richness and effect were
figures of the assisting gods to be seen upon it are no fewer than sought, it was at the expense of the architectural element, while
twenty in number.
the monument, instead of being a statue or group, became a
These statues are briefly described by Pausanias and Pliny, complete family, in which the accessory figures were scarcely sub
ordinate to the principal, and the architectural part was merely
and they have been further illustrated by the learned and intel
something for them to sit upon. In the composition of tombs
ligent researches of M. Quatremeie de Quincy. It will be suffi
cient to quote what he says about the'pedestal of the Minerva this prodigality is carried still further. One constantly finds
of the Parthenon. He illustrates several others very fully, as little figures, mere dolls, each with its little niche, and each as
the Jupiter of Elis, the Apollo at Amycloe, &c; but we shall complete in all its parts as the principal figure. No doubt the
more readily realise that of the Minerva, knowing, as everyone object sought, of giving importance to tbe principal figure, is
does, the copy of that statue in the Studii at Naples, and that at obtained; but it iB at the expense of the small figures, which
appear insignificant, instead of preserving their own dignity
Deepdene. In describing the statue he says,—" Her height, ac
cording to Pliny, was 26 brachia, or 37 feet French (about 40 feet while adding to that of the whole.
One of the most practically important points to consider in
English), without including the base, of which I shall speak in
its place, and to which, as we shall see, it is not possible to give this subject is the difference of relative scale between the pedes
less than 8 or 10 feet; consequently, the whole must have been tal and its statue in the different conditions of small statues or
about 4/5 feet French, a height perfectly in accordance with that statuettes, colossal statues, and life-size stntues.t The latter
of the Naos, which, as we shall see, could not have been much case, again, is subject to a great variety of conditions, as the
more than 50 feet French, if we suppose the ceiling to have public statue in an open space, the memorial statue of less dimen
been horizontal." He says further on—"The height results sion iu cathedral or hall, and the statue placed as an ornament in
necessarily from the two data which we possess—viz. the height a gallery. Each of these conditions being so different from the
of the temple, and that of the statue. Now we have shown that other, and each again being subject to so many other conditions of
this height could not exceed 10 feet for the pedestal—a proportion its own, it would be impossible to attempt any rule which should
perfectly in accordance with the method followed by the ancients be of general application. It is obvious that the smaller tbe
in the relation of statues to their bases in the class of colossal statue the greater will be the necessary relative height of the
sculpture in question," namely, that which is seen only from a pedestal, in order that it may in some degree be raised out of
limited distance. He again quotes Pliny, who says,—" On the the way of harm, and placed fairly in view. It is not necessary
to speak of small statuettes for oruan5eutal purposes, as in such ob
base is engraved (grave) what Phidias called the Birth of Pan
dora: one sees in it the birth (generation) of twenty divinities." jects, which do not aspire to be ornamental, any caprice is more or
He then goes on to show that, taking 6 of the 10 feet for the less admissible. The subject of pedestals appropriate to a statue
figures, and appropriating the other 4 feet to the capping and base, of a height of 3 or 4 feet, is one which comes more daily under our
there must have been two rows of figures, as there would not be notice; but where the statue is placed upon the level of the eye,
room for the whole number if they were of a size to occupy the and the whole of the pedestal is below it, the detail is a matter
whole height of 6 ft. " As to the division of the bas-reliefs into two of little importance, and the proportion is all we have to con
sider. In the paintings upon Greek vases there are two distinct
• • Minerva of rvlleue; Minerva Polios; Minerva of leranoa, said to be hii best work;
classes of pedestals represented for small statues. Those of 3 or
bronze Ai»olio in the An-0]wlis of Athena; Minerva erf Pl.itea, in nun-blo and gilt wood;
Ventu Urania, in tbe temple of that name; the Mtither of the Gods, in the Metroum
of the Ceramic; Minerva Uygda, iu brouzo on a ^ilt throne; Veuus tVlestU, at Llia;
MlDcrvn Erganf, in the citadel o! Bits; uud the Jupiter at Ulympia.

* For proof of the uae of basso by tbe Greeks see quotation from Pliny above,
t Tbe expression, " life-size," must be taken to uiean something more than life-sue,
this varying according to condition of situation.
73

336

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

4 feet high are generally placed upon a low square pedestal of
about the same height as the statue. A subject frequently re
presented, and in which this occurs, is the Family of Priam
taking refuge at the Altar at the Sack of Troy, and also Dionied
carrying away a Statue from the Altar. It cannot be said that
the proportion is a particularly agreeable one, and one must sup
pose that the comparatively large surface of the top of the pedes
tal was intended for the convenience of placing votive offerings,
and that it was rather an altar than a pedestal. The other class
of pedestal is the Styld, a small square column of six or seven
diameters high, and of about the height of the human figure
(more or less). Sometimes it takes the form of a small Doric or
Ionic column, and this again is sometimes placed upon a plinth
or pedestal. This form of pedestal seems only to be applied to
small images 1 foot or 18 inches high. This principle appears to
be most suitable to its purpose, and is, indeed, that which in
modern times is most frequently adopted for busts or small groups
and statues. The form however which is generally adopted—
namely, a shaft, without moulding or finish of any sort, and not
diminishing, is not a very happy application of the principle.
The simple hints given by the Greek vases are well worthy of
attention.
Of the pedestals of colossal statues for exterior positions I have
not been able to find any very reliable examples. What little
information I have been able to gather, however, seems to show
that it was low in proportion to the height of the statue. A
coin of Athens, given in Millin (' Galerie Mythologique'), and
also in Prof. Donaldson's recent learned work, ' Architectura Numismatica,' representing the Acropolis of Athens, shows the
statue of Minerva Polias. Of course, in a conventional repre
sentation on so small a scale, it is impossible to depend upon the
exactness of the proportion; but it is sufficient to show that the
pedestal is not only low, but also very narrow in reference to the
bulk of the figure. The restoration given in Quatremere de
Quincy of the statue of Apollo at Amycloe, the pedestal of
which was of the time of Phidias, or thereabouts, shows the same
peculiarity. The remarkable coincidence between these exam
ples and many examples in architecture of the smallness of the
pedestal, seems to confirm the supposition that the pedestal of
colossal statues was generally small in bulk compared to the
base or lower part of the statue, which must almost have ap
peared to overhang the die of the pedestal. In the best works of
the revival we find the same character. Many examples in Italy
are familiar to every one: the colossal angel on the top of Castel
St. Angelo; the colossi of David, by Michael Angelo, and that of
Hercules and Caco; the statue of Marcus Aurelius at the Capi
tol, &c, are all examples of this in a greater or less degree. The
principle is remarkahly illustrated in the Perseus of Benvenuto ,
Cellini; but the exuberance of ornament in the pedestal de
prives it of the simplicity and unity which we find in the Greek.
The importance which it gives to the statue however, must, I
think, strike everyone. These however are but pigmies com
pared with the colossal statues of the ancients, the only things
which approach to them in modern times being the statues of
Bavaria, at Munich, and of St. Carlo Borromeo, at the Lago
Maggiore. With the latter I am not acquainted. That of Ba
varia affords, by contrast, an excellent illustration of the merit
of the Greek principle. The height of the pedestal is rather
more than one-third of the statue, and the width equal to the
height. Thus the bulk is so considerable that, when near the
monument, one sees nothing but the pedestal, which, at a dis
tance^—the statue having no preponderating relation to it—does
not serve to give scale as an object of comparison. This defect
is no doubt met by the contrast of the portico, consisting of a
small Doric order, which surrounds three sides of the figure, and
from most points of view forms a background to it. There are
however necessarily points of view in which the eye does not
embrace the monument and its background at once. In these
aspects one cannot fail to be struck with the want of detail in
the pedestal, which, having no features except the capping and
base, and a moulded panel in the die, seems by its size to dimi
nish rather than to give scale to the statue.
In the best examples of equestrian statues the pedestals are
also generally small (relatively), though the proportion must
naturally be influenced to a certain exteut by the actual dimen
sion of the statue. The pedestal of Marcus Aurelius, in the
Capitol, is not so high as the horse's shoulder; those of Castor
and Pollux, at the top of the steps of the Capitol, are scarcely
higher: that of the equestrian statue of the Grand Duke, in the
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Piazza Granduca, at Florence, is still smaller. Many other in
stances might be quoted. But on the other hand, instances of
the opposite system are not unfrequent. The statues of Bartolomeo Colleone, in the Campo St Ziani Polo, in Venice; that of
Gatta Melata, in the front of the Santo at Padua, and of King
Charles, at Charing-cross, all have pedestals of a very tall propor
tion. The necessity for reducing the bulk of the pedestals of
equestrian statues seems to have been universally felt. This has
been done, in most cases, by breaking the pedestal in its length,
and making the ends semicircular on plan, by this means pre
serving such a length as shall be in accordance with the impres
sion of motion inseparable from a horse. In the crowded streets
of modern cities a statue placed upon a pedestal of so low a pro
portion as some of those quoted, would be lost, unless the statue
itself were of colossal Size. This difficulty has been admirably
met in several of the compositions of Bauch, in which the pedes
tal itself, being small, is raised upon a plinth, which is in some
cases again subdivided or elevated upon a stylobate of steps.
Thus the barrenness of the long unbroken line so constantly
adopted in our own statues is avoided. The moulded capping
and base, and other enrichments, have a rich and full proportion
in reference to the die of the pedestal, without the exaggeration
of actual size which becomes necessary in the large pedestals so
commonly iu nse. Thus the outline of the pedestal, rich in itself,
without crudely salient features, combines harmoniously with
the statue, and with it engages the eye; so that the plinth or
podium beiow, being of the most simple and severe form, may be
raised or lowered without materially affecting the composition of
the principal object. We must suppose that it is this difficulty
of the unavoidable prominence of the capping in large pedestals
which has offuscated the genius of some of our own sculptors,
and driven them to the disastrous expedient of dispensing with
all moulding in their pedestals,* and placing their statues upon
the chopping-blocks that offend our eyes in too many of our public
places. It is not so easy to find a reason for the prodigious
bulk of some of them, which are large enough to admit of a
house being built upon them over the statue's head. I have not
been able to discover the authority for the rapid diminution of
the block sometimes adopted, which gives to the pedestal the
character of a truncated pyramid: neither is the advantage of it
at once patent. Much might be said upon the subject of London
pedestals, but such has been the neglect of this accessory of
monumental art that there would be but little room for favour
able criticism. Our sculptors can scarcely be aware how much
of the undiscriminating, though deserved abuse, levelled at
many recent public monuments, is due to the entire absence of
design and proportion in the pedestals. We must suppose that
they do not attach the same importance to the subject as archi
tects do. If they did, some knowledge of architectural detail,
and a more careful attention to the examples exhibited by the
revived schools, and the more recent works of some other coun
tries (Prussia in particular), would save our public monuments
from many a deserved reproach. In these days of hero-worship,
when so many statues are springing up, the subject is one of
daily increasing importance, and calls for a unity between the
sister branches of architecture and sculpture, through their pro
fessors, to avert the torrents of abuse which, rightly or wrongly,
are poured upon each new monument.

MB. E. H. BOWS INSTANTANEOUS LEVEL AND
GEADIENT INDICATOR
This simple and ingenious little instrument is an improved
variety of those described before the Scottish Society of Arts,
and of which engravings have been given in this Journal
(vol. xxii. p. 108, and vol. xxiii. p. 80). It is designed to furnish
a ready means of approximating to either the true level or any
required gradient, and seems calculated to be very serviceable in
the laying out of roads, especially where the ground is hilly.
Where great accuracy is required, as in fixing the gradient for
a railway, recourse must be had to the usual optical level, with
its stand and levelling screws. But for running the contour line
round a hill for a common road on the level or at a given gra
dient, those means will generally be thought the best which are
* There is a moulding which, though unknown to architects, is in frequent use as a
base moulding in these monuments. It resembles a reversed echinus, and is, as I am
credibly informed, called a thumb-moulding. The name at least has the merit of being
in unity with the principle of design employed in the rest of the pedestal.

JTot. 1, 1861]

THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL.

the most expeditious and convenient; and here we think Mr.
Bow's invention would prove very useful.
The instrument is ob compact and portable as a carpenter's
level, which it resembles in presenting the external appearance
of a rectangular wooden box, with a slit in the top through which
the bubble is visible. It may therefore be used if required like a
common workman's level. But for field work it is of course
intended to be looked through, and cross-hairs are fixed, for
giving the line of view on a level, or at gradients ranging from
1 in 60 to 1 in 10. Two eye-holes are given, one for rising and
the other for falling gradients.
It is evident that this level is best placed on a rod or stand
when used, but there is no need for the three-legged stand and
the levelling screws which are essential to a "dumpy." A narrow
strip of mirror is so placed inside as to show the observer when
the bubble is in the right position, without his having to with
draw his gaze from the field of view. The level tube is very
delicate for its size, as it is filled with chloroform. One end of
the instrument should be gently raised and lowered, so that the
bubble may be seen moving slowly backwards and forwards in
the mirror, and a mean should be taken between the two read
ings on the staff. If the level is supported on a rod, it would be
convenient to have the height of the rod marked on the staff. A
very convenient way of using the instrument would be with two
"boning sticks"—one to rest it upon and the other to sight on.
The maker gives his name as Alexander Eeid, optician, Southbridge, Edinburgh.
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6. In the earlier works—viz. those towards the Thames, the decay is
most apparent in the lower portion of the building; and in this portion
the decay is confined to what may be called " zones," or general levels;
which would seem to suggest that it depends as much upon position in
the building as upon the use of particular beds of stone from the quarries
employed.
7. The same remark applies to the part of the palace fronting the
approaches to Westminster-bridge, where the decay of the lower portion
is considerable; but in the newest work, facing Henry the Seventh's
Chapel, the decay occurs in positions which are more varied, and under
circumstances which it is exceedingly difficult to appreciate.
8. We have examined with much care the upper portions of the build
ing, and we cannot perceive that the decay has made any important
inroad upon those much more exposed portions where decay might more
reasonably have been expected. The decay however occurs again to a
considerable extent in the inner courts, which are sheltered in a great
measure from external influences; and perhaps the very worst specimen
we have noticed is to be found in the small archway leading to the
reporters' gallery, near the entrance to Westminster Hall, —a part of the
work as much sheltered as in the nature and circumstances of a public
building it could well be.
9. The general result of our observations, confirmed by the evidence,
would seem to suggest that the stone used in the Palace of Westminster
is much more likely to decay in damp and sheltered situations than
where i', is exposed to the full action of atmospheric influences. In the
east and north fronts before adverted to, the worst symptoms occur in
the ashlar between the upper and lower mouldings of the plinth, and
under the first cornice, where the exposure is inconsiderable; but the
dampness, arising from the drip of the mouldings and the action of capil
lary attraction in cases where projections hold the moisture, appears to
exercise an important influence on the condition of the stone itself.
10. It does not appear to us that the decay is attributable, as is com
EEPOKT OF COMMITTEE ON DECAY OF THE STONE
monly supposed, to the stones in the building not being placed upon
OF THE NEW PALACE AT WESTMINSTER
what is technically called their natural bed, or in the same relative posi
The Committee appointed to inquire into the decay of the tion as they occupied in the quarry: thus, stones which are found hori
stone at the New Palace at Westminster have made their report zontally in the quarry appear to hove been often placed perpendicularly
in the building, and used for purposes of the most delicate decoration
to the First Commissioner of Works, as follows:—
without any injurious result. As an instance of this fact, we may point
Report.
out the elaborately carved shields of arms under the range of the firstSir,—We the undersigned, being the Committee appointed to "inquire floor windows: the stones used for these shields, though universally
into the decay of the stono of the New Palace of Westminster, and into placed perpendicularly to their natural position in the quarry, present, so
the best means of preserving the stone from further injury,'" have the far as we are aware, few (if any) symptoms of decay.
honour to submit to you the following report, in which we have adopted
11. The extent to which the decay on the whole surface has proceeded
as the objects of our inquiry the several points referred to by your letter it is not very easy to estimate. At the present moment the actual
of appointment and instruction, viz.—
decay is doubtless considerable for a building so recently erected; but
I. The extent and position of the decay.
the change of colour in the stone itself, and the " fretting out of the sur
II. The causes to which it is attributable, taking into consideration face," which are suggested as the first symptoms, lead us to apprehend
the composition of the stone, and the influence exerted upon it by mois
that there may exist much more mischief than at present is actually
ture, and by the acids diffused in the London atmosphere.
apparent.
III. The best means of preserving the stone from further injury.
12. One of the witnesses examined however, and whose judgment as a
IV. The qualities of the stones to be recommended for future uso in practical man is of considerable value, is of opinion that the decay,
public buildings to be erected in London.
after proceeding to some depth in the stone, stops of itself; that an in
1. In proceeding with the important inquiry thus intrusted to this
duration of the surface takes place, and that no further decay ensues.
committee, we beg to state that we first made a careful inspection of the The committee would willingly accept this opinion, if they considered it
whole of the buildings; and that after this inspection we proceeded to well founded ; but they cannot conceive that it is true to any considerable
obtain such evidence as appeared to us best calculated to facilitate the extent, notwithstanding there may certainly be some few indications
inquiry intrusted to us, by examining a considerable number of witnesses which lead to the belief that in some cases it may be correct.
who had been connected with the building from the commencement, or
18. At present the decay appears for the most part on the plain sur
who had been concerned in the various processes which had been actually faces, whilst the finer and more elaborately-wrought portions of the
tried for arresting the decay which had occurred; and also another class building, unless under projections, are not seriously affected. And how
of witnesses who had suggested various theoretical remedies for the same ever disappointing and disfiguring these effects may be, especially in a
purpose.
building so recently erected, the committee are of opinion that at present
2. We delegated to a sub-committee, specially appointed, an examina
the decay does not affect the stability of the structure.
tion and inquiry into the condition of other buildings erected in the
The Causes to which the Decay is attributable.
metropolis in which magnesian limestone had been used; and wo parti
14. This part of the inquiry naturally leads to a reference to the
cularly called the attention of the scientific chemists who had been
evidence which has been obtained by the committee on the subject of
appointed on the committee to several points peculiarly within the limits the
stone itself. The result of this evidence may be thus briefly stated.
of their acquaintance with chemical subjects.
3. We also considered it expedient to invite by advertisement the The stone recommended by the commissioners for this building was that
from the quarries of Bolsover Moor and its neighbourhood; and this
attention of chemists and others to the subject submitted to the com
was actually contracted for in the first instance. Before the work
mittee; requesting that any plan or suggestion for the prevention of stone
began, however, it was found that blocks of sufficient size could not be
decay or for arresting its progress might be brought under our notice.
procured from those quarries; and in consequence, one of the commis
4. Having thus premised the course the committee thought it expedi
sioners was appointed to proceed to the spot, to ascertain whether other
ent and desirable to take, we now proceed to report seriatim on the sub
might not be discovered furnishing stone in beds of greater
jects brought under our notice by your instructions, and in the order Slurries
lickness and of larger dimensions.
These conditions were found
adopted therein.
in the quarries at Anston, and the stone of greater thickness procured
The Extent and Position of ike Decay.
from these quarries has been used not only in this building, but in
5. It is extremely difficult to give any very exact account either of all the other buildings constructed of magnesian limestone in the
the extent or actual position of the decay. It seems from the evidence metropolis, after the quarries of Bolsover Moor had been abandoned
that it first began to make its appearance in the portions of the Palace for the reason above stated.
of Westminster executed at the commencement of the building, about
16. The recommendation of the Bolsover stone in the report of the
seven years after their execution; and yet, in some of the most recently commissioners was founded on its similarity to that used in the Nor
executed portions—viz. those towards Old Palace-yard, facing Henry the
man portion of Southwell Minster, which were stated in the report to be
Seventh's Chapel, the decay appears to be as obvious as in any other part
in a high state of preservation. Evidence has since been adduced, in .<
of the building.
letter from Mr. Scott, which renders it probable that tho stone of thu
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minster was really obtained from the ancient quarries of Mansfield Woodhouse. The latter quarries were reopened, and a considerable quantity
of stone from them (exceeding 20,000 cubic feet) was made use of in
the Palace at Westminster; but in their turn they were relinquished,
from dissatisfaction as to the size of the blocks, though we have it on
evidence, confirmed by our own observation, that the stone used from
these quarries has stood remarkably well.
16. The evidence brought before your committee on the subject of the
stone obtained from the Anston quarries is very conflicting; the contrac
tor and his principal foreman stating that the stone was, with slight
exceptions, extraordinarily good: while other witnesses maintain that
even in the quarries themselves there are stones in a state of actual de
composition; and one very important witness, a foreman employed at the
Palace at Westminster, asserts he knew that certain beds in some of
the quarries were liable to decay, and that he abandoned them in con
sequence. With reference to the selection of stone tho committee ven
ture to remark that it is much to be regretted that the offer made by one
of the commissioners, particularly well acquainted with the selection and
working of stone, to examine' that used in the Palace at Westminster for
the moderate salary of £'150 per annum, was not accepted, owing to
some difficulty in regard to the party who was to be held responsible for
this unimportant amount; and that the matter was left to persons who
admit that they had little or no prior experience of this description of
stone, though they evidently entertained suspicions of the durability of
some of it which they were employing.
17. With reference to the very natural and important question of the
actual causes of the decay of this stone when exposed to the London
atmosphere, the committee take the liberty of referring to the report of
the chemists, who were members of the committee, to whom this ques
tion was specially referred. (See page 339.)
The lest Means of Preeerviny the Stone from fitrtJier Injur;/.
1 8. This part of the inquiry referred to the committee naturally di
vides itself into two questions—namely, as to the steps that have hitherto
been taken, whether experimentally or otherwise; and as to those that
are to be recommended for adoption hereafter. With regard to the first
question, we have ourselves examined with care the result of what has
been done at the Palace itself, either experimentally on the river front,
or, as in the inner courts, by actual coatings or washings over large sur
faces. With regard to the second question, our inquiries have been
earnest and elaborate, and we have examined many witnesses and given
much time to the considerations of tho various propositions obtained by
advertisement or otherwise. As will be seen in a subsequent part of
the report, we finally referred this question to the further consideration
of the- professional chemists who were on the committee.
19. On the first question the committee are decidedly of opinion that
it is not necessary or desirable to proceed with any general coating,
painting, oiling, or waahing of the whole building. It is quite obvious,
in their judgment, that a very large proportion of the stone does not re
quire any such application; but that what is wanted is some efficient
process which should be applied to the surface of any stone that begins
to show symptoms of decay, with a view to arrest its progress. The
committee believe that the persons to whom the care of the building is
entrusted ought to watch it, and note, in the very earliest stages,
wherever decay is perceptible, by efflorescence, change of colour, crumb
ling, or slight decomposition.
20. In cases where the decay is important, and evidently occasioned
by the fall of rain on an upper projecting or exposed surface, protection
should be afforded by a covering of sheet zinc or lead; and if hereafter
any composition should fortunately be discovered by which the decaying
stone could be at once covered or coated, and the injurious influences of
the atmosphere prevented from further acting upon it, the difficulty
would be solved. In some extreme cases the decayed stone might be
cut out, and replaced by a new one. With regard to the processes
which have actually been applied, whether experimentally or extensively,
your committee are decidedly of opinion that the discovery of a proper
mode of treating stones in a state of decay has not yet been made; and
there is no evidence whatever on the building itself to induce them to
believe that the decay, where decay has arisen, has been arrested, or
that permanently the decay has been prevented, by any of the pro
cesses yet applied.
21. With reference to the second question we found ourselves unable,
after much labour, to come to any definite conclusion; and we finally re
quested the chemists in the committee to examine and report upon it;
but those gentlemen state, as appears by their report appended hereto,
that the nature of the inquiry is so extensive, and that time is so im
portant an element in the solution, that they are unable to give any
opinion upon the subject. They further state that they spent five whole
day* in the examination of only one suggested remedy; but they are
unable notwithstanding to give any opinion on even that one suggestion.
Th^y allude to secret processes, regarding which they say they can
offer no opinion; but they express a doubt of the applicability of any
suggestion which would demand the veil of secrecy for protection. Con
curring in this view, it may be further noted that even if such applica
tion were found successful in sample or experiment, no security would
be afforded for a corresponding success in any subsequent large opera
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tions. They recommend that a series of experiments should be con
ducted, under chemical supervision, for a considerable period of time;
and the committee are most reluctantly compelled to coincide with them,
and to urge upon the government the adoption of such a course.
The Qualities of the Stones to be recommended for Public Buildings
to be erected in London.
22. On this head of the inquiry the committee have been unable, in
the time allotted to them, to go into any very extensive examination.
It is obvious however that although some varieties of magnesian lime
stone are an excellent and durable material when not exposed to the
deleterious influences of the London atmosphere; yet that in London it
is subject to causes of decay, which render it an undesirable and unsafe
material for the construction of public buildings.
23. It is equally obvious that Portland stone, well selected, has been
used in buildings in London from the date of St. Paul's downwards,
under circumstances of great exposure, and with most successful results.
Portland stone is a material to be obtained in any quantity, and in blocks
of any size, beautiful in colour and texture, reasonable in price, not by
any means so hard as the Anston stone, and yet with a power of resist
ing the influences of the London atmosphere that leaves but little to be
desired. It must be remarked however that Portland stone should be
carefully selected; an operation which would be most satisfactorily effected
by an agent at the quarries.
24. On this subject the commissioners could of course bring much
personal experience to bear; but after the valuable explanation of the
principles upon which tho decay of stone depends in populous places, as
given by the chemists in their report before referred to, the committee
refrain from repeating thase conclusions, in which however they entirely
concur.
25. During the inquiries of the committee, one of their number, Mr.
Burnell, who is well acquainted with architectural and engineering works
in France, undertook, at his own expense, a journey to Paris, to inquire
into the practice of the French architects engaged in the government
works in that metropolis. There the stone used, the "calcaire grossier,"
though a carbonate of lime of tertiary age, and therefore of very diffe
rent mineral composition from our magnesian limestone of the much
older Permian age, seems to suffer also from decay in a comparatively
pure atmosphere, and where wood is chiefly used as fuel.
26. From the evidence of Mr. Burnell it does not appear that the
French architects or chemists have been more successful tlian ourselves,
either in the use of materials not subject to atmospheric influences, or
in the application of processes for arresting decay when it has once
begun. The opinions of the most scientific chemists and architects in
France on this subject have however in this way been obtained; and it
is extremely probable that the inquiries undertaken by them, simulta
neously with those undertaken in this country, may hereafter lead to
some successful results.
27. The committee have to thank the government for the facilities
given to Mr. Burnell in this important part of the inquiry, by providing
hira with an introduction which obtained for lum the active assistance of
her Majesty's ambassador at the court of the Tiuleries.
28. The committee delegated, as before stated, to a sub-committee the
duty of examining the various buildings in London in which magnesian
limestone from the Anston quarries has been introduced in the external
architecture. The report of this sufc-committee forms part of the Ap
pendix; and we beg to refer to that report as confirmatory of our opinion
of the uncertain character of magnesian limestone, and the risk attend
ing the use of it in London.
29. In conclusion, the committee venture to recommend that the ar
chitect of the Palace of Westminster, assisted by scientific chemists,
should examine and record the actual state of the stonework of the
building at the present moment; that experiments should be mode by
their direction, under various conditions of height, exposure, and aspect,
with such preservative materials and agents as the chemists may sug
gest from time to time; and that researches should be continued into the
effects of the various alkaline sdicates, the phosphates, and other sub
stances which have been brought under the notice of the committee, or
suggested in Germany, France, or elsewhere; and that where decay
arises from damp, means should be taken to protect the stone, as has
been before suggested; that any stone extensively decayed should be
removed and replaced; but that in particular the earliest symptoms of
decay shoidd be carefully watched, and examined, with the view to some
immediate remedy. The committee believe that a very large portion of
the stone in the Palace of Westminster is of a very durable nature; and
they entertain a confident expectation that a remedy will soon be found
to arrest or control the decay when it has unfortunately began to
appear.
William Tite.
E. Frankland.
Pod. I. Mukchisox.
F. A. Abel.
Sidney Smibke.
James Tennant.
Geokoe Gilbert Scott.
George R. Burnell.
George Godwin.
Thomas Hawkslet.
M. Diobv Wyatt.
Charles H. Smith.
A. W. Hofmann.
Edward M. Barry.
Alfred Bonham-Carter, Secretary.
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Report of Sub-Committee of Chemists, referred to in the foregoing.
Sm,—We have the honour to inform you that we have complied with
the wishes of the committee, by examining into the several proposals
which havo been laid before them for the preservation of the stone of
the New Houses of Parliament; and that we havo arrived at the follow
ing conclusions:—
1. Amongst the processes proposed, varying in principle and value to
a very considerable extent, there is not one which we at present feel jus
tified in proposing that the committee should definitely recommend as a
preservative, either for general or local application.
2. A minute examination into one class of processes, submitted to the
committee at an early period, has convinced us that, surrounded with
great difficulties as ' the subject appeared at the outset, the obstacles
eventually met with in an effective experimental inquiry are of a far
more formidable character than could have been anticipated. Having
devoted five days exclusively to the practical study of one of those pro
cesses (Ransome'8), and having been unable, in that period, to elaborate
even this single process sufficiently to warrant us in expressing a definite
opinion upon its merits, it is obvious that anything like an elaborate
examination of the numerous proposals which have only just now been
suluuittod to us would require the expenditure of a for greater amount of
time than the committee could place at our disposal.
3. Whilst regretting that it is not in our power to la}* before the com
mittee a positive recommendation of any particular process, we beg to
submit the following observations:—
An examination into the nature of the several processes proposed leads
to their classification under two heads—
(a) Processes which are likely to afford permanent protection to the
stone.
(6) Processes which are only calculated to afford protection of a
temporary character.
In both of these classes there are proposals which may be at onoe
excluded from further consideration, on account either of their inappli
cability to stones when placed in a building, or of tho obvious misap
prehension on the part of the proposers of the problem to be solved.
A proposal to protect stones by immersion in a boiling mixture of
pitch, or resin, and oil, may be quoted in illustration of the processes
which are only applicable to stones previous to their having become in
tegral parts of any structure. Again, the suggestion to cover the building
with a coating of a mixture of silica with sulphur, applied in a semifluid
condition, would involve almost insurmountable difficulties in its prac
tical application; not to speak of the inflammability of the sulphur, which
is only slightly diminished by the presence of the silica; or the uncer
tainty of the temporary character of the protection which, under the
most favourable circumstances, could be afforded by this material.
Several of the suggestions are based upon notions so obviously erro
neous, such as coating the building with sulphate of lead, and procuring
an alleged galvanic protection by establishing connections of this coating
with plates of zinc; or, of ridding the building of the principle of decay
by fermentation—that no object whatever could be gained by entering
more fully into the merits of these proposals.
Of the processes which are intended to afford permanent protection to
the stone, and the use of which is not precluded by the conditions of the
case, there are several which claim a careful investigation. These pro
cesses may be classed under the following heads:—
1. Application of silicates of the alkalies, in various states of concen
tration.
2. Application of silicates, in conjunction with various saline com
pounds, intended to produce double decomposition.
3. Application of hydrofluoric or hydrofluosilicic acid, or their saline
compounds.
4. Application of phosphoric acid, and acid phosphates.
5. Application of solutions of the alkaline earths, or their bicarbonates,
in water.
All these processes are more or less based upon chemical considerations,
which are supported by analogy, and which, in the case of the two firstnamed classes, have received considerable experimental confirmation.
The experiments which ale now in progress with several of the processes
included in tho two first sub-divisions, will, we believe, in the course of
a few years, furnish ample data for correct conclusions regarding their
applicability. In the meantime it might be advisable to apply to por
tions of the New Houses of Parliament actually undergoing decay, cer
tain processes selected as representatives of the remaining classes above
enumerated, in order that their merits might be submitted to the only
conclusive tests—those of actual application, and protracted exposure to
the corrosive influence of a London atmosphere.
The second division of processes—namely, those which are only calcu
lated to afford protection of a temporary character, are, from their very
nature, of minor importance for the purposes of the committee's inquiry;
nevertheless, as the claims to permanence of none of the processes of the
first division have as yet been substantiated by the test of time, we
would recommend that, in addition to the experiments already made in
this direction, further trials be instituted of some of the more promising
materials of this particular description. This recommendation is based
upon the consideration that substances included under the appellation of
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organic differ essentially in their powers of resisting the destructive
action of the atmosphere. Whoever is acquainted with the nature of
organic substances cannot fail to appreciate the different degrees of sta
bility under atmospheric influence exhibited by gluten, gelatine, or
starch (which we find enumerated among the proposed protective agents),
and by bees'-wax and paraffine—not to speak of many of the fossil gums
—-which exhibit a degree of permanence approaching that of mineral
substances.
The materials which we would recommend for selection to be tried in
comparison with linseed oil, are paraffine, bees'-wax, and some of the
more permanent gums and resins, applied in the form of solutions in
volatile solvents.
We should not omit to remark that some of the witnesses and others
who have addressed the committee apeak of secret prooesses. We can
not, of course, offer any opinion regarding such proposals; but we should
doubt the applicability of any suggestion which would demand the veil
of secrecy for protection.
Finally, we beg to state as the result of the experience which we have
been enabled to acquire during the prosecution of our investigations on
this subject, that a definite solution of the question at issue can only be
arrived at after the lapse of a considerable period; since the relative
merits of the processes which we recommend for trial can be established
only by the test of time.
A. W. HOFMAKN.
E, FllAXKL.VNil.

F. A. Abed.
Report of Sub-Committee on the Nature and Causes of Decay of
Building Stones.
Sik,—Having been requested to submit to tho committee our opinion
on the nature and causes of the decay of building stones generally, and
of the stone employed in tho construction of the New Houses of Parlia
ment in particular, we now have the honour to submit the following
observations:—
Building stones in general may be divided into two classes,— 1. Those
which consist of materials not easily acted upon by acids; 2. Those com
posed of materials which are partially or entirely acted upon by acids
with facility.
As an illustration of the first class, granite porphyries and serpentines,
may be quoted; whilst to the second belong limestones, dolomites, and
certain sandstones containing carbonate of lime as cementing material.
The stone used in the New Houses of Parliament belongs to the
second class of building materials; consisting as it does almost entirely
of the carbonates of lime and magnesia. The following analyses of
several varieties of dolomite by Prof. Daniel] and Messrs. T. Ransome
and B. Cooper, are quoted in illustration of the general composition of
the stone in question. (See table, p. 340.)
Regarded from a purely chemical point of view, the difference in the
resisting power to corrosive agents of different stones would appear at
first sight to depend entirely upon their chemical composition; but even a
moderate acquaintance with the properties of the components of such
building stones demonstrates that there are other conditions at least
equally instrumental in determining the degree of permanence of diffe
rent stones.
It is a well-established fact that the same chemical substance exhibits
in different conditions a great variation in its behaviour with chemical
agents. Numerous examples might be quoted in illustration of this.
Thus, marble and chalk are chemically identical ; but owing to the dif
ference in their physical structure, the one being crystalline and the other
amorphous, the former is much less readily acted upon by acids than tinlatter. Again, artificial peroxide of iron is readily soluble in acids; per
oxide of iron, in the form of haematite, is attacked with difficulty by
acids; and the same oxide, after exposure to a powerful heat, is almost
entirely insoluble in acids. The influence of aggregation in these in
stances, and in numerous others which might be quoted, is obvious and
generally admitted by chemists, however different and imperfect may be
their viewB regarding the connection between physical condition and che
mical effect.
The observations just made regarding the behaviour of substances
such as enter into the composition of building stones, cannot but apply
with equal force to the aggregates of such components to the building
stones themselves.
The atmospheric influences to which building stones are subject are
many of them essentially chemical actions, involving processes analogous
to, or identical with, those performed in the laboratory; although from
the extreme dilution of the chemical agents, as existing in the atmosphere,
they must necessarily be of a very gradual character.
There are few instances in which the influence of the state of aggrega
tion upon the permanence of a bnilding stone is more apparent than in
that of the dolomitic limestone, used in the construction of the new
Houses of Parliament. Here, in one and the same block of stone of
comparatively small dimensions, we find certain portions of the surface
powerfully disintegrated, while others appear in a perfectly sound condi
tion. Chemical analysis has hitherto failed to establish any important
difference in the composition of sound portions of such stones and those
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parts which are subject to decay: it is therefore legitimate to attribute
the unequal permanence of the stone, under atmospheric influences, to
such structural differences aa may be comprehended under the term—■
state of aggregation.
Before proceeding to an examination of the particular character of the
decay observed in the stones of the new Houses of Parliament, it may
perhaps be desirable to glance at the nature of the changes to which
building stones generally are subject under atmospheric influences.
Under normal conditions these changes must be ascribed to the action
of the oxygen, carbonic acid, nitric acid, and water, in the atmosphere.
In the air of towns however there are certain other constituents, such as
several acids of sulphur, and occasionally hydrochloric acid, which can
not fail to exert an additional disintegrating influence upon building
stones.
The action of oxygen must be of comparatively a subordinate cha
racter; its effects being confined to constituents which occur but rarely,
and generally in limited proportions, in building stones; such as the sul
phides of iron, and the protoxides of iron and manganese; these com
pounds, being very prone to oxidation, would tend to disintegrate the
stones by the absorption of oxygen. Of far greater importance are tho
effects of carbonic acid and water. Carbonic acid in the presence of
water is a powerful solvent: it not only corrodes the calcareous and inagnosian carbonates (more or less powerfully according to their state of
aggregation), whether they form the principal constituent of the stone, or
are only present as cementing materials; but is capable even of attacking
and gradually decomposing the hardest and most indestructible rocks.
In the case of the calcareous and niagnesian constituents of stones,
carbonic acid acts by transforming the insoluble earthy carbonates into
soluble bi-carbonates, which are thus removed from the substance of the
stone; whilst its influence on silicious rocks consists in the elimination of
the alkaline bases in the form of carbonates, and the separation of the
silica in a more or less friable condition. The weathering of granites,
and their gradual transformation into the several varieties of porcelain
clay, afford an interesting illustration of the latter kind of action. In
the changes just mentioned the carbonic acid and water are equally con
cerned; the water serving not only as a vehicle for the introduction of
the carbonic acid into the pores of the stone, but also as a solvent for the
products of its action. There are changes however to which building
stones are subject in which water is the sole agent, and which are more
of a mechanical than a chemical character. The expansion which water
undergoes in freezing, and the irresistible force which it then exerts,
are well known; it is obvious that water freezing within the poreB of
a stone must exercise a disintegrating action not less powerful than those
above referred to.
Recent researches have demonstrated that nitric acid is a frequent and
perhaps even a normal constituent of the atmosphere; and as such must
undoubtedly assist in the destruction of magnesian and calcareous stones;
hut the proportions in which this acid has been found are so minute that
it need not be dwelt upon as an important destructive agent. This re
mark however does not apply to the acids referred to above as existing
in the atmosphere of towns. The quantity of sulphur acids in the air of
towns where a considerable amoimt of coal is consumed is quite appre
ciable. According to the determinations of Dr. Angus Smith, the air of
Manchester contains an average proportion corresponding to 1 part of
sulphuric acid in every 100,000 parts of air, which in the centre of the
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town rises to 25 parts in 100,000. No numerical data exist with regard
to the proportion of sulphur acids in the London atmosphere; but it can
scarcely be doubted that in the neighbourhood of the new Houses of Par
liament they are present to an extent equal to the average amount found
in the Manchester air: they must therefore be regarded as among the
more important agents destructive to stone which are present in the
London atmosphere.
A few observations remain to be offered regarding the particular
nature of the decay manifesting itself in some of the stone of the new
Houses of Parliament. It has already lieen pointed out that, so far as
our experience goes, we are inclined to attribute the local character of the
decay to structural differences obtaining in different parts of the stone.
The general structure and the composition of the stone in the new Houses
of Parliament render it moreover amenable to all the sources of disinte
gration which we have above enumerated, with the exception perhaps of
oxygen, which can scarcely produce any appreciable alteration in dolo
mite. Thus, the chemical action of carbonic and sulphuric acids in com
bination with water will gradually dissolve and remove the carbonates of
lime and magnesia, whilst the porous nature of the stone renders it
liable to the mechanical effects of water under the influence of frost.
The presence of sulphuric acid in the air of towns appears in the case of
magnesian limestone to bring into play another process of destruction.
This acid not only corrodes and renders soluble, as we have pointed out,
the earthy carbonates (in which respect it resembles carbonic acid in
its effects), but, forming with magnesia a readily crystallisable salt, the
well-known sulphate of magnesia, remarkable for the large proportion of
water of crystallisation which it fixes, it gives rise in addition to a me
chanical destruction of the stone precisely similar to that produced by
freezing water. The powerful mechanical effects resulting from the
solidification of water induced by crystallisation are well known; although
it would appear that they have not hitherto been sufficiently appreciated
as auxiliaries in the process of disinintegration of Btone. The analogy
between the solidification of water by freezing and by crystallisation is
perfectly obvious; and a French chemist has suggested, as a means of
recognising stones liable to disintegration by frost, to immerse them in a
solution of sulphate of soda, and to note the subsequent effects of its
crystallisation within the stone.
We have ourselves recently had occasion to observe some phenomena
which go far to elucidate these destructive effects of crystallisation. The
exfoliations exhibited by many of the fictile vases deposited in the
British Museum were found to be due to the formation and crystallisa
tion within the substance of the vessels of nitrate of lime. Again, in
experiments on the preservation of fabrics by impregnation with saline
substances, it was found that the crystallisation of sulphate of magnesia
within the material produced a disintegrating effect upon the fibres, suf
ficient greatly to weaken the material.
In conclusion, we would remark that the effect attributed to the crys
tallisation of the sulphate of magnesia in assisting the decay of dolomitic
stoues, and more particularly of those used in the construction of the
new Houses of Parliament, is borne out by the existence of a marked
effloresence of sulphate of magnesia upon those portions of the Btone
where exfoliation has taken place.
A. W. HOFMAMN.
E. Frauxlakd.
P. A. Abel.
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Table of the Value of the Coefficient of Friction n for different
Velocities

REVIEWS.
Treatise on MiBt and Mill Work. Part I. By William Fairbairn, C.E., &c.—London: Longman. 1861. [Second Notice.]
"We resume our consideration of the chapter on the flow and
discharge of water.
Very useful tables as well as formula) are given for the theo
retical and actual velocities of discharge from rectangular
notches, waste-boards, and weirs. Mr. Fairbairn then proceeds
to the consideration of the friction of water in conduits and
pipes:—
" In long tubes an increased retardation arises, which must be ascribed
to the friction of the fluid against the Bides, and it has been ascertained
that this element of retardation, whilst independent of the pressure of
the fluid, increases in ratio of the length of the tube, and decreases in the
[inverse] ratio of the width or diameter. It also increases nearly as the
square of the velocity.
For pipes of uniform size, and with no considerable amount of bending,
it may be shown that the velocity of discharge
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Another formula is brought forward, as deduced by Weisbach
from sixty-three experiments, on the supposition that the friction
is resolvable into two terms, of whicb one increases as the square,
and the other as the square root of the cube, of the velocity.
According to this formula, the head due to friction, in feet
i.
/^™,™ , 0'017963\ /
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or if a be not very small, neglecting the last term,
3380 hd
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and if the pipes be very long,

•V!
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12
where I = length of pipe in feet; d = diameter in feet; h = head in feet;
and the constants have been derived from the experiments of Prony and
d'AubuUson.
Formula (8) very nearly coincides with that given by Poncelet—viz.
' 2380 hd
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The most convenient way in practice of estimating the retardation of
friction in the pipes is to measure the head of water which is requisite to
overcome the friction, without increasing the velocity of the current. In
calculations of quantity, when the head A, necessary to generate the
required velocity of exit, has been estimated by the rule for thick-lipped
orifices already given, another head ht must be added, as necessary to
overcome the friction, if the orifice is prolonged into a tube.
The height to overcome friction may be calculated from the formula,

A'=4-S

<io>

where n is the coefficient of friction derived from experiment
Wo may combine this formula with the preceding formula for the dis
charge from a thick-lipped orifice, putting »i=coefficient of resistance for
the portion of tube next the cistern, and n=coefficient of resistance for
the remainder of the tube, we then have for the whole head of water
m— +n. —
2g
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and putting a = area of orifice, the discharge =
Q = av
(15)
If there be bends in the tube, an increased element of resistance is
introduced; if we put p for the sum of the resistances due to this source,

h=(l+m + n

H

■
= (1 + m + »

(16)

+>)(?)•• i
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These formulae we have from Weisbach's 'Mechanics of Engineering,'
from which the following table has been reduced and adapted to English
measures. To use this table, look in the horizontal line at top for the
nearest velocity in feet; in the vertical col«mn underneath, and opposite
the nearest number of inches, will be found the value of n required.
Thus, for a velocity of 6 feet 8 inches per second, the coefficient n will
be found to bo '0211, being under 6 and opposite to 8."

A very convenient and useful table is then given, computed
from Weisbach's formula, for pipes of various diameters, and for
different rates of discharge. It must be remarked that Weis
bach's formula is repeated at the foot of these tables, with the
numerical constants rather smaller than they were given in the
preceding text.
Mr. Fairbairn devotes two chapters to the construction of
water-wheels. The subject is fully illustrated in every detail,
and treated in a very practical and useful manner. The weight
of our author's experience and judgment is evidently in favour
of breast wheels as compared with both over-shot and under-shot
ones. A description is given of the wheels of the Catrine Works,
in Ayrshire, constructed by Mr. Fairbairn, on the high-breast
system, about thirty-five years ago. During this time we are
told that they have required little no no repairs, and they remain
nearly as perfect as when they were first put up. No improve
ment of note appears to have been made during that time in the
method of construction, if we except the ventilation of buckets,
which seems to have been introduced shortly after the erection
of the Catrine wheels, and applied to them in 1828.
In describing M. Poncelet's skilful modification of the under
shot wheel, it is stated, on M. Poncelet's authority, that the duty
performed is nearly 60 per cent, of the water-power expended—
or about the same as the performance of Mr. Fairbairn's wheel
with ventilated buckets and no sole, for low falls.
In treating of the turbine, the various modifications of that
elegant machine are given in considerable detail. They are
classified as—1st, Those iu which the water passes vertically
through the wheel; 2ndly, Those in which the water flows hori
zontally and outwards; and, 3rdly, Vortex wheels, or those in
which the water flows horizontally inwards.
Turbines in which the water flows horizontally and outwards.
" In turbines of this class the revolving wheel is placed outside of the
fixed wheel, so that the water directed by guide-plates on the inner
wheel strikes the curved vanes of the outer wheel, and forces them
round by pressure and reaction. The water is regulated by a cylindrical
sluice fitting between the fixed and movable wheels.
M. Fourneyron's turbine is the chief example of this class. Its advan
tages, as stated in M. Poncelet's Report to the Academy of Sciences at
Paris, are the high velocity at which it may be worked without reduc
ing its useful effect, its small size, and lastly, its capability of working
equally well under backwater. From the experiments of M. Marin, the
coefficient of useful effect appears to range from 0'6O to 0'80. On the
other hand, it has to the full the defects of this class of machines, requiring
the utmost nicety of design and execution, and being very susceptible to
injury from small bodies carried into it by the water. It requires for its
successful application both a large acquaintance with the principles of its
construction and a considerable experience of its use: hence it will b<unnecessary to do more in this place than to select for illustration one of
the most successful instances of their application.
Fig. 1 represents a vertical section, and Fig. 2 a plan, of the cele
brated turbine erected under M. Fourneyron's direction, at St. Blazirr,
for a fall of 354 feet. This small wheel, of only about 26 in. diameter,
is employed in driving the machinery of a spinning factory of 8000 throstlespindles, with the necessary preparing apparatus. In comparison with
the work it has to perform, it is therefore of a sue altogether unique.
The wheel consists of a cast-iron concave plate 1 1, keyed on the main
axis a a; on this is fixed the annular wheel * «, consisting of an upppv
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Then the water-wheel, with Ha machinery, is the most effective and the
moat economical application of the power.
The recent introduction of the turbine may, however, effect a change
in this class of machinery, as it is admirably adapted to high falls and
may be advantageously employed at a moderate cost. The great objec
tion to its use in this form U the great velocity it attains on high falls,
and the consequent reduction which would be requisite to work pumps
at 10 to 12 strokes per minute, when the ™i«<-1itim» itself is moving at the
rate of 400 or 500 revolutions per minute. This appears to be the only
drawback, and it is not improbable that the simple cylinder here de
scribed may, under certain conditions, be best adapted to meet all the
requirements of raising water from deep na with the aid of convenient
streams on high falls.
The properties of steam are discussed at considerable length
in a very useful chapter, containing (in addition to several other
formulje and tables, exhibiting the relations of pressn e, tempe
rature, &c.) the new and instructive results obtained by Mr:
Fab-bairn and Mr. Tate from experiments on the density of
steam, already noticed in this Journal (ante p. SW).
The varieties of stationary steam-engines next come trader
consideration, and the economy effected by the use of bieb pre^
sure steam, and long expansion, is very distinctly shown. After
a practical chapter on bjilers, a few pages on windmiHs complete
tbe volume.
Altogether the work is full of instruction. It embodies tb«
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weight of the water, and thus reduces the friction on the footstep. The
cylinder e « slides *tfl an- 1 down in the larger water cistern, and forms a
circular 'iloica hotwtien the revolving- and fixed wheel, by which, within
ecrturi fimka, tlfe discharge of water and the velocity of the turbine can
K- regulated. The. alnic* i» raised or lowered by four rod* d d, which
arw aarewod above into the eyes of four pinians (not shown). These
(rtiiioiis a^gear iirto.«ne larger wheel, and in this way the four rods may
l*j rajj*e*l or, lowered simultaneously. The supply of water is brought
U, the extern by a pipe y, of \C\ inches diameter and 1200 feet in length.
Ths spindle works op a atocl pivot in a footstep adjusted by gibs and
coilcrs e. ' This turbine makes from 2200 to 2300 revolutions per

results of an extensive experience and of considerable study, in
a shape that, seems likely to prove very serviceable to the me
chanical engineer and the millwright. Here and there (as we
have previously had occasion to notice), there seems a want of
that careful revision under which a book—of this character more
especially—should pass before publication.
The construction
also of some of the sentences would be none the worse for a liiti..editing. But as a whole we think the volume deserves, and will
find, an honourable place in the standard literature of its spe
cial department.

Tiio highest performance of tbe turbine ascertained by ex
periment; appear* to be from 78 to 60 per cent of the waterpower expended in driving it. This is not very different from
the duty of the breast wheel with ventilated buckets on a large
ricalo, which lias been found to give a duty of nearly 78 per cent,
of the wat*r-power employed.
. After seme description of the water-pressure cylinder engine,
the comparative merits of the different methods of rendering
Wftter-jiower efleotive are set forth us follows:—

An Appendix to the Fourth Edition of the Rudimentary Treatise
on Clock*, Watcltes, and Belts, Sp. By Edmund B. Dekisos,
M.A., Q.C.—London: John Weale.
This appendix relates to a work which some short time ago
waa reviewed in this Journal, and the nature of which, as at
that time we had occasion to show, is twofold,—part of the
volume being of a scientific, and part of a controversial cha
racter. This appendix shares in the same divided nature, for
while its early pages are devoted to chronicling the last improve
ments in clocks and watches, the remaining part is taken dp by
severe Btrictures on the Government Keport, which we noticed
at the time as affording some confirmation from independent
sources about transactions in which Mr. Denison is too deeply
interested for the public to regard his testimony as quite impar
tial.
To watch ami clock makers the first four or five pages of this
pamphlet, treating of escapements, will be of interest. The
notice at page 3 of a new watch escapement appears to describe
a remarkably simple arrangement, which, so far as can be judged
from a written account only, must be at once well contrived
and solid, so that for cheap watches, likely to be subject to great
AW*
wear and tear, it seems well worth adoption. '• "

i

■•

i

"Hydraulic endues of this description [{. cv cylinder en'/ines] are not
the most effective even For pumping water, as the motion is exceedingly
f-W, and the friction of the water and the organic parts of the engine
abyorb* a eoniideralile amount of the power employed. To remedy this
••HI It r» round desirable in some cases, wherever the fall is not too high,
kturtrbduee the -Wafer-wheel with cranks and spear-rods, communioating
* rucrprocating motion to tbe pumper in the shall of the mine.
id mountainous i coantries, where high fnUs descending from great
eleTO»»o»''ar»: found, the reciprocating engine is probably the best appli
cation for draining purposes,. as the motion m conveyed direct from tbe
maju #Jliader to the pumps, and that probably at the smallest outlay of
capital, when a supply of water is at hand.
It is. otherwise when large supplies of water on low falls are present.
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Into the controversy on the Westminster bells we do not
desire to plunge ourselves or our readers. Suffice it to say, that
Mr. Denison displays considerable forensic skill in his attacks
upon the evidence of the Astronomer Royal and that of Prof.
Tyndall, and certainly hits some weak points in that of the
former, while he treats with undeserved ridicule other important
portions of the same evidence. It was not easy for Mr. Denison
to dispose in the same way of the actual investigation and analysis
made by Prof. Percy, nor does it suit his views to attempt to do
so, since it is by the evidence of that gentleman that the un
soundness of the casting and inequalities in the composition of
the metal are established. These defects are thrown upon the
shoulders of the bell-founder, the legal experience of Mr. Denison
having led him to conclude that, should the public once be
induced to understand the bell-founder was in fault, they would
forget that that fault is also shared by the gentleman under
whose superintendence and control the work was done, under
whose eye the casting ought to have passed when first fresh out
of the mould, and for whose satisfaction, we contend, some such
preliminary testa ought to have been applied as have, now that
it is too late, proven indisputably that the bell ought never to
have been hoisted.
Mr. Denison has gone so far in this appendix as to show that
there can be two opinions as to whether the quarter bells are or
are not in tune, but he has not shown or attempted to show that
it would have been impossible by care and skill to detect, ere the
bells were hoisted into their places, the existence of those defects
which he now is most eager to point out and most ready to
denounce. The pamphlet will interest those, and those only,
who have watched this great, and let us add this lamentable
controversy, from its commencement.
An Analysis of Ancient Domestic Architecture in Great Britain.
By F. T. Dollman and J. R Jobbins. VoL I. Royal 4to.
81 plates.—London: Atchley and Co. 1861.
Since we last noticed the progress of this work, one half has
been completed, in appearance it makes a most attractive volume,
and is most carefully illustrated. The subject of our ancient
domestic architecture is one deserving of every attention, al
though until the last few years but little has been worthily done
with it. The ecclesiastical architecture of our island has pro
perly received every kind of investigation, and the transitional
changes in its style have been pointed out, with proper regard
to their chronological succession. Its decorative features, both
external and internal, have occupied the pen and pencil of many
of our best architects, who have made it a labour of love to
record in their pages thousands of examples of those creations
which are so remarkable for their beauty of design, and which
but for such preservation must have been lost to the rising mem
bers of the profession. The coloured wall decoration also of
mediteval times, scantily existing, has been brought to light, and
notice called to its excellence; and the changes in the arrange
ment of our churches at different periods of time have not been left
unregarded. But it is remarkable that whilst the constructional
design and decoration, and, in fact, all in connection with our
ancient religious edifices, has received the amplest investigation,
the existing time-honoured dwellings of the rich and middle
classes should not have been similarly treated. The architectural
relics of a departed age are among the chief landmarks showing
the country's advance in civilisation, and go far to exhibit truth
fully the social condition of the people, from barbarous times to
those of enlightenment.
The publication within the last twenty years of illustrations
of many noble dwellings of olden time, as well as those of the
Elizabethan and Jacobean periods, has awakened attention to
their vastness and magnificence, and to many historical associa
tions in connection with them, yet they have all more or less
been of that general character as to render them of but little
use in a professional point of view, from the absence of minute
ness of detail. It is from this circumstance that we look upon
the present work, not only as a satisfactory addition to our stock
of architectural information, but one of much practical utility.
The volume is extensive iu its subjects, and gives excellent re
presentations in plan, elevation, section, detail, and perspective,
from some thirty edifices, the dates of erection of which take the
wide range from the early part of the twelfth to the beginning
of the seventeenth century; and although many exist almost in
their original perfection, yet it is to be greatly deplored that

3*3

many are fragmental, and even what remains is not exempt from
the spoils of time and the hand of the innovator. The abiding places
of by-gone sovereigns and the palaces of dignified churchmen,
we find, have furnished many plates, as well as existing monastic
remains, and some which are no longer extant are here preserved,
giving an additional value to the work. Several castellated struc
tures nave many remarkable portions shown, and those eleemosy
nary foundations which covered the land—proud monuments of
the unbounded charity of our ancestors—figure here conspicuously
as precedents that may be looked at for adaptation to the require
ments of our time; and that other striking and picturesque
feature of domestic architecture—the half-timbered dwelling—is
represented by some good varieties.
The accompanying descriptions, though not elaborate, are
clearly written, and contain sufficient historical and architectural
information to make them valuable; so that, looking at the
work in every point of view, it cannot be considered other than
one of much value, and if the second volnme equals the first, no
doubt can exist but that it will take its place in the library of
the antiquarian, the archaeologist, and the architect, by the side
of the works of Britton and Pugin.
The numbers issued of vol. ii. are devoted to Penshurst Place,
the ancient portion of which, we believe, till now, has escaped
detailed illustration.
♦
THE LATE SIR WILLIAM CUBITT, C.E., F.RS.
The loss of another eminent and highly esteemed member of
the engineering world has to be recorded. Sir William Cubitt's
death took place on the 13th ult., at his residence, Claphamcommon, after an illness which for some years had prevented
him from following his profession. He was in the 76th year of
his age, having been born iu 1785, at Dilham, iu Norfolk. Sir
William was of a different family from the late Sir Thomas
Cubitt. In early life he assisted his father, who carried on the
business of a miller; but quitting this occupation he was appren
ticed to a joiner. In his new employment he soon acquired the
character of a first-class workman, and became especially skilled
in making agricultural implements. Not long afterwards he
adopted the trade of a millwright, and obtained ample employ
ment in the erection of machinery. In 1807 be promulgated his
invention—which has since been so commonly adopted—of the
self-regulating windmill sails. Shortly afterwards he became
connected with Messrs. Ransome and Son, the celebrated agricul
tural implement makers of Ipswich. Messrs. Ransome's business
extended beyond the mere manufacture of agricultural imple
ments; and accordingly Mr. Cubitt was extensively engaged in
the construction of gasworks. In connection with prison disci
pline his name will ever be remembered as the inventor of the
treadmill, which has since been introduced into nearly all of her
MaJ3sty's gaols. The innovation however did not take its place
amongst the institutions of the country without being subjected
to a large amount of ridicule and opposition. The first tread
mill was erected at Brixton goal in 1817. In 1826 Mr. Cubitt
settled in London as a civil engineer, and immediately was en
gaged in works of the most important character. In 1827 an
act was passed for the improvement of the Norwich and Lowe
stoft navigation, and Mr. Cubitt was appointed engineer. The
object was to open a navigation for sea-going vessels from Yar
mouth or Lowestoft to Norwich. To effect this Mr. Cubitt
united the river Ware with the Waveney, thence to the small
lake of Oulton Broad, through Lake Lothing, with a passage on
ward to the sea, 700 yards long and 40 wide—Lake Lothing being
thus formed into an artificialnarbour, the tide-lock of which will
admit vessels of 84 feet long and 21 feet in beam. This under
taking was completed in 1829. Amongst his subsequent employ
ments he designed the South Eastern Railway, including the
removal of the South Cliff by blasting, which feat was accom
plished under his superintendence. He was officially appointed,
being then President of the Society of Civil Engineers, to exer
cise a superintending watchfulness over the construction of the
building for the Great Exhibition of 1851, in Hyde-park. He
received the honour of knighthood for thus contributing his
scientific experience in carrying out this national undertaking.
The great works upon which Sir William Cubitt was engaged
during the later period of his life were the London and York
Railway, and the two large floating stages in the Mersey at
Liverpool, one of which was illustrated in the volume of this
Journal for 1855, and the new iron bridge across the Medway at
Rochester.
74
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3BCTI0X F&OM KaST TO WEST.

In the number of the Journal for April last (page 99) we gave
a description of the principal architectural features of the build
ing for the Exhibition of 1862, accompanied with a geometrical
elevation of the south or Cromwell-road front, and a general
ground plan. "We now give some further illustrations from the
official account of the structure recently issued. During the
progress of the building considerable improvements have been
introduced in its architectural and structural details, and the
-rorks are now advancing with great rapidity, the whole of the

nave being roofed in, and it will soon be possible to obtain a
good idea of the general interior effect.
There appears no reasonable doubt, from the great progress
already made, that the contractors, Messrs. Kelk, and Charles
and Thomas Lucas, Brothers, will have completed their contract
by the stipulated time, the 12th of February next. The whole
responsibility for the nature and execution of the works rests
with tho contractors. Mr. Meeson, C.E., prepares the working
drawings for them. All proceedings are submitted to CapL

Hot. J, UM]
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Fowke, K.E., who acts for her Majesty's Commissioners. He
confers with a building committee, consisting of the Earl of
Shelburne, Mr. W. Fairbairn, and Mr. W. Baker, and her Ma
jesty's Commissioners reserve to themselves the final approval
of everything. Capt. Fowke is assisted by Capt. Philpotts and
Lieut Brooke, and certain non-commissioned officers of the
Boyal Engineers. Mr. Clemence is the contractors' foreman of
works. No clerk of works is employed. The contract is of, a
threefold character: for the use and waste of the buildings a sum
of £200,000 is to be paid absolutely; if the receipts exceed
£400,000, then the contractors are to take up to a further sum
of £400,000; and if this sura is fully paid, then the centre acre
of the great picture galleries is to be left as the property of
the Society of Arts. Lastly, the contractors are bound to sell
absolutely the remaining rights over the buildings for the further
sum of £130,000, •which may possibly be paid by the surplus
receipts of the Exhibition, if the success be great, of which there
is a good prospect

NEW THEOBY OF THE FIGURE OF THE EABTH.
By F. C. Bakewell.
Assuming the correctness of my views of the action of centri
fugal force on the earth, as explained in the Civil Engineer and
Architects Journal of August and October last, I will now pro
ceed to consider some of the consequences that would result from
the establishment of my theory.
In the first place, if it be admitted that the tendency of the
rotation of a solid globe is to impel particles towards the poles
instead of towards the equator, it follows as a necessary conse
quence that the oblate-spheroidal shape of the earth could only
have been produced by rotation when the whole mass was in a
fluid or in a semi-fluid state. It is indeed generally considered,
that the matter of the earth was originally fluid, but that condi
tion is not regarded as essential to its spheroidal form; for it is
commonly supposed that if the globe were originally a solid
sphere, the action of water on the surface would accumulate
matter at the equator. According to my theory however, the
spheroidal shape of the earth could only have been given to it,
by the action of centrifugal force, when the particles of the mass
were free to move, and when the poles could be compressed by
their superior attraction, and force out matter at the equator.
The particles of the fluid matter would then dispose themselves
so as to equalise the attraction on all parts of the surface.
The first question then to be considered is, how was the equi
librium thus originally established disturbed 1 It is indeed
stated by Clairaut, in his 'Theorie sur la Figure de la Terre,'
which is regarded as a great authority, that the earth is at pre
sent in equilibrio, and that all hypotheses which attempt to
account for the figure of the earth must be rejected which do not
agree with that assumption. But if that assumption were correct,
the attraction of gravitation would be equal on all parts of the
globe; and the fact that it is not so is of itself a sufficient
proof that the matter of the globe is not now disposed in the
spheroidal form of rotating equilibrium. Though it is almost
self-evident that the globe cannot be in equilibrio if its attrac
tion be different in different parts of the surface, it may be desi
rable for the more clear understanding of the conclusions I have
drawn from the original equilibrium of the globe, to explain the
meaning of the term as applied to the earth, and to poiut out the
state of independent equilibrium which a rotating fluid mass
would assume in space.
A body is considered in equilibrio when there is equal counter
action of the different forces acting upon or within it. A rotating
fluid mass is acted on by two opposing forces—viz. the attraction
among its particles, and centrifugal force. The former tends to
collect the mass into the form of a sphere round a centre of
attraction, and the latter tends to make it fly off in directions at
right-angles to the axis of rotation. When the attraction of
gravitation is greatly in excess of centrifugal force, as on the
earth, the result of the action of the two forces is to mould
the sphere formed by gravitation alone into an oblate sphe
roid; by which change of form the accumulation of attractive
matter near the equator counteracts the effect of centrifugal
force; the quantity of accumulated matter being just sufficient to
counterbalance the opposing force in every part of the globe.
Under such circumstances therefore the earth would be in equi
librio, aud, being in equilibria, it would attract with equal force a
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particle placed anywhere on its surface. This equality of attrac
tion on aH 'parte1 bf "fSie'surfocUUs <i ^necessary condition of the
equilibrium of a fluid globe, for it is evident that the pressure of
all parts ton the centre must be equal, otherwise the fluid would
not remain at rest; and if the pressures be equal, the attractions
must al»A> be equal, for the pressure is the effect of attraction.
Thus it wW-.be perceived that in a rotating fluid spheroid the
centrifugal fore* would be entirely counteracted by the accumu
lation of an additional quantity of attractive matter near the
equator, aud a particle on that part of the globe would not be
urged to fly off from the surface any more than a particle near
the poles. This is an itaportant condition of the equilibrium of the
earth, and, as many erroneous opinions have obtained from dis
regarding it, I beg particularly to request attention td[ the fact,
that if the earth were in a state of equilibrium, centrifugal force
at the equator would be completely counteracted and reduced to
nothing.
-—»■' jtTn
As there is only one spheroidal shape that a fluid mass rotating
with a given velocity can assume to be in a state of equilibrium, so
also there is only one velocity of equilibrium possible' to &*given
rotating solid spheroid. If it were possible for a fluid spheroidal
mass when in rotation to be consolidated in exactly the same
form and size, the solid spheroid would remain in equilibrio. But
it would be impossible for the fluid spheroid to be consolidated
without undergoing change of form, for nearly all fluids occupy
less space when solidified; and if, as geological discoveries lead
us to believe, the matter of the earth were originally in a state
of fusion, the contraction of the rotating mass as it cooled, and
the condensation of the aqueous and other vapours in the sur
rounding atmosphere, must have greatly diminished its previous
size. The contraction of the matter within smaller limits would
necessarily increase the rapidity of rotation, and when the crust
of the globe became hardened, the matter would no longer be
able to adjust itself to the form of equilibrium, due to the in
creased velocity, by the further compression of the poles; and
the attractions of gravitation on various parts of the surface
would consequently be unequal.
Taking into consideration the geological facts bearing on the
subject, the most reasonable hypothesis by which the existing
variations in the attraction of gravitation can be explained
appears to be, that the earth was originally in a state of equili
brium of fusion; that by contraction of the fused mass, and by
condensation of surrounding vapours when cooling, after the sur
face had been solidified, the velocity of rotation was increased;
and that the equilibrium of form, which had been adjusted to a
slower degree of rotation, was thereby disturbed. The adoption
of that hypothesis would not affect my position, that the tendency
of the attraction is to the poles and not to the equator, for I
showed in the preceding articles that, whether the rotation I*
quicker or slower than the velocity of equilibrium, the effect of
centrifugal force would be to increase the ratio of attraction at
the poles.
An important practical conclusion is to be drawn from this
view of the question, for assuming the form of the globe to have
been initially that of equilibrium, all the costly experiments to
determine the figure of the earth by the vibratious of pendulums
in differentlatitudes must be considered entirely worthless. The
calculations from those experiments have been based on the
assumption that the effect of centrifugal force in diminishing the
attraction of gravitation on the surface of the earth may be esti •
mated from the radius and the velocity of rotation. With a
given radius and a given velocity of rotation the effect of centri
fugal force can be easily determined in detached bodies, therefore
it has been assumed that the same calculations must apply to tlie
whole mass of the earth. But it will be readily perceived -that ,
the effects of centrifugal force on the surface of trm mvrth must
be very different from its action on a rotating artificial globe,
when it is considered that the earth was once in a state of equili
brium, in which condition particles of matter would be attracted
to it by gravitation in an equal degree in every latitude. The
centrifugal force and the attraction of gravitation would be-,' in
effect, in the same state of equilibrium as two equal weights' in'
the opposite scales of a common balance. If into one of the scales
an additional pound were placed, it would press downwards with
the weight of a pound only, the attraction of the first weight
being counteracted by the equal weight on the opposite sciic.
In the same manner) when the initial centrifugal force- has been
counterbalanced 'by the accumulation of attractive matter 'near
the equator, the < increase of that foroe by the increased rapidity
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of rotation would alone be effective; and to include tbe initial
velocity of rotation in estimating the present amount of centri
fugal force is to commit the same error as to include the original
and equipoised weight in the scale with that of the pound subse
quently added. Yet this is the mistake that has been made in
attempting to determine the figure of the earth from the vibra
tions of pendulums.
Supposing the earth to be in the condition of equilibrium,
and that attempts were made to measure its figure by the vibra
tions of a pendulum, first at the equator and afterwards near
the poles, the results of such experiments would represent the
earth's form to be that of a cylinder, for the vibrations would
be equal in all latitudes. Assuming a small increased velocity
of rotation to be then imparted to the globe, pendulum ex
periments would represent it to be a very elongated spheroid. If
the initial velocity were increased one-fourth, the experiments
might accurately represent the figure of tbe earth; or if, again,
the velocity were further increased, they would represent it to be
an oblate-spheroid of greater eccentricity than it really possesses.
Whatever changes tBe surface of the earth may have under
gone since it received its present spheroidal orm, it must have,
so to express it, a nucleus of equilibrium. The variations in
the attraction of gravitation, therefore, only indicate the excess of
the initial velocity of equilibrium, and the effect of centrifugal
force in diminishing the weight of a body is the same as it would
l>e on a solid sphere, previously at rest, when put in rotation
about its axis with a velocity only equal to that excess. It is
computed that the loss of weight of a body at the equator com
pared with the weight of the same body at the poles is equal
to ij^Trth part of the whole; but, according to my view of the
question, such computations, founded on the radius and the ve
locity of rotation, must be erroneous, because the variations in
the attraction of gravitation are not caused by the initial velo
city of rotation, but only by the excess of centrifugal force above
the previously established equilibrium.
It would have been no sufficient objection to my hypothesis
respecting pendulum experiments had they agreed exactly with
the measurements of the figure of the earth by arcs of the meri
dian. Such an agreement might have been only a remarkable
coincidence, which, as already observed, might take place sup
posing the velocity of the earth's rotation to have been increased
one-fourth after equilibrium of the form had been adjusted.
But the computations of the figure of the earth from the pen
dulum experiments do not agree with measurements of arcs of
the meridian, nor with calculations founded on the ordinary action
of centrifugal force. The disagreement is admitted to be greater
than can be accounted for by supposed errors of observation; and
the attempts that have been made to reconcile the differences have
failed to do so. According to calculation, the attraction of gravita
tion at the equator should be 3-J 5th part less than at the poles, but
according to pendulum observations the difference amounts to as
much as To^th part, the latter fraction exceeding the former by
■gfo. It has been attempted to explain this discrepancy by sup
posing that the globe is denser in some parts than in others, and
by attributing it to the spheroidal figure of the earth, which is
imagined to increase tbe attraction of the rotating globe at the
poles: thus in fact admitting my theory. But the endeavours
to reconcile the observations of the pendulum with the computed
effects of centrifugal force are admitted not to be satisfactory,
and they have, indeed, little foundation but in the desire to make
them agree; for, unless the differences can be reconciled, the
errors are so great, as to be considered fatal objections to that
method of determining the figure of the earth.
It has been stated as an objection to my views of the action
of centrifugal force on the earth, that if bodies were attracted
towards the poles, the water of the ocean would flow there, and
leave the equator dry; but a similar objection would apply equally
to the accepted theory, that the attraction is towards the equator;
for it might be said that in such case the sea would accumulate
there and leave the poles. The objection is not, however, of
much weight in either case, when it is considered that the depth
of the ocean, as compared with the diameter of the earth, is not
greater than the film of moisture that adheres to the surface of
an artificial globe, and that the ocean may therefore be retained
in its present bed by merely local causes.
The greater attraction of gravitation at the poles than at the
equator has, however, there can be little doubt, an important
effect on the comparative densities of the atmosphere over the
polar and equatorial regions of the globe. If the surrounding
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atmosphere, to a height of 50 miles, were a non-elastic fluid,
the spheroidal nucleus of tbe earth, having greater attraction at
the poles, would cause it to assume the figure of a spheroid of
less eccentricity than would be due to the free action of centri
fugal force. The elasticity of the air would however compensate
for the variation of attraction, by increasing the density, instead
of by changing its form, therefore it is reasonable to assume that
the external configuration of the atmosphere corresponds with
that of the earth, and that its normal density is proportioned
to the attraction of gravitation in various latitudes on the surface
of the globe. This hypothesis is to some extent confirmed by
the observed difference of the pressure of the atmosphere at the
equator and in latitudes nearer the poles, which is nearly in the
ratio of the observed difference in the attraction of gravitation.
My theory of the action of centrifugal force on the earth
would, if accepted, lead to further consequences than those I have
indicated. The objections that have been raised to it are based
on a consideration of the action of centrifugal force limited to
separate particles of matter, supposed to be attracted towards a
central point, without regard to the fact that the weight of each
particle consists in its attraction to all other particles of the mass
of the earth, and that any circumstances which diminish their at
traction to one another diminish their weight. No attempt has
yet been made to answer the arguments by which I have en
deavoured to support my theory, and the more I consider them
the more strongly do I become convinced of the correctness of the
views I have explained, and to which I earnestly request -unpre
judiced consideration.
Hampstead, Oct. 15, 1861.
The Late Mr. Henry Austin, C.E.—Oa the 9th nit. Mr. Henry
Austin, civil engineer, died in the prime of life, sincerely re
gretted. Mr. Austin was a pupil of the late Mr. Robert Ste
phenson; and assisted with the drawings for the London and
Birmingham Railway, and the London and Blackwall Railway.
He afterwards accompanied the late Lieut. Waghorn through
Italy, at the time the latter was aranging the Overland Route.
Mr. Austin acted as the honorary secretary of the Society for
the Improvement of Towns, that was founded by Mr. Hickson
and others: and, on the establishment of the first Board of
Health (in 1848), was appointed secretary. He also acted for a
time as joint secretary of the Sewers Commission. When the
duties of the Board of Health were undertaken by the Privy
Council, he was appointed inspector under the new act, and con
tinued to hold that office till he died.
Discoveries at Suez.—The excavations for the canal, it is said,
have led to the discovery at Gizeh of a religious edifice as vast
as the Louvre, and which must have been constructed more
than 5,000 years ago. At Karnack, also, a temple, the circuit
of which is stated to be four kilometres (2j miles), has been
discovered, and another at Edfou, containing twenty saloons.
The walls of these latter edifices are decorated with sculptures,
hieroglyphics, and paintings, still fresh, but nothing is said as
to their character.
New Tunnelling Machine.—A machine for the purpose of
tunnelling in rock, &c, is now making at the works of Hawkes,
Crawshay, & Co. It is a ponderous machine, weighing about
50 tons, to be driven by steam-power, and intended to form a
tunnel from 11 feet to 30 feet diameter. It is the patent of a
Mr. Roberts : it is nearly completed, and will shortly be prac
tically tested in the Claxton's Quarry, Gateshead.
A Machine for making Concrete.—A simple machine for this
purpose is used in Germany. It consists of a cylinder 13ft
long and 4ft. diameter, open at its ends, and turning upon an
axis inclined to the horizon. The stone and the mortar are
thrown from a barrow into a hopper, which delivers them into the
cylinder at its upper end. The mixture is effected by the
rotation of the cylinder, whose lower end delivers the betou
either into barrows or cars. The interior of the cylinder ia
smooth, and lined with sheet iron ; the proportion of the mate
rials is made by regulating the number of barrows of mortar and
those of stone cast into the hopper. At one place the cylinder
was inclined to the horizon one-thirteenth ; it made from fifteen
to twenty turns per minute, and the mixture was perfect. The
cylinder was diiven by a belt passing directly over its outer
surface. Motion was given by an engine which worked at the
same time a strong mortar mill. This machine easily made from
104 to 131 cubic yards in ten hours.
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ST. MARTIN-ON-THE-HILL, SCARBOROUGH.
{With an Engraving.)
This Church, of which we give a perspective view from the
north east, is now in course ot erection on the South Cliff, Scar
borough. The walls, both externally and internally, are of
Whitby stone. The plan comprises a nave 92 feet by 25 feet,
with aisles 12 feet wide; a chancel 30 feet by 23 feet, with an
aisle on the north and south, in the latter of which the organ is
to be placed. The chancel arch will have jasper shafts. The
fittings will be of oak throughout. It is proposed that the sub
jects of the painted windows, as they can be put iu, shall be
arranged as follows:—In the west end, iu two lancets, Adam and
Eve in Paradise. In the windows along the north aisle, begin
ning near the entrance of the Church, single figures of Old
Testament characters, prophets, kings, and judges. In the
window in the east wall of north aisle, St. John the Baptist, and in
the windows along the south aisle, figures of New Testament
and other Christian saints, ending with St. Martin, who gives
name to the Church. In the east window there will be the
Crucifixion in the centre light, and subjects from the parable of
the Heir in the side lights—" At last He sent His Son." In the
west gable, high up, there will be a large rose window containing
the subject of the Last Judgment. The east window is in hand,
and will be the work of Messrs. Morris, Faulkner, and Co. A
commencement will be made with the aisle windows. A lady in
Scarborough, Miss Mary Craveu, has generously made herself
responsible for the contract. The accommodation is for about
800. The architect is Mr. G. F. Bodley, of Upper Harley-street,
London; and the contractor is Mr. Kirby, of Scarborough, Mr.
Peacock executing the stonework. The contract is for rather
more than £6000.

THE STATICS OF BRIDGES.
(Continued from p. 320.)
It is hoped that the examples that have now been given will
have made the constructive method of deriving the Line of Pres
sure from the moments sufficiently plain. Dividing the arch
and its load into sections at equal horizontal intervals, the suc
cessive addition of the weights of the sections from the crown
downwards gives a series of numbers which may be called either
aggregate weights (doubled), or coefficients of moments. The sum
of these numbers multiplied by half the common interval gives the
moment with which the semi-arch ponderates about its abutment
as a fulcrum. The numbers themselves give the proportionate
distances between the ordinates in a diagram for displaying the
outline of the arch in such a manner as to transform the line of
pressure into a straight line. Each step in the process is capable
of an easy check, to prevent the possibility of error.
Although the method has been exhibited as a constructive one,
it can be equally well employed in calculation, and the ordinates
of the Line of Pressure (given any two points through which it
passes in the semi-arch) can be reckoned by means of the moments
to any degree of accuracy that may be desired. It must also be
remarked that on the diagram for displaying the arch that Line
of Pressure can at once be fixed upon which satisfies any conditions
that may be proposed. The line that passes through the centres
of the joints at crown and springing can be obtained quite as
readily as the line that gives points of rupture, and from the
same diagram. We have already stated reasons for preferring,
in masonry arches, the adoption of the Line of Pressure that gives
points of rupture, and this is the Line that has been shown in the
examples given; but the method is not limited in its application
to this or any other special hypothesis.
The examination of the displayed extrados and intrados of an
arch will always be very instructive, as any point of weakness in
the design will at once appear. A curling up at the crown is an
evident sign that the curvature of the arch should be flattened at
that point. A rapid drooping towards the springing indicates
that a stronger arch could be constructed for the same rise by
making the curvature flatter below the haunches. Generally, it
will be useful to observe that the form of an arch is best fitted to
its load when the displayed extrados and intrados (the latter
especially) differ least from straight lines.
The question may suggest itself whether the Line of Pressure
found according to the process that has been illustrated iu detail
is really the same Line that is obtained either by the help of
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centres of gravity or by the less obvious steps of mathematical
investigation. The answer is, that however widely the methods
differ, their results are identical.
An examination of Fig. 27 will make it readily understood how
we are enabled to dispense with the fiuding the distances of the
various centres of gravity, and to obtain by simple addition the
moments which actually contain these distances as factors. On the
left of the centre line C 0 is shown a curve of which the ordinate
at any point represents the total load from that point to the
crown, for the semi-arch given in Figs. 17 and 19 (ante pp. 225-6).
The numbers 1, 2, &c, to 13 mark the equal horizontal subdivi
sions of the half span answering to the same numbers in the
diagrams just referred to. The area of the figure bounded by the
curve, its extreme ordinate at 13, and the base line 0 13, may be
easily ahown* to be equal to the moment of the semi-arch, or the
product of its weight and the horizontal distance of its centre of
gravity from the springing (or from 13). The successive areas of
the notched rectangles which are set up on the bases \ 1, 1 2, &c,
v«

Fio. 27.

to 12 13 are equal to the numbers for the "moment of each sec
tion " in the 4th column of the table on p. 225. The sum of these
numbers is therefore equal to the sum of the notched rectangles,
which is equivalent to the area bounded by the curve, or to the
moment of the semi-arch.
On the right of the centre line is shown the resolution of the
same area into horizontal rectangles, the area of which are equiva
lent to the products of the weights of the respective sections and
the distances of their centres of gravity from springing. It will
at once be seen that simple summation on the left accomplishes
what thirteen multiplications are required for on the right.for the
reason that the intervals are equal in the first case and unequal in
the second. It will also be seen that by the vertical method of
subdivision followed on the left we get directly the moment of
any portion of the loaded arch (as from 10 to 0, or from 10 to 2)
about its lower joint; while this would involve a fresh calculation
according to the system shown on the right.
That the Line of Pressure derived from the curve of moments
must coinoide (two points in common being given) with Mr.
W. H. Barlow's " Curve of Equal Horizontal Thrust," might
safely be inferred from their being alike curves of equilibrium for
a constant thrust. But it may be satisfactory to show that Mr.
Barlow's method of constructing the curve (ante p. 224, Fig. 10)
makes the ordinate everywhere proportional to the moment, and
thus identical with the ordinate obtained on the system of con
struction adopted in these pages. It appears on examination
that since hn is equal to hb, while mn is to lb as the weight of the
portion oqH is to the weight of the half-arch AB, the tangents of
the angles which plan and ahl respectively make with the horizon
must be as the weights of 07B and AB. It follows that the
vertical rise from p to k (which is equal to the rise of the Line of
Pressure from the joint at p to the crown at 6) is as the weight of
oqB multiplied by the horizontal distance between p and g (the
centre of gravity); and this product is evidently equal to the
moment of 09B about the joint at p. And it also follows that the
vertical rise from a to A (which is equal to the total rise of the
Line of Pressure) is as the weight of the half-arch AB multiplied
by the horizontal distance between a and G (the centre of gravity)
a product which is equal to the moment of the half-arch. It is
thus apparent that the rise of the part of the curve contained
iu any section of the arch (as o<fB) is to the total rise as the
moment of that section is to the moment of the half-arch. And
consequently the ordinates of Mr. Barlow's curve will be every
where proportionate to the moments, thus following the law
which we have applied in a direct manner to the determination
of the Lino of Pressure.
See the construction ou the right of the centre line, referred to in thp next paragraph.
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It remains to point out the algebraical properties of the Line of
Pressure as derived from the Curve of Moments. And these will
be found to be identical with what have long been recognised by
mathematicians in the Line of Pressure as determined byanalysis.
Let R be the total rise of the Line;
T the Horizontal Thrust; and
M the Moment of the Semi-arch.
M
ThenExT=M, andT = K
Moment of Semi-arch.
Or, Horizontal Thrust =
Rise of Line of Pressure.
Taking the crown as the origin, let x (horizontal) and y (verti
cal) be the co-ordinates of the Line at any point;
/ being the total load from the crown to the same point;
in, the moment of the corresponding portion of the arch;

Then,yxT=m: .-. y= ^ =- J Idx

.. (A)

Or, rise of Line of Pressure is equal to Moment of Load divided
by Horizontal Thrust. Differentiating both sides of (A), we
obtain the following equation:—

dl-i

(B)

dx~ T

v ;

From whence it follows that the tangent of the angle made by
the tangent of the Line with the horizon is everywhere equal to
the load, measured from the crown, divided by the Horizontal
Thrust.
Since the Resultant pressure at any assigned point may be
resolved into the Horizontal Thrust—T, and a vertical element
equal to the load supported, or=/, the direction which the above
equation fixes for the tangent of the Line of Pressure is identical
with the direction of the Resultant. The Resultant pressure
must therefore be everywhere in a parallel direction to the Line
of Pressure, even in cases where they do not coincide.
The differentiation of both sides of the equation (B) gives the
following equation:—
dl

d*P=dv
dx2

(9

x

— being the rate of loading at the distance x from the crown.
"We infer from (B) that a concentrated load at any point will
be attended with an abrupt change of direction in the Line, since
the value of / will suddenly increase, and there must there
fore be two values of —■ , and consequently two tangents meeting
in au angle at the point where the load is placed; and also
that when there is not a concentrated load at the crown of the
Line of Pressure the tangent at that point will be horizontal.
From (C) it follows that when there is no concentrated load at
the Crown the Radius of Curvature of the Line at the Crown is
equal to the Horizontal Thrust, divided by the Rate of Loading.
do
For — at the crown will in this case be=0, and consequently
the Radius of Curvature will be-

1
, which expression is
d-y
dx*

dl
Thrust
Thus, if the Horizontal Thrust is
— — or= ^r
fa
Rate of Loading.
200 tous, and the rate of loading per foot forward at the Crown
5 tons, the Radius of Curvature of the Line of Pressure will be

= 24°=40feet.
o
But we must be careful not to confound the Curvature of the
Line of Pressure with that of Intrados, as these are not neces
sarily the same, and may be very different. On the assumption
that these curvatures are equal, the product of the Radius of
Intrados and the Rate of Loading at the Crown is sometimes
taken as being equivalent to the Thrust. This must be regarded
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as empirical, although in a well-proportioned arch it will often
be not very far from correct.
The algebraical properties of the Line of Pressure above given
will at once be seen to be those of a Curve of Moments drawn to
a definite vertical scale suited to the multiplier -=r : that is to
say, a vertical scale on which a moment=T will measure the
same as 1 foot on the horizontal scale.
The following equation expresses the general relation between
the radius of curvature of the Line of Pressure at any point and
the rate of loading:—
Radius of curvature,
dt\
dry
rf.r

=('+lf)lx I
, neglecting sign
dx

Or, Radius is equal to Thrust multiplied by the cube of the
secant of the angle of inclination with the horizon, and divided
by Rate of Loading.
The above result exhibits a sufficiently well-known property of
the Line of Pressure. The equation is sometimes, but inaccu
rately, made use of as applicable to the curve of intrados, and
deductions have been made from it as to the form of extrados,
when the line of intrados is a semi-circle, or other known curve.
Having now established the fact that the line obtained by our
constructive process has all the essential properties (as exhibited
in the foregoing equations) which mathematical investigators
assign to the Line of Pressure, we need no further proof that the
lines are identically the same, however distinct the methods by
which they may have been arrived at.
In treating one line as the true index of the state of compres
sion of an arch, and the just resultant of the pressure which in
reality is diffused over the joints of the vaussoirs, it must not be
forgotten that a certain very important condition has been taken
for granted. We have assumed that each voussoir is entire, and
fitted to receive a resultant pressure at any point and transmit it
■ equally well iu any direction. This condition ceases to be a
matter of course in an arch composed of short voussoirs, ring
above ring. Special care is therefore demanded in such cases,
both in the cement and iu the vertical bond, in order to secure
the action of the compression on the arch as one deep ring rather
than a bundle of smaller ones. If there were no cohesion binding
the component rings, each must of course have its Line of Pres
sure, which, being contained within the narrow limits of that
particular ring has of course a diminished rise. The aggregate
thrust would therefore be much greater than if the voussoirs
were either entire or connected by effective vertical bonding.
But this is not all. There is another important element in the
question, to explain which we must for the moment set aside the
convenient and venerable fiction of the incompressibility of the
voussoirs.
Each voussoir has a neutral axis. The Line of Pressure will
pass above these neutral axes towards the crown, and below them
towards the springing. The departure of the Line of Pressure
from the neutral axis imposes a strain upon the voussoir of the
nature of transverse strain, the measure of which is the product
of the Horizontal Thrust and the vertical distance between the
Line of Pressure and the neutral axis. This may be more readily
perceived if we resolve the complex action that takes effect in the
voussoir into two distinct actions, of which simple or uniform
compression is the first. Consider, then, the voussoir as first
sustaining uniform compression : the resultant thrust will there
fore pass through the neutral axis. But the Line of Pressure is
(let us say) one foot above the neutral axis, and the resultant
thrust being therefore one foot below the Line of Pressure (i.e.,
that much below the position that would give equilibrium), has
not sufficient leverage to balance the moment of the load. The
load will therefore continue to preponderate until it has (so to
speak) squeezed out of the voussoir a supplementary moment of
reaction to make good the deficiency. This supplementary
moment must be equal to the product of the Horizontal Thrnst
and the vertical departure (1 foot) of the Line of Pressure, and it
is thrown on the voussoir in the form of a transverse strain,
causing (in the case we have imagined) compression above the
neutral axis and extension below; so that it tends (in its measure)
to bend the voussoir in such a way as to flatten the intrados. It
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will not generally follow that there is actual tension in the lower
half of the voussoir, or even at its extreme edge; because a com
pression is at the same time taking effect at the neutral axis.
The joint effect of these simultaneous actions will be a reduced
rate of compression towards intrados, and an intensified rate of
compression towards extrados. Of course, if the Line of Pres
sure had fallen below the neutral axis the result would have been
the reverse.
Now, to sustain this inevitable transverse strain properly, each
voussoir should be in a single piece, its depth being the entire
distance between intrados and extrados. This becomes the more
important as we approach the Points of Rupture, where the
If the
transverse supplementary strains become greatest.
voussoir is divided in its depth into two, three, four, or more
pieces, the intensity of the forces arising from the transverse
strain will be twice, thrice, four, or more times increased, just
as two or more planks placed one upon another will be more
severely straiued under a given load than a solid beam containing
the same total depth of timber. In proportion, therefore, as we
strengthen the vertical bond and approach the condition of a
solid voussoir, we abate those intense partial compressions which
throw such severe local strains on the material in addition to the
general thrust.
In arches of brickwork this becomes the more important in
proportion as the number of rings is increased. Mr. Brunei's
bridge over the Thames at Maidenhead furnishes a most instruc
tive example. This bridge consists of two elliptic arches, each of
12S feet span and 24 ft. 3iu. rise; thickness at crown, 5 ft 3 in.
It was first built of brickwork in mortar, but on slackening the
centres the bridge was found absolutely too weak to stand alone.
The arches were reconstructed with cement instead of mortar,
and the result is a stable structure, which has now for sixand-twenty years sustained the traffic of the Great Western
Bail way.
Here the nature of the cement employed made all the difference.
Siuce mortar is longer hardening than cement, a greater settle
ment might be expected in an arch where the former material
was used, merely from the closing up of the joints. But this of
itself would not account for the complete failure of the arch,
which shows that the bricks must have undergone a destructive
pressure. The secret of the success of the second experiment is
evidently to be sought in the superior adhesion and tenacity of
the cement, which accomplished what the mortar could not effect,
by bonding together the rings of brickwork, and thus renderiug
the arch which they composed little (if at all) inferior to one with
entire voussoirs.
While upon this part of the subject, it may be useful further to
inquire into the intensity of the marginal strain thrown on the
voussoir, as measured by the supplementary moment of which
mention has been made.
Let D = Departure (measured vertically) of Line of Pressure
from neutral axis;
d =: depth of voussoir;
a — area of joint of ditto;
T ^Horizontal Thrust ;
t(= - 1= average intensity of Horizontal Thrust;
<+c=:intensity of Horizontal Thrust at margin of voussoir.
Then the Supplementary Moment causing transverse strain on
the voussoir is = Tx D, and we want to determine t-\-c or (since
t is known) simply to determine c, in terms of D.
In the absence of a special knowledge of the material of the
voussoir, we may assume that the elastic reaction is proportionate
to the compression. On this supposition, the moment of resistance
cx.ad
about the neutral axis=—jo • . It must be observed that while
half of this moment is created by a gradual increase of the
average compression on the one side of the neutral axis, the
other half is due to a corresponding diminution of compression
on the other side. Thus the intensity of horizontal compression
is t-\-c at the margin nearest the Line of Pressure, t — c at the
other margin, and t at the neutral axis.
The Supplementary Moment (= TXD = ty.aD) must be
equal to the above moment of resistance t = —-— ) ; and from
this it appears that
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(XD=cx
.1)
and consequently c = 6 -r- X t ;

and t+c = (1+8 j J X t is the intensity of compression at the
margin of the voussoir.
Or, to find the amount by which the intensity of horizontal
compression at the margin of the voussoir is increased, multiply
the average intensity (t) by 6 times the vertical distance of the
Line of Pressure (X6D) from the centre of the voussoir and
divide by depth of voussoir (-r-rf). All dimensions taken in feet.
It follows from this law that in a dry arch of compressible
voussoirs the Line of Pressure cannot approach nearer to the
margin of the voussoir than Jrd of its depth, /or =■)■

For when

this position is reached the compression at the further margin

vanishes (being

-{-4}

t = 0), and no further moment

of resistance can be given out without actual tension. Any fur
ther departure of the Line of Pressure from the neutral axis
than £th of d would therefore (in the absence of cement) open
the joint. It will also be seen that in the cemented arch the
contact of the Line of Pressure with intrados or extrados
imposes on the voussoir a compression at one margin amounting
to four times the average compression, and creates a tension
on the stone and cement at the opposite margin of half the
amount. One-third of the entire joint would in this case be in
tension.
We cannot absolutely apply the theory of a dry incompressible
arch to the actual case of a cemented arch of compressible mate
rial, so far as to say that the Line of Pressure really touches
either intrados or extrados. Still, the preceding considerations
have their weight, as makiug it additionally apparent how much
the quality of the cement, as well as voussoirs, may have to do
with the stability of a bridge. As an extreme case, we may re
fer to Sir Isambard Brunei's semi-arches constructed, without
centres, in brick laid in mortar with bond of hoop iron aud fir,
which stood simply as brackets, one of them extending as far as
60 feet from its pier.
We have now pursued the examination of the arch as far as
seems necessary to give such a general notion of the theory as
may be practically useful in the construction of masonry bridges.
If we have at all succeeded in what we intended, we have a com
paratively short and simple (although correct) process, by which
any one who is able to take out the quantities of a bridge, and to
estimate their weight, will find little difficulty in drawing the
Line of Pressure on the arch, and finding from it the amount of
Thrust, and whatever else it may be needful to know. We hope
also that the more scientific reader will have seen that our ready
method is established by close and careful reasoning, and that if
we have taken new paths we have not forsaken old truths. Those
who would acquire a thorough knowledge of the arch will never
get it from books alone, and we cannot pretend to give it them.
We have only shown them an alphabet, with the aid of which
they may spell out their learning from actual structures and the
practical experience that is gained from real work.

FOREIGN PUBLICATIONS.
Die Mittelalteriieken Kttnstdenkmale Dnlmatiens, by Professor
Rudolf Eitelberger von Edeiberg. Vienna, 1S61.—Few more
iuterestiug foreign publications than the volume the title of
which we have just quoted have come under our notice. The
shores of the Adriatic have been comparatively little explored for
architectural purposes; and this work gives us some idea of what
is to be found in a district no better known to us than is the
East of Italy, aud which, with all their wanderings far and near,
most of our architectural travellers have omitted to visit
Dalmatia, a province under Austrian rule, and on the frontier
of the Turkish Empire, stretches along the eastern coast of the
Adriatic for a considerable distance, and five of its principal
cities—namely, Arbe, Zara, Trau, Spalato, aud Ragusa, have
furnished the materials for the volume before us, which is illus
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trated by a very readable description, in German, and by some
twenty plates and more than a hundred wood cuts. A descrip
tion of Romanesque work furnishes the larger portion of the
subjects for illustration, although one of the most interesting
buildings described is the magnificent campauile at Spalato, of
which the lower stories are Roman work, and display a rich
ness and taste and ingenuity not exceeded by any of the better
known fragments of Roman monuments with which we have
been familiarised by travellers. The upper stories of this tower,
Romanesque indeed, but harmonising most admirably with the
Roman work, are not the least interesting of the objects repre
sented in the work. The travelled architect turning over the
pages of this book will find himself reminded of many very
different localities and their peculiarities, as though the
Romanesque style, which has acquired a certain local colouring
in the different spots where it lias flourished, had here been
from some peculiar combination of circumstances thrown into all
the varied forms of various, and often distant provinces. For
instance, at Zara we have a fa9ade such as recalls forcibly all the
best features and peculiar arrangements of buildings at Pisa;
from Arbe we get a campanile containing certain forms which
were far more prevalent in the South of France than else
where; and from Trau we have a doorway reminding one a good
deal of English Romanesque, such, for example, as that at Ro
chester. The plates are very well got up, and include, besides
what we have alluded to, examples of a later style, closely re
sembling Venetian -Gothic specimens of jewellery work, carvings,
and other matters of detail. We strongly recommend it to
students of early architecture.
Hfvue Ghihale..—A very remarkable part of this journal has
lately appeared, comprehending four monthly numbers, and with
contents of a nature seldom attempted in any periodical. The
larger part of the issue is devoted to the late competition for the
Paris Opera House, and includes a full account of that under
taking, illustrated by plans, sections, and views of no fewer than
eighteen of the designs submitted, the whole being so complete
as to form a valuable manual of reference for those who propose
to engage in the arduous task of the preparation of designs for a
large theatre. Mr. Daly criticises the circumstances and condi
tions under which the competition was first opened very minutely
and temperately, and compared it with the competition in London
in 1857 for the public offices. Here, by-the-bye, he curiously
enough commits an error in the names of the judges, David
Roberts being entitled member of the Royal Institute of British
Architects, in place of member of the Royal Academy; and the
name of Mr. Burn, the architect, who was one of the judges, and
upon whom, with Mr. Brunei, fell much of the labours of the
investigation, is left out. The advertisement and programme
which invited preliminary designs or sketches, and not com
pleted designs for the opera, are given in exlrnm; and, short as
was the time allowed for the preparation of plans—only one
month —no fewer than 171 designs were sent in, forming a thou
sand drawings, computed at a value of from two to three hun
dred thousand francs (£8,000 to £12,000). Out of these designs
five were chosen, and among the authors of these five a second
competition took place. These gentlemen were Messrs. Ginain,
Crepiuet and Bntrel, Garnand, Due, and Gamier, two of them,
M. Crepiuet and M. Boti-el, having been prizemen in the English
competition. The second competition was based upon an elabo
rate programme prepared with the utmost minuteness—a docu
ment that cannot fail to be always of value to the architectural
profession—this also is given in full in the Rivue. The result of
this final competition was that the design of M. C. Garnier was
unanimously chosen, and is, we presume, being carried out. The
illustrations of this competition comprise the plans of all the 18
designs chosen by the editor for this purpose reduced to a small
and uniform scale and excellently engraved on wood, aDd many of
them present brilliant examples of that skill in planning for
which our French neighbours are so famous. Of the five
premiated desigus in the competition, ouly two are engraved, and
the successful design do not appear, nor, so far as we can make
out, any other of the five submitted in the second competition.
It is to be hoped that all these will hereafter be published; but
in the meantime architects will find the selection actually given
to exhibit great talent. English architects will find especial in
terest in the design which is the joint work of Messrs. Crepiuet
and Botrel, who have both, as has already been mentioned,
achieved distinction in our own country. The elevations, sec
tions, and views furnished are not of equal interest with the plans,
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nor of the same degree of excellence; they are given only in cer
tain cases, and, for the most part, are engraved on steel.
The ' Dictionnaire de CAcademie des Beaux Art).'—'Dictionary
of the Academy of Fine Arts' is a publication to which it is
desirable to draw attention. It promises to be a voluminous
and valuable work, and will embrace explanations of all
the words belonging to the teaching, the practice, and the his
tory of the fine arts. It is illustrated by engravings on steel,
and appears, so far as the specimen before us is concerned, to
have a decided leaning to Classic rather than to Mediseval art.
A very well written though brief treatise on acoustics, as applied
to buildings, occurs among the words under the letter A.
II Giornale del Ingegncr, Arcliitetto, ed Agrouomo.—' The Journal'
of the Engineer, Architect, and Land Agent' is a periodical, the
very existence of which cannot fail to interest our readers when
we state that it is an Italian periodical published at Milan, and
is now in its ninth year. It appears to be published in bi-monthly
parts, each containing two numbers, comprising some 120 octavo
pages and a few illustrations, and the price of publication is very
moderate. The illustrations are but indifferently executed; the
letterpress is, however, respectable, but the papers seem most of
them too lengthy to admit of our extracting one entire as a speci
men. The fact of such a journal having existed for eight years
during the Austrian occupation of Lombardy is very interesting;
and we look forward to the possibility that, with new activity
aroused in a country long since famed for the skill of both its
engineers and its architects, we shall hear of great architectural
and engineering works, and shall find in this journal a description
and a record of tbem. We find, among the original articles, some
on existing architectural works—such as the cathedrals of Casale
and Novara—others treatiug of the tine arts theoretically, and
others on various matters of railway and hydraulic engineering.
Extracts from other periodicals, and digests of their contents, are
given to a considerable extent, and a great deal of miscellaneous
information; the whole being, however, well adapted to inform
Italian readers of the course of works in adjacent countries. We
shall take another opportunity of saying a few words relative to
those articles in the Giornale, which gives accounts of works
actually in progress—or works in contemplation—in the Italian
kingdom.

HIGH SPEEDS ON RAILWAYS.
The lamentable experiences of the year now drawing to a close
seem to have brought home to most minds a feeling of something
wroug in the system or working of railway traffic. Without any
well defined general conviction as to where the fault lies, or in
what way the evil may be abated, there is a very prevalent sus
picion (at least) that railway travellers in this country are at the
present day exposed to an amount of personal risk, not only for
midable, but excessive, and such as might be and ought to be
avoided.
Upon the subject of " High Speeds" Mr. George Robert Ste
phenson, C.E., has recently addressed an able letter to the Presi
dent of the Board of Trade. On such a subject the expression
of any clearly-formed aud positive opinion cannot fail to com
mand a hearing. The opinion of a man who may be presumed
to have a special acquaintance with railway matters claims further
to be listened to with respect, whether we are prepared at once to
adopt his couclusious on every point or no. Mr. Stephenson in
dicates high speed as the main cause of the increase of railway
accidents. He is entitled to the more attention in assisting snch
a view when we reflect that it is diametrically opposed to the
bias of his own personal interests, he being one of the largest
constructors of locomotive engines in England. The issue is
joined in the opening sentence without hesitation or compromise
—"The time has arrived when, in my opinion, public attention
ought to be directed to a subject which involves an immense
sacrifice of life aud property. I refer to the excessive speeds
which are being employed on our railways.
Mr. Stephenson thus defines what he considers implied " high
speed"—
" High speed upon any particular line of railway does not alone
mean the high speed of any one express or special train. The
high speed of one train in the course of a day involves, it is to be
remarked, the increased speed of all the trains upon the line and
system on which the one train works. Just as the steepest gra
dients upon a line govern the weight of a train which is to be
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drawn along that line for its whole length, so the speed of the
fastest train must govern and regulate the speed of every other
train that runs upon its line."
Here Mr. Stephenson demonstrates the probable danger conse
quent upon a mineral train being followed by goods and ordinary
passenger trains, all hastening to avoid being overtaken by a high
speed train; the mineral train having to bo accelerated at inter
vals, and shunted at great risk of danger. Again, in the same
pamphlet Mr. Stephenson says :—
" On any line well supplied with traffic the circle is kept up all
the day round, and all the day round the lowest speed must be
governed by the highest. On the London and North Western
Railway, for example, there are upwards of 1,100 trains of every
description ruuning every day over their lines. It is obvious
that the speed of each of these betweeu stations must be regulated
by the speed of the trains immediately preceding and immediately
succeeding, and that the speed of the whole must be governed by
the speed of the fastest traiu whicli runs upon the line.
" High speed, it is also to be observed, implies irregular speed.
"Velocity, as we all know, is ruled by gravity; and the same velo
city cannot be attained with the same load over an inclined
plane that can be attained over a horizontal line. When the
speed of a train, therefore, is taken at an average of say forty
miles an hour, by as much as that speed is necessarily diminished
over certain portions of the line, by so much will it be increased
over other portions. The high speed which averages forty miles
an hour thus inevitably becomes an excessive speed of fifty, fiftyfive, and even sixty miles an hour upon certain portions of the
line traversed. In the case of an accident which I shall hereafter
refer to, a train, timed to run at an average rate of less than forty
miles an hour, was reported by one of your inspectors to have
been travelling at the time of the accident at fifty-five miles an
hour, if not more."
High speed is taken, first, to imply irregular and excessive
speed; and, second, to necessitate increased and needless velo
cities over the whole system on which such speeds are em
ployed."
If it were attempted to find a limit to the speed that may
be employed on straight level well-laid rails with wheels pro
perly placed and coned, the task would be found an exceedingly
difficult one, requiring extensive experiments and much sound
calculation. A belt remains on a pulley at very high velocities
when the belt is properly adjusted and the .pulley rightly coned;
if the pulley was cylindrical the belt would soon run off. Now,
a railway may be considered an iron belt, but stationary, while
the coned wheels act the part of the pulley, but moveable. As
the belt in this case is not elastic, the middle is taken out, the
two rails remain and operate upon the same principle as if the
belt were complete. The middle of the pulley being dispensed
with, flanges often very clumsily make up the deficiency.
The first pair of wheels of a carriage is kept to the iron belt,
and steered by the last pair on a straight level railroad. While
it involves no risk to travel at the rate of 120 miles an hour,
the road being clear, straight, and level at all points, with wellconstructed carriages and properly coned wheels, the risk be
comes very great to travel at the rate of 50 miles an hour when
the road is composed of straight lines and circular arcs, and at
the same time passing over all sorts of gradients.
We contend that no portion of a railway should be composed
of straight lines and circular arcs when a uniform speed of 50
miles an hour is to be employed. Without at present entering
into the investigation of the curve and the proper coning and
disposition of the wheels to suit different speeds, it is easily
shown that a track composed of straight lines and circular arcs
is not a safe one when the velocity is high, say more than 38 miles
an hour. Supposing, however, that perfection in the permanent
way and the wheels for high speeds be obtained, how long would
this theoretical state of perfection last ? We apprehend that in a
short time the excessive wear and tear due to the mass of a rail
way train moving at such high speed would reduce the most
perfect railway to a state bordering on dilapidation.
But the science of the subject has little to do with the mercan
tile question or practical workiug of existing railways well
described by Mr. Stephenson. He says:—
"The few need very occasional opportunities of reaching very
distant places with excessive speed. The many require very
frequent opportunities of reaching neighbouring places with
moderate speed. Now, the excessive rate of speed of one or two
trains, which of necessity increases the expedition of all the trains
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upon the system, of equal necessity diminishes the opportunity
of running stopping trains. Thus, the high speed of one or two
trains carrying a few passengers 200 or 300 miles precludes a
railway company from developing its local traffic; and thus the
most profitable part of a railway company's business is lost upon
those lines on which high speeds prevail.
Two illustrations may be given in proof of this position. The
London and Brighton has through trains running at high speeds.
It also has acquired a very heavy local traffic betweeu London
and the Crystal Palace and intermediate stations. But at what
cost has it maintained its high-speed trains conjointly with its
local traffic ? Why, at a cost which virtually sacrifices all the
profit its local traffic would produce. In order to maintain its
high speed trains, the London and Brighton has been obliged to
lay down other lines of rails for its Crystal Palace traffic. It
has, in fact, constructed for this traffi c a new railway and a new
entrance into London. The construction of this new railway and
new terminus has absorbed a new capital, and the absorption of
that new capital has prevented any corresponding increase of
dividend to the Brighton Company. Thus the traffic which
might have been, and which was expected to prove so profitable
to the Brighton Company, has been sacrificed to preserve high
speeds. So with the Loudon and North Western. The London
and North Western has been gradually developing a most
enormous mineral traffic. It now brings to London no less than
500,000 tons of coals a year. But this mineral traffic, it is found,
cannot be conveniently carried on together with the high-speed
traffic of the line. The London and North Western Company
has, therefore, been compelled to lay down a new line of rails for
its goods traffic in London. That new line of rails involves outlay
of new capital. The outlay of new capital absorbs the increased
dividend which would otherwise accrue to North Western share
holders from their largely increased revenue from minerals and
goods. And all this results from the necessity of maintaining
the high speeds.
High speeds, therefore, involve great outlay of capital in order
to preserve and to work trafic which is inconsistent with high
speeds. But the outlay of capital is not the only evil consequence
resulting from high speeds. High speeds necessitate large addi
tions to working expenses. I use the words " large additions"
in the most ample sense those words imply. All who are inte
rested in railway enterprises know the importance of working
expenses. They absorb half, and sometimes more than half, the
receipts of a railway. But working expenses are most inordi
nately increased by high speeds. There is no item of working
expenses which high velocities do not largely add to. Take, in
the first place, the engine. To attain and to maintain high
speed, the engine employed must be of excessive power—excessive
power implies great size. To attain great speed the first essential
is great evaporation. Great evaporation can only be attained
from a great heating surface. A great heating surface necessi
tates large boiler space. Large boiler space necessitates a largesized engine; and large size in an engine necessitates correspond
ing strength and weight in every part of the machine. But this is
not all. To afford a large amountof heating power a large quantity
of fuel is requisite; and this large quantity of fuel requires a cor
responding means of conveyance—this implies a large tender.
A large tender, holding a large supply of fuel, implies a heavy
draught; and in proportion as the draught of this dead weight is
increased, by so much must the weight of passengers and goods
be diminished. Here, then, you have not only a heavily increased
first outlay upon an excessively large engine to work a train at
high speed, but you have a perpetual outlay upon the working
expenses of that engine, accompanied with a corresponding
diminution of the profit of the train which the heavy engine
draws.
If these were the only additions to working expenses result
ing from high speeds, railway companies might bear the outlay.
But it is to De borne in mind that the working of an excessively
heavy engine at an excessively high speed necessitates a cor
respondingly strong road. What ordinary permanent way can
be expected to bear an engine and tender of fifty tons weight,
rushing over it with a traiu at the speed of fifty milea an hour?
To carry such a train the permanent way must not only be of
the highest character and in the most perfect state of repair, but
the rails should be of extra weight, and should be laid with all
the best appliances conducive to their strength. When we hear
of ' fished joints, ' and of a hundred other recent improvements
for permanent way, what is meant but better arrangements for
76
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high speeds ? But those arrangements only require outlay; and
by as much as such outlay increases working expenses, so much
do shareholders' profits diminish.
But, even under the most perfect system, high speeds neces
sarily prove an enormous source of loss to railway companies in
the form of working expenses. Under the head of 'Renewals of
Permanent Way, and Rolling Stock,' shareholders pay largely for
high speeds. It is not only that the rails are worn aud torn by
the action of the heavy engines and carriages travelling at these
immoderate rates, but they are literally ground by the application
of the ponderous breaks which are applied to check high speeds
on approaching stations, in descending gradients, aud on other
occasions. Nor is this source of expenditure limited to the
results occasioned by fast trains. Every other traiu that is
forced to escape the fast trains by shunting into a slidinginvolves
the company in a certain charge for repairs and renewals by that
very act. Next to high speed, nothing is so injurious to rolling
stock as shunting. The carriages and trucks are knocked against
each other with great violence, and are inevitably damaged by
the concussion. The wheels also are knocked against the rails
and points, which receive inevitable and permanent damage
thereby. The larger and heavier the train to be shunted, the
greater is the damage. And not only do the carriages, the wheels,
the rails, and the points suffer, but the engine and tender, which
have to perform this violent act of shunting a traiu backwards
into a siding, must of necessity be injured. The act itself consists,
in fact, of a series of percussions, and whilst every shock inflicts
injury, is is obvious that the force of the concussion operates the
most severely on the delicate though powerful machine which
has to inflict the blow. Nor do wear and tear comprehend the
only losses which shunting occasion. There is the loss of time
occupied in the operation—often a very serious loss; and there is
the loss involved in the expenditure of power—an expenditure, be
it observed, which does not advance the train one inch in the
direction in which it ought to go.
In every other item which enters into working expenses, it is
obvious that the outlay must be greater in respect of the high
speed than of any other traiu. The carriages must be of the best
character, and in the most perfect condition. The guards aud
drivers must be the best and most skilful servants of the com
pany. The train must be better attended to at every station at
which it touches. In every item of outlay the high speed train
costs more iu proportion, in fact, to work than any other train
upon the line. Who pays for this additional expense I The
train can carry no goods, no parcels, no carriages, no horses, and
only a limited number of passengers. In certain of these fast
trains the passengers used to pay a small and inadequate addition
to their ordinary rate of fares; but even this, it would seem, is
now objected to, for the limited mail to Scotland (the fastest
traiu in the world) now carries its passengers to Scotland at first
aud second ordinary fares."
It cannot be disputed that high velocities entail a high rate of
working expenses, as we find Mr. Stephenson insisting. We can
can well understand that a moderate rate of speed would accord
with a moderate outlay, and that if the traffic were the same the
net revenue would be correspondingly increased.
We consider 40 miles an hour to be a dangerous speed passing
down a straight gradient, aud then turning to move on a circular
arc. The axles of the wheels should be parallel when a carriage
is moving on a straight level road; this is not the case when a
carriage is moving iu safety on a curve. The axles, if produced,
should pass through the centre of the circle of curvature at that
joint. When the axles are near each other and the circle of
curvature great, the parallelism of the axles requires but little
adjustment moving on a curve at very high velocities.
The trucks employed under the long American cars contain
four and sometimes six wheels. The axles are parellel when the
car is moving on a straight level road, aud there is an arrange
ment when the car is moving on a curve that accommodates the
axles to the motion. This is effected by springs—and what is
termed a lateral motion-bar, connected with a ring-pin. But
however well the road and running gear are prepared for high
speeds, accidents occurring from collisions of trains going at
different speeds are not so eisily guarded against. Mr. Stephen
son, at page 17, remarks that " The dangerous character of these
high speeds is, I thiuk, very easily demonstrable. Apart from
accidents which occur to individuals from their own neglect, rail
way accidents generally may be classified as occurring either
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(1) From the failure of an axles, a wheel tire, or some other
portion of the running gear of a train.
(2) From some defect in or obstruction of the permanent
way, or
(3) From a collision of trains going at different rates of speed."
The question is, Have we sufficient skill and seience to remedy
the defects, prevent the failures, and overcome the obstructions
referred to in paragraphs 1 and 2 ? Mr. Stephenson's remarks
on the subject of paragraph 3 deserve attention:—
"And this brings me, naturally, to consider the other class of
accidents most prolific of disaster—those which rise from
'collisions,' and which are usually attributed, in the reports of
your inspectors, to some neglect ou the part of those who have
the management or conduct the trains. On a close examination
of the circumstances of these cases, it will almost uniformly be
found that they rise from irregularities in the despatch or run
ning of trains going at varying rates of speed. But what is the
cause of these irregularities 1 Why are trains running at irregu
lar speeds despatched at intervals so short that there is any
possibilty of collisions ? Simply because the arrangements of .a
line are necessarily controlled by the running of those few fast
trains, to the expedition of which all other traffic arrangements
are made subservient. The time of every train—the time of
running, the time for stopping, the intervals of departures, and
the intervals between arrivals—all are shortened, and sometimes
dangerously shortened, by the necessity of escaping the 'limited
mail' (limited in everything except its velocity). Four or five
minutes make all the difference. The cattle train, which was
overtaken and smashed to pieces at Atherstone had its three,
four, or five minutes to escape, by shunting into a siding, the
limited mail which was rushing after it at a high velocity. One
minute in that case made all the difference. It was the very tail
of that train—its very last carriage—that was caught whilst in
the act of ' shuuting,' and we all know what were the disastrous
effects.
But the blame in this, and in other cases, was placed, as usual,
on the shoulders of subordinates. In all these cases the public are
instructed that ' the proper caution was not given;' or ' the driver
was not sufficcntly vigilant in his look out;' or ' the signals were
not properly exhibited;' or, ' the whistle was not sounded;' or,
' the breaks were not properly applied;' or, 'the breaks were not
powerful enough; or, there was imperfect communication between
the driver and the guard.' I submit that these are almost im
perfect and unsatisfactory modei of accounting for accidents
which occur from one main cause—the necessity of regulating the
the running traffic of a line so finely as to render occasional colli
sion unavoidable. No doubt accidents may be greater or less iu
degree — no doubt actual collisions may even be avoided — by
greater care, greater attention, greater supervision, greater power,
greater skill, than any one can expect to be at all times employed
in the conduct of a traiu. But I contend that so long as trains
run, as trains are now forced to run, at irregular velocities, and
with such trifling intervals between them, it is inevitable that
fast trains must occasionally overtake slow trains, and that acci
dents must be the result.
Before we attribute such accidents to negligence, it is ob
viously proper to consider what degree of duty we put
upon the men we blame for these collisions. A driver is
instructed to ran his traiu at an average of 40 miles an honr.
That average means 50, or 55, or even 60 miles an hour on good
travelling ground (where, it is to be observed, these collisions
most generally happen). Now, what is the position of a driver
running his train at the rate of 50 or 55 miles an hour ? In the
first place, his attention is necessarily absorbed in the working of
the line. His whole time is absorbed in lookiug out for signals.
Among the various suggestions with which the reports of your in
spectors abound, it is recommended that every engine should have
a smidl looking-glass attached to its sides, so that the engine driver
may see what is passing behind him without the necessity cf
turning rouud ! The very suggestion shows that he is expected
to keep his attention invariably directed to his immediate work.
But, if so, what time has he to consult his looking-glasses ? The
driver is scarcely able even to attend to his engine; he has no
time to attend to what is passing in his rear. The fact is, that
the driver of one of these high-speed trains has not an atom of
time—not a single breathiug instant—to give to anything be
yond the signals on his road. In the case of accidents occurring
to high-speed trains from broken flanges or otherwise, it con
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atantly appears that so entirely was the driver's attention ab
sorbed that he did not become aware of the accident until long
after it occurred."
Mr. Stephenson argues that there is not too little, but too much
interference on the part of the Government, inasmuch as the
timing of the limited mails is fixed by the Post-office, and governs
the timing of all the other trains. With regard to the limited
mails themselves, it will at once be admitted that the combination
of high velocities and very infrequent stoppages is undesirable in
any train that is permitted to carry passengers, especially in the
absence of an efficient system of communication between guard,
passengers, and driver; the latter of whom, however, can know but
little of the danger that may be at hand while rushing through the
air at such fearful velocities as is proved by the testimony of the
drivers themselves.
Accidents from fault in the running gear or the permanent way
will usually be aggravated by high speed. Such accidents may
also freqently be attributable to excessive speed, meaning by this
term a speed which overtasks the capabilities of the road and
running gear. But if the manufacture and condition of the car
riages, the careful inspection of the wheels, the fishing of the rails,
and the construction and maintenance of the permanent way
generally, can be kept fairly up to the standard required for high
speeds, the question becomes, of course, modified.
With regard to collisions, there can be no question that a system
of high speeds multiplies the chances of collision, especially when
train follows train in quick succession. The dangers of this nature,
arising from heedless shunting, or the hindrance or break down of
a train ahead, rapidly increase with the increase of speed.
We fully concur in Mr. Stephenson's opinion as to the risk of
collision being much increased by high speeds. The interval that
is sufficient for low speeds becomes perilously small for high
speeds, and the same yet applies more forcibly to the distances
at which signals should be shewn. We cannot give a better
illustration of this fact than by referring to the late disastrous
accident on the Loudon and Brighton Railway, in which case the
iuterval of time between the trains was known to be seriously
too short, and the speed of one of the trains too high—a remark
able instance of the necessity for Mr. Stephenson's warnings, as
expressed in his pamphlet, which had been issued only a short
time previously to the occurrenoe of the accident referred to.
Increased break power for the fast trains will, by its proper
application, go some way towards lessening the danger of col
lision, but no break has yet been devised that can pull up a
high-speed train in a very short distance; and it is to be hoped
that such a break never will be devised, as we feel certain that
its effect in stopping the train would be as disastrous as a col
lision. Supposing, however, that it be desired to stop an engine
and train of 100 tons weight in 200 yards, it would require, if the
original speed was 60 miles an hour, a sustained dead pull of 20
tons, and this pull obtained by mere friction on the rails. Such
a result is not approached by any break power hitherto employed.
Unrivalled as the English railway system may be for facility and
despatch, its superiority in these respects must be regarded as too
dearly bought, if at the cost of repeated scenes of havoc such as
the past year has witnessed. The question is, Have sufficient
precautious yet been adopted for guarding against similar
casualties ?
In the administration of railways, more especially if high
speeds be insisted upon, the following are among the points which
imperatively demand attention :—The inadequacy of the interval
of time allowed between the trains; the frequency of signals along
the line, particularly in those parts where the engine-driver can
not seethe road ahead; the efficiency of break power; the com
munication between guard, passengers, and driver; the best way
of insuring a good look out. As to the last point (without which
no precaution in other respects can avail), it is evident that a
scanty or overworked staff will always be liable to fail at a time
when failure is critical. The skill and intelligence, the wages
and general treatment, the rest and holidays of the men on whose
alert vigdance the working of the whole syBtem depends, are
matters which nearly concern the safety of the travelling public.
We trust that Mr. Stephenson's letter will receive the attention
it demands, and that those who perseveringly vindicate high
speeds will not rest satisfied until such precautions are generally
adopted as (not for want of warning) have in too many instances
been neglected.
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CALCULATIONS RESPECTING THE PRESSURE OF
STEAM ON CYLINDER COVERS AND OTHER
DISKS.
By Oliver Byrne, Civil Engineer.
Writers on the strength of steam boilers and cylinders assert
that it requires a pressure of steam equal to the cohesive strength
of the cross section of the cylindrical surface to remove the circu
lar head; that is, if ACB, Fig. 1, be a cross section of the
cylindrical cover, and that it would require a force of 3,000,000 lbs.
to overcome the cohesive strength of this cross section, then it would
Fig. i.

require 3,000,000 lb. pressure of steam on the circular disk AOCB
to remove it, or overcome the cohesive strength of the rim
ACB. Now, this is far from the truth, for any pressure applied at
the centre, O, is more effective in removing the disk or circle
ACB, than if the same pressure were applied at any point m,
nearer the rim. In the first place I will prove that one-third of the
pressure evenly spread over the circular cover applied at the
centre, O, will have the same effect to remove the disk as the whole
pressure equally spread over the surface ABC. Put |*7 for the
differential of x instead of dx, and take care not to call \x the
square_root of, but the differential of x. Let OA=r, mA=x,
mn=\x, then Om=r—x.
The effective pressure of the particle \x at the point A = x \x~;
then putting as usual rr ;= 31416, an arc of 180° to radius I, the
pressure on the elementary space or circle mnp will be represented
by 27r(r — x)xlx, which, when integrated between the limits
x = o, x = r, gives
2*7 (r—x)x\x=2w«/ r
6
xrThis last expression may be reduced to

Xr, which is one-

third the area of the circle ACB multiplied by the radius r.
The area irr2 may represent the whole pressure equally spread
over the whole surface; then it is evident that the sum of all the
products of all the elementary areas x, and their distances x
Pio. a.
P
3v

J
from the rim ACB, is equal to one-third the whole area of pres
sure applied at the centre O, multiplied by the radius r.
Practical Example.—Let Fig. 1 represent a cylinder head of
cast iron 4 feet in diameter; what must be its thickness at the
rim ACB to sustain a pressure of 90 lbs. to the square inch ? A
circle of 48 inches diameter has an area of 1810 square inches,
and a circumference of 16 inches, nearly. Consequently, in the
well-known formula
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'*=%/
w = pressure at the centre O, equal J the pressure on the whole
surface, =1^*^=54300 lbs. J=AD=4 feet, 6=161 inches,
o
the breadth or circumference of the circle ACB. s=a, number
determined by experiment on different materials; in cast iron *
varies from 850 to 215, <=the thickness. Hence, in the example
before us, taking *=215, the least value,
'54300X4 =2586 inches.
2U
215X151"
V54;
Since b=v (12Z), and if 3p be made to represent the whole pres
sure on the circular end, then «>■=-—( 12/ yp
Vlw

/Zp

Fig. 2 represents a section through O, Fig. 1, AD = 4 feet, then
AR=PD=2586 inches. If OA=/»A, theuj(ft=half AE, to sus-

over the surface of the circle CDEF acting upon the rim of the
outer circle CGB.
,
I will conclude with the details of the bursting of a boiler that
have lately fallen under my notice. Fig. 5 is the section of a
Fio. 4.
M

w
T

N

21'

Q

boiler with a cast iron head 48 inches diameter and 1 1 inches thick.
This boiler belonged to Mr. Wheeler Beers, of Bridgeport, Con
necticut, U.S. America, and stood a pressure of from 60 to 70 lbs.
011 the square inch for about six months, and then burst without
much noise and destroyed the building in which it was placed. The
head vibrated consicerably, and was found whole not many feet from
where the boiler stood. The fracture took the direction indicated
Fio. 5.
Cast-iron head, 48 inches diameter.

Fracture.

..r-L.

re

Fia.' 3.

.!•
5r4?

|A

■2.

tain the pressure of steam on a circular cover whose diameter is
equal twice Oh, consequently, OjrR is a straight line. There are
two values of t, showing that the conical surface may be either
above or below the diameter DA.
To find the pressure applied at the centre O, Fig. 3, acting at a
distance OA, and equal to a pressure applied equally over the
circle ODE; the distance CA from the rim being constant, and the
pressure on the annular space CADEF being neglected.
By a variable pressure, the centre O is easily made to vibrate;
hence the pressure on the elementary annular Bpace irm«», as in the
former case is only considered with respect to the fixed rim AGB.
The space mnuv may be supposed to move up and down freely,
compared with the resistance to fracture offered at the rim. Fig.
4 illustrates this matter, for let PQ=48 inches; now let PQ be
only increased TV,th of an inch, the line PMQ becomes 48-1 inches,
while the perpendicular MN becomes 155 inches, or 15$ tames the
elongation received by PQ, or (24)2+(l-56)2=(24/05)S.
To return to the direct investigation, let CA — a; Ln—-x;
mn— x, the differential of x. The momentum of *_will be
(a+x) x acting independently at the distance a+x from A.
Again letc=OC; then Op=c-x, and the circumference of the
elementary space mnuv=ir (c-x), and the sum of all the pres
sures acting on the elementary space mnuv, will be represented
by 2jt (c-x) (a+x) |.r; the integral of which is
„ /
ax" ex3 x*\
which, when taken between the limits x=o and x=c, becomes

M^Vf(«+4
so that one-third of the area of the circle CDEF multiplied by
OC, the radius, increased by three times the breadth of the an
nular s^-vce AC, or (c+3o), is equal to the uniform pressure spread

Ashpit,

in the figure, and so even all round that it might be considered the
frustum of a cone. The bursting of this boiler led to a awsuit,
and several experiments were tried under my superintendence to
determine the proper shape and dimensions for cast iron covers,
and the effects of vibrations. The investigations here established 1
found to agree very well with my experiments. In VressmgoT
forcing out a circular head by a pressure in the centre, half the
circumference might be taken for the breadth of a beam fixed at
both ends and loaded in the middle, the thickness of the metal the
depth, and the diameter the distance between the supports; but J
used the whole circumference and lessened the value of* accord
ingly.
Proposed Music Hall at South Kensington.—There is in course
of formation a company to be called the ;' International Hall
Association." The capital is to be £20,000, in shares of £5.each.
The object of the Asssociation is to erect a temporary hall, im
mediately adjoining the International Exhibition building for
1S62, for a series of concerts on a grand scale, under the direction
of Mr Alfred Mellon. It is proposed that the hall shall cover an
area of 22,500 feet, be circular in form, and erected at a cost ot
about £15,000, including fittings and rent of site for the year.
The building is proposed to accommodate an audience, exclusive
of the orchestra, of ten thousand persons. The orchestra will
be capable of holding from a thousand to twelve hundred per
formers, and the building will include refreshment and cloak
rooms, &c. The offices of the association are at 442, Oxfordstreet, where a plan of the intended building may be seen.
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ADDRESS TO THE ROYAL INSTITUTE
OF BRITISH ARCHITECTS.
Session 1861-62.
By "William Tite, M.P., President.
On a similar occasion to the present, two years ago, you did me
the honour to invite me to read an Opening Address on the
occasion of the inauguration'of these apartments as our restingplace. On that occasion I endeavoured to bring before you a
general review of the state of architecture at that time in Europe,
and of its probable future prospects. The interval is not long,
but it is marked with important incidents, whether relating
to ourselves or the world of art in general. We have lost a noble
and beneficent patron and president, and, on the other hand, some
of the incidents and considerations which have occurred relating
to art in general, and architecture in particular, are most im
portant. These considerations induce me to believe that, in my
new character as President, you will allow me this opportunity
of suggesting to you such views as occur to me having reference
to the past, and such notices of the circumstances which are
now occurring as I trust may be interesting and useful to us
in our profession.
As to the first, one's mind naturally recurs to the personal or
professional losses we have to record. At the close of this paper
I propose to refer to the deaths more specifically, and, therefore,
at present I proceed to notice topics of immediate interest; and
first, that which assumes the greatest importance at the preseut
moment—the Great Exposition of 1862. In some concluding
remarks I made towards the close of last session, I referred to the
position allotted in our modern society to our profession, and
this appears to be marked even in reference to the Exposition of
1862.
On the occasion of the first Exposition, as you may remember,
the design proposed by a committee of architects for the building
was set aside, and a design, happily suggested by Sir Joseph
Paxton, was adopted in its stead. The services of the members
of this Institute were, however, but slightly resorted to, and the
superintendence of the working details of the building was in
trusted to a member of the newly recognised branch of our pro
fession, a civil engineer. On the present occasion also the claims
of British architects to co-operate in the design of a building
which ought essentially to represent the state of the art amongst
us at the present da}', have been ignored; and foreigners are thu3
likely to form their opinions as to the merits of English architects
from the production of a military engineer. I do not propose to
criticise the designs of either of the Exposition buildings, not
withstanding the numerous lessons "of what to avoid" they both
furnish. But in the name of this Institute I think it my duty
to protest against the official exclusion of architects from the
councils of those who assume to represent the taste of the nation
in the various branches of art.
Unfortunately, it would seem that the public in general parti
cipates in the species of disfavour which this exclusion of recog
nised architects from the councils of the past and future Expo
sitions may be considered to indicate; and the cheers with which
vulgar, unreasoning abuse of our profession is almost always
received ought to inspire us with serious anxiety. I believe from
the bottom of my heart that the accusations brought against ua
as a body are essentially false; that architects generally are
honourable, conscientious men—hard students, earnest thinkers,
and bringing to bear upon their professional duties such an
amount of varied information, practised skill, educated talent,
and bigh-miuded integrity, as would in any other profession
insure a fur greater share of wealth and distinction than we
usually attain. Feeling very strongly as I do on this question, it
is to me the more painful to observe the existence of an opinion
precisely opposed to my own in those who might be supposed to
have known us intimately; and when such men as the present
Under Secretary of State for Foreign Affairs did not hesitate to
state in Parliament on the debate on the British Museum, that
he advocated the plan proposed by Mr. Oldfield, because it was
not prepared by a professional architect, and that the great suc
cess of the great reading-room was due to the fact that in that case
" the trustees were not trammelled by an architect;" and further
that, in a crowded House, these opinions met with considerable
applause; again, looking at Mr. Layard's remarks in the debate
on the Foreign Office, in which we are spoken of most disparag
ingly;—and this being so, I am forced to ask myself whether these
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things can be true ? They say that " there can be no smoke with
out fire," and it behoves us therefore, whatever fire may exist to
cause the smoke now obscuring our fame, to trample it out.
Again, I cannot but regret to observe the almost unanimous re
cognition of the distinction lately established between the pur
suits of engineering and of architecture; because I am convinced
that both of them would gain by being studied and practised
simultaneously. In former time, and indeed until the establish
ment of the " Corps Royal des Ingenieurs des Ponts et Chaussces,"
in the middle of the last century, no such distinction was ad
mitted. Sir C. "Wren and Mansard were both architects and
engineers; Perronet called himself "Architect du Roi;" Robert
Mylne called himself architect and engineer; Telford began his
public career by building a church. It was the development of
the canal system which first led to the separation of engineers
and architects among ourselves; and to some extent this may be
explained, for the pursuits of the architect lead his studies rather
towards the conditions of statical, than of dynamical forces, whilst
the canal and dock engineer has to deal very frequently with the
latter. But in the execution of roads, railways, and such works,
there are no conditions which ought to be beyond the sphere of
an architect's knowledge; and I very strongly suspect that if archi
tects had been more frequently employed on railway works, our
marvellous network of rails would have been constructed at less
cost than it actually has involved; and that we should not have
heard of so many accidents from "striking centres too soon," or from
" the rain washing the mortar out of the arches." It is true that
the construction of railways does not afford many opportunities
for the exercise of the artistic faculty, the noblest, one the archi
tect is called upon to employ. It is a kind of work which re
quires more of science than of art. But our profession ought
above all others to present the union of the art and science; and
he is a bad architect, in the true sense of the word, who is in
capable of becoming " the best workman" in any of the branches
of what I may be allowed to call statical construction. I dwell
upon this subject, because it seems to me that much of the favour
with which civil and military engineers are now regarded, and
their employment to the exclusion of architects in the cases of
the Exposition buildings, may be explained by the mistaken
opinions which prevail with respect to the pursuits and abilities
of the latter. Not to travel beyond the names I have before
noticed, I may be allowed to observe that the engineering works
of Mr. Hosking upon the West London Railway may well com
pare with the architectural achievements of Sir William Cubitt
in the first Crystal Palace. Be this as it may, it behoves U3 at
least to render ourselves capable of discharging the ordinary
duties of engineers and architects. Hydraulic engineering may
require a different mental training, and a course of study of a
different character, to that required for building in the open air;
but it is absurd to suppose that the man who can build a church
could not build a bridge or a viaduct, or that he should be unable
to conduct great earthworks or tunnels.
Before leaving the subject of the Exposition buildings, I can
not refrain from saying that the design given in the Builder of
the Florence Exposition, strikes me as containing far more ar
tistic merit, and as presenting a more satisfactory architectural
character, than the published design of the proposed building at
South Kensington; no doubt because in this instance, as in the
instance of the construction of the Palais de l'lndustrie of Paris,
educated architects were consulted. Passing over this part of the
subject, however, I am sure that all my hearers will agree with
me in the expression of the deep sympathy excited by the first
Italian Exposition. These industrial gatherings have assumed of
late years a deeper moral significance than could possibly have
entered into the philosophy of their founders, and they have be
come the occasions for eliciting the expression of the most recon
dite forms of national thought and feeling. An Italian Exposi
tion, held in the city of Giotto, Dante, Michael Angelo, and the
Medici, becomes therefore the matter for serious reflection to those
who wish that in truth Italy should cease to be "a geographical
expression," and we—whether admirers of the Broletti and of the
town halls of the Mediaeval republics, or of the palazzi, cassine,
or churches of the Risorgimento—must turn an anxious gaze on
the first steps of the noble Italian race in the political risorgi
mento which is at present taking place in that laud so longcursed
with what all considered " the fatal gift of beauty." Our sympa
thies may be of small import to the Italians in the struggle they
have still to go through before they can establish a strong nation
ality such as " the advanced civilisation" of the age requires; but
77
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I am sure that an assembly of architects will unanimously join in
the expression of goodwill towards the Italian cause. May the
Exposition of Florence prove the harbinger of the full glory of
bright days for Italy !
The Artistic Congress of Antwerp, too, fussy and unpractical
though it may seem to have been, contains the germs of an or
ganisation which may, perhaps, produce for art consequences as
important as those produced by our " Association for the Ad
vancement of Science " in its particular sphere. In these days of
architectural and artistic eclecticism, it would manifestly be advan
tageous for the student to be able to study with his own eyes
every local manifestation of wsthetical feeling; for the subtle in
fluences of climate, political and municipal organisation can never
be appreciated unless we have the means of watching their daily
operation; and few learned treatises on the Art History of Na
tions enable us to appreciate the nature and extent of the action
and reaction of building or of plastic materials on the visible
expression of art. The amount of good to be effected by these
gatherings must depend on the manner in which they are con
ducted.
As an isolated experiment, the Antwerp Congress
was very successful. It were a marvellous pity that it should
remain an isolated experiment.
AV'hilst thus attending to foreign operations, it may be as well
to continue our attempts to derive lessons from them before turn
ing to more decidedly local considerations, and I would therefore
strive to point the moral of some other tales to be read in the
proceedings of our immediate neighbours. Thus, all travellers
who return from Paris are, upon a superficial view of what is
taking place there—and, it must be added, in almost every im
portant town of France—disposed to find fault with the com
paratively slow rate at which improvements are effected in
London. Within ten years Paris has been, in fact, remodelled
throughout; and broad streets, open squares, and fine houses,
have replaced the ancient narrow, tortuous assemblages of dens of
filth and impurity. It is to be feared, however, that the real
sanitary improvement of Paris has gained little by these changes;
and, indeed, so long as the water supply and the sewerage of that
town are conducted on the present systems, little effect can be
produced on that infallible test of the value of the sanitary
arrangements of a town—the average death rate. I adviso those
who believe that " they manage all these thiDgs better in France
than we do here," to visit the intake of the Challiot Waterworks,
or to ponder over the charge he will have to pay, even in a pri
vate lodging, for that necessity of an Englishman's life, the daily
hip-bath. Nor is this all; for they who knew much of Paris life in
former times must be painfully convinced that the embellishments
of the town have resolved themselves into heavy charges on its
inhabitants, whilst the utility of many of the costly works now
in hand niust seem more than questionable. House rents have
risen to fabulous heights in Paris; the poor are driven from their
old haunts, and no refuge is provided for them ; whilst, unfortu
nately, the sanitary defects of the old houses are servilely repro
duced in the new ones. But, however painfully these defects
may strike us on second and calmer thoughts, it cannot be denied
that there is something fairy-like in the rapidity and the bril
liancy of the change actually produced; and we naturally inquire
by what financial agency it has been produced. My friend, Mr.
G. R. Burnell, has made some inquiries into this matter, which I
hope that he will be able to communicate to you in the course of
the session; but in the meantime I may say that the impression I
have derived from what he has told me is, that the improvements
of Paris have been effected upon principles of political economy,
and by dint of an abuse of public credit which would never be
tolerated in this country. We hold that local improvements
slmuld be paid for by local contributions, and that building spe
culations should not be assisted by financial corporations, patron
ised, if not directly managed, by the government. The opposite
principles prevail amongst our neighbours, and, sooner or later,
it is to be feared that they must produce, even if they are not
now producing, sad confusion in the finances of the state.
One matter of detail may be worth especial notice from us—
viz. the conditions under which the municipality is now able to
obtain land for the purpose of effecting any new works declared
to be d'utiiile publtque. Until 1852 the municipality, under the
old law of expropriation, could only take compulsorily the land
absolutely required for the establishment of the streets, and the
proprietors of the land partially effected were entitled to retain
the remainder of their property, with all the increased value
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conferred by the new frontages. At the very close of the dicta
torial power assumed by the Emperor in 1851, a decree, "having
force of law," was issued however, by which municipal bodies,
charged with the execution of works of public utility, were em
powered to take an additional width of land beyond the lines of
the intended streets, sufficient to allow the construction of good
houses. The effect of this law has been that the municipalities
of France have lately been enabled to sell the frontages on the
new leading thoroughfares they open at advantageous terms, and
thus, at the expense of the landed proprietors disturbed, mate
rially to diminish the cost of the works. If the latter had been
discussed by a really representative body, there could be little
reason to regard the advantages thus given with jealousy; but
when the works to be executed are simply prescribed by the cen
tral government, it is to be feared that great abuses may arise
from the interference with the rights of private property it may
be made to cover.
The success of the artesian well of Passy is a subject of great
interest to all who are called upon to deal with the supply of
water to detached mansions, or even to small towns; and to us
Englishmen it is the more interesting on account of the recent
failures to establish similar wells at Highgate, Harwich, as well
as at Calais and at Ostend. The boring at Passy, after passing
through the same beds as had previously been traversed at Cre
nelle, reached the water-bearing stratum at a depth of 1797 ft,
6 in. from the surface, and the water rose to a height of 13 ft.
from the ground. The lower diameter of the well is about
2 ft 4 in.; and the quantity of water it delivers has, after
some oscillations, settled to about 3,791,000 gallons per twentyfour hours. At present the sand and clay brought up by the
water are in such proportions that the water is not fit for use, a
fact which was also observed at Crenelle during the first year
after the completion of the boring. The water rises to about 82
degrees Fahrenheit. One effect of this well has been to diminish
notably the yield of the Grenelle well, and it must, therefore, fop
some time to come remain an open question as to whether or not the
water-bearing stratum under Paris will be able permanently to
maintain these two springs. The discussion of the failure of the
attempts to obtain water in a similar manner to which I have
above referred would extend to so great a length that I must pass
it over slightly at present, but the great lesson to be learned from
it seems to me to be, that at the present day our acquaintance
with the laws of geology is only sufficiently advanced to enable
us to say with certainty what we shall not find beneath the sur
face in districts which have not been exposed to violent subter
ranean disturbances; they are utterly incapable of telling us what
we shall find. At London, Harwich, Calais, and Ostend, the
lowest member of the subterranean formations, from which the
wells of Passy and Grenelle derive their supply, is entirely
wanting.
A very warm and rather an acrimonious discussion is now
being waged amongst the chemists and experimental observers
on the laws of metallurgy with respect to the differences between
iron and steel; and the names of Binks, Mushet, Bessemer, Fremy,
and Caron, add weight and authority to the various opinions
propounded on this very obscure subject " Non nostrum inter
eos tantas componere lites," and Messrs. Fremy and Caron may
well be left to settle the precise amount of influence exercised by
the nitrogen, cyanogen, and carbon present during the cementa
tion of steel upon the resulting product The influence these
researches may exercise upon the building arts may however be
very great; and the production of steel by the new methods sug
gested by an improvement in the theory of the production of steel
may possibly place within our reach a material possessed of far
more valuable elastic properties than either cast or wrought iron.
We must therefore follow with interest the steps of this inquiry
and hold ourselves ready to adopt any improvement it may place
at our command. I would make the same remark with respect
to the recent applications of electricity to the ordinary purposes of
life; and I would urge the members of our Institution to avail
themselves wherever it is possible of the great domestic con
veniences that wonderful agentisable to supply. We is England
are behind our French neighbours in this respect.
In domestic matters the most important lesson to be derived
from the events of the last twelve months is, perhaps, the one
connected with the terrible fires in the river-side warehouses. In
a city so essentially commercial as London, it must always be
desirable to interfere as little as possible with the arrangements,
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or the operations of trade; and we must always bear in mind
the fact that every interference of this kind resolves itself ulti
mately into a tax upon the articles affected. But the terrible
effects of a fire when it once bursts out in large stores of mer
chandise of certain descriptions, are such, and are likely to reach
so many persons, that it would almost seem necessary to impose
some rigorous limitations to the quantity of those goods, or some
stringent regulations as to the construction and management of
the warehouses wherein they are stored, if those warehouses are
to remain in the centre of the town. All systems of so-called
fireproof construction are useless to resist the effects of the heat
evolved during the combustion of large masses of certain kinds
of goods, and it even seems that the very precautions taken to in
sure the non-combustion of walls, floors, and ce lings, only adds to
the intensity of fires in such cases, by turning the buildings, as it
were, into a species of closed retorts able to produce a destructive
distillation. The only efficient protections against the spread of
large warehouse fires seem to me to consist, first, in limiting the
size of the warehouses themselves; and, second, in isolating them
effectually if the goods they are to hold should be susceptible of
easy combustion. Whatever sacrifices these precautions may
entail, they ought to be borne for the sake of the public in gene
ral. It may be as well here to mention that in the course of the
spring (9th April last) the theatre of Barcelona was burnt to the
ground; so that warehouses are far from being the only structures
exposed to this terrible scourge.
There is reason to congratulate the country at large as well as
the lovers of our national archaeology on the zeal with which the
good work of preserving and restoring our cathedrals has been
lately carried on. In the metropolis, the Temple Church is again
undergoing repairs, under the direction of our excellent member
Professor Sydney Smirke, and Westminster Abbey is in the
eminentlyjudicious care of our friend Mr. G. G. Scott. In the
provinces the cathedrals of Ely, Lichfield, Kipon, Chichester, the
churches of Waltham Cross, Islip, Taunton, and numerous other
relics of former times, are being restored, and though in the case
of Chichester a lamentable accident has occurred, I hope that the
efforts to insure the re-edification of the spire will be successful.
In more modern constructions, I think we may congratulate our
selves as a body on the improvement which is manifestly taking
place in public taste, and on the skill with which the members of
our profession have availed themselvesof the opportunities afforded
them of displaying their knowledge and talent. Art questions
are now fortunately discussed on all sides, and a truer, sounder
tone of criticism prevails amongst us as a nation than at any
former period, and from the fact of our enjoying true liberty
of thought and action, I suspect that I may add, than can prevail
amongst the despotically administered nations of the Continent.
It is our especial duty as architects to avail ourselves to the
utmost of these advantages, and to devote our best energies to the
advancement of our noble art. This can only be done by earnest
conscientious study, by devotion to our pursuit, and by an en
lightened investigation of the various physical and moral laws it
brings into play. Architecture is, as I have said before, an art as
well as a science. Excellence in it cannot be obtained without
labour, or without the sacrifice of ease; we must resolve if we
would attain in its ranks to that Fame, " the last infirmity of
noble minds," " to scorn delights and live laborious days ;" but
the " fair guerdon " we hope to find will amply repay us, for art
is its own reward, and its cultivation will at all times compensate
for the toil and time expended in its pursuit.
In the course of the twelve months which have elapsed since the
last annual inauguration of our meetings, death has by no means
spared the ranks of those who have been interested in, or who
have indirectly assisted, our pursuits. A short notice of the more
distinguished of those persons may, perhaps, suggest to many les
sons of deep significance, both morally and artistically, and I hope,
therefore, you will bear with me whilst I pay the following short
tribute to the memories of our late fellow workers.
The losses of our profession, this year have been of a threefold
character; we have lost coadjutors in the more recondite branches
of archreology, in the more abstruse branches of mechanical,
chemical, and physical science, and from amongst our own im
mediate ranks. Amongst the former may be cited the names of
Baron Bunsen, of the Earl of Aberdeen, and of Sir Francis Palgrave; in the ranks of scientific men connected directly or
indirectly with our studies we miss such men asWertheim, Vicat,
Sir William Pasley, Eaton Uodgkinson, Berthier, and Sir William
Cubitt; whilst, amongst our own colleagues, we have to regret
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the loss of Professor Hosking, Mr. John Clayton, Mr. Henry
Austin; our late esteemed solicitor and valued friend, Mr. W. L.
Donaldson, Mr. George Bailey, and Mr. Bobert Grainger, of
Newcastle.
The researches of Baron Bunsen, whom I name first because
his death occurred first in the order of time in our sad list (he
died on 28th November, 1860), have, as you must be aware,
tended greatly to clear the obscurity which surrounded the his
tory of that marvellous system of civilisation of Egypt, and also
to throw some light upon the early history of the Church during
the existence of the Koman Empire. The learned works upon
' The Place of Egypt in the World's History,' and upon ' Hippolytus and his Age,' may be referred to as illustrations of the
patient investigation and of the wide range of study requisite for
the comprehension of the more obscure periods in the history of
our race; and though the minute detail with which the various
questions involved are discussed at times renders the writings of
Bunsen slightly wearisome; yet our confidence in the results so
obtained must be increased by the conviction of the conscientious
examination their author must have bestowed upon them. Bunsen
does not seem to have been much of an artist, and he does not,
therefore, dwell upon the influence of art and of social organisa
tion upon one another more than is necessary to support his
views on the ' Place of Egypt in the World's History.' A
curious chapter is still to be written on this artistic problem, and
equally as it would be desirable to trace the nature and the ex
tent of the action and re-action of science, art, and politics in
Ancient Egypt, so would it be desirable to trace them during the
times of Hippolytus. The elements of both these chapters are to
be found in Bunsen's works.
The baron was born on 29th August, 1791, and died 28th
November, 1860. He had resided in England as Prussian Ambas
sador between 1841 and 1854, when he resigned his position on
account of his disapproval of the wavering policy of his govern
ment in the Kussian War. In his latter years Bunsen seems to
have confined himself to his Biblical studies.
The Earl of Aberdeen is principally known to us on account of
his earnest efforts to promote the study of Grecian art, and of his
patronage of the researches undertaken under the auspices of the
Athenian, of the Dilettanti, and of the antiquarian societies
amongst the ruins of the Hellenic civilisation. The Earl had
travelled in his youth in Greece, and, like most enthusiastic
men of his generation, he had returned an ardent Philhellenist.
It is to this fact that we may attribute much of his attachment
to the pure Grecian architecture, and the fashion of the day afforded
a singular reflex of the peculiar tastes of the noble earl. He
seems, however, to the end of his life to have remained true to
the gods of the idolatry of his youth; and notwithstanding the
sacrifices he made for the service of his country, by his long
devotion to her political interests, he retained to the last his
affection for the studies and for the pursuits which had earned
for him from the satirical pen of his relative Byron, the equivocal
title of " the travelled thane, Athenian Aberdeen."
Sir F. Palgrave rendered great service to the cause of archaeo
logy and to our knowledge of the political and moral condition of
our Saxon and Anglo-Norman ancestors. It may appear to
casual observers that this class of researches has but little refer
ence to our professional pursuits, yet if we reflect upon the ulti
mate relations which must exist between the social organisation
of a nation and its mode of artistic expression we must be con
vinced that it is impossible to understand the latter without being
acquainted with the former. In these days of revival of
Medioevalism, therefore, it is essential for us to be well informed
of the ruling principles of the times we are called upon artisti
cally to repeat; and few men have been more successful than was
Sir F. Palgrave in his descriptions of the manners and customs,
or more correct in his accounts of the social organisation of our
ancestors.
The Earl of Aberdeen was born on 28th January, 1784, and
died on 13th December, 1860. Sir F. Palgrave was born in the
year 1788, and died 6th July, 1861.
The knowledge of the more abstruse parts of the science of
Natural Philosophy applied to our profession has been so much
advanced by the distinguished men I have cited amongst our
recent losses, that we may well devote some time to a review of
their works. Thus, to M. Wertheim (who was born at Vienna
on 6th May, 1815, and died at Tours, 19th January, 1861) we
are indebted for some important investigations in the laws of
elasticity, and of the sonorous vibrations of air and gases. Ii
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1846 M. Wertheim published a memoir, written in conjunction then served in the Peninsular War until 1812; and in 1813 he
•with M. Chevandier, ' Upon the Mechanical Properties of Wood,' was appointed Director of the Royal Engineers Establishment
which, unfortunately, has not yet been translated into English; at Chatham, a post he retained until his nomination as majorand in a memoir ' Upon the Double Kefraction produced in general in 1841. The connection of General Pasley with our
Isotropons Bodies,' M. Wertheim discussed the results obtained profession is to be sought principally in the various papers in
by Mr. Hodgkinson from his experiments npon the elastic con
serted by him in the Corps Papers of the Royal Engineers; in his
ditions of cast and wrought iron, suggesting for the purpose of ' Observations on Limes and Calcareous Cements,' 8vo., London,
observing the gradual effects of compression of solid bodies the 1838; in the interesting operations for the removal of the wreck
elegant chromatic dynamometer. This memoir will be found in of the Royal George, and in blasting the Round Down Cliff, near
the 'Annates de Chimie et de Physique.'
Dover; indirectly, his duties as Inspector of Railways also
The name and works of Vicat are of course known to airwho brought General Pasley in contact with some of the members of
have followed the history of modern science. Engaged in early our profession. Perhaps I may be allowed especially to call
life in the actual practice of his duties as engineer of the Ponts et attention to the part which Sir William bore in the introduction
Chaussees, he constructed some of the roads leading to Genoa on of the artificial, over-calcined cements, known at the present
the banks of the Isle river, in the Perigueux; and in 1813 he was day by the name of the Portland cements. In this instance, Sir
appointed engineer to the Bridge of Souillac, over the Dordonne, William worked in connection with the late Mr. Frost, and those
and it was in the course of the preliminary studies for this work gentlemen seem only to have missed the discovery of the influence
that he was led to the discoveries which have so materially of excessive calcination upon the action of the slow-setting
advanced the building arts and immortalised his name. At cements, in their ciirious and valuable researches. Sir William
Souillac Vicat introduced the system of founding the piers of Pasley died on the 19th April, 1861.
bridges on masses of concrete, sunk under water within close
Mr. Eaton Hodgkinson was one of the students of the abstruser
piled enclosures, or "caisses sans fonds," and to secure the suc
branches of science connected with our profession, whose labours
cess of the system it was necessary that he should use a lime which will long continue to influence its practical details, and he may
should be capable of setting under water. The chemical theory also be cited as one of those who achieved distinction by his
of limes and cements was at that period but very little under
" self-help," even while following studies of the most recondite
stood, though the researches of Smeaton, Huggins, Gnyton de
order. Without any adventitious aids from family connection or of
Morveau, Bergmann, and de Saussnre, and the introduction by
wealth, Mr. Hodgkinson had succeeded in making himself suf
Wyatt of the Roman cement, had placed at the disposal of en
ficiently known for his acquaintance with the application of the
quirers many of the elements of its solution. About the year
higher branches of mathematics to the physical sciences (espe
1817, Vicat communicated to the Academie des Sciences the
cially by the publication of a paper in tlio Memoirs of the Man
results of his analytical and synthetical experiments upon the
chester Society for 1822), to be employed by the engineers of that
composition of limes of various qualities; and he then propounded
very practical town to conduct some experiments on the strength
the theory which subsequent inquiries have confirmed and de
of cast-iron, and on the best form of section to be adopted for
veloped, to the effect that the hardening of mortars depended
girders. Previously to the publication of Mr. Hodgkinson's
on the combination which takes place in them between the lime
inquiries, the rules laid down by Tredgold on these subjects had
and the silicate of alumina they contained. Vicat published in
been universally received by practical men; and he reasoned upon
some separate brochures the results of his subsequent experiments,
the supposition that cast-iron, like other solid bodies, resisted
and in the 'Annales des Ponts et Chaussees,' he has also pub
equally the force of compression exercised upon the top or upon
lished some important memoirs on the strains to which sus
the bottom, when loaded as a beam. Tredgold therefore inferred
pension bridges are exposed, on the resistance of iron wire ropes,
that the best form of section would be one resembling the letter
on the compression of solid bodies, and on the statistics of the
I, with equal flanges at the top and at the bottom. Hodgkinson,
lime-producing formations of France. He co-operated with M.
however, discovered that cast-iron presented some anomalous
St. Leger in the introduction of the manufacture of the artificial
conditions of elasticity, and that especially it resisted efforts of
hydraulic limes, and indeed he must be considered to have led
compression with an energy which was nearly six times as great
the way to all the modern improvements in that important
as the energy with which it resisted efforts of exension; he was
branch of the building arts. M. Vicat was fortunate enough to
thus led to recommend a form of cross section for girders in
witness the universal recognition of the truth and of the practical
which the upper and lower flanges were made to present sectional
importance of his discoveries, which, with the true spirit of a
areas corresponding with the efforts of compression and of
philosopher, he had at once unreservedly placed at the service
extension they would respectively have to resist. The late
of the public. He received honours from every government
George Stephenson was one of the first engineers to adopt this
which in turn has ruled in France during his long and useful
form of girder for the bridge on the Liverpool aud Manchester
career, and in 1 845 the legislature of his country unanimously
Railway, over Water-street, Manchester, erected in 1830; since
voted him a pension of 6000 francs a year, on the strength of a
then it has been adopted universally, though for my own part I
report presented by MM. Arago and Thenard. When in 1853
confess that the unequal rates of cooling in the top and bottom
Vicat resigned his post on account of his advanced age, he was
flanges of Mr. Hodgkinson's form of girders seems to me to
named by a special decree of the Emperor, Honorary Inspectorinvolve a very serious practical danger, on the score of the sound
General of the Ponts et Chaussees, a dignity created expressly to
ness of the casting in which the areas of the flanges are so
honour this earnest and disinterested student. Vicat's works
markedly unequal.
have been translated into almost every language of Europe; into
Mr. Hodgkinson then devoted his time and attention to a
our own, by Captain E. H. Smith. Vicat died on 10th April,
series of investigations into the general laws of the elasticity of
1861, aged 75 years.
rigid bodies, and of the strength of pillars of cast-iron and of
In the course of this year also, the ranks of science have lost other materials. His methods of observation were far from being
M. Berthier, the distinguished author of the 'Traite des as elegant or refined as those adopted by M. Wertheim, but they
Analyses par la Voie seche,' in the course of which will be found have been made more practically useful, and the empirical
some chapters bearing upon our profession. Berthier devoted,
formulae deduced from them still regulate the practice of engineers
in fact, much attention to the examination of Vicat's discoveries, and architects. Mr. Hodgkinson's results were published in the
and has discussed the principles on which they are founded; he Transactions of the Royal Society in 1840, and they were judged
also paid attention to the analytical inquiries into the nature of worthy to secure their authorthe Royal Gold medal, and his nomi
other building materials, and of the metals used in construction. nation as a member of that learned body. In 1845 Mr. Hodg
Berthier died 24th August, 1861.
kinson was engaged by Mr. Robert Stephenson, in conjunctioa
"We have to regret also the loss of Sir William Pasley, whose with Mr. Fairbairn, in the experiments it was considered neces
name has been so intimately connected with the diffusal in our sary to make previously to constructing the tubes of the Conway,
country of the inventions and theories of Vicat. Sir William and of the Britannia bridges; and it is to the results so obtained
was born in 1781, and in 1797 he entered the army as second- that we are indebted for the wonderful change introduced in the
lieutenant of artillery, but in the next year he exchanged into building arts by the application of wrought-irou plain and boxed
the Royal Engineers. He served at the defence of Gaeta, in 1806; girders. The most important facts thus elicited by Mr. Hodg
at the Battle of Maida; at the Seige of Copenhagen; as Aide-de- kinson were communicated by him to the " Commissioners to
camp to Sir J. Moore, in 1808-1803. In the Walcheren Expedi
inquire into the application of iron to railway structures" named
tion, Sir William, then Captain Pasley, was wounded twice; he in 1847, in consequence of the failure of the Dee Bridge at Ches
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ter, and were published by them in their report. In the fonrth
report of the British Association is inserted n paper by Mr.
Hodgkinson on the " Collision of Imperfectly Elastic Bodies,"
and on " Impact npon Beams." In 1842-46 he also published a
second edition of " Tredgold on the Strength of Cast-iron;" and
from time to time he inserted varions other scientific papers in
the Transactions of the British Association, of the Royal Society,
and of the Literary and Philosophical Society of Manchester. It
would be very desirable to collect and arrange in systematic
order these various detached essays.
Mr. Hodgkinson was born on the 29th Febraary, 1789, and
died on 18th June, 1861.
Sir William Cnbitt was, perhaps,. more immediately connected
with onr profession than the other eminent men hitherto noticed,
on account of his connection with the original Crystal Palace.
Sir William was the son of a miller, of Dilnam, in Norfolk, and
at an early age he was apprenticed to a joiner; after some years
spent in the exercise of his trade and in the works required for
repairing the mills of the district in which he was educated, he
entered the factory of Messrs. Kansome, the agricultural imple
ment makers and mechanical engineers of Ipswich. In their
employment, Sir William became practically acquainted with the
details of civil engineering, and about this period of his life he
invented the self-winding apparatus of windmills, and that im
portant instrument of prison discipline, the tread-mill. About
1826 he removed to London, and began business on his own
account as a civil engineer, and by dint of perseverance, industry,
and honourable conduct, he slowly attained the foremost rank of
his profession. The works executed by Sir William Cubitt on
the Norfolk and Lowestoft Navigation, on the Severn Naviga
tion, the South Eastern and the Great Northern Kailways, the
landing-stages at Liverpool, the new Rochester Town Bridge, the
Berlin Waterworks, &c, may be referred to as illustrations of his
practical genius and ability, and it is not too much to say that
the manner in which the South Eastern line is carried between
Folkestone and Dover, is one of the boldest pieces of engineering
of which we have examples in England. In 1851, Sir William was
charged with the superintendence of the working details of the
Crystal Palace, and for his exertions on that occasion he received
the honour of knighthood. Sir William Cnbitt was born in 1785;
he died October 13th, 1861.
Mr. Robert Grainger, like Sir William Cubitt, furnished ano
ther illustration of the ease with which real talent and sound
character may achieve distinction in our country. Grainger be
gan in the very lowest ranks of life, and even received his educa
tion in a charity school. By dint of energy, prudence, and
economy, he soon raised himself above immediate want, and,having been fortunate enough to marry a lady of some fortune,
he was enabled to enter upon the bold scheme of speculative
building which so changed the aspect of his native town, and,
after some vicissitudes, left him a wealthy man in his later days.
It would be invidious to criticise the style of building adopted by
Mr. Grainger; and, after all, a man should be judged, in his
artistic capacity at least, by the standard of his times rather than
by a comparison with the productions of more recent periods.
Mr. Grainger's new streets and open spaces in and about Greytown, in Newcastle, when judged upon these principles, must ap
pear to be considerably in advance of the provincial street archi
tecture of his times, and the manner in which he introduced
stone instead of brick in the elevations has certainly given a
monumental character to designs which, in themselves, would
not have attracted much attention. The new market, exchange,
theatre, dispensary, music hall, &c. of Newcastle, are works of
considerable merit, and though, no doubt, Mr. John Dobson con
tributed much of their artistic character, it is to Mr. Grainger
that the inhabitants of Newcastle are indebted for these impor
tant buildings. Mr. Grainger died 4th July, 1861, in the 63rd
year of his age.
'
Prof. Hosking (bom in 1808, died 2nd August, 1861) was in his
very early life apprenticed to a carpenter and builder, in New
South Wales, but in 1820 he was articled to Mr. Jenkins, archi
tect, of Red Lion-square. I believe that he took lessons in draw
ing of Mr. George Maddox; and after leaving Mr. Jenkins, he
travelled in Italy and Sicily. Some lectures on architecture, de
livered at the Western Literary and Scientific Institution, led to
his being engaged to write the articles " Architecture and Build
ing," in the Encyclopaedia Britannica, which at once established
his reputation as an architectural critic. Mr. Hosking very
wisely refused to recognise the modern distinction between the
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professions of architect and civil engineer, and in 1834 he exe
cuted the works of what is now known as the West London Rail
way. . Upon this line he constructed, amongst other works, a very
remarkable bridge, near Ken sal-green, by which the canal and
the common turnpike road are carried over the railway, ami it
may be added, that in most of the recent foreign works on con
struction this architectural piece of civil engineering, has been
reproduced. Mr. Hosking also designed and executed the Abneypark Cemetery, and some rather important private buildings
about London, but he was most known from the fact of his hay
ing been named one of the official referees under the Building
Act of 1844, and from his having filled the professorship of the
Principles and Practice of Architecture at King's College, Lon
don. In addition to the treatises on architecture and building
before noticed, Mr. Hosking published an ' Essay on the Con
struction of Bridges,' and a ' Guide to the proper regulation, of
Buildings in Towns.'
. ...j
Mr. Henry Austin, formerly Secretary to the General Board of
Health, and of late Superintending Inspector of the department
charged with the administration of the Local Management, Act,
died October 9, 1861. Mr. Austin was articled to Mr. Dixon, of
Furnival's Inn, and subsequently entered the service of Mr. R.
Stephenson during the construction of the Blackwall Railway.
On the commencement of the sanitary movement, Mr. Austin
appears to have succeeded in securing the attention of its leaders,
and he was thus connected with the singular theories of suropts,
of small pipe-drains, and pot-piped gathering grounds, which for
so many years were forced upon the unfortunate towns who sub
mitted to the guidance of the General Board of Health. Mr.
Austin was, however, a scholar and a gentleman, and in private
life he was esteemed and beloved by those who knew him.
Mr. John Clayton, the only fellow of our Institute to whose
loss I have yet referred, was known in early life by the publication
of an ' Essay on the Churohes of London, aud on Half-timbered
Houses.' He settled afterwards at Hereford; but his pursuits do
not seem to have been of a nature to have brought him very pro
minently before the general public. At least I have not been
able to obtain any particulars of them, beyond the fact of his hav
ing been engaged to construct the station buildings on the Here
ford and Abergavenny Railway, and some private mansions in
South Wales.
Our late fellow, Mr. George Bailey, was another of the fortu
nate men " who have no history." He was originally a pupil
of the late Sir John Soane, and he remained for some years in the
office of that eminent architect after the expiration of his articles.
On the death of Sir John, Mr. Bailey was appointed Curator to
the Soane Museum, and he held that post until his own death in
the commencement of the spring of this year*
Our late respected Honorary Solicitor, Mr. W. L. Donaldson,
had at all times so identified himself with the interests of our
Institute, and bad displayed so much talent, energy, and disinter
estedness in advancing its prosperity in all matters which entered
into his province, that I fear we shall never be able to supply his
loss. He carried us through the early period of our existence,
and guided us by his friendly advice when we most needed both
friends and advice. The tribute of respect we can offer to his
memory is, I fear, but a feeble consolation to those who mourn
his loss, but in the sincerest and most earnest manner do I now
beg to express, in the name of the whole body of the Institute,
our feelings of grief and of sympathy for the loss they have sus
tained.
" All heads most come
To the cold tomb;
But still the nctionB of the Just
Smell sweet, and blossom in the duet."

NAMPTWICH CHURCH, CHESHIRE.
This venerable structure, one of the finest in the north of
England, and the only cruciform church in the county, had
become sadly neglected till a few years since, when, soon after
the institution of the present rector, a vigorous attempt was
made to place things on a better footing, and though the appeal
was liberally responded to, it was not till the 8th of October
that the completion of the restoration—in all but some
* Mr Bailey held fcr many years the distinguished office of one of the Secretaries or
this iDs'titutd. In that capacity he was most unwearied, courteous and able, and much
of the success ofthe earlier Tears of our history is connected with the exertions of Mr.
Bailey and his distinguished colleague.
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minor details—permitted the re-use of the chancel. Before the
alterations, besides the ordinary dilapidations and whitewash,
the interior presented a mass of obstructions. One huge gallery
under the chancel arch so overhung the ancient pulpit (a re
markably rich specimen of stone panelling) that no one could
stand comfortably in it. The chancel was almost concealed from
the nave, aud, except for the sacrament, was never in use; while
other galleries rendered the transepts equally unavailable. The
roofs of nave and transepts were hidden by a flat ceiling, and it
was difficult for any but a practised eye to recognise, beneath all
these unseemly encumbrances, the true features of what now
appears to be one of the most beautiful examples of the best
period of Gothic architecture. In the year 1854 the church was
placed in the hands of Mr. G. G. Scott, and in 1858 the restora
tion of the nave was accomplished, and to this has now been
added that of the chancel.
■
Several styles are observable in different portions of the edifice,
but the prevalent one is that of the fourteenth century. We may,
however, mention that the west door is a beautiful relic of au
earlier church. The tower is of peculiar merit, being square up
to the roof ridge of the nave, and octagonal above it, with a stair
turret carried up one side, and boldly projecting above the pin
nacles with which the angles of the octagon are crowned. The
chancel has magnificent stalls of excellent workmanship, and its
stone vaulting has some curious bosses representing the closing
scenes of our Lord's life. The nave and transepts are now
uniformly seated with substantial open benches, the whole of the
stonework lias been repaired, aud the warm rich colour of the red
sandstone of which the chancel is built is once more visible. The
northern portion of the north transept, formerly a chantry, aud
opening into the transept by a fine arch, is now appropriated for
the organ, which has been improved and enlarged by Messrs.
Hill aud Son. In the chancel encaustic tiles have been laid down,
chiefly copied from the original patterns, of which some fragments
remained. The noble seven-light east window has been filled
with stained glass, and two elaborate niches, oa either side, have
been carefully restored, as also the old aumbry and sedilia. A
reredos is also in contemplation, to be the gift of Lord Crewe,
the patron of the living, at whose expense this restoration of the
chancel has been effected.

EXPERIMENTS ON THE GAUGING OF WATER
BY TRIANGULAR NOTCHES*
By J. Thomson, A.M.,
Professor of Civil Engineering, Queen's College, Belfast
Is 1808 I presented to the Association an interim report on the
new method which I had proposed for the gauging of flowing
water by triangular (or V-shaped) notches, in vertical plates in
stead of the rectagular notches with level bottom and upright
sides in ordinary use.t I there pointed out that the ordinary
rectangular notches, although for many purposes suitable and
convenient, are but ill-adapted for the measurement of very
variable quantities of water, such as commonly occur to the engi
neer to be gauged in rivers and streams; because if the rectangular
notch be made wide enough to allow the water through in flood
times, it must be so wide that for long periods, in moderately dry
weather, the water flows so shallow over its crest that its indica
tions cannot be relied on. I showed that this objection would be
removed by the employment of triangular notches, because in
them, when the quantity flowing is small, the flow is confined to a
narrow and shallow space, admiting of accurate measurement; and
as the quantity flowing increases, the width aud depth of the
space occupied in the notch increase both in the same ratio,
and the space remains of the same form as before, though in
creased in magnitude. I proposed that in cases in which it might
not be convenient to form a deep pool of quiet water at the up
stream side of the weir-board, the bottom of the channel of
approach, when the triangular notch is used, may be formed as
a level floor, starting exactly from the vertex of the notch, aud
extending both up-stream and laterally, so far as that the water
entering on it at all its margin may be practically considered as
still water, of which the height of the surface above the vertex of
the notch may be measured in order to determine the quantity
flowing.
* Riwd before the Britinh Association »t Manchester.
1 Sec C. £. &• .1. Journal, vol. Xil. p. 809.
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I indicated theoretic considerations which led to the anticipa
tion that in the triangular notch, both with aud without the
floor, the quantity flowing would be proportional or very nearly
so to the -5 power of the height of the still-water surface above
the vertex of the notch. As the result of moderately accurate
experiments which I had at that time been able to make on the
flow in a right-angled notch without floor, I gave the formula
Q = 0'317 H", where Q is the quantity of water in cubic feet
per minute, and H the head of water, as measured vertically, in
inches, from the still-water level of the pool down to the vertex
of the notch. This formula I submitted at that time temporarily,
as being accurate enough for use for many ordinary practical pur
poses, for the measurement of water by notches similar to the
one experimented on, and for quantities limited to nearly the
same range as those in the experiments ^froin about 2 to 10 cubic
feet per minute), but as being subject to amendment by future
experiments, which might be of greater accuracy, and might ex
tend over a wider range of quantities of water Having been
requested by the general committee of the association to continue
my experiments on this subject with a grant placed at my disposal
for the purpose, I have, in the course of last summer and present
summer, devoted much time to the carrying out of more extended
and more accurate experiments. The results which I have obtained
are highly satisfactory. I am confident of their being accurate.
I find them to be in close accordance with the law which had
been indicated by theoretical considerations; and I am satisfied
that the new system of gauging, now by these experiments made
completely ready for geueral application, will prove to be of great •
practical utility, and will afford for a large class of cases import
ant advantages over the ordinary methods,—for such cases espe
cially as the very varying flows of rivers and streams.
The experiiients were made in the open air, in a field adja
cent to a corn mill, in Carr's Glen, near Belfast. The water
supply was obtained from the course leading to the water-wheel
of the mill, and means were arranged to allow of a regulated
supply, variable at pleasure, being drawn from that course to
flow into a poud, in one side of which the weir-board with the
experimental notch was inserted. The inflowing stream was
so screened from the part of the pond next the gauge notch a3 to
prevent any sensible agitation being propagated from it to the
notch, or to the place where the water level was measured. For
measuring the water level a verticil slide wand was used, with
the bottom end cut to the form of a hook, the point of which
was a small level surface of about J inch square. This point
of the hook, by being bronght up to the surface of the water from
below, gave a very accurate means for deteimining the water
level, or its rise or fall, which could be read off by an index-mark
near the top of the wand, sliding in contact with the edge of a
scale of inches ou the fixed framing which carries the wand.
liy other experiments a sharp pointed hook, like a fishing-hook
has sometimes, especially of late, been used for the same purpose,
aud such a hook affords very accurate indications. The result of
my experience however leads me to incline to prefer something
larger than the sharp-pointed hook, aud capable of producing an
effect on the water surface more easily seen than that of a sharppointed hook; and on the whole I would recommend a level line,
like a knife-edge, which might be from one-eighth to half an inch
long, in preference either to a blunt point with level top, or a
sharp point. The blunt point which T used was so small, how
ever, as to suit very perfectly. If the point be too large it holds the
water up too much on its top, as the water in the pond descends,
anil makes too deep a pit in the surface as the water ascends and
begins to flow over it. The knife-edge would be free from this
kind of action, and would 1 conceive serve every purpose perfectly,
except when the water has a velocity of flow past the hook, aud in
that case, perhaps, the sharp point, like that of a fishing-hook,
might be best.
To afford the means for keeping the water surface during au
experiment exactly at a constant level, as indicated by the point
of the wooden hook, a small outlet waste sluice was fitted in the
weir board. The quantity of water admitted to the pond was
always adjusted so as to be slightly in excess of that required to
maintain the water level in the pond slightly above the height at
which the hook was fixed for that experiment. Then a persou
lying down, so as to get a close vie w of the contact of the water sur
face with the point of the hook, worked this little waste or regu
lating sluice, so as to maintain the water level constantly coinci
dent with the poiut of the hook.
The water issuing from the experimental notch was caught in a
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long trough, which conveyed it forward with a slight declivity, so
as to be about 7 ft. or 8 ft. above the ground further down the hill
side, where two large measuring barrels were placed side by side,
at about 6 ft. distance apart from centre to centre. Across and
underneath the end of the long trough just mentioned, a tilting
trough 6ft. long was placed, and it was connected at its middle
with the end of the long trough by a leather flexible joint, in such
a way that it would receive the whole of the water without loss,
and convey it at pleasure to either of the barrels, according as it
was tilted to one side or the other.
Each barrel had a valve in the bottom, covering an aperture Gin.
square, aud the valve could be opened at pleasure, and was capa
ble of emptying the barrel very speedily. The capacity of the two
barrels jointly was about 130 gallons, aud their contents up to
marks fixed near the top for the purpose of the experiments was
accurately ascertained by gaugings repeated several times with
two or four-gallon measures with narrow necks.
By tilting the small trough so as to deliver the water alternately
into the one barrel and the other, and emptying each barrel by its
valve while the other was filling, the process of measuring the
flowing water could be accurately carried on for as long time as
might be desired. With this apparatus, quantities of water up
to about 38 cubic feet per minute could be measured with very
satisfactory accuracy.
The experiments of which I have now to report the results were
luaile on two widths of notches in vertical plane surfaces. The
notches were accurately formed in thin sheet-iron, and were fixed
so as to present next the water in the poud a plane surface, con
tinuous with that of the weir board.
The one notch was right-angled, with its sides sloping at 4-5
deg. with the horizon, so that its horizontal width was twice its
depth. The other notch had its sides each sloping two hori
zontal to one vertical, so that its horizontal width was four times
its depth.
In each c:ise experiments were made both on the simple notch
without a floor, and ou the same notch with a level floor startiug
from it3 vertex, ami extending for a considerable distance both
up stream and laterally. The floor extended about 2 ft. on each
side of the centre of the notch, and about 2ift. in the direction
up stream, aud this size was sufficient to allow the water to enter
on it with only a very slow motion, so slow as to be quite
unimportant. The height of the water surface above the vertex
of the notch was measured by the sliding hook at a place out
side the floor, where the water of the pond was deep and still.
H.
Q.
C.
7
39-IS9
-3061
<5
26-S7
-304S
5
17-07
-3053
i
8819
-30U8
3
4-780
,
-3007
2
1-748
-3088
The principal results of the experiments on the flow of the
water in the right-angled notch without floor are briefly given in
the annexed table, the quantity of water given in column 2 for
each height of 2, 3, 4, 5, 6, and 7 inches, being the average ob
tained from numerous experiments comprised in two series, one
made in 1860, aud the other made in 1861, as a check on the
former set, and with a view to the attainmentof greater certainty
on one or two points of slight doubt. The second set was quite
independent of the first, the various instruments and gaugings
being made entirely anew. The two sets agreed very closely,
aud I present an average of the two sets in the table as being
probably a little more nearly true than either of them separately.
The third column contaius the values of the coefficient 0, calcu
lated for the formula Q = O H £, from the several heights and
corresponding quantities of water given in the first and second
columns; H beiug the height, as measured vertically iu inches
from the vertex of the notch up to the still-water surface of the
pond; and Q being the corresponding quantity of water iu cubic
feet per minute, as ascertained by the experiments. It will be
observed from this table that, while the quantity of water varies
so greatly as from lj cubic feet per minute to 39, the coefficient
C remains almost absolutely constant, and thus the theoretic an
ticipation that the quantity should be proportional, or very nearly
so, to the | power of the depth, is fully confirmed by experiment.
The mean of these six values of C is '3064; but being inclined to
give rather more weight in the determination of the coefficient
as to its amount, to some of the experiments made this year than
to those of last year, I adopt -305 as the coefficient, so that the for
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mula for the right-angled notch without floor will be Q = '305
Hj}-. My experiments on the right-angled notch with the level
floor fitted as already described, comprised the flow of water for
depths of 2, 3, 4, 5, and 6 inches. They indicate no variation in the
valuation of C for different depths of water, but what may bo
attributed to the slight error of observation. The mean value
which they show for C is -3U8, aud as this differs so little from
that in the formula for the same notch without the floor, aud as
the difference is within the limits of the errors of observation, I
would say that the experiments prove that, with the right-angled
notch, the introduction of the floor produces scarcely auy increase
or diminution ou the quantity flowing for any given depth, but
do not show what the amount of auy such small increase or
diminution may be, aud I would give the formula Q = '305 IT.}
as sufficiently accurate for use iu both cases. Thfe experiments
in both cases were made with care, and are, without doubt, of
very satisfactory accuracy; but those, for the notch without the
floor are, I consider, slightly the more accurate of the too sets.
The experiments with the notch with edges sloping two hori
zontal to one vertical, showed an altered feature in the flow of the
issuing vein as compared with the flow of the vein issuing
from the right-angled notch. The edges of the vein, ou issuing
from the notch with slopes 2 to 1, had a great tendency to cling
to the outside of the iron notch and weir board, while the por
tions of the vein issuing at the deeper parts of the notch would
shoot out aud fall clear of the weir board. Thus, the vein of
water assumed the appearauce of a ti'anspareut bull, like as of
glass, or rather of the half of a bell closed ou one side by the weir
board, and inclosing air. Some of this air was usually carried
away in bubbles by the stream at bottom, aud the remainder
continued shut up by the bell of water, and existing under slightly
less than atmospheric pressure.
The diminution of pressure of the inclosed air was manifested
by the sides of the bell being drawn iu towards one another, and
sometimes eveu drawn together, so as to collapse with one another
at their edges which cluug to the outside of the weir board.
On the full atmospheric pressure being admitted, by the in
sertion of a knife into the bell of falling water, the collapsed
sides would immediately spring out agaiu. The vein of water
did not always form itself into the bell, and when the bell was
formed the tendency to the withdrawal of air in bubbles was
not constant, but was subject to various casual influences. Now
it evidently could not be supposed that the formation of the bell,
and the diminution of the pressure of the confined air, could
occur as described, without producing some irregular influence on
the quantity flowing through the notch for any particular depth
of flow, and this circumstance must detract more or less from the
value of the wider notches as means for gauging water in com
parison with the right-angled notch with angles at 45 deg. with
the horizon. I therefore made numerous experiments to deter
mine what might be the amount of the ordinary, or of the
greatest, effect due to the diminution of pressure of the air
within the bell. I usually failed to meet with auy perceptible alte
ration in the quantity flowing due to this cause; but sometimes the
quantity seemed to be increased by some fraction, such as 1, or
perhaps 2 per cent On the whole, then, I do not think that
this circumstance need prevent the use, for many practical pur
poses, of notches of auy desired width for a given depth.
My experiments give as the formula for the notch, with slopes
of 2 horizontal to 1 vertical, and without the floor—
Q = 0636 HJ,
aud for the same notch, with the horizontal floor at the level of
its vertex—
Q = 0628 HJ,
In all the experiments from which these formulas are derived the
bell of falling water was kept open by the insertion of a knife or
strip of iron, so as to admit the atmospheric pressure to the in
terior. The quantity flowing at various depths was not far from
being proportional to the -J power of the depth, but it appeared
that the co-efficient in the formula increased slightly for very
small depths, such as one or two inches. For instance, in the
notch with slopes 2 to 1 without the floor, the co-efficient for the
depth of 2 inches came out experimentally 0'649, instead of
0-636, which appeared to be very correctly its amount for 4 in.
depth. It is possible that the deviation from proportionality to
the J power of the depth, which in this notch has appeared to be
greater than in the right-angled notch, may be partly due to sm.ill
errors in the experiments on this notch, and partly to the cling
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ing of the falling vein of water to the outside of the notch,
which would evidently produce a much greater proportionate
effect on the very small flows than on great flows. The special
purpose for which' the wide- notches have been proposed is to
serve for the measurement of wide rivers or streams, in cases in
which if would be inconvenient or impracticable to dam them up
deep enough to effect their flow through a right-angled notch.
In such caseS I would now further propose that, instead of a
single wide notch, two, throe, or more right-angled notches might
be formed .side by side in the same weir board, with their vertices
at the saniehivel. In rases in which this method may be selected,
the persons, using it, or making comparisons of gaugings obtained
by it, will ha-ye the;satisfactiou,of being concerned with only a
single standard form of gauge notch throughout the investigation
in which they may be engaged.
By comparison of the formulas given above for the flows
through' the* two notches experimented on, of which one is twiee
as wide for argiven depth as the other, it will be seen that iu the
formula for the wider notch the co-efficient "636 is rather more
Jhan dpuble the co-efficient '303 in the other. This indicates that
as the width of a notch considered as variable increases from that
pf alight-angled notch upwards, the quantity of water flowing
iacreases, somewhat more rapidly than the width of a notch for
a given.depth. Now, it is to be observed that the contraction of
the stream issuing from an orifice open above in a vertical plate is
of t*o distiriet kinds at different parts round the surface of the
■vein*: i One of these kinds is the contraction at the places where
the water shoots off from the edges of the plate. The curved
surfeee of the fluid leaving the plate is necessarily tangential
"with the surface of the plate along which the water has been
flowing, as an infinite force would be required to divert any mov
ing particle suddeuly out of its previous course.* The other
kind of contraction in orifices open above consists in the sinking
of the upper surface, which begins gradually within the pond or
reservoir, and continues after the water has passed the orifice.
These two contractions come into play in very different degrees,
according as the notch (whether triangular, rectangular, or with
.curved edges)' is made deep and narrow, or wide and shallow.
From considerations of .the kind here briefly touched upon, I
would not be disposed to expect theoretically that the co-officient
C for the formula for V-shaped notches should be at all truly
proportional to the horizontal width of the orifice for a given
depth; and the experimental results last referred to are in accord
ance with this supposition. I would, however, think that from
tlie experimental determination now arrived at, of the co-efficient
..for a notch so wide as four times its depth, we might very safely,
or without danger of falling into an important error, pass on to
aotches wider in any degree, by simply increasing the co-efficient
ift the same ratio as the width of the notch for a given depth
i« increased. '
. ... !1 n ' it
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THE PROFESSORSHIP OF THE ARTS OF CONSTRUC•i » ■■ - TION AT KING'S COLLEGE, LONDON.
),. ,T/bjs vacancy oreated, by the death of Prof. Hosking, who had
f^r some years occupied a professional chair at King's College,
:under the title of Professor of the Arts of Construction, has been
jfilled by the Appointment of Mr, Robert Kerr as his successor.
The appointment is unquestionably a happy one, and those
who know Mc Kerr's extensive acquaintance with his profes
sion in its various branches, and his ready and fluent power of
'expressing his ideas, will readily believe that the new professor
' will be speedily recognised as one of the ornaments of the
-tfcilege.
' We trust that this course of lectures will become in the hands
^f Prof. Kerr an important agency in promoting that movement
i in favour of a more complete system and a higher standard of
^professional education for, arqbiteqtural students, which the new
.exaniiqatiqasnow^eingiuauguratp^by the Royal Institute of
yjBritieb Architects are^ intended to premote. "With that njove.iiueBt £ro£ Kerr has heen^and is> thoroughly, identified; and we
congratulate him ou the. distinction which has so opportunely
u»ffsyrdedhiiu«nioccasion of practically, contributing to the edu"etrtirin *fr the rising generation of.afcbitoets and engineers, .■.'■• >■
a ^VTbis condition appears irot to have {kmi generally noticed by experimenters and
writers on hyilrpuyjjaraics.' Eren 3l >f| Poncelet and Leabrfts, in their delineations of
*'t!wfarirwof"WiM'6rVater(taMt>g'ffo»-<tiffieesk these plates, after elaborate measuremenu of those forms, represent the surface of the fluid as making a sharp angle, niih
the plate in leaving its edge.
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We would add that this appointment ought to render these
classes more generally attended by architectural students than
heretofore. For the most part, the attendance upon them has
been confined to students of the College who were destined for
the engineering profession. They will now probably be also fxeqnented, as iu the case with the admirable classes at London
University College, conducted by Prof. Donaldson, by young men
who are preparing for the architectural profession, and who, in
many cases, are not students in other classes.

PROPOSED EXAMINATIONS FOR ARCHITECTURAL
STUDENTS.
The scheme introduced by the Royal Institute of British Ar
chitects for voluntary architectural examinations has now been
advanced another stage. As already stated in this Journal, the
principles that a voluntary examination in architecture is desir
able, and that the Institute would proceed to establish such an
examination, were voted early in the last session, and a scheme
was consequently prepared by a committee, and subsequently
submitted to the various provincial societies, and to the Archi
tectural Association, for their criticisms and suggestions. Such
of the suggestions as seemed worthy of adoption were em
bodied, and the whole plan was laid before a special general
meeting of the Institute held ou the Uth ult.
At this meeting the report of the committee embodying the
scheme thus elaborated was adopted, and a small sub-committee
is now sitting, whose duty is confined to examining and regnlating all the details, editing the list of books, and making such
other preparations as may be necessary preliminary to the an
nouncement of the whole to the public. As soon as the final
report of this sub-committee is sent in and adopted, our readers
will have the benefit of it, and we shall then be in a position to
announce the date fixed for the first examination. It is, however,
generally understood that, with a view to afford students time
for preparation, no examination will take place till some consider
able time after the publication of the definite regulations and
curriculums.

THE NATIONAL DEFENCES.
We have already (ante page 172) submitted to our readers the
paper on ' The National Defences,' read by Mr. Bidder, juu. at the
Institution of Civil Engineers, An excerpt, comprising both the
paper and the discussion upon it, has just been issued by the
Institution.
It is matter of satisfaction that a subject of vital importance to
the nation, and involving many yet undetermined scientific ques
tions, should have been so frankly and fully debated by the mem
bers of the institution, in common with gentlemen representing
both branches of her Majesty's service. The rapid transformation
or development which marks the present phase of warlike science
seems to stimulate a continual sort of competition between the
appliances of attack and defence. In addition to strategic know
ledge, to which, of course, civilians do not pretend, a special ac
quaintance with the materials and principles of construction that
enter into the latest contrivances of warfare is essential; and
none are better qualified to deal with this branch of the question
than our civil engineers. We therefore think that the Institution
have rendered an important public service in taking up the
matter as they have done ; and we trust they will not allow it to
drop.
Two points appear to have come out with sufficient distinct
ness in the progress of discussion. The first, that the security of
these islands must always essentially depend on a home fleet
strong enough to command the Channel. The other, that the
fortification, at least, of the naval arsenals is a matter of the
highest moment. Artillery, as entering equally into the naval
and military defences, becomes thus invested with a double in
terest. We purpose for the present chiefly to consider those
parts of the discussion whiuh bear upon this much canvassed
.branch of the subject. Mr. G. P. Bidder (the President), in
.opening the discussion, made the following very pertinent re
marks as to the two systems of artillery that at present divide
the attention of the pubMo-" :<■.'..
'" :i,Thcte wa$ anoUfer' qtiestfan ution'wMcli thS papfeir had not touched,
'hilt which' ought not to be overlooked in this diseussion;—it Was, what
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had been done, with a view of ascertaining the beat kind of artillery for
all usea. A lengthened and most exciting discussion had taken place
upon this subject during the last year, and the President then ventured
to suggest that there might be a combination between the systems of the
two great names—Whitworth and Armstrong —which, he still contended,
would result in some combination which should command the confidence
of the country. At that time it was distinctly understood that the
challenge which was given by Mr. Whitworth, for the guns being tried
in a manner to put their respective powers fully to the test, should be
accepted and acted upon; but this had never yet been done. Sir William
Armstrong had achieved a great success with his gun in action ; but that
was not the whole question. The question for the country was, which
was actually the best gun 1 because any gun was bad if there was a bet
ter. In war, the most effective engine was that which was most likely
to insure success; and this country, which spared no expense, ought to be
assured that the most effective weapon had been secured for its service.
The competitive trial had never been made, and the President must say, that
the fault appeared' to rest entirely with the Ordnance Select Committee;
he had seen the terms of the trial which were sent by the committee to
Mr. Whitworth, and which, it must be admitted, were all made with a
view of bringing into favourable contrast the powers of the Armstrong,
as against the Whitworth gun. That might have been all right, although
it did not appear so to indifferent persons. Mr. Whitworth did not ob
ject to it,—but he proposed to have other and more severe tests; and the
result was that the trial was never made.
The President trusted that the discussion would not conclude without
some information being communicated as to the further experience which
had been attained in the perfection of artillery; and although last year
he had refrained from expressing his own opinion of which was the best
gun, he should not now shrink from the expression of his opinion on that
subject, which, with all the other points, would, he hoped, be fully and
freely discussed."
Nothing could be fairer and more to the point than these ob
servations of the President.
The country has a right to expect
of the Ordnance the selection, not of a good gun, but of the best
gun; a selection to be decided by fair and open trial.
For what
mysterious reasons the Select Committee are so chary of this
trial it might be hazardous to conjecture. But while both inven
tors are avowedly anxious to have the question speedily set at
rest, some subtle destiny appears to thwart the necessary arrange
ments so as to postpone the matter sine die.
The whole of Sir William Armstrong's speech is interesting,
but apace precludes us from giving it entire.
"Sir William Armstrong said, that the present discussion on national
defences afforded him an opportunity of continuing his former observa
tions upon the subject of the rifled artillery in use in her Majesty's
service.
When he last addressed the Institution upon that Bubject he had one
of his twelve-pounder rifled guns before him, and he then explained that
it consisted of an aggregation of coiled iron cylinders. That mode of
construction remained the same, and he most firmly believed it to be the
best for all sizes of rifled guns, and more especially for those of large
calibre. He had, in some instances, to a certain extent departed from it,
but only under the pressure of great manufacturing difficulties, since
happily overcome.
The breech-loading apparatus, explained on the former occasion, re
mained the same, and was now exhibited in the small gun—a six- pounder
—upon the table. The only modification was in the vent-piece, upon
the back of which a projection had been formed to fit into the hole
through the screw, and to prevent the occasional blowing out of the ventpiece, from neglect in not screwing up the breech.
The sights had been improved, and a number of small pins and screws,
which were found liable to be shaken out, or to be broken by the concus
sion of firing, had been dispensed with; but in all essential particulars the
gun remained the same, and he was happy to say it had met with the
general approval of the service.
The projectile for the 1 '-'-pounder also continued unaltered, except in
some unimportant particulars which need not be explained. It would be
recollected that it consisted of a thin cast-iron case, built up internally
with segments, like bricks in a wall, and that it was thinly coated with
lead on the outside of the case. This projectile was used indiscriminately
as solid shot, shrapnell shell, and as common case or canister, according
to the mode of dealing with the fuze.
The leaden coating of this projectile had been subjected to severe
criticism. It was said to be liable to be stripped off, and to inflict injury
upon friendly troops in advance of the gun. He would explain this mat
ter fully, and it would be seen how much more had been made of the
objection than it deserved, and how little the objectors understood the
merits of the case. The frequency of the occurrence had been greatly
exaggerated.
The heaps of recovered projectiles denuded of their lead,
which were to be seen at Woolwich and at Shoeburyness, had given rise
to the belief that the lead had in every instance been stripped off as
the projectile left the gun, whereas the separation took place on the graze
of the projectile, and not on the firing of the gun, except on rare occa
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sions. It was a well-ask.
-1 fact that the lead, when it separated
on leaving the gun, genei,
uck the ground within a distance of
100 yards, and invariably wv
distance of 200 yards. It must be
obvious that artillery would tk
fired over the heads of troops
at so short a distance, except .
■ of extreme emergency, be
cause in the event of shells .
- at the muzzle, as they
must always be more or lass liable
the casualties would be
much more serious than could arise from
lead coming off. But what
ever might be the weight of the objection, the rational inquiry was, whe
ther it were of a radical or of a remedial character. At all events, those
who condemned the projectile on that account should be prepared to produce
one equally efficient, and free from this liability. It was not sufficient
to say that this or that person's projectile might be so modified as to com
bine the good points of both plans. If it were practicable, let it be done,
for in matters of invention the difference between Baying and doing was
as wide as possible.
The truth was, that any amount of adhesion might be- given to the
lead; but it was doubtful to what exjtent that adhesion could be increased
without impairing the efficiency of the shell. The nature of the case
would be understood, when attention was directed to the specimens of
1 'J- pounder shells then exhibited. The first was a shell having the lead
put on with tin solder in the ordinary way. It would be seen that in
this case the adhesion of the lead was so feeble, that when cut through,
it could be peeled off with the fingers.
The second was a shell having the lead put on without the applica
tion of any solder at all; the adhesion being obtained by means of under
cut grooves, which held the lead with much more tenacity than the tin
solder.
The third was a shell in which the lead was put on with zinc solder—
a method he believed first practised by Mr. Bashley Britten in connection
with his own projectiles, and afterwards proposed by Colonel Boxer for
the projectiles of the Armstrong guns. In this last case the adhesion of
the lead was so perfect that the junction was as strong as the material.
It would therefore be asked, why not adopt the zinc solder, and put an
end to the question ? The answer was, that by increasing the adhesion
of the lead, the number of splinters produced by the bursting of the shell
was diminished.
Samples of 12-pounder shells were exhibited, in the fragmentary state
produced by bursting them in a chamber where the pieces could be
collected.
Number of Large and
9iim11 Pieces into
which the Shell bunt.
First sample —the lead being attached in the ordinary
way
310 pieces.
Second sample—the lead being secured by undercut
grooves
292
„
Third sample—the lead being attached by zinc solder ...
243
„
The effect of this last system was to produce only about four-fifths of the
number of pieces contained in the. first sample.
In the latter case, also,
every fragment of iron carried its piece of lead, so that nothing was added
by the lead to the number of splinters.
Individually, he had no particular preference for any one of these
methods; but the question was, whether it was advisable to sacrifice onefifth of the number of fragments for the sake of preventing the occasional
separation of the lead at the muzzle of the gun ?
For solid shot (which, however, were but little used with these guns)
there could be no objection to zinc solder; and in regard to shells, the un
dercut plan would probably prove the best; because it did not seriously
diminish the number of fragments, and would afford an adhesion, inde
pendent of chemical action.
Various specimens of large projectiles were exhibited, and amongst
others were the common and the segment shell for the 100-pounder gun.
There was also a steel-headed shot for the same gun. The steel part,
which formed the larger portion of the projectile, was a cylinder carrying
an external casing of cast-iron coated with lead. The Bteel bolt was flalheaded, as advocated by Mr. Whitworth, the object being to punch a
hole in the plate; but it was probable that no great damage would be in
flicted upon iron-plated ships, except by using projectiles of such weight
and magnitude as would crush in the side of a ship instead of merely
punching holes in it. Experiments were in progress at Shoeburyness
with lead-coated shells filled with molten iron, and no difficulty had been
found in preventing the lead covering from being melted off.
A description of the time and concussion fuzes had already been
communicated to the Institution on a former occasion, and specimens of
these were again exhibited. He had now to describe a fuze which he had
lately perfected, and which had since been adopted for the Bea-service
shells of rifled ordnance. As all attempts at secrecy upon these matters
had been given up as utterly, impracticable in this country, he felt no
scruple in describing this fuze, more especially as he knew that specimens
had been stolen from the factory at Elswick, under circumstances which
could leave no doubt of their being intended for transmission to foreign
countries. Not that he believed they would be readily adopted there,
because professional prejudice, and the difficulty of engrafting novelties
upon systems already in existence, were much more effectual safeguards
than attempted secrecy.
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Before proceeding to describe this fuze he would offer one or two ob
servations on the difference of the conditions required in a percussion
fuze for sea-6ervice and for land-service. In both forms it was necessary
that the fuze should be so constructed as to resist explosion under the
greatest amount of violence to which it might chance to be exposed in trans
port or in handling; but, at the same time, the construction must be such that
the act of firing the shell from the gun should have the effect of putting the
fuze, as it were, from half cock to full cock, and thus giving it a sensi
bility which it did not previously possess. There was, however, this im-portant difference in the two cases. In the land-service fuze the sensibility
thus acquired could not be too great. The shell ought to explode, if it
did but strike a man's hat; but in the sea-service fuze the sensibility must
be limited, because a considerable portion of the shells would ricochet
from the water, and if they were to explode from that concussion, the
chance of their subsequently striking a ship would be lost.
Another important object in the sea-service fuze was to attain the
greatest possible rapidity of action, so that the explosion might take
place either in the act of passing through the timber, or instantly on en
tering the ship. Sir Howard Douglas had objected to the use of percussion
shells, upon the ground that they passed the fighting side of a ship before
they exploded, and wasted their effects upon the opposite side, where the
men were not engaged. Quickness was, therefore, a most important
consideration; and when he stated that the time which a shell occupied in
passing through the side of a ship was only about the 400th part of a
second, and that in that minute interval of time all the movements in the
fuze must take place —that the flame from the detonator must travel into
the shell, and that the combustion of the powder must be sufficiently
effected to burst the shell—it would be seen how necessary it was to re
duce the times for those processes to the smallest possible limit.
He then proceeded to describe the sea-service fuze, which he stated he
had designed with a view to the attainment of these objects, and which
he had termed the ' pillar fuze.' Specimens of the fuze were exhibited,
and sections of it were shown by the drawings on the wall.
It consisted of an external case screwed to fit the shell, and containing
a central pillar, which had a hole through it filled with powder, and which
was tipped at the upper extremity with a detonating composition.
This
extremity projected into a cavity in the cover, a clearance being left of
about half a tenth of an inch all round the detonator.
It would be seen, that if the pillar were to move forwards or to one
side, the detonator would explode, by striking in the one case against the
top. and in the other against the side of the cavity.
It was therefore
necessary to secure the pillar in its central position, in order to be per
fectly safe in transport and in handling. This was effected by applying
a leaden hoop, called the guard, which filled up the space around the pil
lar, and prevented any lateral movement. The hoop also rested upon a
collar in the pillar by means of a flange, and abutted at the upper end
against the cover, thus preventing any longitudinal movement. In fact,
until the guard were dislodged, the pillar did not admit of any movement
whatever. This, then, would be the condition of the fuze before the gun
was fired; and in that condition (as represented in Fig. 1,) it was capable
of resisting any amount of accidental violence to which it could be exp«ed. But when it was fired from the gun, the motion communicated to
the shell was so sudden and rapid, that the vu inertia: of the guard
caused the flange to be stripped off, and the guard to be lodged at the
bottom of the fuze, as represented in Fig. 2. In this condition the pillar
would have lost the support of the guard, but it would still derive sup
port from a little leaden cup, which was called the regulator, because by
increasing or diminishing the thickness of this cup the sensibility of the
fuze was regulated to the required degree. In determining the strength
of this cup, the object was to make it of such a thickness that the pillar
should be retained in its )>osition when the shell struck upon water, but
in it when it met with a greater resistance.
Supposing the shell to strike
its object —a ship for instance— point foremost; in that case the velocity
of the shell was checked, and the momentum of the pillar would crush
up the cup and bring the detonator into contact with the top. Again,
supposing that the shell had been fired at a high angle, in which case it
would fall upon its side; or that in consequence of grazing upon the
water it should strike a ship Bidaways, the momentnm of the pillar would
take effect in a lateral direction, and the lip of tlie cup which projected
into a recess in the cover would be cut off, thereby bringing the detonator
in contact with the side. The action obtained by this arrangement was
extremely rapid, because tibi amount of movement in the pillar was very
small. Also lwcause the detonator was in immediate contact with the
priming powder in tho pillar, and a strong jet of flame was instantly shot
from the fuze into the shell. So rapid was the action, that in firing a
100-pounder shell against a butt. 18 inches in thickness, the shells were
burst in the act of passing through the timber, and the shattering effects
prtjduoed were most destructive.
The only point in this description which might not be quite intelligible
to all present, was the nature of the force by which the flange of the
giiard was stripped off on the firing of the gun. A few words of expla
nation would, however, make that clear. Taking, for instance, a 100 lb.
shell, fired from a gun of 7 inches bore, and assuming the maximum
•iire88ure of the gas upon the base of the shell to be 1000 tons. This
•pressure would be equally distributed amongst all the particles of the
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projectile, so that each grain-weight would, at the instant of greatest
pressure, have a force applied to it of about 3 lbs. Now the guard of the
fuze, which weighed 300 grains, formed part of the projectile, and would,
therefore, have a pressure of about 900 lbs. applied to it, urging it to
move. But that would have to be transmitted to it through the uaedinm
of the flange which rested on the collar of the pillar, and which, not being
Btrong enough to bear a strain of 300 lbs. would break under the force
applied. The guard, therefore, would not move forward with the shell,
but would be left behind, until it was caught up by the bottom of the
fuze-case.
Proceeding to another branch of the subject— muzzle-loading guns—he
stated that his conviction remained unshaken, not only that breech-load
ing guns were superior to muzzle-loading guns, in the great majority of
cases— more especially for naval use— but that the application of the
Fig. 1.

A, the Pillar.

Pillar Fr/si—Condition before firing the Gun.
B, the DeiouatOr.
c, me Guard.
1>, the Regulator.

breech-loading principle was mechanically practicable for guns of very
large calibre. At the same time he would admit there were cases, as in
open forts, where the guns would necessarily be left in an exposed con
dition, and could not have the care and attention of a garrison, and where
any species of breech-loading machinery, however simple, would be ob
jectionable. In all such caseB inuzzle-loading guns would be preferable,
and it was therefore probable that they would always be, to some extent,
required.
The first consideration in a muzzle-loading gun was facility of loading,
and to accomplish that it was necessary that the guage of the shot Bhould
be sufficiently low to prevent it from sticking in going down the bore.
But, on the other hand, it was necessary, in order to insure accuracy of
fire, that the shot should not admit of any lateral movement as it issued
from the gun ; the question, therefore, was how to make the projectile go
in easily, and come out tight."
Sir William Armstrong proceeded to give a description of the
mode in which this was accomplished iu his "shunt gun;" but we
omit the details, as it came out iu the discussion that Mr. Whitworth had achieved the same result, with great success, four
years previously.
" In order to avoid the necessity of lifting the vent-piece, which in
large guns became inconveniently heavy, he had long been endeavouring
to make it slide out sideways. The first large gun he had made was con
structed in this manner; but the objections which had presented them
selves to that arrangement were first, that the escape of gas at the breech,
wlu;h in the vertical arrangement was of no importance, became
a serious inconvenience when it took place from the side; and, se
condly, th"t in the event of the gun being fired before the vent- piece
was screwed up, the mischief would be much more serious, than if
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the opening were at the top of the gun. He did not, at the time,
see how the difficulties could be surmounted, but he had at length
arrived at a construction by which the object could be accomplished with
out the liabilities described.
A full-sized model of the breech of a 100-pounder gun, constructed
upon this principle, was exhibited; but before describing it he would ob
serve that the problem to be solved was, first to construct a breech-closing
apparatus which would work from the side, so as to obviate the necessity
of lifting the parts: secondly, to entirely prevent the escape of gas; and
thirdly, so to arrange the apparatus that the gun could not be fired until
the process of closing the breech had been perfected. The first step
towards the attainment of this object consisted in the application of a
thin iron cup, to act upon the principle of a pump-leather in preventing
the escape of gas from the breech.
This had been applied to the ordidinary 100-pounder guns, and was found to answer perfectly. The Prus
sians originally adopted m cardboard cup for the same purpose, and for
small charges, such as they used, that substance answered very well, but
it would not bear the heavier charges employed in this country. Thin
sheet-iron, however, answered perfectly for the cups, and they could be
made at a small cost.
He then proceeded to describe the model. In the ordinary construction
of the Armstrong gun, the slot or chamber, which received the ventpiece, was cut through the gun in a vertical direction, whereas in the
model it passed through horizontally.
This slot or chamber contained a
stopper, corresponding in its function to the vent-piece, but in this case
called a stopper, because the vent was in the gun and not in the stopper.
It also contained a sliding-bloek, slightly wedge-shaped at the back, and
which performed the part of the screw in the other arrangement. Where
the prevention of the escape of gas depended upon the mere pressure of
well-fitting surfaces, the application of a screw was requisite to render the
contact of those surfaces sufficiently close ; but where the prevention of
escape was effected by a cup, it was only necessary to give support to the
stopper — and hence the screw was dispensed with. The sliding-block
was fitted with a running handle, which acted as a hammer in overcoming
Fio. 2.

I'hlau Fuaa—Condition during Flight.
the friction of the block against the Btopper. By first using the handle
as a hammer, and then applying a gentle pressure, the block was thrust
back against a stop, which prevented its going too far. The stopper was
then drawn forward, by which means the breech was opened, and the
shot and the charge of powder could then be inserted. The iron cup was
next applied to the projecting face of the stopper, and by means of a
button upon the face the cup was rendered a fixture by giving it a por
tion of a turn. The next movement was to slide the stopper, with the
cup affixed, into the chamber as far as it would go, and by then changing
the direction of the hand, and using the handle of the stopper as a lever,
the cup was thrust into the bore, into which the face of the stopper
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entered about half an inch. It then only remained to draw np the block,
and the process of closing the breech was completed.
It would be observed that the stopper, in coming out, was guided into
a convenient position for affixing the oup by means of two grooves, one
on either side of the chamber, and that in going in these grooves pre
vented any devious or vibratory movements in the stopper, which would
have the effect of bringing the cup in contact with any part of the gun,
and thereby bruising its edge. But the grooves were also of such a form
that when the stopper had reached a point opposite the bore, then, and
not till then, it became susceptible of the movement necessary for enterFio. 8.

o, the Slide; e, the Pin; c, the Chamber containing the Block: d, the Bore; «, the Vent,
ing the cup. It would also be perceived that the stopper, in coming out,
was arrested at the proper place, so that it could not tumble out.
But
although it could not come out accidentally, it could be easily taken out
designedly, by guiding it into a sort of siding running out of the groove.
The apparatus for preventing the gun from being fired before the breech
was properly closed, was then described.
On the top of the gun there was a little slide which worked to and fro
over the vent-hole, and which participated in the motion of the block so
as to cover the vent-hole when the block was thrust back, and to uncover
it when the block returned to the position at which the gun might be fired
with Bafety.
The apparatus by which this was effected was very simple. It merely
consisted of a little slide and of a strong pin communicating with the
block through a hole, which was contracted in the middle and expanded
above and below, as shown in Fig. 3. This form of hole allowed the pin
to vibrate on its centre. The lower extremity of the pin projected into a
groove in the block, which groove had a curve upon it to give the re
quired movement through the gun to the slide. The slide was covered
by a hood, shown in the model, but for the sake of distinctness not indi
cated in Kig. 3.
A 100-pounder gun upon this principle was now completed, and would be
tried almost immediately. He had the greatest confidence in its success,
as the details had been worked out with great skill and care by his able
friend, Mr. George Rendel, the managing partner of the Gun Department
of the Elswick Ordnance Works."
According to Mr. Aston, there are some points very much in
common between some of the contrivances above described and
those which have been long used by Mr. Whitworth. Mr. Aston
observed that—
"There was another point which must have been heard from Sir
William Armstrong with much satisfaction. That was a recognition uf
the muzzle-loading principle, as one which, under many circumstances,
must ultimately be adopted. The muzzle-loading principle did away
with a vast amount of complication. It reduced that which entailed
great difficulty in manufacture, and great delicacy in management, to
simplicity of manufacture, and safety of management; anil, therefore, it
was gratifying to hear it confessed by so high an authority that, under
certain circumstances, the muzzle-loading system must inevitably be
recurred to. With regard to this newly-proponed system now explained
and advocated by Sir William Armstrong, Mr. Aston could only say,
that in several points it exemplified in a remarkable degree how possible
—nay, how natural—it was, that two minds, pursuing the same course
of discovery, should hit upon plans which, though not perhaps identical,
yet nevertheless involved the same principle. It was stated, that in the
shunt gun proposed by Sir W. Armstrong, the projectile, when it was
pushed into the gun. entered with an easy fit, and that when it came out it
hugged the tight side, nnd came out with a tight fit. Sir William like
wise stated, that for two years he had been devoting his attention to
working out this new principle, which was to take the place of his old
principle. Now it was generally well known, that before the period em
braced within those two years, that principle of having an easy fit for the
projectile as it entered, and a tight fit as it left the gun, had been
practically applied tn Whit worth, rifled artillery with great success. In
some muzzle-loading guns which were still at Shoeburyneea, and which
had been there four or more years, that principle was most successfully
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carried out He alluded to tie bras field-guns rifled by Mr. Whitworth
for she ^overnmenc. and tried at rioeburyness some years ago. He did
out fur a moaseoi wish to say iha-, Sir William Armstrong had been
if«Ut» of piiartanBa. bat it was evident that the some principle had been
adopted, wavtiKr knowingly or otherwise, by two minds. To what
v\teu( it ha»i been worked out in a similar, or dissimilar manner, he must
leave to the opinion of th->se who were familiar with both the systems,
ami .knibtiess they would form their own judgment. A contrivance had
aLjo txwa owBtW'ttM. bv which the escape of the gas was prevented; it
«»> b»u«id uuua the principle of employing a thin iron or tin case, which
v» -i* Uxwrtwl in the breech end of the gun. Kow this bore a very close
r.wtubutavw U> the metalho cartridge which had been so long used by
Mr. \Wia\ma. and had proved so efficient in his breech-loading guns.
A^aiu, « ith reward to the closing of the vent by means of the sliding
jTMid. which had been explained to the meeting, many gentlemen
protest had seen a rifled breech-loading cannon, wherein a similar slide
vvuuwted with a screwed breech-cap was employed; it was used to cover
th« mit when the piece was not ready to be fired, and it was withdrawn
i»»)t at the time when the breech piece was "home," and the gun might
he lately discharged.
Mr. Alton alluded to these matters, to show how, in these three
instances, two minds appeared to have travelled one after the other in
the same groove, with the desire of effecting similar objects."
The question of priority as between one inventor and another is
however of very small consideration in comparison with the ques
tion, What is the best system of ordnance, and how is the country
to.be assured that the best has been or will be adopted? On this
point we quote a portion of the President's concluding speech.
" The members were all interested in the explanation afforded by Sir
William Armstrong relative to the progress of his guns ; and the manly
foetiiu? which dictated the throwing aside of all secrecy, demanded the
admiration bf all who heard him. It was most satisfactory to hear his
indignant disclaimer, that be had any port in preventing the trials that
ware to have taken place relative to the results of his mode of rifling as
compared with that adopted by Mr. Whitworth. No doubt Sir William
felt assured that a fair trial would satisfy the public as to all the im
provements he had introduced, which had the elements of success in
themselves ; and if any competitive trials had shown that anything
better could be done, no matt would have received the verdict more
willingly than Sir William Armstrong himself.
Sir William had expressed an entire want of confidence in homogeneous
iron. The President could not concur in that view ; he did not think
that at present they would be justified in saying that homogeneous iron
had ever yet had a fair trial and had been found wanting. He had re
ceived a letter from Mr. Krlipp, of Essen, accompanied by a communi
cation from Colonel Petiet, of the Artillery Commission of France, stating
as the results of his experience with 12-pounder guns constructed of
homogeneous iron, that they hail been completely successful. Mr.
Krttpp stated that in Prussia they had made guns of 8-inches bore, which
had successfully resisted all the proofs to which they had been submitted.
There could be no doubt that in this country there had been some dis
appointment attending the manufacture of guns of large calibre, of
homogeneous iron. This, however, might be fairly attributed to the
mode 6f manufacture. The machinery for working the iron in the large
masses necessary for guns was not suitable for the purpose; and until
hammers of 30 or 40 tons were applied it would not be fair to pronounce
the condemnation of homogeneous iron as a material for artillery; indeed,
they were not justified in rejecting homogeneous iron for guns until the
same experience had been gained and the same attention had been
bestowed upon that metal, as had been given, under Sir William Arm
strong's superintendence, to his own peculiar mode of construction.
Sir William Armstrong had explained very lucidly the mode of opera
tion of the shunt gun, and expressed his conviction of the adaptability of
projectiles with a soft metal coating to guns of large calibre, and that
they were even superior to the hard tool-prepared projectiles. That, was
de facto the question of the comparative merits of the systems of rifling
adopted by Sir William Armstrong and by Mr. Whitworth, and upon
which it had been hoped that the trials which were proposed last year
would have afforded conclusive evidence. The President was bound to
Bay that his own conviction was in favour of the hard tool-prepared
projectile, and for these reasons :■—He had seen a great many experi
ments with Wliitworth guns, he had examined carefully the resulta of
numerous trials, and he had received within the last few days tin: results
of some comparative experiments made with Armstrong and with Whit
worth 12-pounder guns at Shoeburyness, by the Ordnance Select Com
mittee. Those results were highly interesting, and they pointed to
suggestions of great importance in the science of artillery. The document
was a private report issued by the Select Committee, and he had ob
tained a copy of it from Mr. Whitworth.
Sir William Armstrong observed that it had never come under his
n otiee in any form whatever.
The President believed that it had been kept very quiet. He had seen
the original report, fcnd, in fact, had ordered a fac-simile of it to be
printed for insertion in the minutes. He hoped this meeting would not
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suppose that he was making statements which could not be substan
tiated. This circumstance induced him to remark that it was the duty
of any committee appointed by any government department, not only to
investigate most carefully a subject of this importance, but to record all
their proceedings, and the results they arrived at, and to publish them
with authority, in order to satisfy the country. There was not any
mystery or craft in the science of artillery, and the results of the innu
merable trials that had taken place ought to be made public What had
Sir William Armstrong himself stated in the course of this discussion ?
He said, that up to this moment the law of retardation with reference to
projectiles had not been ascertained, whilst with the experiments of the
last twelve months the facts might have been observed, and the law could
hare been determined with the greatest nicety.
Sir William Armstrong said there was a separate law for different
descriptions of projectiles.
The President replied that there were separate results, but there
could only he one law for all projectiles; therefore, in the opera
tion of rifling two things had to be attained—in the first place, the
highest rate of initial velocity; and in the second place, the projectile
should be exposed to as little retardation as possible from the atmo
sphere. It wonld appear, from information supplied by Sir William
Armstrong, that the initial velocity of the projectile with the same charge
of powder was nearly the same in the Armstrong as in the Whitworth
gun; but the retardation of the Whitworth projectile was less than that
used by Sir William Armstrong.
The Report of the Ordnance Select Committee (annexed) would illus
trate the President's views. The practice in each case was certainly
beautiful, and it demonstrated a most material point. If the initial
velocity was the same—and from the facts supplied it would appear to be so
—still from some circumstances, probably from the form of the Whitworth
projectile, it was exposed to a less amount of retardation. The law, as
far us he had ascertained, would seem to be that an allowance must be
made of 1 per cent, loss of velocity for every 100 yards traversed. He
found from the result of the experiments at Southport last year, that with
a 12-pounder gun at 35 degrees of elevation, the ball was thrown to a
distance of about 10,000 yards, and the time of flight was 40 4 seconds- the longest period upon record. The importance, then, of this law of
retardation oould hardly be sufficiently appreciated.
Mr. Longridge was of opinion that the experiments should be con
tinued until the means were attained of projecting the rifle bullet with
the same velocity as a 68-pounder shot from a smooth-bore gun. There
were, however, reasons why that could hardly be accomplished; either
the gun must be of a length which would render it unmanageable, or it
could not consume the charge of powder. The velocity of a 68-pounder
shot was stated to be 1700 feet per second, whilst the experiments with
the Armstrong gun showed that the initial velocity of the shot was about
1200 feet per second.
It must be borne in mind that the ordinary 68-pounder shot, instead of
losing only 1 per cent, of velocity in every 100 yards, lost 6 per cent.,
whilst after travelling 800 yards, the velocity of the rifled projectile ex
ceeded that of the ordinary 68-pounder; and, in point of fact, the penetra
tion of the rifled projectile at a range of four miles was more than that
of the ordinary 68-pounder at one mile. This showed the influence of
the force of retardation, and the importance of reducing It in projectiles to
the lowest possible amount. "
On examining the table referred to by the President, we find
the object of the experiments is thus specified;—" To ascertain
range and deflection." A glance at the two columns headed
"Mean observed deflection, gives strong presumption as to the
superior lateral accuracy of the Whitworth gun; but for more
exact comparison we put side by side the deflections in each case
as referred to the mean direction.
Charge.

■™«*

1

a>
1-50
175

Degrees.
2
„

!

1-50
1-75
1-50
175

mS

■Whitworth
deflection.

Yards.
1-04
1-48

Yards.
075
108

5

1-48
0-80

172
0-64

10

2-14
6-17

085
2-92

it

On comparing the above figures it will be seen that the greater
lateral accuracy of the Whitworth as compared with the Arm
strong gun becomes most conspicuous at the 10° elevation, i.e. at
the longest range.
It is equally evident that the Whitworth gun is facile princep*
as regards range. At the furthest ranges it distances its rival
by 490 yards, or more than a quarter of a mile.
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Report of the Ordnance Select Committee.
Armstrong's B. L. 12 Pr. Gun, versus Whitworth's B. L. 12 Pr. Gun.
Object, — To ascertain range and deflection of Whitworth's B. L. 12 Pr. Gnn in comparison with Armstrong's 12 Pr. Gun.
Armstrong's 12 Pr. B. L., No. 6.
Weight
8 cwt. 2 qra. 11 lbs.
Length
7 ft. 6 in.
Bangs.
Mln.

Max.

Mean.

Mcad
diff. of
Range.

Yds.
1108
1226
2128
2331
3512
3886

Yds.
1150
1307
2165
2399
3597
3961

Yds.
1130
1256
2146
2358
3568
3908

Yds.
12
26
11
15
24
41

No. of
Round.-*.

lbs.
2nd April, 61.

,,
»*
>7

5
j*

t»

»
»
>»

1-50
1-75
1-50
1-75
1-50
1-75

Dc(B.

2

,,
»>
n

„
ii

Mean

Mean

Deflect.

Flight.

Yds.
4
5
9
11
12
17

Seconds.
3-4
3-6
0-8

Elevation by Quadrant.
Guns mounted on Travelling Carriage, on Lieut.-Col. Clerk's Platform.
Thus far the questions of range and deflection might seem to
determine themselves with sufficient distinctness. There is
however a further point to be observed as to certain figures in
the table. We refer to the columns headed "Mean diff. of
Range." Lateral precision obviously depends on two things:
the aim of the gunner, and the accuracy of the piece. When the
pointing of both guns is superintended by the same officer, any
imperfection in aiming equally affects either, so that the results
may be safely taken as showing the comparative accuracy of the
pieces, if not the absolute accuracy of each piece. Precision of
range depends on a combination of several circumstances: the'
accuracy of the gun ; the laying of the gun, including the proper
adjustment of the sight or quadrant, as the case may be; and
last, but not least, the loading. Now we find the figures express
ing the mean difference of range of the Armstrong gun not only
moderate in every instance, but tolerably regular, and (as might
be expected) greatest at the greatest range. On the other hand,
the corresponding figures, in the case of the Whitworth gun
exhibit the most fantastic and fitful diversity. Thus, at 2367
yards mean range we have for the Whitworth 119 yards mean
difference, as against 1 1 yards for the Armstrong gun with the
same elevation and charge. Yet at the longest mean raDge of
4399 yards, the Whitworth shows a mean difference of only 25
yards, as against 41 yards for the Armstrong gun. Were these
figures to be relied on, they would point to the novel conclusion
that the precision of range at 20 furlongs was four times as great
as at 10 furlongs. But the ouly rational inference appears to be,
that the Whitworth gun was badly managed, either iu the eleva
tion or the loading, or both.
It must be borne in mind that the men who worked the guns
were familiar with the Armstrong gun, but unfamiliar with the
Whitworth gun. The ammunition was also different, the powder
being in a cartridge for the former, and in a tin case for the
latter. These tin cases may be used more than once, but some
times after the first discharge there will be a crack at the end,
through which, without due care, some of the powder may make
its escape. When it is mentioned that old tin cases were actually
used for some of the rounds, and had to be filled in the rear, and
then carried some twenty yards or so to the gun, it will be under
stood that there was enough risk of inaccuracy in the loading of the
Whitworth gun to account in great measure for the capricious
variation of range. In fact, on referring to another table in the
Appendix we find a corroboration of this view. Each round of
the Whitworth gun is there given. The 5 rounds for lA lb.
charge and 5° elevation show the following ranges (in order of
magnitude):—
2072"!
2389 I
2442 ) Mean, 2368 yards.
2449
2486J
While four of these shots fall within a distance of 100 yards, the
remaining one is nearly 300 yards short of the mean distance !
So exceptional a circumstance points unmistakably to uu error
in laying or charging:. more 'probably the latter. The table,
which is signed by Col. Taylor, R. A., states that the rounds in

Whitworth's 12 Pr. B. L. , No. 1.
3 qre. 0 lba.
8 ft. 8 in.

7-8
9-8
12-9

Mean
dlff of
Range.
Min.

Max.

Mean.

Yd».
1159
1266
2072
2335
4137
4343

Yds.
1228
1344
2486
2644
4318
4449

Yds.
1198
1289
2867
2471
4222
4399

Yds.
19
28
119
97
68
25

Mean

Mean

Deflect.

Plight.

Yds.

Seconds.
8-6
3-4
6-9
7-0
10-2
13-1

1J
IS
1J

n3
»§

Armstrong's Gun. Wads choked in Cartridge.
Whitworth's „
Powder and Wad contained in Tm Case.
Weight of Wad, 2 oz. 4 drms. Tin Case, 8 oz. 8 dims.
question "were fired with fin cases tltat had been used pre
viously." Instead of setting the abnormal range on one side as
doubtful, and tabulating from the remaining fonr, the average
has been struck upon the whole, and it is thus that the astound
ing figure 119 for mean difference of range, previously noticed,
has been arrived at. From tables thus compiled little can be
inferred as to the accuracy of the gun, although much may be
divined as to the manner in which it was handled.
As an example of what the Whitworth 12-pounder will do when
properly handled, we may refer to the experiments at Southport
in February I860.* 10 shots at 5° elevation, charge l\ lb., gave
ranges (in order of magnitude) and deviations, as follows:—
Yards.
Yards.
Range
2354
Deflection
2$
right")
Mean differ
2352
2J
ence of range,
2351
3
2348
16 yards.
2
2347
4
Mean deflec
2343
2i
2337
left tion from cen
',
2334
right tre of group,
2
2304
1 yard.
fl
2288
2
At the request of Sir William Armstrong, particulars as to the
practice at Shoeburyness, and as to the mode of averaging and
tubulation pursued, are inserted in the appendix of the excerpt
before us, and it is among them that we find the table that has
enabled us to detect the probable cause of the unsteady practice
with the Whitworth gun. It is always satisfactory to see a
generous love of fair play dignifying the rivalry of distinguished
men. It is therefore peculiarly gratifying to find Sir William
Armstrong bringing forward data which place beyond doubt, not
ouly the superiority of the Whitworth 12-pounder, but also the
unsuspected difficulties with which it unfortunately has had to
contend, and in the face of which its excellence has as yet been
but inadequately shown. Nol the least remarkable among the
papers thus appended by request is a report, signed " J. II.
Lefroy," in which we find the following statement:—"The general
average of accuracy is as 647 to 495 in favour of the Armstrong
gun." Looking at the figures which are supposed to establish
this very desirable result, we find areas of rectangles given to
express for each range the probable error of either gun. Ex
amining these figures, we observe that the probable error of the
Whitworth gun at 2368 yards mean range is expressed by the
figures 1766 as against 144 for the Armstrong gun with the same
charge and elevation. We also observe that the probable errors
at the longest range of all stand thus:—Whitworth (at 4400
yards) 650; Armstrong 1875. If these data are to be taken as in
any degree worthy of credit, we are bound to believe that at 10
furlongs the Armstrong gun is 12 times as accurate as the Whit- ,
worth, while at 20 furlongs the Whitworth is 3 tjmes as accurate
as the Armstrong; and also that the Whitworth gun has. 3. times .
the precision at 20 furlongs that it has at 10 ! When we bare
brought ourselves to believe this, we shall be ■ quite prepared
for the further stretch of faith demanded to receive the euu* See Illustrated London News, March 10th, I860.
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elusion announced by Col. Lefroy. Some curiosity may exist as
to the mode in which a iv.su It, so original has been arrived at
by the Ordnance Select Committee. The method, in a word, is
this. A horizontal rectangle is computed of such length and
width that (according to the tubulated record of the experiments
it is as likely as not that a shot would fall within it. The area
of this rectangle is taken as the measure of the inaccuracy of
the gun. This may be well enough when the two guns are
equally well managed. Iu the preseutcase, the practice with
the Armstrong gun was steady and good as to range; that of
the Whitworth guu so wild as to be quite unreliable for data.
The rectangles found with so much mathematical exactitude are
therefore simply delusive. Their only use is to cast a cloud of
figures over a very .simple question of facts, and confound the
marvellous lateral accuracy of the Whitworth gun with the
random results of bad handling as regards range. After this,
few will be surprised that Mr. Whitworth asks to have his
guns worked by his own men.
The paper of Mr. Bidder, jun., and the discussion to which it
gave rise, dealt with the National Defences iu the broadest sense:
we have confined our view to one point,-—an all-important one,
which it is time were settled. We are glad that a body so com
petent to deal with the subject, and of such high standing iu the
scientific and practical world, have directed their attention to the
matter, and we hope that they will continue to watch it and make
their voice heard upon it, until the much-vexed question is set
at rest. Whatever disarmaments may be mooted under the
pressure of financial difficulties by neighbouring powers, the day
is distant when .England cuu be careless as to her defences, or
indifferent as to the excellence of her artillery. Let there be the
impartial, public, and conclusive competitive trial of which
both inventors profess to be so desirous, and let the best gun be
adopted;.,. ;..,, .,-..,. ! .
■•„.;■■:.

ARCHITECTURAL STUDY AND ARCHITECTURAL
Mjlrfiiji"!
PROGRESS.
Address to the Architectural Association.—Session 1861-2.
Bv A W. Blomfield, President.
The Opening Meeting and Conversazione of the Architectural
Association for the new Session were held at the Architectural
Union Company's premises in Conduit-street, on the 25th Octo
ber. The President, Mr. W. Blomfield, delivered the address,
from which we make some extracts. He said—
After numerous perils and vicissitudes, the Architectural As
sociation is now about to enter the sixteenth year of its existence,
and we may fairly hope that it will prove to have outgrown most
of those youthful disorders which have more than once (with the as
sistance, perhaps, of friends and doctors), brought it very uearly to
a premature end. It will be our own fault if it does not continue
year by year to enlarge its sphere of usefulness, and to satisfy
more fully a want which, I have no hesitation in saying, would
even now be keenly felt by a considerable circle in the eveut ot
its dissolution.
We have heard an encouraging report of the proceedings of
last session, and I need scarcely remind you that in the year be
fore us we shall have rich opportunities of observation and study
in the forthcoming Great Exhibition, which cannot fail (if we use
our time properly) to produce a good effect in developing what I
apprehend to be the great end and object of this association, viz.,
" Mutual assistance and improvement in prosecuting the study
of architecture as an art." I lay this stress on the word art, be
cause I feel that into some of our discussions too much of what I
may ctfll the business element finds its way, to the no small de
triment of that artistic progress which ought, I think, more
exclusively to occupy our attention as students. I must not, of
course, pe understood by this to undervalue the business element
iu its proper place, nor to deny in any way its indispensable
necessity to every architect in practice. But as a body we are
not in practice, aud whether iu practice or uot we are still young,
and the majority of us at least have that time now to devote to
artistic aelf-improvemeut which each successive year will reuder
it mure difficult to find. It seems to me that in au association
•bjs kind, composed of students (for we are all students,
*• the most part, young students), more real practical
uld be done by the members uniting as one man
to understand thoroughly, and help forward houestly,
i .
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the development of true principles of art, than in discus
sing questions which might well be left to those whose opinions
when published are likely to carry weight aud authority.
The nearer, iu fact, we approach the character of a juvenile de
bating society, in which the most difficult political questions of
the day are gravely discussed and decided by an assembly of
beardless youths, the further shall we be from reaching any use
ful result. Banded together and firmly united in a common
honest purpose, as art students determined to cany out true
principles at any cost, we may aud must work out great aud last
ing effects on the progress of architecture. This, to my mind, is
our proper province, aud as it is a point that has perhaps been
rather lost sight of iu the last few years, I purpose this evening
to address myself more directly than is usual on these occasions
to the members of this body.
During the past session a very great deal has been said, and I
believe something has been done, towards the settlement of that
long-mooted question, the establishment of an architectural ex
amination. The subject has naturally excited much interest
amongst ourselves, more especially as I believe it was by the
association that such a proposal was first started. Many—I be
lieve I may say a large majority—confidently foretell that such
an examination, when fairly set going, will have the effect of
raising the standard of the profession, aud of excluding ignorant
and incompetent persons from practising as architects. This re
sult is, no doubt, much to be desired; but as I have already pub
licly expressed my opiuion, with the reasons for that opinion, and
found myself in a small minority, I will not enter on the subject
now. I cannot help noticing, however, that iu the course of the
various discussions which I nave read aud heard, several theories
have been alluded to as acknowledged truths, which have struck
me with extreme surprise. For instance, I have heard it casually
stated, as a matter of course, at oue of these discussions, " that a
young architect should study every style, in order to be ready to
meet the possible wishes of his client" Now, of course, in pro
nouncing this theory to be simply monstrous, I have no wish to
set a limit (especially iu this direction) to the study of all that is
great and good in art of every period and every clime; but the
idea of attempting to carry out the theory of practising every
known style, to me, I must confess, suggests nothing so vividly
as the conjuror's inexhaustible bottle, which is Always ready with
a modicum (and that sufficiently bad, be it remembered) of any
liquor that may be asked for. The counter theory is that a man
must, be full of one style, just as a bottle must be full of one wine
to give it really good.
The rapid and apparently perfectly natural and easy change from
one style to another of totally opposite principles will to some
mindss mack more of the dexterity of the charlatan than of the
sober earnestness of purpose of the true artist. But we are told
that " we ought to be ready to meet the wishes of our client—to
bow to his choice of style." Our clieut, on the contrary, if we
were united in pur]>ose, as we ought to be, or, iu other words, if
ours were an age of true art, should have absolutely no choice as
to style. A patient does not tell his physiciau what medicine to
give him—he tells his symptoms, and the doctor prescribes; so
vour client should tell you his requirements, the inouey at his
disposal, aud so forth, and these you should scrupulously attend
to; but have no self-doctoring on his part, no interference in your
especial province: here the artist should reign supreme.
It may well be doubted whether architects, as a class, do not
tell their clients, the public, too much about the names and out
ward characteristics of various styles iu an easy, smattering lnauuer, which leads them to believe that they not only may, but are
invited to choose for themselves, as the caprice or fancy of the
moment may dictate. It is ten to one that when we hear an old
gentleman iu public or private discussing the relative merits of
Classic and Gothic (a subject of which he is most likely pro
foundly ignorant, and for which he really cares not a straw), he is
making use of hackneyed terms and threadbare descriptions
which we architects have put into his hands, and which he tiiuga
about as intelligently and usefully as a boy throwing stones in the
street. No doubt, oue of the most formidable difficulties a young
architect cau have to encounter iu commencing his career is to
make people (particularly friends who only thiuk about his
"getting on") understand clearly that he has such a thing as
principle, which prevents him from attempting to practise a
variety of styles; and the sooner he faces this difficulty boldly
and grapples with it, the better for the public and the better for
him. Let him, by all means, study good art of every description,
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but the style which he woos and -wins,-—which he can swear to
love, honour, and obey,—must be one and one only.
If it were possible for fls, aft a body, to agree on this point, our
progress would, indeed, be- certain and immediate, but I know
very well that the vision is tJtopian; su6h a thing is, at present,
at least, au impossibility. Perhaps one of the greatest obstacles
to anything like unanimity on this subject is the intolerable rage
for so-called originality in our day. Each youug architect Beems
to think himself bound to out-do every one else in brokeu-backed
windows, or in some diseased form of a chamber; but the worst
stage of the malady is when we hear a complete new style talked
of. The very mention of the Victorian style is enough to make
one's heart sink within one, and tremble for the prospects of art.
Such a thing as the creation of a new style would be so complete
a falsification of all history and all analogy, that we may at once
safely disabuse our minds of any such expectation. In architec
ture, at least, if in nothing else, the development theory is the
true one, and that development must be gradual, and, to a certain
extent, almost unconscious. As in the humau frame, the various
vital processes are carried on unconsciously to himself in the
healthy man, and any continued introversion of thought directed
to a particular organ most surely causes derangement and disease,
so we may well fear lest any attempt to force the natural de
velopment of our art by a morbid straining after originality may
have the most disastrous results. This very fault was one of the
chief causes of the decline of Mediteval art. Let us guard against
it now, and remember that the man who, from selfish motives of
vanity -br caprice, attempts to force himself to the front by ex
travagant sallies and inflated attempts at originality, is no true
benefactor to art, but rather the reverse.
On this point I cannot resist quoting an admirable passage
from an address delivered nearly a hundred years ago by the first
President of the Royal Academy:—"It is evident," says Sir
Joshua Reynolds, "that a great part of every man's life must be
employed in collecting materials for the exercise of genius. In
vention, strictly speaking, is little more than a new combination
of those images which have been previously gathered and de
posited in the memory; nothing can come of nothing; he who
has laid up no materials can prodtfee no combinations. A student
unacquainted with the attempts of former adventurers is always
apt to overrate his own abilities, to mistake the most trifling ex
cursions for discoveries of moment, and every coast new to him
for a new-found couutry. If, by chance, he passes beyond his
usual limits, he congratulates his own arrival at those regions
which they who steered a better course have long left behind
them; and the productions of such miuds are seldom distinguished
by an air of originality. They are anticipated in their happiest
efforts, and if they are found to differ in anything from their
predecessors, it is only in irregular sallies and trifling conceits.
The more extensive, therefore, your acquaintance is with the
works of those who have excelled, the more extensive will be
your powers of invention, and, what may appear still more like
a paradox, the more original will be your conceptions. But the
difficulty on this occasion is to determine what ought to be pro
posed as models of excellence, and who ought to be considered as
the proposed guides."
The difficulty which Sir Joshua found on that occasion will
probably be felt to be much the same on this, but the discussion
of styles is one of which we are all rather tired; and as my own
views are, I believe, pretty well known, I shall not attempt to
apologise for what may seem the exclusiveness of my advice on
this point.
I address myself to the young student who has chosen what I
believe to be the true foundation for his eiforts, and who sub
scribes to Sir Joshua's dictum, and the greater part of his life
must be spent in collecting materials, and that the more exten
sive his acquaintance with the works of excellence the more likely
is he to be original in his own conceptions.
To him, I say, begin at once; let your sketch-book be constantly
in your hand; never lose an opportunity of examining, measur
ing, and sketching Mediaeval building for yourself, and learning
their uses and the principles which guided their architects; and
in sketching them take care to sketch intelligently, not always
with a view to picking up little bits here and there to make use
of afterwards (that is not the way to collect materials) but with a
leading purpose of understanding some principle, or of illus
trating some phase or development hitherto new to you.
I recollect once seeing architect spend about two hours in
tracing the profile of a cluster of vaulting ribs on an Early En
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glish cap. When he had finished with great labour, the drawing
was quite correct, I believe, and very neat, but it was perfectly
useless and unintelligible. If he had made a little plan of a bay
of the vaulting, with a perspective sketch, and added a section or
plan above the point where the ribs parted, his sketch would
have been complete and useful, and he would have carried down
his ribs and got the profile on his cop in a few minutes. I men
tion this anecdote merely to illustrate what I mean by intelligent
as distinguished from unintelligent sketching, and it is much to
be wished that many amongst tis who have plenty of ability,
could be led to feel the fascination as well as the use of this
manner of collecting materials.
Never be deterred from measuring and sketching an old build
ing, because it has been already published or because you can
get photographs of it. The latter are no doubt most useful in
many ways, but engravings and the public sketches of other
architects, though pleasant and often suggestive to those who
have sketched much themselves, are absolutely valueless to a
student as the moans of self-education. Your own sketch' may
represent what has been better represented fifty times before, and
when finished yon may perhaps never refer to it again: but if you
have made it intelligently, it has done its work, and your mind
has been collecting materials which it will never lose. The
power of sketching rapidly, correctly, and usefully, can only be
attaiued by long and constant practice. The first attempts must
be slow and laborious in order to ensure correctnes, which is of
course of primary importance; but every step gained and every
new sketch you get will make your labour more of a pleasure,
which indeed it ought to be to you from the first, if your heart is
in it. This advice, however, and much more like it, you will say
you have heard so often that you are tired of it. I think it can
not be too often repeated until it bears better fruit than it has
done hitherto. The approaching year will, I hope and believe,
afford young architects a fresh inducement to this line of study
in " The Pugiu Travelling Fund." ""1 can imagine no memorial to
that gifted man which would more thoroughly accord with the
spirit of his works and writings; we feel sure such a project
would have had his hearty approval while living, and it is to be
hoped in honour to his name as well as for the advancement of
our art, that it may be productive of worthy results.
I may mention, also, parenthetically, that a rumour has reached
us from artistic circles (which it is to be hoped may prove to be
something more than a rumour) that the Royal Adademy are
about to bestir themselves to do much more for the students than
they have ever yet done. If the rumour becomes a fact, it will
be hailed with delight by all lovers of art, and we may hope that
the architectural student will be honoured with a due share of
attention, especially in giving him increased facilities of studying
the figure. This branch of drawing is now, I believe, almost
universally admitted to be easential to an architect's education,
and yet the architects who can draw the figure with any approach
to correctness may also be numbered on the fingers. If the
Council of the Royal Academy knew what a desideratum this is'
in our profession, and how gladly any facilities of this branch of
study would be greeted, they would, I think, soon inaugurate the
rumoured changes.
But to return to the sketching of old buildings. There is one
Bubject for our especial study here to which I wish to direct the
attention of such of our members as are of my way of thinkjug,
because I cannot help fearing it is much neglected by many,
partly, perhaps, from its comparative difficulty, but more, I sus
pect, from a doubt as to its ever having been of any practical use.
You will be surprised, no doubt, when I mention what it is, as
those who profess to know "all about Gothic," of course include
this subject under that head. I allude to the development of the
Gothic vault. On this development the whole constructive his
tory of Gothic architecture hangs, and unless we study it care
fully, we shall never get that true and broad perception of its
principles, which will enable us to apply them successfully in our
own practice. We may rarely, perhaps never, be called upon to
construct a Gothic vault, and I am not one of those who hold
that a vaulted roof is necessarily and absolutely indispensable to
a well-developed Gothic "church in our own day; that is a matter
fairly open to discussion in many ways; but what I mean to say
is this, that as the whole gist of the constructive development of
Medieval architecture lies in the gradual improvement -and per
fecting of the vault, we are bound in studying the style to pay'
especial attention to that point. We all know that in a cathedral4
of the thirteenth century, when the architect had settled how h<
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would vault over his space, the plans or horizontal sections of the
>:"• " vi.' stages followed with unvarying certainty; so much so,
iudeed, that :iu inspection of any one of these plans would enable
a man versed in the subject to trace the vault tolerably cor
rectly without seeing it Now, of all the young architects of our
day who would complacently undertake the erection of a church
in " the Gothic taste," how many do you suppose could do this t
We will uot inquire too curiously, but I believe if it were known,
I should be held excused for insisting thus on what appears to be
a self-evident truth.
That the present position of our profession is not as high as it
ought to be, is painfully evident from the unmerited slight which
ha* during this year been passed upon it. As we all know, the
monster which is now rapidly developing its vast anatomy at
Brampton was hatched as it were by magic, without the decency
of even a nominal architectural incubation. The defence of the
course pursued which has been attempted by some of the daily
papers, viz., that architects had forfeited all claim to consideration
by not having produced the successful design for the Exhibition
building of 1851, is transparent and futile in the extreme. That
building was temporary, and there was a competition in which
numerous designs were received for it. Much of this building is to
be permanent, and there has been no competition: none the less
surely on that account, however, will it shed lasting credit or
lastiug disgrace (as the case may be) on the architectural taste of
the country, and so on the architects. It would perhaps be pre
mature at the present time to offer any criticisms on the build
ing, more especially as, from the latest published views, it is
evident that some embellishing hand has been touching up many
of the details since the first perspective burst upon the astonished
world in all its breadth and baldness. The confectioner Has
already begun to decorate the cake. If criticism, however, holds
her tongue and bides her time, predictions of the most laudatory
character are not wanting. When we are told, for instance, that
" the entrance to the principal picture-gallery in Cromwell-road
will be through three noble recessed arcades," that " they are
each 20 feet wide and 50 feet high, and will look as imposing in
their quantities as the principal facade of St. John Lateran, at
Rome, and other Renaissance porticos of Italy," the mind is awe
struck at once, and we begin to get up our enthusiasm; but the
ertect of this high-flown language is rather impaired, perhaps,
when we read of another portion of the building—" How this
part may be best decorated time will show;"—time thus taking
the place of " the architect " quite naturally. After bathos such
as this, we cannot do better than take refuge in the number of
girders, shoes, bolts, &c, which will be used; the quantity of
putty; how far the iron columns would reach if placed end to end,
and details of this kind which are given in endless variety, and
are believed, I suppose, to convey some definite notion of the size
of the building to the vulgar mind. But, after all, when finished
and in operation, it will not be the beauty or ugliness of the
building which we shall care for; we shall not be looking at the
casket, but the gems which it contains. So let it pass; if it
auswers its purposes of light, accommodation, and so forth, it will
do more than many another building of higher pretentions, and
we must uot grumble. We shall have plenty to do in the various
departments connected with our art, and more particularly in
comparing the architectural progress of other nations with that
of our own. It may fairly be presumed that with the compara
tively speaking small space at their disposal, the Architectural
< ,'ommittee will reject all but works of real interest and impor
tance, so that every drawing will be worthy of attentive examina
tion.
It is truly refreshing to turn from all this bustle of preparation
and excitement to the quiet contemplation of a most remarkable
aud beautiful building which has been completed within the last
year. Time warns me that, instead of reviewing the architecture
of the year, I must confine myself to the notice of this one build
ing; but I feel no scruple in mentioning the church of St. Jamesthe-Less, in Garden-street, alone, as in many respects it stands
pre-eminent amongst modern churches, and, moreover, it exactly
illustrates the principles to which I have so briefly and imper
fectly alluded to-night. It would be an impertinence on my part
to offer any criticism, or to speak in any ordinary terms of
admiration, of this church. Therefore, I can only say to all lovers
of Christian art,—Go and judge for yourselves: you will there
find real originality—that originality most to be desired—the
result of a man having all his life continued diligently to collect
*erials for the exercise of his genius. You will find all in
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harmony, for each part, and every detail has been thought over
and worked out with a loving hand and an artist's eye. The
whole of the building and its decorations (with, perhaps, one
exception), bears the impress of one powerful mind. "You see at
a glance that the building was not, as is too often the case,
planned so as to be carried out with least bother and trouble to
the architect, and then handed over to the tender mercies of the
ecclesiastical decorator and upholsterer, to make the best they
could of the frigid carcase, but the design of the smallest detail
forms an essential part of the whole. I will say no more than to
recommend the eager student to go there to admire and learn,
and the lukewarm to have his wavering fancies fixed, his enthu
siasm stirred, and his energies braced to the work before him.
Such a work as this places the fact beyond any dispute that real
progress has been made in architecture in the last few years.

EETOBWS.
The Channel Railway, connecting England and France. By James
Chalmers. London: E. and F. N. Spon, 1861.
The plans of Matthieu, De Gamond, Wylson, De La Haye,
and others, for connecting the railways of England and France,
have prepared the public mind to consider the matter coolly and
Fio. l.
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patiently, if they have effected no other object. The work before
us details the plans of Mr. James Chalmers for connecting the
railways of England and the Continent of Europe by a submerged
tube running from the coast of England, about a mile east of
Fro. 2.
H

lj inch to foot.

Dover, to the coast of France, about seven miles west of Calais.
We have more faith in the practicability of Mr. Chalmers' general
scheme, as well as in his contrivances for operating underwater,
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than in any other projects to effect the same objects that have
fallen under our notice. In general terras Mr. Chalmers describes
his tube as follows:—
"The tube, which is 30 feet iu diameter, will be constructed in
lengths of 400 feet each, and launched and towed to their positions.
Each length will be furnished with temporary bulkheads, as shown at C
and D in Fig. 1 . There will also be interior divisions to regulate the
space to be filled with water in submerging, for during this operation
they will be made to retain a portion of their buoyanoy, and be drawn
down by means of chains passing through pulleys attached to massive
anchors on the bottom of the Channel. The chains will be made to in
dicate, by change of colour or otherwise, the progress of descent. The
anchors will be four in number, and so placed that their respective
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chains will be attached to the outer corners of the bottoms of the end
boxes. The length of the tube will thus be secured at its four extreme
corners, and the other endB of the chains will be connected with ma
chinery on board vessels, which machinery, when set in motion, will have
a uniform speed, causing the tube to descend in a perfectly horizontal
position ; and, as the pulleys through which the chains pass will be bo
arranged as to retain the portion of chain that passes through them,
allowing no back-slip, the tube in descending will gradually acquire the
steadiness of the bottom of the Channel, getting rid of the unsteady
motion of the surface. When a length of tube has been safely sub
merged, a supplementary chain having previous to submersion been at
tached to it—will disengage a key that secured the submerging chain to
the corner of the box, and being also attached by a longer branch to the
submerging chain, the submerging chain will by this means be brought
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manner already described, it will be seen by means of strong plate-glass
dead-lights in the bulkhead, C, aided by powerful reflecting lamps, when
the flanges, >•'. come together. Then valve £ is opened, allowing the
water between the bulkheads, C and D, to escape through tube T: and
the end pressure on tube U, forces the flanges, B and G, together, with a
power of about 2000 tons, or 500 lbs, per square inch of bearing sur
face; and these flanges being provided with some elastic substance
between them, a water-tight joint is thus effected. 'Workmen then pass
into the division between the bulkheads, C and D, and, by bolting
flanges, F, together, make a permanent joint. While this is being done,
tube U is loaded down; and when sufficiently loaded, the bulkhead, D,
is removed, and the operation repeated at the other end, which is fur
nished with a bulkhead and valve the same as C and E, in tube T; and
so on till all are joined together. After the joint is made, the bolt, H,
Fig. 2, is withdrawn, and the hole stopped.
The tubes are joined to the ventilators, three in number, in the same
manner as they are joined to each other, the ventilators being furnished
with the necessary bulkheads, flanges, &c, while in course of construc
tion, and the wire cable attached previous to their being placed in posi
tion. The work of joining the tubes will commence at ventilator, D, in
the middle, and proceed towards the ventilators, C and E, on ascending
gradients. Thus the water necessary to be withdrawn or admitted in
submerging the tubes will flow towards the deep-sea ventilator, where it
will be pumped out; and from this point air will be forced through pipes to
the end or bulkhead of the tube last submerged in such quantities as may be
required, which air, returning towards the ventilator, Will create a free cir
culation. Communication will be maintained by telegraph between those
employed at this work and those atthesurface of the water, and, as the rails
will be laid as the work proceeds, ingress and egress to and from the bulk
heads will be attended with no inconvenience. The ventilators, C and
E, will be constructed in the Bame manner as the one in deep water, I »,
and tubes will be laid from them to either shore, precisely as described for
the deep-water tubes, and the embankments covering them will be con
tinued till they attain a height of about 20 feet above low water, and a
base sufficient to give them a slope of about 35 degrees. Other venti
lators can be introduced, if necessary, where the embankments connect
with the shores."
The leading feature of this project is simply a strong iron tube
supported by its own buoyancy, having a powerful tendency to
rise, but kept down by boxes, AA (Figs. 4, 6) attached to and sur
rounding it and filled with rough stone, both boxes and tube being
covered by an embankment of similar material. The whole has
the appearance of a ridge reaching from shore to shore, about 150
feet wide at the base, 40 feet high, and from 40 to 120 feet below
Fig. s.

"10. 4.

l-40th inch to foot.
back to the surface; for the latter being then slack will drop into a re
cess below the pulley (which revolves only one way), through which it
can be withdrawn without the pulley revolving.
In commencing to submerge a length of the tube, a wire cable at
tached to end of licit H, Fig. 2, is passed through the projecting portion
of the flange, B. while the tube, U, is on the surface of the water, the
end of the bolt being previously fastened inside of the tube, T, already
in its place and loaded down. A strain, is kept on this cable— in nautical
phrase, it is kept taut—while tube TJis descending ; and on its nearing
its position the bolt, H, guides the flange, B, till theprojection rests on
the cone, C, surrounding the bolt-hole in flange G. The projecting upper
half of the flange, B, being a semi-airoL), overlaps and rest* on flange
G, Fig. 3, guiding the ends of the tubes together, when tbey are joined, as
shown in Fig. 1.
Tube T, Fig. I, being in its place and loaded down, is empty inside of
the bulkhead, C, and tube U, having been brought into its place in the

1-lStli inch to foot.
the level of the water. The tube is to pass through three ven
tilators, one in mid-channel, and one about a mile fron either
shore. The main portion of the work will be 18 miles in length,
and this divided by the deep-sea ventilator gives two sections of
9 miles each; hence a train can never be more than 4j miles from
an opening.
" The tube will be divided throughout its whole length by the vertical
partition, C, Fig. 5, made of similar plates, thus forming two roadways,
one for eastward, and one for westward traffic. It will l» further
strengthened by two horizontal subdivisions—the girders, 6 feet from the
bottom, ami the coiling, EE. The ends of the central partition, the
girders, and ceiling, being connected with the tube at six paints nearly
equiilistant, will effectually preserve its circular form. It is still furthr
strengthened by ribs or circles of Btrong T-iron, HH, rivetted to t
plates, and forming unbroken arches within the tube. The partition
81
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also supported by the T-iron, DD, and the ceiling has similar supports
on its upper surface. The plates are calculated at 30 inches wide,
lapping 3 inches, and two circles of T-iron are calculated for each plate;
but I propose using three for deep-water tubes, two for medium, and one
only for those in shallow water near shore. Thus, with three ribs of
6-inch T-iron to each plate, the space between the top tables, or part of
the T-iron rivetted to the plates, will only be fl inches, or 11 inches from
centre to centre of the ribs, the T-iron and laps exactly equalling in ex
tent the interior surface of the tube, thus, as it were, doubling its thick
ness, and by the form adopted more than trebling its strength. The
interior supports just described—the partition, girders, and ceiling—
sustaining the tube at six poiats of its circumference, and the exterior
support it will receive at ten points of its length from the sides of the iron
boxes attached to and surrounding it, will render it the strongest and
most economical tube that can be made to resist the combined forces of
compression and lateral strain."
Mr. Chalmers' estimate of cost ia £12,000,000, and three years,
he thinks, would suffice to complete the work. He gives full de
tails, and the data on which he bases his estimate. If his estimate
is well founded, the undertaking would be a source of direct
profit; and the connection of the English and Continental rail
way systems would be a great benefit to the communities on both
sides of the Channel.

The HUtory of St. Mary's Abbey, Melrose, &;c. By Jas. A. Wade.
Edinburgh : T. Jack. London : Hamilton, Adams, & Co.
This is a work which the present revived taste for archaeologi
cal study and illustration has contributed to call forth. Its
object, as its title imports, is to give a history of the Abbey of
St. Mary—the Monastery of Old Melrose—and the town and
parish of Melrose.
As respects the latter, which commences the volume, and forms
the first chapter, it is stated to be a reprint of a treatise pub
lished in 1743, and written by the Rev. Adam Milne, officiating
minister at Melrose from 1711 to 1747.
This description of the parish is full of topographical and other
information on the subject, and forms a proper and satisfactory
prelude to the succeeding chapters, which comprise respectively
the history of the old and the later monastic foundations, the
present state of the remains, some observations on monastic life,
with a biography of the abbots of Melrose, and a general account
of the most interesting sites and objects in the locality.
The history of the old monastery and the observations on
the monks of Melrose are comprised in the 2nd and 3rd chapters.
The architectural description of the ruins, with the tombs, &c, is
given in the 7th, 11th, and 12th (the intermediate ones being de
voted to an historical summary of the town and abbey generally,
and the biography), and the 13th or concluding chapter to the
local particulars.
The history contains all the facts connected with the original
and later establishments, and with the vicissitudes of the same
from the earliest period to the time of the suppression; and the
observations on monasticism and monkish inner life are in
teresting.
The architectural descriptions appear to be very diffuse, but
would have been better for professional revision; they are
clearly the descriptions of an amateur, and are not always, archi
tecturally speaking, correct. At page 174 it is said, " the roof of
the high altar is uncommonly beautiful." The roof meant is
apparently that of the eastern termination of the church, and as
such would have been more correctly referred to as over the high
altar. At page 175 we have the following—"Within the walls
of the chancel are fonts for holy rites, and recesses for containing
the vessels of the sacristy." These are, doubtless, the piscinas
and aumbries usually found adjoining the sites of old altars. In
the same page we have reference to a circular or rose window, as
resembling a crown of thorns, which it is certainly necessary, after
the old Greek fashien, to mention, since no likeness is to be dis
covered iu the illustration of it given at page 176.
The following modes of description at page 178 are particu
larly to bo objected against as contrary to correct architectural ex
pression. "The north aisle is conspicuous for the neatness of its
pointed roof, &c.;" " their capitals, representing leaves of plants
and flowers, are all classically chiselled." What is the neatness of
a Gothic pointed roof? and how can Mediaeval foliage be said to
be classically wrought? At page 181, again, what are false Gothic
arches, and what are wreaths of flowers springing from pilasters,
(in a Gothic arcade !) at the sides of the arches f Do not these
wreaths represent the usual decorated crocketting, and the pilasters,
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buttresses? Such they would undoubtedly appear to do by the
illustration showing the east wall and angle of the cloister.
Speaking of the view of the ruins from the roof, there is ano
ther curious expression at page 183. It is there said, "Ascend
the stair, which winds like a snail cap, and look," &c. Surely
this would have been more intelligible had the usual term of vice
or newel stair been employed. Again, at page 185, we have the
following, to say the least, strange kind of description:—"The
mark of the chisel on the best carved stones is sharp, light, and
wonderfully accurate in touch and tone. The stones lie disposed
in the building as they chiefly lie in the bed of the quarry—
they rest on the horizontal line, and are consequently only
compressed thereon." " The grooves are all exquisite, and the
jointure of parts clean and faultless."
This cannot be properly
called architectural description. What is to be understood by
the tone of the chisel mark ? And why not say, in reference to
the disposition of the stones, in words much less roundabout,
that the stones are laid according to their natural course or bed
in the quarry, which in all good old work is the usual way; as for
the "exquisite grooves," this is quite unintelligible. Of a parallel
kind are the words used at page 188 : here it is said, "the mouldings
are sharp, the pillars elastic (elastic pillars !) light, and graceful,
this perpendiculars (what are they?) slender and harmonious, the
carvings elaborately correct and classically (classically again !)
severe.
Mr. Wade appears to have a particular liking for classic
reference. He says, in the same page, " The light touch of the
Greek artist is prominently conspicuous in the east end; the mas
sive Soman and the coarse Gothic are everywhere subdued."
Further on we have the following strange phraseology—" Look
at the foliage and plant work—curvilinear gents." Throughout
this portion of the work there is much of this sort of language
which it would have been far better should have been omitted,
since, not clothed in proper architectural and natural dress,
seeking to reach the sublime, it in many cases descends to the
realisation of the old proverb.
The historical summary and biography contained in chapter 8
is at once concise and valuable. The description of the
ruins, however, forming chapter 11, is open in many parts
to the same objections as those referred to in connection with
the other architectural notices; there are also some repeti
tions of the former incorrect wording. At page 297 we are
again, and in the same words, referred to the neatness of the
pointed roof of the narrow north aisle,—and to the capitals
of the pillars, the ornamentation of which is here, however, more
correctly stated to be tastefully chiselled. At page 310 we
have the most extraordinary announcement, that " even every
pillar in the interior of the church shot up through tlie roof into
a pinnacle, adorned with niches," &c. ; how this novelty was effected
Mr. Wade does not particularly say, nor does his restored view
of the abbey church show it. What is probably meant is that all
the buttresses externally terminated in niches and pinnacles.
There is also an incorrectness in the description of the east end
of the church; "the choir, or chancel," it is said at page 306,
" is built in the form of half a Greek cross, the east end of it,
which was probably a chapel of the Virgin Mary, being only half
the breadth of the part next the transept." This is not properly
stated,—the church, judging from the plan given, was evidently
in the more usual form of a Latin cross. In a previous part
of the work it is stated to be in the form of a St. John's cross ;
though in what this differs from the former is not mentioned,—
comprising nave, choir, transepts, with eastern aisles, and two
projecting chapels therefrom in connection with and projected upon
the eastern portion of the choir, which might possibly have been
appropriated, considered as a sub-arrangement, as the chapel of
the Virgin. The ancient choir, it is probable, extended far beyond
what present use seems by the plan to confine it to, and as part
of this extended and original length, it is very wrong to describe
the eastern end as half a Greek cross. It is an associated and
connected part of the whole plan.
Divested of this kind of inaccuracy of diction, &c, and setting
aside such exploded notions as that I. H. S. (see page 309) indi
cate Jesus Hominum Salvator, instead of being the abreviated
form of the holy name, the notices of the ruins given by Mr.
Wade, with the accompanying illustrations, are by no means
uninteresting in many ways, and, together with the facts and
matter of the other portions of the work, speak favourably for
the industry of the author, and show strongly the con amore
spirit with which he has followed his labour. The references
to the tombs in the abbey church, and the other objects noted
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in the concluding chapters, are likewise generally deserving
attention on this and other interesting grounds.
An appendix of illustrative documents to the historic part of
the book is added, and graphic embellishments in no small num
ber are interspersed in the general text,
The Office and Cabin Companion. By J. Simon Holland,
Assoc. I.N.A. London : Atchley and Co., 1861.
" Nearly the entire contents of this little book," we are in
formed in the preface, " were prepared for the author's own
convenience and use. Those parts which effected so much saving
of time in making calculations having from time to time come
under the notice of engineers, who have strongly urged that they
should be published, the author hereby hands them over to the
public." The little volume consists of " observations, rules, and
tables, to facilitate such calculations as naval officers and engi
neers are called upon to make." We observe that the writer is
Chief Draughtsman in the steam branch of the Controller of the
Navy's Department, and formerly Chief Engineer, R.N. We
may therefore conclude that he is fairly competent for the task
which he has taken upon himself to discharge, and has had ample
opportunity of testing his rules by practice—the only sure guide.
Those who have occasion to consult such a handbook will, we
think, find the volume before us very clear and practical, and
compiled by one who has had to do just what they want to do,
and who, therefore, is best able to tell them how to do it. The
book treats of horse power (indicated and nominal), power and
speed of steam vessels, size and speed of ditto, the finding of
true mean speed, expansion and compression of steam, theoretical
horse power, slip and resistance of paddle floats, &c. &c, and
contains many very useful tables. We have not looked into the
tables so as to form an opinion as to their accuracy, but Mr. Hol
land says in the preface that they have been calculated in dupli
cate with great care. He also observes :—
" Some parts are inserted for the use of the junior engineer, being
those about which young engineers have frequently inquired of the
author. The part relating to power and speed will be found useful to
more than junior engineers. The table for finding the true mean speed
of a vessel was calculated as much to insure accuracy as to save time, the
author never having had the luck to fall in with a table that gave the
apparent speed in a correct manner; one table in much use giving
over 83 per cent, of errors. The table of logarithmic factors wUl be
found useful in making calculations with logarithms of horse power."
With these remarks, we leave the ' Office and Cabin Com
panion' to commend itself to those who have to do practically
with steam vessels.

INSTITUTION OF CIVIL ENGINEERS.
Now. 12, 1861.—G. P. Bidder, Esq., President, in the Chair.
Before commencing the business of the evening, the President
alluded to the singular fact of its having been his painful duty,
on the first meeting of the late session, to notice the loss of some
old and distinguished members of the profession. Thus, he had
announced the loss of Mr. Brunei, Mr. Robert Stephenson, and
Mr. Locke, and now he had to mention the decease of Sir William
Cubitt. This distinguished engineer was a very old member of
the Institution, had zealously assisted in its early struggles, and,
as a Vice-President and as President, had lent effectual aid in
extricating it from its financial difficulties. He was early distinfnished for his knowledge of mechanical engineering, in which
ranch he introduced some ingenious improvements. Among his
principal civil engineering works were mentioned the South
Eastern and the Great Northern Railways; the gigantic floating
landing stages at Liverpool; the iron bridge at Rochester; and
the effective superintendence of the construction of the Crystal
Palace in Hyde Park in 1851, which service was recognised by
her Majesty conferring on him the honour of knighthood.
Sir William, unlike other members, had attained an advanced
age, and during his long career had secured the respect and
esteem of all his professional brethren, as well as the considera
tion of all with whom he was brought into contact. His success
was doubtless, in a great degree, to be ascribed to the soundness
of his early mechanical experience, which he nsver failed to im
press upon all the younger members of the profession. His loss
would be sincerely felt by the Society of which he had been so
useful a member; and the President, in feeling terms, expressed
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the hope that Sir William's memory would be kept alive in the
Institution by the works of his son, Mr. Joseph Cubitt, who had
succeeded his father in the council.

The Paper read was on " The Hooghly and the Mutla," by Mr.
J. A. Lonqridge, M. Inst C.E
The subject was divided into the following heads:—First, a
statement of the commercial importance of the port of Calcutta.
Secondly, a brief account of the present mode of transport of the
traffic to the port, and the modification of it by works now in
progress. Thirdly, a sketch of the physical features of the two
outlets, the Hooghly and the Mutla. Fourthly, remarks on the
past and present state of those rivers, as navigable channels,
together with a consideration of remedial measures.
The port of Calcutta was the emporium of the commerce of a
great part of the peninsula of Hindostan. It had been ascer
tained from official returns, that during the five years ending
30th April, 1861, the imports had amounted to 626,800 tons, and
the exports to 620,000 tons on the average annually. This, how
ever, only gave an approximation to the trade of Calcutta; for
the amount of tonnage paying toll on the Eastern Canals was in
1856 about 1,700,000 tons, and in 1859 it was not less than
2,260,000 tons. This traffic was wholly dependent on water com
munication, and was conducted under circumstances of great
difficulty and danger, at considerable expense, principally by such
rude modes of conveyance as nature, unaided by art, had pro
vided. But, vast as was the present trade of Eastern India, it
was as nothing compared with what it might be rendered, if a
wise policy should encourage, and allow full scope to, the capital
and energy of Great Britain.
For about four months of the year, during the flood season,
the traffic coming down the river Ganges entered one of the
three Nuddea rivers,—the Bhagiruttee, the Jellinghy, and the
Matabanga—at Sooty, Jellinghy, and Sadassapore respectively.
These rivers ran in a southerly direction, and by their union
formed the river Hooghly, about 45 miles above Calcutta. Dur
ing the dry season, from November to July, the Nuddea rivers
were no longer navigable; and then the traffic descended the
Ganges to the point where it met the stream of traffic from the
Brahmapootra. It afterwards proceeded, via Dacca, through the
Sunderbunds navigation, to the head of the Mutla, whence, by
the Biddiadhurree river, it reached the Eastern Canal, and by
means of it, the Circular Canal, and Tolly's Canal, finally entered
the Hooghly at Calcutta.
,
The delays and obstructions in this navigation had frequently
been brought under the notice of Government. In 1853, Mr.
Mactier, the deputy collector of Furreedpore, reported on the
subject, particularly as to the inner route through the Sunder
bunds, navigable for boats of about 38 tons. He attributed the
delays to the absence of towing-paths, and to the want of room
between the Salt-water Lake and the Hooghly. He stated, as
the result of his own experience, that in going from the Dhappa
toll-house to the Hooghly, a distance of about 4 miles, his own
boat of only 9 tons had been detained about ten hours, and on
returning twelve hours; while it had taken others four days to
pass in one direction. These evils were in full force in 1857, when
the author was sometimes four hours in reaching Dhappa, a dis
tance of 2j miles, in a small row-boat.
The average rate of travelling, by this system of navigation,
might be stated at about 15 miles per day, and the average cost
of transport, including insurance and interest on outlay, had been
carefully calculated by the author to amount to 0"644 of a penny
per ton per mile. When the East Indian railway, intercepting
the traffic of the Ganges at Rajmahal, and the Eastern Bengal
railway meeting it at Kooshtee, were completed, the average cost
of carriage per ton would probably be, taking the proportion on
traffic passing by the Nuddea rivers, at about one-third of the
whole:—
By Water. Bj Rail.
Rajmahal to Calcutta
24,8 ... 18/9
Kooshtee to Calcutta
17/11 ... 10/4
This showed a saving of 20 and 40 per cent, respectively if
favour of the rail, exclusive of the advantages of a safe and
speedy transit of hours instead of weeks.
The Hooghly, formerly one of the principal mouths of the
Ganges, now communicated with that great river only by the
three Nuddea rivers. The positions of the exits of these rivers
from the Ganges were subject to great variation, owing to the
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soft nature of the banks rendering them unable to resist the
action of the waters in the dry season. The depth of water at
the junctions of the rivers with the Gauges varied with the time
of the year, and also from one year to another; and sometimes, as
in 1853, the three rivers were almost closed. The quantity of
water from the Ganges discharged by these rivers varied greatly.
It had been stated by Major Lang, formerly superintendent of
these rivers, that in a high flood it amounted to 200,000 cubic
feet per second, whilst in the month of March, it did not exceed
5000 cubic feet per second, of which a large portiou was derived
from nitration.
The author next proceeded to give a detailed description of the
navigable channels of the Hooghly, and referred particularly to
the report of a committee appointed by Government in 1853, to
inquire into the state of that river, and to the evidence given
before that committee. In concluding this part of the subject, he
said that the river might be divided into three sections. First,
from Calcutta to Fulta-house, a distance of about 34 miles, with
an average high water width of 1300 yards, it consisted of a
series of deep but narrow channels, separated by bars at the
points of inflexion of the curved reaches. In this part of the
river the navigation, though tedious and troublesome, was not
dangerous; and though subject to periodical annual changes, the
depth of water did not appear to have suffered any permanent
deterioration. Secondly, from Fulta-house to Culpee, a distance
of 24 miles, the high-water width widened out from 1 mile to 2}
miles. This section embraced the junction of the Damoodah
and Roopnarain rivers on the right bank, and the dangerous
James and Mary's Sand. The channels were subject to great
and sudden changes; the tides and eddies were strong, with shift
ing sands. There appeared to be evidence of some permanent
decrease of depth of water, though not yet to such an extent as
to have a serious effect on the navigation. Thirdly, from Culpee
to Sand Heads, a distance of 37 miles, the river widened out
from 2| miles at Culpee, to 17 miles at Saugor point. This section
contained many dangerous places, and the evidence went to show,
that there was a decided and serious shoaling of the water, and
a prolongation seawards of the tails of the sands below, to an
extent of not less than 6 miles, within the last fifty years.
In reference to the tidal phenomena of the Hooghly the in
formation was extremely scanty. An analysis of the observations
made at Kidderpore Dockyard, near Calcutta, from 1st July,
1843, to 30th June, 1844, showed: First, that the duration of the
flood was three hours during the freshes, and four hours during
the dry season; whilt the ebb lasted from eight to nine hours.
Secoudly, that the mean rise of tide, on an average of three days,
commencing with each quarter of the moon, was during the dry
season, from October to February both inclusive, at spring tide's
11 ft. 1^ in., at neap tides 7 feet; and from April to August
both inclusive, at spring tides 12 ft. 2 in., and at neap tides
7 ft. 5 in. Thirdly, that during the north-east monsoon, from
the middle of September to the middle of March, the night
tides were higher than the day tides; whilst from the middle of
March to the middle of September, when the north-west monsoon
prevailed, the day tides were higher than the night tides. The
mean velocity of the tidal wave, from Sand Heads to Kidderpore,
was about 26£ miles per hour.
The author estimated that the quantity of fresh water passing
into the Hooghly from the Ganges, through the Nuddea rivers,
was upwards of 60,000 million cubic yards per annum; and the
opinion had been stated that the amount brought down by the
Damoodah and Boopnarain rivers was at least equal to that from
the Nuddea rivers. Also, that as the great bulk of this fresh
water passed down during the inundations, when the rivers of
Bengal were highly charged with sediment, he calculated that not
less than 39,000,000 cubic yards of solid matter were carried
down each year into the river and sea channels of the Hooghly
below Calcutta, and an equal quantity from the Damoodah and
Boopnarain rivers; so that 78,000,000 cubic yards of solid earth
were probably deposited yearly in the Hooghly and its estuary.
That this amount of solid matter was not exaggerated was evi
dent from the statement of Major Bennell, that, in the flood
season, the Ganges, from whence the water was derived, con
tained one-fourth part mud in its waters; and from that of Capt.
Sherwill, that the annual deposit in the Bay of Bengal, from the
Ganges and the Brahmapootra, amounted to 1500 millions of
cubic yards.
As the soil of the Delta of the Ganges consisted of loamy sand
and black mud, it was unable to resist the action of the stream,
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and thence the course of the river was subject to great variations,
and its banks were continually changing. On the sea-coast of the
Delta, there were eight openings, each of which had in turn
probably served as the chief mouth of the Ganges. Of these,
the Hooghly was the most westerly, and the Mutla—the third
from the west—was about forty miles to the eastward of the
Hooghly.
The Mutla was an inlet of the sea, rather than a river, inas
much as the fresh water entering it was entirely confined to a
small portion which drained off the adjoining lands during the
wet season. Its depth was in no place less than four fathoms at
low-water spring-tides, and the entrance was easy of access. It
was free from bars and shifting sands, and the channel appeared
to have suffered no material change from the year 1839, when it
was first surveyed, to the year 1853, when it was again surveyed.
It was entirely tidal, was not subject to freshes, and was free
from the bore, at times so destructive in the Hooghly. At
the head of the river, where it was proposed to establish the
new port, there was space for two hundred and forty ships,
and in the Edoo Creek for six hundred ships of the largest
size, still leaving ample room for ships to swing in the stream.
Excepting during the short period when the Nuddea rivers were
open, the whole of the traffic to Calcutta from the Ganges passed
across the Mntla.
Compariug the two rivers, the Hooghly and the Mutla, in re
gard to their facilities for navigation, and the general hydrographical features, it would be found, first, that the distance from
the head of the Mutla to the sea, opposite Bulcherry Island, was
65 miles, whilst from Calcutta to Middleton Point was 99 miles.
Next, as to the depth of water: If a standard of 24 feet at lowwater was assumed, it would be found that in the Mutla there
were no shoals; whereas in the Hooghly there were six, of a length
in the aggregate of upwards of 14 miles, with a low-water depth
of from 15 feet to 18 feet only. To give a standard depth of 30
feet at low-water, the Mutla would require deepening at four
places to an extent varying from zero to 6 feet; whilst in the
Hooghly the length to be deepened would be nearly 26 miles, and
the depth to be excavated from zero to 15 feet. Again, in the
Hooghly, the lowermost shoal was 63 miles from the uppermost,
whereas, in the Mutla, taking even the 30 feet standard, the
shoals, which were much less in extent, were all contained within
a distance of 30 miles; or if the first and last, which were incon
siderable and might easily be removed, were neglected, then the
only existing shoal would be comprised in a distance of 5} miles.
It might be stated generally that, whereas a ship drawing 24 feet
could only get to sea from Calcutta by the aid of steam, and
under the most favourable circumstances, in three to four days,
or during the south-west monsoon in five days, the same vessel
could at all times get to sea from the head of the Mutla, in from
eight to ten hours. By the adoption of the Mutla it was believed
that two days could be saved in the time of the postal and pas
senger service between this country and Calcutta. In the author's
report on the Calcutta and South Eastern Eailway (1857), he
entered fully into the comparative charges of the two porta,
and the result showed a saving of .£587 10*. on each voyage of a
a ship of 1000 tons, in favour of the Mutla, or about 11*. 9d. a
ton.
With regard to the engineering points involved in the com
parison of the two rivers, it would have been remarked that both
ran through a precisely similar country, both were remarkably
alike in their courses, and both were subject to the same tides;
yet one was dangerous and difficult, whilst the other was safe and
convenient for navigation. Whence did this difference arise, and
could it be remedied ? The great physical distinction was, that
in the Hooghly there was a vast, though greatly varying, supply
of fresh water, acting simultaneously with the tidal flow; where
as in the Mutla there was tidal water alone, and not only that
which filled its own bed every twenty-five hours, but a vast body
which passed through it, and flowed into and ebbed from the
great reservoir channels of the Biddiadhurree and the Attara
Banka and their branches at the head, and other Snnderbund
creeks. This was the distinction in the conditions to which, in
the author's opinion, were due the differences in their state as
navigable channels. The comparison of these two rivers appeared
to him decisive as to the value of tidal water alone verms fresh
water and tidal scour combined. By tidal scour alone there was
a deep and unchanging channel free from bars and shifting sands.
By the combined action of fresh water and tidal scour there were
shoals, shifting sands, variable channels, and a gradual, and it
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might even be said, a rapid shoaling of the lower channels of the
estuary.
In conclusion, respecting the presumed rivalry between the old
port of Calcutta and the new one of the Mutla, the author
quoted from the report which he made in 1857 to the directors
of the Calcutta and South Eastern Railway Company, in which
he expressed the belief, that as the trade of India was striding
onwards, and as the railway system would pour an enormously
increasing stream of traffic to Calcutta, commerce would attain
such a development as to "afford an abundant business for both
ports, and confer an incalculable benefit upon this magnificent
country."

WORKS ON THE FINE AND THE CONSTRUCTIVE
ARTS, ISSUED BY MR. WEALE.
A pamphlet has recently been prepared and privately circulated
by that well-known publisher, Mr. Weale, containing a kind of
summary of his publishing labours during a long and honourable
career of forty years—from 1822 to 1861. An alphabetical list of
the whole of the works published by him—either for their respec
tive authors, or on his own account—during that long period is
given, with a statement of the cost of publication of each, and
in the majority of cases a few explanatory lines describing or
identifying the work. It is surprising to see here catalogued
works on kindred subjects, forming for number, variety, and
completeness, a whole library, almost all tho volumes of which
owe their existence to the energy and zeal of one man, and the
issue of which involved an aggregate outlay of very nearly a
quarter of a million of money. The exact figures are stated by
Mr. Weale thus :—
Expended on account of authors
£29,695
209,502
Expended at the sole cost of the publisher
£239,197
The largest single item in this curious and instructive account
is the sum of £43,500 up to 1859, to which must be added a sub
sequent outlay of £4550, set against the rudimentary series of
works which Mr. Weale has been publishing since 1850, and
by which he has become most widely known; an issue, too, which
has probably done far more good than has resulted from the
publication of more elaborate and costly works.
Among the other works named, we may select as remarkable
both for intrinsic excellence and for costliness of production, the
following example:—Stuart and Rivett's Athens, a.d. 1828-30
(£4950). The Victoria Bridge at Montreal, by James Hodges,
a.d. I860 (£3400). Tredgold on the Steam Engine, a.d. 1851
(£6250). The quarterly papers on Architecture and Engineering,
A.D. 1844 (each series £3000). * The series of Greek and Latin
Classics, still in progress (£3500 already expended). Coekerell's
Temples at Bassee, a.d. 1850 (£1359); and the Educational series,
1853 to 1859 (£14,000).
It reflects great credit on Mr. Weale to have promoted the
cause of the constructive arts and sciences to so great an extent as
all this betokens, and we have great pleasure in taking this oppor
tunity of recording the services rendered to a good cause by one
so widely known and one so deservedly respected.

MR. GREENWAyS MANUFACTORY, BIRMINGHAM.
This is a very extensive building, situated in Loveday-street
and Princess-street, Birmingham, and is deserving of notice more
particularly for the admirable arrangement of its plan. The
whole of the structure is not new, but since coming into the pos
session of the present proprietor it has been remodelled, and ex
tensive additions made, at a cost of £9000. The building occupies
a space 148 feet long by 90 feet wide. The height of the principal
elevation from the kerb level of the street to the eaves is 60 feet.
The materials employed externally are stone and brick, and the
whole is of very sound construction. The principal floors are
carried on iron girders and columns.
The workshops are very capacious, one being 148 feet long by
40 feet wide and 20 feet high; another is of the same height, and
50 feet long by 20 feet wide. There are also two workshops
30 feet by 16 feet and 14 feet high each, and five others 32 by
28 feet and 13 feet high in the clear.
On the first floor is a warehouse 65 feet by 50 feet and 40 feet
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high, lighted by a large central lantern, and windows in the side
walls. Around the sides of this -warehouse are galleries projecting
12 feet from the walla; at one end are the clerks' offices. The
galleries are apprr ached by light spiral iron staircases. A lift
is provided to communicate with eacli story. Immediately under
neath the warehouse is the packing-room, of the same area, and
14 feet high.
The principal front in Loveday-street is five stories high. The
entrance to the counting-house and offices is approached by a
wide flight of steps from Loveday-street. The manufactory is
on the right, and the offices and warerooms on the left, with
waiting-roonis, private room for the principal, safe-closets,
receiving-rooms, &c. The entrance for goods and materials is in
Princess-street. The engine and machinery are placed in the
basement in a room 150 feet long by 40 feet wide and 20 feet
high, lighted from the roof. The manufactory is fitted with
machinery expressly for the manufacture of iron-work required
for ships and for general building purposes. The whole of the
premises are warmed by steam pipes supplied from the engine
boiler. The engine chimney is 10 feet square at the base, and is
120 feet high. The architectural portion of the work has been
carried out in a most satisfactory manner under the direction of
Mr. J. J. Bateman, architect, Birmingham. Mr. Thomas Pashley
was the builder.

WEISBACH'S FORMULA FOR FINDING THE HEAD
DUE TO THE FRICTION OF WATER IN PIPES.
TO THE EDITOR 0/ THE CIVIL EKOIKBER AMD ARCHITECT'S JOCUNAL.

Sir,— I perceive at page 341 of your Jutirnid for November, in
an extract from Fairbairn's book on Mills and Mill-work, a re
ference to Weisbach's formula for finding the head due to the
friction of water in pipes when the velocity is known. This for
mula as given by you, from Mr. Fairbairn, is
•017963* |
o^
A1=(-01482-fVt

I beg to say the correct reduction of Weisbach's formula to
English feet measures is
i
/.„,„... '01716 \ /
v2

V«
and I can speak from experience that it can be depended upon for
giving practically correct results. It has, however, for use, a
very great disadvantage, namely, that it is not possible to solve
it directly for v, so as to find the value of the velocity in terms of
length, diameter, and fall of the pipe; and as this is what is most
generally required, this formula loses much of its value as a prac
tical rule for ready application without tabbs. It is evident to
me that Mr. Neville's geueral, yet simple formula, page 217, 2nd
edition of his book,* and also as given in your Journal, Vol. XV.,
«=140Vr»-U(>-*)3-,
p. 353, in which *=

and r— —r remedies this defect, and the
c
4
results I have found, for ranges of velocity between 6 inches and
and 16 feet, in all descriptions of uniform long channels, to be
more correct than those found from any other formula I had oc
casion to calculate from. Mr. Fairbairn must have taken the
reduction of Weisbach's formula from Vol I., p. 431, of the
English translation of Weisbach's bookt, and it differs equally
from the reduction by Prof. James Thomson, Belfast, in Weale's
Engineer's Pocket-book, and that given by Mr. Neville, p. 213,
2nd edition of his valuable book. I have carefully gone over
over every formula for finding the flow through long uniform
channels. Neville's, Weisbach's, and Du Buat's, are unquestion
ably the best. Young's, Eytelwein's, and Prony's, are only accu
rate within very limited ranges of velocity, and all others are but
modifications of these last, suited to different standards of mea
surement, and equally limited to their application.—I am, Sir,
your obedient servant,
An Observer.
[It was pointed out in the review above referred to that "Weis
bach's formula was repeated at the foot of the tables with rather
smaller constants than in the text. Our correspondent gives the
formula as it is given under Mr. Fairbairn's tables.
Ed. C. E. .Jj A. J.]
• Weale, 69, High Holborn, London.

f BailUere, Sl», Regent-street, London.
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NOTES OF THE MONTH.

Society of Arts.—The first ordinary meeting of the hundred
and eighth session wa3 held on the '20th ult. Sir Thomas Phil
lips, F.G.S., chairman of the council, presided, and delivered an
address, in the course of which he said that as the International
Exhibition buildings were susceptible of much decoration, it was
thought desirable to originate a subscription for the purpose of
making experiments in the employment of Mosaics on the exter
nal walls of the front in Cromwell-road. The subscription was
begun by Earl Granville; and, should the Mosaics be success
ful, they would give to the buildings a character new in this
country, especially suitable to the climate, and hardly to be
fonnd ou any buildings north of the Alps.
Wellingborough Church.-—This edifice, which has lately been
restored, was re-opened on the 19th ult. The church was tempo
rarily repaired in 1843, but in 1850 the work of restoration was
commenced under the advice and direction of Mr. G. Gilbert
Scott. The chancel and aisles were then reseated with open oak
seats, and the beautiful oak screen and the stonework of the pil
lars, arches, and windows were thoroughly restored. The gal
leries were also removed from the aisles. This part of the work
of restoration cost £1250. In the course of last year it was re
solved to finish this work, and the restoration of the nave and
aisles has now been completed. The plaster ceiling of the nave
has been replaced by a new panelled roof; two galleries at the
west end of the nave have been removed, and the whole nave and
aisles re-seated vjith oak to correspond with the chancel. The tower
arch has been restored and thrown open, and the woodwork of the
western wheel window has been removed and replaced by stone
tracery, and filled with stained glass. All the other windows in
the building, including the great eastern window (which will be
one of the finest in the county, have been restored and re-glazed.
Many minor improvements have also been made. Owing to the
removal of the galleries the actual number of the seats h is been
greatly diminished, but the new open oak seats are very much
superior in comfort and accommodation. This remaining" portion
of the work has been executed at a cost of £1500.
Society for the Encouragement of the Fine Arts.—The opening
meeting of the Fourth Session of this Society was held at 9, Con
duit-street, Regent-street, on the evening of the 28th ult., when
a lecture on " Art Education " was delivered by Mr. James
DafTorne. We have already laid before our readers the objects
and aims of this valuable Society, and recorded its progress from
time to time. We are gratified to learn that the prospects are
most satisfactory, the number of members having considerably
increased since this time last year. The course of lectures now com
menced includes music and the drama, which will be treated by
Dr. Chr. Dresser, Mr. John Leighton, F.S.A., Mr. F. Y. Hurlstone, Mr. H. Ottley, Mr. A. Gilbert, Mr. J. A. Heraud, Mr. G.
Montague Davis, B.A., the Rev. Hugh Hutton, and others. It
is the intention of the council, in addition to the ordinary con
versazione, to give a special entertainment in honour of distin
guished Continental artists who will visit this country in con
nection with the International Exhibition. Mr. Dafforne's
lecture set forth the want of art-education in this country. He
argued against the absurdity of neglecting to teach a child to
draw, because it might not have exhibited a special taste for art
—a reason which would never be admitted as against any other
branch of education. The lecture was followed by an interesting
discussion. The subject of the next address will be "Decora
tive Art," and the lecturer will be Dr. Dresser.
St. George's, Shropshire.—The foundation stone of a memorial
church to the late Duke of Sotherland, K.G., was recently laid
in the district of St. George's, formerly Pain's-lane, Shropshire.
The church is designed to accommodate 700 persons. It is to be
rectangular in plan, with a chancel 40 feet by 20 feet ; the nave,
with side aisles and clerestory, 90 by 50 feet. At present, a
tower, about 40 feet high, will be erected at one end; but if the
funds admit, it is intended to raise upon it a spire, 150 feet high.
The style of the building will be Early English. The cost,
without the spire, will be £4000, but including the spire, £5000.
The architect is Mr. G. E. Street. The contractor is Mr.
Horsman, of Wolverhampton.
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Accidents on French Railways.—The following appears in the
Rfvue Contemporaine:—" On the Northern, Strasburg, Western,
Orleans, and Mediterranean lines of railway, 2130 trains run
every day, and the distance performed is altogether 192,000 kilo
metres (fths of a mile each), making a total of 777,450 trains,
and more than seventy millions of kilometres in the year. The
number of passengers conveyed on those lines in the years from
1850 to 1860 was about 310 millions, and during that period the
loss of life by accidents was forty-four, or one out of seven
millions. Does there exist a human undertaking where
material forces are used in the midst of difficult circumstances,
and with the co-operation of such a considerable number of men,
which would engage not to make a greater number of victims ?
The above figures, taken from official sources, have an eloquence
which cannot be easily weakened, and against which affirmations
too lightly brought cannot prevail. What additional force do
not these calculations acquire when they are compared with the
number of carriage accidents which take place in one year in the
public thoroughfares of Paris alone? In 1860, for instance, the
official statistics inform us that the casualties of that kind
amounted to 920, which occasioned the death of thirty persons,
and serious injuries to 579 others. Thus the circulation of
carriages in Paris has led to almost as many violent deaths in
one year as the circulation on the French railways in ten years."
Wall Paintings.—The Literary Gazette announces that the
painter Leys has received a commission to execute, in a hall of
the Hotel de Ville at Antwerp, a series of wall paintings, for
which he' is to receive 200,000 francs.
Pompeii.—A letter from Dr. Bruce was read at the last meeting
of the Society of Antiquaries, at Newcastle, from which we ex
tract the following:—"The day after my arrival here found me
on my way to Pompeii. * * I at once understood the peculiar
construction of the Pompeian houses. The restored house in the
Crystal Palace gives you an idea of coldness and gloom. At Pom
peii itself, smarting as I did at the end of October under the heat
and glare of the sun, I could understand how precious an open
roof, and shady corner, and dripping fountains would be in July.
* * It has been an ill-built city. The walls of the houses are
like those of London. The masonry of our wall is much superior
to most of that at Pompeii. The buildings consist of tiles, lava,
volcanic tufa, and organic tufa, or what we would call petrified
moss. It is astonishing how largely this organic tufa, which we
are familiar with in the Roman buildings in the north of England,
enters into the composition of its buildings. The walls of the
city have been originally made of pieces of lava not much larger
than a good-sized fist. It has, however, been repaired at two
subsequent periods with large-sized and well-squared blocks of
organic tufa and travertine. The fountains in Pompeii are nume
rous, each being provided with a cistern, something like that at
the north gate of Borcovicus. I measured the ruts in the streets.
From the centre of the one to the centre of the other is 4 ft. 7 in.
I measured one street, which was 7 ft. 3 in. wide, and another,
which was 6 ft. 4 in. We must not be surprised that the streets
in our stations are so narrow. I studied the public baths with
care: they are very complete and interesting. The place where
the coppers were placed is clearly marked; and you can trace the
water in its course, and follow the hot air from the furnaces,
under the floors, and up the sides of the rooms. * * One day
we went to Puzzuoli (the ancient Puteoli), where the Apostle
Paul landed for Malta on his way to Rome. We trod upon the very
stones of the Roman way which he traversed. The amphitheatre
here is very complete, especially in the underground arrange
ments. The Temple of Neptuue, where Pompey sacrificed before
the battle of Actium, is still to be seen. The Temple of Serapis
is a beautiful ruin; it has been submerged by the sinking of the
coast, and again raised by volcanic action. The pillars, washed
by the sea level, and eaten by the pholas below this line, prove
this. I have photographic views which clearly exhibit this
striking fact."
TO CORRESPONDENTS.
Veritas.—It is impossible to transfer to the pages of this Journal the disousei'on
which Veritas commenced in the columns of a contemporary. It is usual for communi
cations to the Editor to be authenticated bj the iuclosure of the writer's name and
address.

END OF VOLUME XXIV.
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Abbey, Chertsey, 186
St. Albans, restorations at 256
Abergele, independent chapel at, 166
Abutments, new rule for determining the
thickness of, 102 *
Academy, royal, architecture at, 155, 211
royal Hibernian, 90
Accidents on railways, 212
on French railways, 876
Acoustics, T. R. Smith on, 2, 46
(rev.) 241
Adie on the gold-disk steam or vacuum
gauge, 89
Agricultural hall, Islington, 281
Alarms, fire and railway, Siemens on, S08
Alexandria, catacombs at, Donaldson on,
101
Alluvial districts, iron bridges in, Kennedy
on, 251
Ancient buildings, Street on restoration of,
199
remains in Rlngmore church, 90
Ancona to Bologna, railway from, 98
Angle between the chord and tangent of
any arc, rule for finding, 814
Antiquaries, society of, 376
Archaeological association, 90
institute, 250
Aiches and columns, iron, Sheilds on, 296
Architect, board of works, election of, 122
Architects'
Koyal charges,
Institute69 of British. 88, 161.

Architectural erections (continued)—
Drinking fountain, Tolmie, 122
Exhibition building, international, 1862,
Fowke, 99, 844
Hall, Ashwicke,
agricultural,
Gloucestershire,
Islington, 281 Colling,
316
Library, Yaughan, Harrow, Scott, 250
Manufactory, Greenway's, Birmingham,
375
Post offices, new district, 158

Architectural examination, list of works
recommended to candidates, 280
exhibition, 123, 151, 158
students, proposed examinations for,
862
photographic' exhibition, 37
profession, examinations for, 57
publication society, 226
study and progress, Blomfleld on, 868
Arsenic in paperhangings, Letheby on, «8
Art, romanesque, Waring on, 114, 189
Arts, exhibition of institution of the fine, 99
society for encouragement of fine, 376
society of, 127, 376
ArtistB, society of British, 146
Ascot, new hotel, 250
Ashpitel on origin and development of use
of crypts in Christian churches. 9
Ashton-under-Lyne and Dukinfieid mecha
nics' institution, 58
ABhwicke hall, Gloucestershire, 816
Association, architectural, 368
186, 855
British, 18'J, 250, 286, 327
Architecture, analysis of ancient domestic,
for prevention of steam boiler explo
(rev.) 58, 848
sions, 218
dirk ages of, Seddon on, 259, 259
Atherton on freight as affected by differ
Fellah-arab, in Egypt, Donaldson on,
ences in the dynamic properties of steam
69
ships, 304
—— of London, Hope on, 180
Austin, Henry, the late, 346
mediaeval, study-book of, King, 149
Austrian engineers' union, 186
at the Royal Academy, 155, 211
Ayton on disengaging catch for miners'
colour as applied to, Smirke on, 65, 93
safety cage, 74
consistency in, Smirke on, 103
Axles, steel railway, 281
Architectural accessories of monumental
sculpture, Cockerell on, 333
-J— competitions,
association, 36891, 167, 208; M. Daly's
pamphlet
drawing,
on,18222
Architectural Euctioks (New)—
Chapel, Hampstead, Johnson, 219
independent, Abergele, Smith, 166
New Wellington college. Scott, 251
Church, Baldwiu's-gardens, London, Butterfleld, 96
Church, German, Islington, Constantine,
1S6Hanger- lane, Stamford-hill, Talbot
Bury, 96
High&m, Scott, 282
Howsham, Yorkshire, Street, 70
Ince - in -Mackerfield, Lancashire.
Paley, 150
St. Andrew's, Leicester, 282
St. Oeorge's, Shropshire, Street, 876
St. James the Less, Westminster,
Street,
St. Martin
96
on the Hill, Scarborough,
Bodley, 847
St. Mary, Hornsey rise, Gough, 96
8t. Paul, Hoddlesden, Paley, 326
88. Peter and Paul, Cork, Pugin
andSt.Aahlin,
Philip90and St. James. Oxford.
Street, 281

BakeweU, new theory of the figure of the
earth, 232, 313, 316, 845
Bank of England, 154
Bardwell's design for Thames embankment,
190
Barlow on the Niagara railway suspension
bridge 'rev.) 53
Barometrical column, disturbances of, 81
Barry, Sir C, statue to the late, 282
Bathometer, Siemens on, 829
Bath market improvement, 282
Baveux and Chichester cathedrals, Burnell
os operations at, 235
Bazalgettc's design for Thames embank
ment, 188
Beacons, floating, Stoney on construction
of, 113, 146
Beams, strength of, Cooper on, 153
Bell on colour on statues, 168
on colour round statues, 206
Bells, clocks, and watches, Denison on, 342
Bengal railway, eastern, 281
Bernard on healthy moral homes (rev.) 217
Bessemer on manufacture of steel, 267
Bidder, Harrison, and Stephenson's design
for Thames embankment, 189
Bidder on national defences, 172
Bird's design for Thames embankment, 192
Birkenhead, new graving dock, 90

Birmingham, Greenway's manufactory, 875
Blackfriars, proposed new bridge, 282
Blackwell on a new process of opeu coking,
67
Blast furnaces, Cochrane on waste gases
from, 14
Blasts at Holyhead, Robertson on, 88, 75
lilomtield on architectural study and pro
gress, 368
on the arrangement of churches, 41
Boiler explosions, association for prevention
of, 218
action of steam in relation to, 138
Bologna and Ancona railway, 98
Bourne on the steam engine in its applica
tion to mines, mills, &c. (rev.) 248
Bow's level, 386
Braithwaite on the river Wandle, 107
Bridge, Blackfriars, proposed new, 282
construction, cast and wrought iron,
Humber on (rev.) 278, 312
iron girder, Boston and Worcester
railroad, U.S. 209
KOpcke on the construction of a rigid
suspension, 6
Lendal, York, 165
new, at Lambeth, 283
Niagara railway suspension, Barlow
on (rev.) 63
Roebling on (rev.) 118
railway, across Rhine, 122
Bridges and girders, wrought iron, effect o
vibratory action upon, Raukine on, 827
cast steel, 96
railway, iron. In alluvial districts,
Kennedy on, 251
statics of, 1, 59, 163, 223, 815, 347
suspended girder, Rankine on, 4
suspension, deflection of, Cox on, 20T
suspension girder, 85
suspension girder, Latham on, 126
British architects, royal institute of, 88,
161, 186
association for the advancement of
science, 180, 250, 286, 827
Bruce on Pompeii, 376
Building for international exhibition of 1662,
199, 344
materials, inventions and patents,
architectural exhibition, 151, 168
Buildings, public, acoustics of, Smith on,
241
ancient, Chichester cathedral and
other, Hills on, 266
ancient, restoration of, Street on 199
improvements in warming of, 184
Burford's panorama, 122
Burges on architectural drawing, 18
Burn on the construction of horse railways
for branch lines and street traffic (rev/ 81
Burnell on operations at Bayeux and Chi
chester Cathedrals, 235
on condition of water supply of London,
71
Bury St. Edmund's corn exchange, 32
Byrne on pressure of steam on cylinder
covers and other disks, 353

Candidates for architectural examination,
list of works recommended to, 280
Cargill on method of finding centre of
gravity of girder, 121
Cargill's short rule for finding angle con
tained between chord and tangent of any
arc, 314
Carriages, railway, warming, 90
Cast steel bridges, 96
Catacombs at Alexandria, Donaldson on,101
Catch, disengaging, for miners' safety cage,
Ayton on, 174
Cathedral of nineteenth century, Hope
(rev.) 173, 216
Cathedrals—Bayeux and Chichester. 235;
Chichester, restoration of, 117, 247, 266,
281; Ely, 314; Lichfield, 4, 315; Llaudail,
251; Worcester, 280
Channel railway to connect England and
France, Chalmers on (rev.) 370
Chapel, Hampstead, 219
independent, Abergele, 166
royal in the Savoy, London, 154
Charges, architects', 69
Chertsey abbey, 186
Chester, St. John's church, 164
Chichester and Bayeux cathedrals, opera
tions at, Burnell on, 285
cathedral, restoration of, 117, 247, 2S1
the cathedral and other aucient build
ings, Hills on, 247, 266
Chimneys, new system of arranging, 218
Church and conventual arrangements, YValcott on, 22, 271
Chcrchss—
Baldwin's - gardens, Gray's- inn - lane,
London, 96
German, Islington, new, 186
Hanger Lane, Stamford Hill, London, 56
Ince-in-Mackerfleld, 160
Namptwich, Cheshire, 359
National Scotch, Regent Square, London,
restoration of, 102
Notre Dame, 122
Outwell, Norfolk, restoration of, 150
Stoughton, Leicestershire, 282
St. Andrew's church, Leicester, 282
St. George's, Shropshire, 376
St. James the Less, Upper Garden Street,
Westminster, 96
St. John's. Chester, 154
8t. John the Evangelist, Howsham, 70
St. Martin on the Hill, Scarborough, 347
St. Mary, Hornsey Rise, 96
St. Paul, Hoddlesden, 226
St. Peter, Higham, 232
St. Peter and St. Paul, Cork, 90
St. Philip and St. James, Oxford, 281
Wellingborough, 876

Churches, Blomfleld, on the arrangement
of, 41
new, in London, 96
(Hocks, watches, and bells, Denison on (rev.),
342
Coal, petroleum, &c, Gesner on (rev.), 180
Cochrane on method of taking waste gases
from blast furnaces, 14
Cockerell
on architectural accessories of
C.
monumental sculpture, 888
Coffer-dam,
Hunt on new portable, 45
Cable, submarine, Hall and Wells', 8
Cables, submarine, Preece on the mainten Coking, open, Blackwell on new process of,
ance and durability of, in shallow waters,
67
College, King's, professorship of arts of
25, 141
telegraphic, india rubber and gutta
construction, 862
new Wellington, 251
perch ti, 186
Calcutta, Dalhousie institute, 68, 186
Collieries and colliers, Fowler on (rev.), 278
Calling's Gothic ornaments (rev.), 31
Canal, the Suex, 101

INDEX.

378
Collins on electro block printing, 27
Colour as applied to architecture, Smirke
on, 65, 93
Colour on statues, Bell on, 168
round statues. Bell on, 205
Column, barometrical, disturbances of, 31
Columns and arches, irou, and iron con
struction, Shields on, nyJ
CotfranTi ossCorn exchange, Bury St. Edmund's, 32
Dalhouaie institute, Calcutta, 5S, 186
Hotel, Saltburn-by-thc-Sea, 32
Laying oat land for building, Ply mouth, 58
Mechanics' institution, Aahton-uaderLyne and Dukinfield, 58
Thames embankment, 122
Town hall and public offices, Kiniutonupon-Hull, 122
Competition designs for new Houses of Far*
liament, Sydney, 221
Competitions, architectural, 91, ISo, 208
architectural, Daly's pamphlet ou, 222
Concrete, machine for ruakiug. 31ij
Couder on new theory of figure of the earth,
278
Construction of floating beacons. Stoney on,
113
Construction, railway, rudimentary instruc
tions on (rev.) 177
Coombs' design for Thames embankment.
190
Cooper on strength of beam fixed at both
ends, 153
Continental publications, 36, 92, IIS, 218,
246, 279, 28*, 3-19
Corn exchange, Bury St. Edmunds, 32
Coupling, new safety, Markham on, IDS
Co vent Garden approach, subway, 130
Cox on deflection of suspension bridges, 207
on shearing strains of deflected glider*,
249, 279
.
Crunstadt, the new graving slip, 32
Crypts, Ashpltelon the origin and develop
ment of their use in christian churches, U
Onbitt, Sir \V., the late, 343
Currents, telluric, 282
Curves on railways and other public works,
tables for, Olver (rev.) 274
Cylinder covers and other disks, pressure of
steam on, Byrne on, 353

Dalhonsie institute, Calcutta, 186
Daly's pamphlet ou architectural competi
tion a, 222
Dark ages of architecture, Seddon on, 259
Decorative and induxitrial art exhibition,
Edinburgh, 250
Defences, national, Bidder ou, 172
■ the national, 362
Deflected girders, shearing stratus of, Cux
on, 249, 279
DeniBon on clocks, watches, and bells, 342
L»t sign, consistency in style of, Smirke on,
131
Designs for Thames embankment, is;
Dirrks on perpctuum mobile (rev.) 245
Discoveries at Suez, 34o
Disengaging catch for miners' safety cage,
Ayton on, 74
District post-offices, new, 153
Dock, dry, reclamation embankment for
Leith,
improvements
Robertson at
on,Grangemouth,
162
Milne
on, 8<i
new graving, Birkenhead, 90
D< ill man and Jobbina' ancieut domestic
architecture 'rev.; 53, 343
Donaldson on the catacombs at Alexandria,
101
Donaldson's description of Mariettc's excavat ions at Oizch and Saccara, 77
Donaldsun on Fellah-arab architecture in
Egypt, «*
DouU. design for Thames embankment, ISO
Drawing architectural, Binges ou, IS
Drinking fountains, 122
Ury doi-K, Leith, reclamation cmbankmeut
for dry dock, Robertson on, ltJ2
Dwellings and hospitals, ventilation of, 21'j,
324
Dwellings for working men, Leeds, 154

E.
Earth, newth^orv of the figure of, Cakewell, 232, 278,313, 815, 845
Eastern Bengal railway, 281
#
Ebonite, or hard india-rubber, Silver on,
330
Edinburgh, exhibition of industrial and
decorative art, 250
Egypt, Fellah-arab architecture in, Donald
son on, 69

railway
acrossStoney
Forthon,
and113,
Tay,148
Hall on,
Floating
beacons,
Electric light, 188
resistance thermometer, Sl&neus on,
171
532
-— of ship Queen Victoria, 90
Electro-block printing, Collins on, 2T
Elements of mechanism, by Goodeve (rev.) 28 Foreign
publications,
office, new,86,122
92, 148, 218,246. 279,
Ely cathedral, 314
Ely Place, Holborn, history and description
284, 349
Formula, Wiesbaeh's, fbr finding head due
of, 5, 83
to the friction of water in pipes, 375
Embankment, Thames, report of commis
Fountains, drinking, 122
sioners, 220
Embankment, Thames and railway com Fowler, on collieries and colliers frev.) 978
munication in London, Lane on (rev.) 118 Fowler, Fulton, and Heman's design for
Thames embankment, 189
Embankment, Thames, 122, 152, 157, 187,
Fox on iron permanent way. 111
220
Franklin, Sir John, monument, 121
Freight, as affected by differences in
Emhakrmbst, Thames, d£.-ig.n for—
Bardwell, 190
dynamic properties of steam ships,
Atherton, on, 304
Baza Igette, 188
French industrial exhibition?, 250
Bidder, Harrison, and Stephenson, 189
railways, accidents in, 376
Bird. 192
railways, statistics of, 168
Coombs, 190
Fresco painting and stone, preservation of,
Doull, 190
Fowler, Fulton, and Hemaua, 189
40
Uaggett, 192
Moorsoin, 191
O.
Newton, 191
Tagc, 187
Gas engineering, Laidlaw on, 96
Rendei, 184
lighting steamers with, 122
SeweD, 191
— supply of London, 257
Shields, 192
works, small, for private residences, 231
Sich. Is9
Gases, waste, taking off from blast furnaces,
Stanford, 190
Cochrane, 14
Thompwu, 191
Gauge, gold-disk, steam or vacuum, Adie
Turner, 192
on, 89
Vetch, 1M
Gauging of water, experiments on, Thomp
Weller, 191
son ou, 300
Gearing, skew-bevel, Rankine on, 322
Engine, steam, in its application to mines,
German church, new, Isliugtou, lbtf
mills, tfcc, Bourne ou (rev.) 243
-— ocean, Murray on, 146, 202
Engineers' manual of the hydrometer, Oesner on coal, petroleum, &c. (rev.) 180
Swift (rev.) 17(i
Giffard's injector, 186
Eugineers, mechanical institution of, 204
G ill on the thermo-dynamice of elastic fluids,
union, Austrian, 186"
(rev.) 65
Engineering, gas, Laidlaw on, 96
Girder, method of nudiog centre of gravity
of
Cargill on, 121
Exgixebrinq Erections, kbw—
Girder bridge, iron, Boston and Worcester
Bridge, Lendal, York, Dredge, 155
railroad,
U.S. 2u9
Iron girder, Boston and Worcester
Girder bridges, suspended, Rankine on, 4
railroad, U. 9.,xo9
Girder bridges, suspension, 35
Lambeth, new, P. W . Barlow, 283
Latham on, 126
■ railway, over Rhine, 122
Girders, deflected, shearing strains of, Cox
Embankment, reclamation, for dry dock,
on, 249, 279
Leith, 162
Girders and bridges, wroughMron, effect of
Graving slip, Cronstradt, H. Grissell, 32
vibratory action upon, Rankine on, 327
Railway, floating, across Forth and Tay, Gold-disk steam or vacuum gauge, Adie on,
171
89
Railway inclino, Thul Ghaut, G. I. T. rail Goodeve
on the elements of mechanism,
way, 135
rev.) 28
Englaud, bank of, 154
Gothic ornaments, Colling (rev.) 31
English cathedral of nineteenth century, Grangemouth docks, improvements at, 66
Hope [rev.) 173
Graving dock, new, Birkenhead, 90
Examination, architectural, list of works Graving slip, new, Croastadt, 32
recommended to candidates, 280
Greeuway's manufactory, Birmingham, 375
Examinations for the architectural pro
fession, 57
proposed, for architectural students,
II.
302
Excavations, Mariettc's, at Gixeh and SaITaggett's design for Thames embankment,
cara, Donaldson ou, 77
Exhibition of 1SG2, Inventors and, 154
m
Hall and Wells' submarine cable, 8
Hall, agricultural, Islington, 281
Exhibitions—
Ashwicke, Gloucestershire, 316
Architectural, 123, 151, 158
music, proposed. South Kensington,
photographic, 37
854
British artists, society of, 148
Hall on floating railway across Forth and
French and Flemish pictures, 122
Tay, 171
French industrial, 250
Industrial and decorative art, Edinburgh, Hammers, steam, Peacock on, 240
Hampstead, chapel, 219
250
Harrow, Vaughan library at, 250
Institution of the fine arts, 99
International, of 1802—00, 95,99, 150, 344 Healthy moral homes, Bernard on [rev.1 217
Heat, C. Wye William* on (rev.) 29, 82
Inventions at society of arts, 127
Hibernian ucadeinv, royal, 90
Fhotograpbic society, 69
Higham, St. Peter's church, 232
Society of female artists, 88
Hills on Chichester cathedral, &c. 247, 26G
History
and description of Ely place, Hol
Experiments on the ganging of water,
Thompson on, 300
born, 5, 33
History
of St. Mary's Abbey, Melrose, &c,
Explosions, boiler, action of steam in rela
Wade on (.rev.) 372
tion to, 138
steam boiler, association for prevention Hoddlesdcn, St. Paul's church, 226
Holland's office and cabin companion (rev.)
of, 218
373
Holvhead, large blasts at, Robertson on,
88, 75
Homes, healthy moral for agricultural
F.
labourers, Bernard on 'rev.; 217
Fairbairn on effect* of vibratory action upon Hooghly and the Mutla, Long ridge on, 373
Hooper on the pier at Sonthport, 113
wrought-iron bridges and girders, 327
on the
theEnglish
architecture
cathedral
of London,
of the 180
nine
On iron.its historv, properties, &c, 177 Hopeon
on mills and mill work rev.' 274, S41
teenth century (rev.) 170, 216
Fellah-arab architecture in Egypt, Donald
Horse railways for branch lines and street
son on, 69
traffic, Burn on rev.) 81
Female artists, society of, b'6"
Fence*-, wnoden, preservation of, 90
Hospitals and dwellings, ventilation of, 219,
Ferrey'fi recollections of Pugin rev.) 810
8-24
Figure of the earth, new theory, Bakewell Hotel, new. Ascot, 250
Hotel, Saltburn-by-the-sea, 32
uu, 23'J, 27S, 3lo, 315, 345
Fine arts, institution of, exhibition, 99
Houses of parliament, the u^w, 186
of parliament, stone of, 122, 315
society for encouragement of, 8T6
— or parliament, Sydney, competition
Fire extinguished by steam, 141
| Fire and railway alarms, Siemens on, 308
designs for, -21

Howsham, church of fit. John, TO
Hnmber on cast and wrought iron bridge
construction (rev.) 278, 812
Hunt on a new portable coffer-dam, 45

Improvement, Bath market, 992
Improvements in docks at Grangemouth,
Milne on, 66
— m warming of buildings, 184
Inre-iu-Mackerneld church, 160
Incline, the Thul Ghaut, on great Indian
Peninsular railway, 185
Independent chapel, Abergele, 169
India museum, Whitehall, 250
progress of, 884
railways in, t81
India-rubber and gutta percha telegraphic
cables, 186
hard, Silver on, 830
Indicator, gradient, and level, Bow's, 386
Industrial and decorative art, exhibition of,
at Edinburgh, 260
Injector, Giffard's, 186
Institute,
of British
archaeological,
architects,
260royal, €8, 161,
186, 355
Dalbousie, Calcutta, 58, 186
Institution of the fine arts, exhibition, 99
Instrumentsontheearth'Bsurface, "direct"
magnetic effect of sun or moon on, Stoney
on, 333
Intercourse, metropolitan, 81
International exhibition of 1862 and the
metal manufactures, 150
exhibition of 1862, 90, 95, 90, 150, 214
Inventions, exhibition of, at society of arts,
127
Inventions, patents, and building materials,
architectural exhibition, 151, 158
property in, Webster on, 331
Inventors and the international exhibition
of I8fi2, 154
Iron bridge construction, number on (rev.)
278, 312
Iron construction, and strength of iron
columns and arches. Shields on, 296
Iron girder bridge, Boston and Worcester
rairoad, U. S., 209
Iron, history, properties, Ac, Fairbairn ou,
(rev.) 177
Iron permanent way, Fox on, 111
Iron pipes, preserving, 122
Iron railway bridges in alluvial districts,
Kennedy on, 251
Ironwork, strains on structures of, Shields
(rev.) 119
Islington,
new German
agricultural
church,
hall,186
281

Kennedy on iron railway bridges in alluvial
district*, 251
King's college, professorship of arts of con
struction, 302
Kiugston-upon-Hull town-hall, 122
Kupcke on the construction oi a rigid sus
pension-bridge, 6

Laidlaw on gas engineering, 96
Lambeth, new bridge at, -2SZ
Lane on railway communication in London,
and Thames embankment ,rev.; IIS
Latham on suspension girder bridges, 12t>
Lawrie on the treatment of steam for the
development of power, 20
Laws, patent, 322
Laws, U.S. patent, 184
Leeds, dwellings for working men, 154
Leicester, St. Andrew's church, 282
Leith dry dock, Robertson ou, 162
Leudal bridge, 155
Letheby on arsenic in paperhangings, 15
Level, Bow's, 336
Library, Vangban, at Harrow, 250
Lichfield cathedral, restoration of, 4, 315
Light, electric 13B
Llandaff cathedral, 251
London, architecture of, Hope on, 160
gas supply, 257
Longridge on the Hooghly and the Mutla,
373
Lubricator, 82
Luther monument at Worms, 90

Machine for making concrete, 340
Machine, new tu Duelling, 846
Magnetic effect, direct, of sun or moon on
instruments on the earth's surface, 333
Manual of the hydrometer rev.) 176
Manufactory, Green way's, Birainguan:,375

INDEX.
Manufacture of steel , Bessemer on, 267
Marietta's excavations at GUeh and Sac*
cara, Donaldson on, 77
Market improvements, Bath, 282
Markham on new safety coupling, 198
Masson on new system of arranging chim
neys, 218
Materials, building, at the architectural
exhibition, 151, lis
Mechanism, elements of, Goodeve on (rev.)
28
Mechanical engineers, institution of, 204
Mechanics' institution, Aahton-under-Lyne
M
Mediaeval architecture and art, study-book
of, King, 149
Memoir of Henry Austin, 34d
of Sir W. Cubitt, 848
Metal manufactures and exhibition of 1862,
160
Metropolitan intercourse, 31
Metropolitan railway, 28
Mills and millwork, Fairbairn on (rev,
274, 841
Milne on dock improvements at Grange
mouth, 86
Mines, mills, sec., steam engine in its appli
cation to. Bourne on (rev.) 24S
Minster, York, 270
Mobile, perpetuum, Direks on, 245
Monument, Luther, at Worms, 90
Monument, Sir John Franklin, 121
3Ioorsom, design for Thames embankment,
191
Murray on building of ships and steamships
(rev.) 243
Murray on the North Sea, 146, 202
Museum, India, Whitehall, 250
Music hall, proposed, South Kensington. 354

Xamptwich church, Cheshire, restoration
of, 359
National defences, the, 362
National defences, Bidder on, 172
National Scotch Church, Regent-square,
London, restoration of, 102
New churches, 96
Newton's design for Thames embankment,
191
.Niagara railway suspension bridge, Barlow
on (rev.) 63
Niagara railway suspension bridge, Roeb
ling ou ;rev.) 118
North Sea, Murray on, 146, 202
Notre Dame, 122

Office and cabin companion, Holland on
(rev.) 373
Office, new foreign, 122
OWer's tables for setting out curves on rail
ways, &c., 274
Ornaments, Ceiling's Gothic (rev.) 31
Outwell church, 150
Oxford, new church, 8t. Philip and St.
James, 281

Page, design for Thames embankment, 187
Page, design for new bridge, Blackfriars.
282
Paintings, wall, 376
Palace uf Westminster, decay of stone of,
report of committee ou, 837
Panorama, Burford's, 122
Paperhaoging*, arsenic in, Lothebyon, 18
Parliament, the new houses of, 186
Parliament houses, stone of, 122, 315
Parliament houses, Sydney, competition
designs for, 221
Patent law, United States, 184
Patent laws, 322
Patent tribunals, Spenceon, 297
Patents, inventions, and building materials
at the architectural exhibition, 151, 158
Peacock on steam hammers, 240
Permanent way, iron, r ox on, 111
Perpetuum mobile, Dirckson !rev.) 245
Petit on the revival of styles, 196, 227
Petroleum, coal, Ate., Geaner on (rev.) 180
Philbrick on iron girder bridge, Boston and
Worcester railroad, U. S., 209
Fhotographic exhibition, architectural, 37
Photographic society's exhibition, 69
Fhoto-rincography.154
Pier at Southport, Hooper on, 113
Pictures, French and Flemish, exhibition
of, 122
Pipes, iron, preservation of, 122
Plans for building land, Plymouth, 59
Pompeii, Bruce on, 876
Post offices, new district, 158

Preece on the maintenance and durability Reviews (continued)—
Engineer's manual of the hydrometer,
of submarine cables in shallow waters,
Swift, 176
25, Ml
English cathedral of the nineteenth
Preservation of stone and fresco painting,
century, Hope, 178, 215
88
Es*ay on the therrao- dynamics of elastic
Preservation of stono, 37, 65
Preservation of timber, 282
fluids, Gill, 65
Healthy moral homes for agricultural
Preservation of wooden fences, 90
labourers, Bernard, 217
Printing, electro-block, Collins on, 27
neat (n its relatlou to water and steam,
Private residences, gas works for, 281
C. Wye Williams, 29, 82
Professorship of arts of constructWn, King's
History of St. Mary'sabbey, Melrose, &c.
College7862
Wade, 372
Progress of India, 264
Horse railways for branch lines, &c,
Progressive bctow as a propeller in navi
Burn, 81
gation, KOvy on (rev.) 86
Iron, its history, fcc. Fairbairn, 177
Propertv in inventions, Webster on, 821
Mills and mill-work, Fairbairn, 274. 341
Propulsion, screw, Walker on (rev.) 121,
Niagara railway suspension bridge,
245
Barlow, 53
Public buildings, acoustics of, Smith on
Niagara railway suspension bridge, con
(rev.) 241
dition of, Roebling, 118
Publication society, architectural, 226
Notes ou screw propulsion. Walker. 121
Publications, foreign, 36, 92, 148, 218, 246,
Office and cabiu companion, Holland, 373
279, 285, 347
Perpetuum mobile, Direks, 245
Pugin, recollections of, Ferrey's (rev.) 810
Practical treatise on coal, petroleum, ic,
Gesner, 180
Progressive screw as a propeller in navi
gation, Re"vy, 85
Railway communication In London, and
Thames embankment, Lane, 118
Railway axle*, steel, 281
Recollections of A. W. Pugin, Ferrey, 310
Rudimentary and practical instructions
Railway from Ancona to Bologna, 98
on railway construction, Weale, 177
Railway bridge over Rhine, 122
Screw propulsion. Walker, 245
Railway bridges, iron, in alluvial districts,
Ship
building and steam ships, theory and
Kennedy ou, 251
practice of, Murray, 243
Railway carriages, warming of, 90
Steam-engine
in its application to mines,
Railway, channel, to conuect England and
mill, <*tc, Bourne, 243
France, Chalmers on (rev.) 870
Strain* on structured of ironwork, Shields,
Railway communication in London, and
Thames embankment, Lane on (rev.) 118
119
Railway construction, rudimentary instruc
— Foreign Publication—
tions, Weale (rev.) 17T
Cathedrale do Bayeux, 218
Railway, Eastern Bengal, 281
Derstil, &c., 247
Railway and firu alarms, Siemens on, 308
Die altchristdlchcn kirschen, 246
Rail way, floating, across Forth andTay, 171
Die mittelaterlickeu kuudtdenkmaleDalRailway, great Indian Peninsular, Thul
maiU'ii.-, 349
Ghaut Incline, 185
Dlctlounaire do 1'acadtJLuie des beaux
Railway, the metropolitan, 28
art*. 350
Railway, street, Westminster, 154
Encyclopedic- d'architecture, 286
Railway waggons, new coupling for, 198
D gioruale del iugeguere, architetto, ed
Railways, accidents on, 212
agroiKimo, 350
Railways, &c. Giver's tables for curves on,
L' architecture civile et domestique, 92
(rev. J 274
Monographic de la cathedraJe OB CharRailway*, French, statistics of, 153
tres, y2,148
Railways, French, accidents on, 876
Nouvelles aunales" de la construction,
Railways, high speeds on, 849
149, L'l\ 2b0, 286
Railways, horse, Burn on (rev.) 81
R£vuegeue>ale,279, 350
Railways in India, £81
Rankine on effect of vibratory action upon
Revival of styles, Petit on. 108, 227
wrought iron girders and bridges, 827
Re'vy on the progressive «cr*w aaapropeiler
Rankiue on resistance of ships, 2V4
in navigation ,rev,) 85
Rankine on skew-bevel gearing, 822
Rhine, railway bridge over, 122
Rankine on suspended girder bridges, 4
Ribs,
tension, 79
Recollections of A. W, Pugin, Ferrey (rev.)
Ringmore church, ancient remains in, 90
310
River
Wandle, rise and fall of, Bralthwaite
Remains, ancient, in Ringmore church, 90
on, 107
Remains, Roman, 186
Robertson
on large blasts at Holyhead, 38,
Rendd'a design for Thames embankment,
75
189
Robertson
on
reclamation embankment for
Report of committee on decay of stone of
dry dock, Lelth, 162
new palace, Westminster, 337
Robinson
on
the application of workshop
Report of commissioners ou Thames em
tools to construction of steam engines and.
bankment, 220
other machinery, 300
Resistance of ships, Rankine on, 294
Restoration of ancient buildings, Street ou, Roebling ou Niagara railway bridge (rev.
118
199
Roman remains, 186
Romanesque art, Waring on, 114, 139
RESTORATIONS—
Royal academy, architecture at, 155, 211
Chicester cathedral, 117
Royal institute of British architects, 88,
Lichfield cathedral, 4, 315
101, 186, 355
Llandalf cathedral, 251
Namptwlch church, Cheshire, 359
National Scotch church, Regent-square,
S.
London, 102
Notre Dame, Paris, 122
Saltburn-by-the-sea, hotel, 32
Outwell church, Norfolk, 150
Sanges on new system of arranging chim
Stoughton church, Leicestershire, 282
neys, 218
St. A] ban's abbey, 266
Savoy, London, chapel royal, 154
St. John's church, Chester, 154
Scarborough, church, St. Martin-on-tbe-hilL,
Wellingborough church, 876
347
Worcester cathedral, 280
Screw, the progressive, aa a propeller in
navigation, R^vy, (rev.) 86
Riviiws—
Acoustics of public buildings, Smith, 241 Screw propulsion, notes on, Walker (rev.)
121, 245
Analvsis of ancient domestic architecture,
Sculpture, monumental, architectural acces
Dollman and Jobbius, 63, 343
sories of, Cockerell on, 883
Bridge construction, cast and wrought
Seddon ou dark ages of architecture, 259
iron, Humber, 278, 812
SewcITsdusign
for Thames embankment, 191
Channel railway to connect England and
Shield' s il - ■ - . :. i i for Thames embankment, 1 92
France, Chalmers, 870
on
isou
construction,
296
Church and conventual arrangement,
on strains ou structures of ironwork
Walcott, 271
(rev.)
119
Clocks, watches, and bells, appendix to
Ship, Queou Victoria, Moating of, 90
fourth edition, Deuison, 842
Ships, resistance of, Raukiii^ ou, 2'J4
Collieries and colliers, Fowler, 278
and steam-ships, building of, Murray
CollingV Gothic ornaments, 81
Curves on railways, Ac., tables for, Olvtr,
(rev.; 243
Sich's design for Thames embankment, 169
274
Economy of steam-power on common Siemens ou thu bathometer, 329
on electric resistance thermometer, 3 32
roads, Young, 86
I Elements of mechanism, Goodeve, 28
on railway and fire alarms, 308

379
Silver on ebonite, or hard India rubber, 330
Skew-bevel gearing, Rankine on, 322
Slip, the new graving, Cnmstadt, 32
Smith ou acoustics of public buildings (rev.)
241
on acoustics, 2, 46
Smirke on colour as applied to architecture,
65, 98
on consistency m architcctoire, 103
on consistency in style of design, 131
Socixtiis—
Antiquaries, 176
ArduL-ological association, 90
Archaeological institute, 250
Architects, British, royal Institute, 88,
161, 186, 365
Architectural association, 368
Architectural publication, 226
A rts, society of, 1 27, 876
British artists, society of, 1 48
British association, 186, 250, 286, 327
Encouragement of flue arts, 376
Engineers, institution of civil, 25—annual
meeting, 26, 107, 141, 171, 202— pre
miums 247, 373
Engineers, mechanical, 2C4
Female artists, 88
Photographic, 69
South Kensington, proposed music hall at,
364
Southport pier, Hooper on, 113
Speed, high, on railways, 350
Spence on patent tribunals, 297
Stanford's design for Thames embankment,
190
Statics of bridges, 1, 59, 163, 223, 317, 347
Statistics of French railways, 153
Statues, colour on, Bell, 168
Statues, colour round, Bell on, 205
Statue to late SirC. Barry, 282
Steam, density of, at different temperatures,
210
fire extinguished by, 141
in relation to boiler explosions, 1 38
power on common roads, Young irev.)
86
pressure of, on cylinder covers and
other
boiler
disks,
explosions,
Byrne on,association
353
for pre
vention of, K| 8
engine, Bourne on (rev.' 243
engines, application of workshop tools
to construction of, Robinson on, 300
hammer, Peacock on, 240
Lawrie on the treatment of, for deve
lopment of power, 20
ihips, freight of, Atborton on, 304
ships, and Bhip building, Murray on
(TfT.) 243
Steamer*, lighting, with gas, 122
Steel bridges, cast, 96
Steel, manufacture of, Bessemer on, 267
railway axles, 281
Stone, decay of, at new palace at West
minster, report of committee on, 337
and fresco pointing, the preservation
of, 40
of houses of parliament, 112
preservation of, 36, 65
Stouey on construction of floating v- . . ■ ,
113, 146
Stoughton church, Leicestershire, restora
tion of, 282
Strains, shearing, of deflected girders, Cox
on, 249, 279
on structures of ironwork, Shields
(rev.) 119
Street on the restoration of ancient build
ings, 199
Street railway, Westminster, 154
Strength of beam, Cooper ou, 153
Structures of ironwork, strains on, Shields
(rev.) 119
St. Alban's abbey, restorations, 256
St. Andrew's church, Leicester, 232
St. John's church, Chester, 154
St. John's church, Howsham, 70
St. Martin-on-t he-lull, church of, Scar
borough, 347
St. Marv's abbey, Melrose, ice. Wade,
(rev.) 872
St. Paul's church, Hoddlesden, 226
St. Peter's church, Higham, 232
St, Peter and St. Paul s church, Cork, 30
St. Philip and St. James's church Oxford,
281
Students, architectural, proposed examina
tions for, 362
Study book of mediseval architecture, King
(rev.) 149
Styles, revival of, Petit on, 195, 227
Submarine cable, Hall and Wells, 8
cables, Preece ou, 25, 141
, .
telegraphs', 192
Subway, Coveiit Garden, approach, 130
Sues canal, 101
discoveries at, 346
Superheated steam, '.'10
Suspended girder bridges, Rankine on, 4

INDEX.

SSO

Suspension bridge, Niagara railway.Barlow Thames embankment designs (continued)—
on bridge,
(rer.) 63Niagara railway, Roebling on,
Haggett's, 192
Moorsom's, 191
(rev.)
bridge,
118 rigid, construction of, Kflpcke
Newton's, 191
Page's, 187
on, $
Rendel's, 189
bridges, deflection of. Cox on, 207
Sewell's, 191
girder bridges, 35
Shields', 192
girder bridges, Latham on, 126
Sich's, 189
Swift's engineers' manual of the hydrometer
Stanford's, 190
(rev.) 176
Thompson's, 191
Turner's, 192
Vetch's. 192
Welter's, 191
T.
Report of commissioners, 220
Telegraphic cables, India rubber andgutta Thames embankment and railway commapereha, 186
nication in London, Lane on (rev.) 118
Telegraphs, submarine, 192
Thermo-dynamics of elastic fluids, Gill
Telluric currents, 282
(rev.) 55
Thermometer, electric resistance, Seimens
Tension ribs, 79
Thames embankment, 122, 152, 187, 220
on, 832
Thompson on the gauging of water, 860
Thames Kmbaskmsjt, sisiqks io»—
Thai ghaut incline, 186
Bard well's, 190
Timber, preservation of, 282
Tools, workshop, application of, 300
Basalgettc's, 189
Town-ball, Kingston-upon-Hull, 122
Bidder, Harrison, and Stephenson, 189
Tribunals, patent, Spence on, 297
Bird's, 192
Tunnelling machine, 346
Coombs', 190
Turner's design for Thames embankment
Douli's, 190
Fowler, Fulton, and Hemans', 189
192

IT.
United States patent law, 184

Vaughan library at Harrow, 250
Ventilation of dwellings and hospitals, 219,
324
Vetch's design for Thames embankment,
192

Wade on Melrose Abbey (rev.) 872
Waggons, railway, coupling for, Markham
on, 198
Walcotton church and conventual arrange
ment, 22
(rev.) 271
Walker on screw propulsion (rev.) 121, 245
Wall paintings, 376
Wandle river, Braithwaite on rise and fall
of, 107
Waring on romanesque art, 114, 139
Wanning of buildings, 184
Warming of railway carriages, 90
Water supply of London, Burnell on, 71

Water, ganging of, Thompson on, 360
Watches, clocks, and bells, Dcnison on, 342
Weale, works issued by, 875
Webster, on property in inventions, 881
Wellingborough church, restoration of, 876
Wellington college, 261
Westminster palace, report on decay of
stone, 887
Whitehall, India museum, 250
Wieabach's formula for finding the head dne
to the friction of water in pipes, 876
Williams, C. Wye, on heat in its relation
to water and steam (rev.) 29, 82
Wooden fences, preservation of, 90
Worcester cathedral, restoration of, 280
Working meus' dwellings, Leeds, 164
Works on fine and constructive arts, Weale
875
Workshop tools applied to constrnction of
machinery, Robinson on, 800
Worms, Luther's monument at, 90

V.
York, Lendal bridge, 165
York minster, 270
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