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PREFACE.

HE practical development of aérial navigation is
slow relatively to other modes of locomotion.
The chief cause lies in the fact that any disaster is
necarly sure to be fatal to "human life, and although
ocean navigation is attended by a certain amount of
danger to both life and property, the risk is minimised
by the adaptability of boats, lifebuoys, and a consider-
able portion of the dbris incidental to shipwrecks, to
float upon the surface of the water and sustain the
survivors. It is true that in many cases, in the present
stage of rapid ocean transit, such life-saving appliances
are not always available or successful, but the existence
of them engenders a degree of confidence which has as
yet no counterpart in aérial navigation.

There have been disasters in this enterprise—as there
always will be, to the end of time, whenever man seeks
to conquer the unknown. In olden times, when to the
adventurous Phcenician navigator the unknown waste
beyond the Pillars of Hercules was the edge of a
veritable Plutonian abyss, men went forth and returned
no more. And the wise City Fathers at the gates of
Tyre prophesied this and that sad fate to the blas-
phemous seeker of the secrets of the gods. How many
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stark ribs and frames of erstwhile stout galleys strewed
the Ionian coasts ere the Pillars were won and the
far-off Casseritides reached. No Lloyd’s agencies, no
shipping news, then existed to supply the record; but
we may feel assured that the City Fathers expressed no
astonishment, but accepted the fact literally when once
accomplished. The ocecan greyhound is now an every-
day sight, and the air-ship will soon cease to cause
astonishment.

Since recent successful experiments and commercial
enterprise have combined to render aérial navigation
a prominent feature in progressive science, no apology
is needed in introducing the present volume, which
treats of the laws governing flight as exemplified by
animals, birds, and insects, and of the construction of
dirigible balloons, aérostats, aéroplanes, and aéromotors
to be synthetically deduced therefrom and illustrated by
various types already made. :

We admit the air-ship in practice to combine the
aérostat, aéroplane, and mechanical propeller, and to be
absolutely safe, but the exact proportions each must
bear to the others is not within the province of a work
the aim of which is to convey elementary instruction in
a popular manner ; and this also applies to the aéroplane,
the term here being applied in a broad sense. When
the area of the plane is subdivided into aérocurves, or
reactionary surfaces of which the curvilinear construc-
tion is based upon the cissoid curve, the elaborate
calculations governing this would be out of place. And
in a similar manner we do not go into the intricate
problems relating to the screw propeller in air, and its
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reaction upon curved aéroplanes, but have endeavoured
to present in readable fashion a thoroughly practical
basis upon which the air-ship may be constructed and
understood in its action. '

From a commercial point of view the advantages to
be derived from any increased speed due to aérial navi-
gation as against other modes of locomotion are not
immediately” apparent, except for light postal services.
The aéromotor or air-ship will always be of great value
in naval and military tactics, and for Ordnance surveying
purposes, still with exactly the same effect that applies
to seagoing navies and war-craft generally—that is, each
Power, whilst procceding upon the defined primary lines
of construction, will strive to possess the best aérial navy,
and this spirit of competition will be good for inventors
and for commerce generally. Aérial navigation can
only effect a revolution in international matters by the
discovery and application of the neutralisation and
regulation of the force of gravity. Given this as a secret
under the control of a peaceful and highly civilised
Power, and war and its concomitant horrors would be
a story of the past.

The true co-ordination of physical phenomena brings
creative imagination to bear upon the dead side of the
world turned to us, and causes us to comprehend the
pulsations of its real life beyond the screen of materialism.
So co-ordinates light, electricity, magnetism, and each
new imaginative construction brings us nearer to the
conception of a living universe. As an instance, we may
take the now well-known “cathode rays,” where force
takes material embodiment, and we see that all apparently
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quiescent matter is really energy at work in various
forms; and again, there are the hitherto undeveloped
mysteries of radiation.

The attraction of gravitation up to the present time
has not co-ordinated with other forces, and there may
yet be a mode of applying known forces in aérostation
in this wide and all but untrodden field of research.

FREDK. WALKER.

OXFORD, 2nd June 1902.
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CHAPTER L

THE LAWS OF FLIGHT.

Fundamental Laws,—There is a certain condition
of moving bodies which affords a general measure of
their forcee. When a moving body is directly opposed
by a vis mortua, such as a pressure or resistance like that
of gravity, the measure of such vis mortua required to
neutralise the force and bring the moving body to rest
must form the basis of the measurement of the force.
The problem to be assumed is, in measuring the said
force, to consider in which of its different capacities is its
effect to be measured. If the length of the line which
the moving body describes against a uniform resistance
be taken as the effect and measure of the force, the force
is as the square of the velocity. Taking the resistance
to be that exerted by gravity, the estimation of the force
becomes definite, and is measured in terms of the square
of the velocity. And a body in true -flight must be
capable of motion in both directions, against the air
resistance in one case and gravity in the other, and the
force must be continuous, as will be seen hereafter.

Natural Flight.—The method of rising and pro-
gressing in the air varies according to the requirements
of the animal, bird, or insect provided by nature with

A
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wings. Such birds as the condor (Sackeramplus gryplus)
and the albatross (Diomedea exulans) are capable of
extended flight, the former poising as it were in the
air at an altitude of over 10,000 ft, and the latter
following a ship for a thousand miles. The wing surface
of these birds is oblique, so that a rapid horizontal move-
ment is attained. This movement, being diagonal or
spiral, as the case may be, carries the bird upwards, and
when it drops, by partially closing its wings, it does so
in a diagonal direction with great rapidity, acquiring
such momentum as to carry it upwards again. And the

Fv,g: 7.

equipoise of the body is so sensitive, depending as it
were on the fulcrum of the wings, that the long flight
is maintained without an apparent flap. Soaring birds,
such as the skylark, have the wings set horizontally when
extended, in order to effect the upward flight in nearly a
vertical direction.

The osseous framework of these wings is shown by
Fig. 1. The Aumerus c articulates with a cavity between
the coracoid bone & and the scapula a. It is directed
backward in repose, approximately parallel with the spine.
The Aumerus articulates at the opposite extremity with
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the cubitus or forearm, which is composed of the w/na d
and radius e, and is so jointed as to fold when at rest in
a direction parallel to that of the Aumerus. The carpus
consists of two small bones f, / placed between the outer
extremity of the cubitus and the metacarpus g, which
consists of two bones united at both ends. From the
anterior edge of the metacarpus projects the pollex /e and
two digital bones or phalanges i, 7. These latter are
analogous to the fingers, and the pollex to the thumb of a

hand. The pectoral muscles operating the Zumerus are
immensely powerful, extending from a dcep sternum or
breast bone, shaped like the keel of a ship. This qualifies
the enormous expenditure of force which takes place
when the body is not only supported but raised and pro-
pelled through the air. The bones of a bird are not only
hollow, but in direct communication with the lungs,
which admits of a constant supply of rarefied air, of less
density than that surrounding it. Also the general
structure affords the maximum of strength combined
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with the minimum of weight. The skeleton of a condor
measuring 6 ft. 4 in. over the tips of the wings, when
newly articulated, and before the moisture had evaporated,
was only 9.7 oz.

Referring to Fig. 2, the arrangement of the feathers is
shown, the primaries P springing from the Jdigéts 7, 7 and
the metacarpus g, as shown by Fig. 1. The secondaries s
take their origin from the cubitus, and the spurious wing or
alula SW springs from the pollex or thumb. The expan-
sion and contraction of the muscular system, in which the
primaries and secondaries are held by their extremitics,
cause a semi-rotary movement to be imparted to each .
feather simultaneously with the movement imparted to
the Lumerus by the pectoral muscles. In all cases the
motion due to the action of the wings must be such that
the air is struck with less force during the up-stroke than
during the down-stroke; otherwise the effect of the
former would neutralise that of the latter. Thus the
semi-rotary movement of the feathers before-mentioned
causes the surface of the wing to be altered upon the up-
stroke, by turning the feathers so as to present the edges
to the air, closing them to present a flat surface on the
down-stroke. This is analogous to the movement called
“feathering” in rowing, and also in using paddle wheels.
Referring to the fundamental laws at the commencement
of this chapter, it will be seen that the resistance varies
as the square of the velocity of the stroke. Hence, if the
down-stroke be made at three times the speed rate of
the up-stroke, the resistance is nine times greater. But
as this only operates during one-third of the time, it is in
effect equal to three times that which operates against
the up-stroke. Therefore the alteration of the effective
area of the wing at each portion of the double stroke is
essential to flight.

In the case of the flight of bats (Vespertilio) the
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method of varying the surface area is necessarily different,
since a soft membrane takes the place of feathers.

The general structure of a bat’s wing is shown by
Fig. 3. Here the cubitus d articulates with the Aumerus c,
and carries the phalanges i, 7, # and a hooked thumb 4.
The hinder legs / terminate in a single hooked phalange,
and the tail # supports the caudal membrane, which by
deflection enables the animal to steer its flight. The
method of flight is to rise by flapping, the up-stroke

being made with the wing surface diminished and the
membrane slackened by partial closure of the phalanges
7, J, 4, in the same manner as in the case of the flight of
birds. The bat swoops downwards with extended wings,
fully stretched, and by a sudden deviation ascends again
diagonally, impelled by the acquired momentum of the
rapid ascent. Or the animal may fly in a spiral or
curvilinear direction. The sense of equilibrium is highly
developed, and the darting flight is sustained for hours
without the necessity for alighting.
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The pterodactyl, a huge flying lizard, now extinct,
had wings of this description, and its method of flying
was undoubtedly the same.

The flight of insects varies somewhat, and although
the power is cxerted in the same ratio relatively to
resistance and velocity as in the cases before-mentioned,

the higher velocity of displacement of air alters the con-
ditions. When a volume of air is displaced by a series
of infinitely rapid vibrations, the wave effect is that of
the waves given off from the striking surface of the wing
at a high velocity and the incoming waves to fill the
displacement at a less velocity. Air delivered at a high
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velocity in this manner partakes of the attributes of a
fluid under similar conditions, that is to say, it is sprayed
or atomised, and to a certain extent, rarefied. This
phenomenon is of importance when studying the flight
of coleopterous insects.*

Fig. 4 shows the arrangement of the organs of flight
of the common stag beetle (Lucanus cervus), in which
the anterior wings or elytra are corneous in structure,
presenting a convex outer surface and a concave inner
surface. The elytra a form cases for protecting the
membranaceous posterior wings w when closed and in
repose, and the muscles of the thorax x merely allow of
opening and closing, or remaining rigid in either position.
The true wing is the posterior =, and consists of two
layers of thin membrane, one superimposed above the
other, and covering intersecting ribs or nervures, which
form the framework and the source of vibratory motion.
These nervures, which to the unassisted eye appear like
threads, are of varying thicknesses, the thicker nervures
passing horizontally through the wing, and the thinner
ones intersecting them. The upper faces of the nervures
are of a horny structurc and adhere closely to the upper
membrane, but the under surfaces are not so intimately
attached to the under membrane, and are flattened.
Thus the under membrane may be separated by skilful
dissection for purposes of microscopic examination.
These nervures are tubular in form, tapering toward
the end or edge of the wing, and within them is disposed
a spiral elastic tube, with the inner end communicating

¥* This theory of vibratory flight is due to M. Chabrier, and
explained in his “Essai sur le Vol des Insectes,” and carries a
certain amount of probability, which has not, by reason of the
extreme delicacy of such a mechanical test, been put to the proof
of experiment. The subject is worthy of further research,
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with the lungs, or an air vessel controlled by muscles so
as to dilate or contract at the will of the insect. This
spirally rolled tube constitutes a trachea. Thus the air
is struck as it were by the flattened stretched surface at
one period of the vibration and slackened at the other
period. The terms up-stroke and down-stroke are not
applicable to a vibrating surface which changes its
direction and character many hundreds of times in a
second of time. When we consider that the thorax x, y
(comprising the prothorax, mesothorax, and metathorax)
and the extended claws z are of considerable bulk, and
also extend beyond the fulcrum of the wing , it is idle to

Fig.5.

conceive that the anterior fixed wing or e/ytra a is not an
organ of suspension, if not of flight. It will be seen that
the outer nervure or rzadius ¢ terminates in a branch 4,
the stigma, which forms a junction with the second
nervature or cubitus. Since the radius ¢ is thicker than
the other nervatures, it forms with the stigma a cup or
concavity approximately fitting the edge of the e/ytra a.
Thus, referring to the diagram, Fig. 5, in which the
wing w is tense, and vibrating downwards, the direction
of the air currents diverted into a is shown by the arrows,
and when the wing  is slackened at the other period of
vibration, the cup formed by the junction of the radsus ¢
and stigma d approximately closes the posterior edge of
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the elytra a. We have seen that air displaced at a high
velocity is subject to rarefaction, and therefore is lighter
than the surrounding air. These conditions enable the
rigid elytra to support the projecting organs. Although
the coleoptera are distinguished by a trunk of consider-
able bulk, it is owing to its membrano-cellular structure,
of extreme lightness, and the organs for the diffusion of
air, permeating the whole organic formation, render this
type of insect capable of a tolerable range of flight.

The wings, and consequently the conditions of flight,
vary according to the general shape and bulk of the
types of insects, since, in the case of the hemiptera, the
elytra are semi-corneous or coriaceous, forming a vibra-
tory anterior wing, and at the same time, by reason of
their leathery structure, constituting a sheath for the
posterior wing, of membranous consistence. In the lepi-
doptera and hymenoptera the antcrior and posterior
wings are alike. Referring to Fig. 6, which shows the
disposition of the nervures of the wings of hymenoptera,
in B the radius or chief nervure @ and the cubstal nervure
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4 join to form the szigma ¢. These being the primitive
nervures, other lesser nervures termed brackial g, spring
from the thorax towards the extremity of the wing. In
B a radial nervure d springs from the stigma ¢ to the
anterior edge, enclosing by an intersecting nervure a
membranous space called the radial cell a (sketches A
and C). Cubital cells b and e are similarly formed. The
brachial nervures and their branches form Zumeral cells
%, D, by intersection, and also discoidal cells i, A, C, and
extensions of the brackial nervures g towards the pos-
terior edge of the wing, starting from an intersecting
nervure, are termed recurrent ncrvures f, B. Now the
theory of flight in the case of such wings is upon the
presumcd alternation of dilation of the radsus and cubitus
together, and the drackial nervures together, thus forming
a wave-like undulation of the surface from the anterior
to the posterior edges of the wing at an approximately
rigcht angle to the longitudinal nervures. The progress
of the insect during flight is, according to this theory,
due to a rapid displacement of air in a given plane, the
actions of rising and falling being effected by an altera-
tion of the angle of the surface in the thoracic articulation.
To describe the motion in plain language, it may be said
that the wing surface rests upon a rapidly moving film
of air rarefied by the velocity of impact, the rarefaction
and movement being derived from the undulatory motion
due to alternate dilations of the spiral internal nervures,
the alternations being performed at a high velocity. In
its proper place it may be shown how artificial flight
~ may be mechanically produced in exactly the same
manner. :

The membranous skin uniting the fore and hind legs
of the flying opossum (Pataurus sciurus) and other so-
called flying animals, simply acts as an aéroplane or para-
chute enabling them to drop from a height and travel
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across a certain space laterally whilst doing so. In the
opposition of a wind current, ascension may be cffected
by angular steering assisted by the momentum acquired
by the fall. Flying fish (Exocetus) arc provided with
extended pectoral fins which form aéroplanes, and enable
them to skim from wave to wave.



CHAPTER IL

AEROSTATICS.

The Atmosphere.—The elastic medium called air
forms a sheath as it were around the earth from 40
to 50 miles in thickness. Air being an elastic fluid, the
particles thereof repel each other with a force varying
inversely as the distance of the centre of the particles
from each other. Therefore the volume and conse-
quently the pressure depend upon each other. The
law of altitudes and densities is as follows :—

Take the altitudes above the surface of the earth in
arithmetical progression, the equivalent densities will be
in geometrical progression decreasing.

Thus, if at a certain altitude above the earth’s surface
the density of the air be one-half that of the surface
density, at twice the altitude the density will be one-
fourth of the surface density. The height is measured
in these terms by a barometer, which is constructed
upon the basis that the atmosphere at sea level will
support a column of mercury 30 in. in height at a
normal temperature of 64° Fahr. This corresponds to
a pressure of 14.72 lbs. per square inch. It is necessary
to consider the barometer as an instrument for measuring
the height above sea level, and also of external surface
pressure. The usual form of barometer used is that
known as “aneroid,” the action of which depends upon
the variation of external pressure upon an exhausted
corrugated cylinder in which nearly a perfect vacuum
has been formed. An index, reading inches of mercury,
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feet in height above sea level, and pressure is delicately
connected to the exhausted cylinder, which expands
under decreased atmospheric pressure and indicates the

degrees upon the dial

Air is sensitive to variations

of temperature, and the barometrical readings have to
be corrected accordingly.

At the sea level the air pressure is 2119.8 lbs. per
square foot, and the following table shows the decrease
at different altitudes :—

Barometer, | Altitude, Pounds, Barometer, | Altitude, Pounds,
Inches. Feet. Square Foot. Inches. Feet. Square Foot.
29.5 351 2091.0 20.0 10,593 1413.2
29.0 872 2055.7 19.5 11,254 1377.8
28.5 1,340 2013.7 19.0 11,933 1342.5
28.0 1,802 1978.4 18.5 12,630 1307.1
27.5 2,273 1943.1 18.0 13,346 1271.8
27.0 2,753 1907.8 17.5 14,082 1236.5
26.5 3,241 1872.4 17.0 14,839 1201.2
26.0 3,739 1837.1 16.5 15,619 1165.8
25.5 4,276 1811.8 16.0 16,423 1130.5
25.0 4,763 1776.5 15.5 17,252 1095.2
24.5 5,291 1731.1 15.0 18,109 1059.9
24.0 5,830 1695.8 14.5 18,99§ 1024.5
23.5 6,380 1600.4 14.0 19,911 989.2
23.0 6,942 1625.1 13.5 20,862 953.8
22.5 7,516 1559.8 13.0 21,847 918.5
22.0 8,103 1524.5 12.5 23,412 883.2
21.§ 8,704 1519.1 12.0 23,874 847.9
21,0 9,319 1483.8 11.5 24,984 812.5
20.5 9,948 1448.5 11.0 26,142 777.2

The altitude may always be computed from the
barometer readings according to the formula

4771 —6%6.000 X £=A.
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Where 4771 is 30 log. and é=log. of barometer reading
in inches, ¢ being the temperature correction according
to the following table, and A the altitude in feet.

TABLE SHOWING VALUES OF /4 DEGKEE FAHR.

In this table ¢ is determined by the sum of the
lowest and highest barometrical readings. A further
system for correcting inaccurate measuring is given in
the tables for latitude, &c., in the Appendix.

Aerial Flotation.—A body immersed in air loses
exactly in weight that of the volume of air displaced ;
therefore in dealing with such a body as an acrostat
we have three distinct things to consider; firsz, the
power of an acrostat to rise through the air; second,
the velocity of its ascent; and rkird, the stability of
its suspension at any given altitude, against the resist-
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ance due to gravity. The aérostat, pure and simple,
has an independent part to perform in all aéronautic
machines, except the true aéroplanes and aéromotor
planes, therefore it is worthy a detailed study. Since
heated or rarefied air as a medium for filling an aérostat
is not of practical utility in sustained flight of long
duration, we will not occupy space with the matter,
assuming hydrogen or carburetted hydrogen to be used.
Pure hydrogen (H) (atomic weight 1, density 1) is
a colourless, odourless, tasteless gas, and is 14.43 times
lighter than atmospheric air, consequently it is the best
medium for filling aérostats. Coal gas or carburetted
hydrogen is the next best, and varies according to the
material used and the mode of its manufacture. This
variation is such as to render the gas from 10 to 6 times
lighter than air. A
The force exerted in ascent is the excess of the
weight of an equal bulk of atmospheric air above the
aggregate weight of the included gas, plus the gas-tight
envelope and all appendages; in other words the final
power of ascent is the difference between the weight
of the included gas and of that of an equal volume
of external air, further diminished by the weight of the
whole apparatus. Supposing the form of the aérostat
to be the same in all cases, this load, as a resistance,
as it depends upon the quantity of surface contained
in the bag or envelope, must be proportioned to the
square of the diameter ; whereas the difference between
the internal or external fluids, which constitutes the
whole of the buoyant force, increases with the capacity
of the envelope, the proportionate ratio to the cube
of the diameter. Therefore it is obvious that however
small the excess may be of the specific gravity of the
external air above that of the included fluid, there must
always exist some corresponding dimension which would
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.enable an aérostat to mount in the atmosphere. Aéro-
stats are usually constructed to present a spherical form,
or an elongated cylinder with hemispherical ends.*

A sphere 1 ft. in diameter holds 281.75 grains of
atmospheric air, and approximately 21.67 grains of
hydrogen, and the difference is 260 grains. That is
to say, if an aérostat 1 ft. in diameter were to be filled
with hydrogen gas, and the envelope and load together
weighed 260 grains, equilibrium would be established,
and it would not rise. But if the envelope and load
be 100 grains, the buoyancy or flotation value would
be equivalent to 160 grains. It is obvious that the
efficient power of ascension, or the excess of the whole
buoyant force over the absolute weight of the apparatus,
would, by acting constantly, produce an accelerated
motion if it were not checked, and eventually rendered
uniform by the resistance or inertia of the atmosphere.
If it were not for this resistance the velocity of ascent
which an aérostat would gain would be in the same
proportion as a falling body acquires in the same time
as the efficient buoyancy is to the aggregate weight
of the apparatus and the contained gas. We may
estimate the final or uniform velocity from the following
formula, in which D=diameter in feet, and P ascensional
power or buoyancy in pounds, and Vv the ascensional
velocity in feet per second, or that velocity which causes
an air resistance equal to the buoyant force or flotation
value. Then

40
v=1-
Dxﬁ

* A “prolate spheroid ” affords the maximum of buoyancy with
the minimum of resistance to the air (see Prolate Spheroid Table
in the Appendix), and may be defined as a solid proceeding from
an ellipse.
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and for example, take an aérostat 50 ft. in diameter
with a force P of 576 lbs. Then the equation becomes
' o)

—49 =
v —Sox N576, or

?-x 24=9§6= 19.2 ft. per second,

or a mile in 4} minutes.

The final point to be considered is the stability of
an aé€rostat at a certain altitude, at which the forces are
in equilibrium,

For purposes of calculation we assume that the
atmosphere is of the same density as at the earth’s
surface for 26,000 ft—that is to say, homogeneous
throughout—in order to find the altitude a to which
an aérostat will rise until the volume of displaced air
equals the capacity, and is as weight to weight.

The density at altitude a is e;kg a X density at
earth’s surface (&), where e=the base of hyperbolic
logarithms, and 4a constant, ¢ equivalent of gravity at
earth’s surface, 32.2* Then if D=displacement of
aérostat and adjuncts, and wW=weight of aérostat, gas,
and adjuncts,

W = Dg X density of air, and

= £
Dgu.e A

After the altitude readings are corrected for temperature
¢ and latitude A, g may be corrected also, but since the
error is trifling, as the radius of the earth is 4,000 miles,

* If the Brigg logarithmic system be used, the result must be
% 2.3026, being the reciprocal of the modulus.

B
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and a is necessarily less than B, it may be accounted
negligible.

Taking an example, air being .08073 lb. per cubic
foot, and hydrogen .005592 1b. per cubic foot,an aérostat
100,000 cub. ft. in capacity will weigh with the envelope,
car, passengers, and accessories about 3,000 lbs., and the
gas 559 lbs.=3,559 lbs. The air displaced is 8,073 Ibs.
say, and the effective difference 4,514 lbs. Thercfore
the altitude a to which the aérostat must rise, at which
the capacity weighs 3,559 Ibs., is the normal altitude,
at which the ascending force is neutralised, and vertical
movement ceases. Then

—e—_% 3559
#=" 26000 8073

Therefore a=log. 8073—log. 3559 = 21,000 ft. About
half the original quantity of gas has probably escaped
when this altitude has been attained, unless a suitable
provision for storing it has been made. Therefore the
weight 3,559 lbs. is reduced 280 lbs., and about 200 ft.
is added to the altitude 4. Nadar, in his large balloon
“Le Géant,” used a compensator, or a smaller balloon
affixed to the neck of the larger balloon, and empty at
starting, in order that the expanding gas may be con-
served in the ascent. Green, in 1821, used a “guide, or
trailing rope,” which formed an automatic regulator,
since when descending the aérostat was relieved of
the weight, and this increased when ascending. This
device is also useful as a fulcrum in dirigible aérostats,
in which steering is imperfectly effected by sails or
rudders.

Boyle’s law regarding the expansion of gases is,
“ The density of a gas is proportional to its pressure for
the same temperature.”

The temperature at various altitudes is variable for
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many reasons, such as meteorological changes and the
like. The following formule are useful for obtaining
data in respect of expansion of gas :—

Let P = pressure at 30 in. of mercury.
¢ = temperature of gas.
v = volume of gas at 30 in. of mercury.
v = volume of gas at any temperature
W = weight of gas at 30 in. of mercury.
w = weight of gas at any temperature .
2 = pressure at any temperature £ -
£ = co-efficient of expansion with each de-

gree of temperature = .002036° Fahr.,
.003665° Cent.

(@) p = P (1 + k).

0) v =v (1 + &)
v
@v= 1+ At
w
(d)w=_l_+_k—t

(&)W =w (1 + &2).

Hydrogen gas varies with the method of manufac-
ture, but when made by the decomposition of zinc by
water and sulphuric acid, and the gas evolved is treated
with quick or unslaked lime to eliminate the moisture,
the lifting power is approximately 14.6 cub. ft. to 1 1b.
in weight. And it may be assumed that 20 sq. ft. of
varnished silk weighs 1 1b. In ascertaining the diameter
and weight of an aérostat, let

W = total weight to be raised (aérostat included,
with accessories).

= weight of a cubic foot of air = .080728 Ib.

weight of the gas.

= diameter of aérostat.

o & 8§
I
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3 w
D= —— oz
\/.5236 (w — )

W= D3¥(w — &) X .5236.

Then

We may, from the data afforded by the formule
given, estimate the proportions of an aérostat to suit the
conditions of various cases of adaptation, and may pro-
ceed to describe and analyse the different types that
have been used for experimental or practical purposes.



CHAPTER IIL

AEROSTATS.

IN dealing with the subject of aérostats it is not within
the scope of this work to detail the older types of
ordinary heated air and gas balloons, nor the record
of aérial voyages already well known to the reading
public, but rather to describe the various improvements
of later date.

It is unlikely that the aérostat will in the future
occupy any other position in aéronautics than that of a
buoyant support for motive power and steering apparatus
in combination with aéroplanes and aéromotors, except
for military or surveying purposes, therefore we may
enlarge upon it as an auxiliary appendage in the proper
place.

The Serkis-bey aérial machine is a combination of
an aérostat and a parachute, and when used in the latter
capacity it may to some extent be steered.

The apparatus, as shown by the elevation, Fig. 7,
consists of a light framework of radial rods =, with
strengthening rods -attached to a collar ¢ upon the
central hollow stalk which supports the structure. The
convex surface inside ¢ is lined or covered by an im-
pervious membrane which forms the lower part of the
umbrella-shaped aérostat @, 4,c. The outer rim 4, ¢ forms
the supporting hoop g for the car /. When it is desired
to descend, the gas is allowed to escape by a valve at q,
and the envelope when wholly or partially exhausted is
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inversely compressed by the resistance of the air, and
acts as a parachute. The cord or suspensory stay /,d is
then tightened or released, and by thus changing the
centre of gravity the envelope a, 4, ¢ is obliquely inclined,
and the direction of descent may be guided or steered

av

by a rudder £, % controlled by cords 0. If the gas is not
wholly exhausted, a fresh ascent may be made by throw-
ing out ballast, and another oblique descent effected.
This is noteworthy as an ingenious device rather than
a practical machine.
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The Gower aérostat is essentially a military machine,
and is designed to automatically control the elevation,
and also to release explosives at a predetermined time
and place.

The principal feature consists in utilising the varia-

A

E
H

Fig.8.

tion of the vertical length of the aérostat as it tends to
rise or fall, to open the gas valve A, Fig. 8, or ballast
valve E by cords Cc and F respectively, and in this
manner to maintain automatically the desired altitude.
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A spring S is interposed in order to preserve the tension
of the cord ¢, and so to prevent the valve A from being
operated until the shortening of the aérostat v exceeds
a certain amount, which can be regulated by adjusting
the length of Cc. The discharge of the explosive body
or other freight K is effected by the release, by a time
fuse 1, of the latch 7, thus allowing the rods H, H' to

Fig.9.

hinge upwards about z, 2" and the suspending rings to
slide off. Successive discharges may be effected by
fuses of different lengths, or a number of cases may be
arranged to be dispersed by the explosion of a small
initial charge by the fuse.

The Bate adrostat is simply the adaptation of an
aérostat to relieve the load carried by an endless rope
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or chain transport way, and is shown by Fig. 9. The
aérostat A supports a car B which is provided with
grips for gripping the moving rope or chain C, and may
cause the car B to move horizontally, and be stopped or

Fig.10.

started by operating the grips. The function of the
adrostat in this case is to relieve the rope C of the dead
weight of the load. -

The Dale aérostat is capable of conversion into a
parachute, and is shown by the elevation, Fig. 10.
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The aérostat is fitted with an upper valve A and a lower
valve B, the valve A being covered on the inner side by
wire netting, over which is stretched a strip of oiled silk
or any other impermeable material. When it is desired
to convert the aérostat into a parachute the strip is

3OOC

withdrawn by pulling a cord C; the gas then escapes,
and as the aérostat descends the lower half is forced
into the upper half, B being guided by rollers at D, D’
along vertical guides F, ¥. The lower valve B may be
opened or closed to regulate the rapidity of the descent,
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since the upper valve A is permanently open when the
covering strip is withdrawn.

Sir W. A. Fryers has constructed an annular aérostat,
shown by the elevation, Fig. 11, and the part plan, Fig. 12..
The aérostat A is made in the form of an annulus, so that
in the case of descending into the sea, the car C may

Fa

Fig.13
float inside the annulus, which forms a protection against
the sea. It is preferably divided by partitions @’ into
cells or compartments &, so that if one compartment is
injured by shot in cases where the apparatus is used for

military purposes, or similar accidents, the uninjured
compartments may sustain the car. Each compartment
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a is provided with a branch pipe and valve 7 terminating
in a common pipe &. The car C is suspended from an
insulating ring ¢, which is in turn supported by the
netting covering the annular aérostat A. A piece of
waterproof fabric E is stretched across the top to act as
a parachute when descending. For reconnoitring in war-
time a car is suspended from C by a long cable, so that
the a€rostat may float at a safe height.

0. 9% %%
Vededede

In Glendinning’s aérostat, Fig. 13, the aérostat B is
enclosed by a bag H, into which air is compressed, and
supplied from a reservoir R in the car C through pipes , a.
The pressure is maintaincd by a pump r. Part of the
reservoir R is divided so that the gas from the aérostat B
may be stored, a safety valve & regulating the compression
in order to protect the envelope, the neck & being closed;
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a valve v at the top of the bag H enabling the air pressure
to be regulated. The object of the device is broadly to
effect regulation of the altitude by increasing or diminish-
ing the surface pressure upon the outside of the envelope

of the aérostat B. The inversion of the bag H may be
utilised as a parachute in descending.

Tapscott’s combined aérostat and parachute, shown
by Fig. 14, is devised to support life-saving appliances
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clear of the waves when rescuing shipwrecked persons
by means of a cable and cradle or saddle. A parachute
A is attached to the top of an aérostat B, and an insulating
ring C is suspended from the outer circumference of A.
The ring C carries the cable H, and a double sheave block
D over which the life lines / and /' are rove.

Scott’s aérostat (Fig. 15) is exactly the reverse of
Glendinning’s, before described, since air pressure is
applied internally instead of externally. The outer
envelope of the aérostat A is made of unusual strength,
and an air bag B is fitted within it, which may be dilated
or contracted by the manipulation of the pump P in the
car C, and a suitable releasing valve, thus varying the
buoyancy of the aérostat.



CHAPTER 1V.

AERODYNAMICS.

Air as a Medium.—Water is as a medium heavy
and inelastic, and air is light and elasticc. In propul-
sion water presents the maximum of recoil with the
minimum of displacement, whilst in the case of air the
conditions are exactly opposite. Therefore in construct-
ing an aéromotor capable of practical work, the peculiar
nature of the medium in which the apparatus has to float
and to move by mechanical reaction calls for a structural
form and adaption of motive power entirely different
from that required upon sea or land. In marine propul-
sion, a part only of the ship is immersed in the water,
and being lighter than the medium in which it floats, is
enabled to use this denser element as a fulcrum from
which by oars, paddle wheels, screws, or jets, to obtain
the reaction necessary to move it against the resistance
of the water beneath and the air above the water line.
A submarine vessel, when totally submerged, presents
the nearest analogy to the aéromotor in practice.

The absolutely perfect aéromotor, the air-ship of the
future, must necessarily be heavier than the surrounding
air. We have noted in dealing in a preliminary manner
with flight in nature, that the organism of such birds,
animals, and insects are comparatively light in structure
relatively to their bulk, not as regards the wing area or
surface opposed to the air resistance in sustaining the
body at a certain altitude or propelling it at a certain
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velocity. We can construct a framework of metal, and
provide a prime motor, but within our closest limits we
could not, weight for weight, and space for space, make
an aéromotor upon the scale of the stag beetle (Lucanus
cervus) with the same conservation of energy and
mechanical action.

But it is essential that an aéromotor should have the
weight much in excess of the air displaced by it when
at rest. The inertia of the mass is indispensable to the
control and regulation of such an apparatus, so that it
may be stecred and propelled in exactly the same
manner and with the same facility as a floating ship in
the sea.

Weight.—A simple aérostat cannot be rendered
dirigible by rudders or sails, since it is entirely sur-
rounded by the medium it floats in, and is subjected to
every air current in such a manner as to drift with it.
Therefore, as may be seen by a weight-area table
appended, the true air-ship should be of considerable
weight, should start from a position of rest upon the
earth by means of its self-contained motive power, and
this force should propel it in any direction independently
of any air currents; and at the same time the structure
must be of sufficient strength to withstand the onslaught
of a possible hurricane. All this is within the range of
modern mechanical genius and engineering enterprise,
but the one fatal objection stands in the way, and
subverts the true lines of construction. This is not a
scientific obstacle, but it may rather be termed a pru-
dential one, and may be summed up by the consideration
of the fallibility of all machinery, and the absolute
dependence upon continuous action to prevent a terrible
catastrophe in case of failure. Therefore, so far as one
can foresee, the aérostat will always be an accessory to
the air-ship, unnecessary in the propulsion, and a decided
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disadvantage in steering, but certainly a safeguard to
some cxtent against the worst form of accidents. It is
only requisite to allow the buoyancy of the aérostat to
balance the weight of the apparatus, the ascension and
propulsion depending upon the motive power.

Flight may be attained by heavy powerful animals
with a comparatively small wing area, there being no
established ratio between wing area and weight, but an
unvarying relation between the weight and vclocity of
motion. The following table shows the approximate
area in square feet per pound avoirdupois for different
types of birds and insects :—

Name. Squ‘aeren%et:e:e'r Ib.
Gnat - - - - 40.8
Bee - - - - 5.5
Stag Beetle - - - 5.0 !
Swallow - - - 5.48 l‘,
Condor- - - - 1.3 ’"
Albatross - - - 1.28 /0
el !
’ .
The little experiment illus- Y N
trated by Fig. 16 shows the value / '
of weight as a factor in pro- e '
pulsion. A cork A, pointed at d ‘e
the lower end, and having two .a.76
feathers a, @’ obliquely fixed in _Flg )

the flattened top, is let fall from

a point 4, and directly by the force of gravity should
descend in the direction &, ¢. But the falling weight
causes the oblique planes @, @’ to displace the air, and by
rotating against the resistance compels A to describe the
trajectory 4, ¢, d.

Thus the problem resolves into the relative values of
weight, power, velocity, and small surface area wversus
buoyancy, small power, slow speed, and extensive sur-

c



34 AERIAL NAVIGATION.

face area. No rule can be laid down for establishing a
basis for construction. Each form or type must be cal-
culated according to the various conditions that are to
be fulfilled.

Wing Movements.—Professor J. Bell Pettigrew, in
his records of experimental research, gives a theory of
wing motion which is borne out by practical experiments
in producing artificial wing flight in exactly the same
manner in which it is performed by nature; and Pro-
fessor E. J. Marey has also by means of the sphygmo-
graph produced graphic records of the actual natural
movement. Professor Pettigrew does not agree with the

P~

Fig.17.
theories adduced to prove the dilation and contraction
of the spiral nervures, but holds that the redius and
brachial nervures are operated from the thoracic articu-
lation as ball and socket, or universal joints having such
a combined movement as to cause the margin and tip of
the wing to describe a figurc of 8. Thus the wings
obtain leverage by presenting an oblique syrface to the
air, the obliquity increasing behind forward and back-
ward during extension, when a sudden effective stroke
is given, and deccrcasing oppositely during flexion or
slow return stroke. Fig. 17 shows the figure of 8 de-
scribed by the tip and margin of a wing in the motion
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of flight. The continuous line shows the extension, and
the dotted line the flexion. A second linc midway

between the extension full and
flexion dotted line would indi-
cate the movements of the tip,
but it is not shown for purposes
of clearness. In Fig. 18 we see
this movement carried out in a
wave-like direction as in hori-
zontal flight. Here @, & repre-
sent the wave crests, and ¢, &,
e up-strokes, and f is a point
corresponding to the anterior
margin of the wing (radius),
forming the centre of the semi-
rotary down-stroke @, g, and g
is a point corresponding to the
posteriormargin(érackials),form-
ing the centre for the semi-rotary
up-stroke &, /. In Fig. i9 the
diagram shows the mechanical
action of the muscles, in order
to spread the wing in extension
and close it in flexion, the arrows
showing the direction.

The fact that the wing is
both elastic and flexible is a
necessary factor in considering
its efficiency as a means for
converting energy into useful
work. The compound semi-
rotary motion, aided by elas-

Q

ticity and flexibility, enables the wing in performing its
functions to twist and untwist by partly vital and partly
mechanical means, that is to say, partly by muscular
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action and partly by the air resistance, the wing meets
its own reverse current upon the return stroke which
materially aids in the progressive flight.

If the wings were not disposed in such a manner as

ELBOW WRIST
Extenswon - Flezion
g z Svb
N\

>

F.lex”‘io;v‘# Extensto n_f)
Fiq.19.

to have a semi-rotary movement on two axes (7adzus and
brachial) with an eccentric stroke, the structure would
be so cumbrous as to be controlled by the air instead of
controlling it.

When the wing descends the body is slightly elevated,

that is, the wing comparatively is active and the body
passive. The descending body causes the wings to ele-
vate, the body being active and the wing passive. The
muscular force of depression upon the reaction of the
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compressed air reverses the order. Four wings are most
suitable for artificial wing flight, two on each side of the
apparatus, the driving mechanism causing two to be
elevated whilst two are depressed.

Fig. 20 illustrates the action of the wing upon the
air, £, /' being the movable fulcra, or air resistance, g, p’
power applied to the wing surface, B the body, and x a
universal joint, w, @’ being weights upon extensions of
2, 2. When the wing ascends at p the resistance f re-
tards it, and forces B or w down slightly. The opposite
resistance /7, when 2’ is on the downward stroke, similarly
raises B or w'.

We come now to the production of winged flight by
mechanism, to imitate nature as far as possible, and for
purposes of illustration have chosen experimental sub-
jects, some of which are capable of development for
practical purposes, although hitherto made upon a small
scale for laboratory experiments. Pettigrew’s piston
wing (Fig. 21) is an example worthy of notice, although
its motion is confined to a single axis.

A curved wing ¢, 6 is supported by the radius @ in a
universal joint, and connected by chains ¢, f to the upper
and lower crossheads of a piston rod 7, » attached to a
piston s within a cylinder o, o, two clastic bands , »
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being added, and placed so as to support the wing in its
normal horizontal position when at rest. Air or gas
under pressure is admitted by suitable valves alternately
to the top and bottom sides of the piston s, and the
reciprocatory movement thereof causes the wing to be
correspondingly raised and depressed. The wing sur-
face is strengthened by transverse bars g, 4, 7, d between
the radius and the posterior horizontal member. Another
movement adapted to the use of four wings is that em-
ployed by Walker in his experiments. The wings are
operated from universal or ball and socket joints w, 2/,

shown by Fig. 22, these joints having their centres in
one plane £, ¢, and a cranked extension a, @’ upon the
rolling part of the joint. Each crank a, @’ is oppositely
situated relatively to the othcr. Two pinions ¢, ¢ are
driven by a central spur wheel 4, the axes being upon
the line %,z. Crank pins upon the pinions ¢, ¢’ drive the
joints =, @' by means of connecting rods &, 4.. Thus,
although the crank pins complete a whole revolution, the
joints w, 2’ make a semi-rotation only, the dip being
from forwards to backwards. This is effected by mcans
of short links on the line £, ¢ jointed to the crank pins
a, a’ at one end and to the framework at the other. Thus
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the displacement of air and consequent reaction tends to
give a forward and upward movement to the apparatus,
and the posterior pair of wings, by reason of the opposite
movement imparted to them, continue the action of the
first pair. A modification* of this arrangement provides
for a rapid down and back stroke, and slow upward and
forward strokes. The spur wheel & is made with two
diameters, and each of the pinions ¢, ¢ similarly shaped.
The larger diameter of 4 engages with the smaller
diameter of ¢ when that wheel is effecting the quick
down-stroke, and the smaller diameter of & is simul-
taneously driving the larger diameter of ¢’ whilst it is
performing the slow up-stroke of the posterior wing.
The arrangement is analogous to the quick return
motion of an ordinary shaping machine.

In Smythie’s system he employs a carriage mounted
upon wheels, the wings being flapped by a steam or any
reciprocating motor. The resistance of the air to the
up-stroke is reduced by making the wings of several
. overlapping parts, and giving the shafts liberty to turn
in their sockets through an angle of about 35°. Each
" wing may be made of a silken or linen web stretched
between the tapering steel shaft corresponding to the
radius, and a cord attached to a point just below the
pin a, Fig. 23, the shaft being held by a pin in a tubular
socket E. The cranked double lever D has within it a
circular eccentric sheave with an eccentric strap carrying
the end of the link F, and centred at 7Z. The ascent of the
piston rod B pulls up the lower end of D by the links /,/

* The last described differential gearing was used by me to
operate valvular flapping planes of large area. The automatic
valvular surface was found to be a failure, even at low velocities, the
undulation of the displaced volume of air in no way conforming to
the disposition and arrangement of the valves,
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jointed to the crosshead ¢, the link F pulling down the
tube E with a very oblique action. The shaft of the
wing thus turns through an angle of 35° by the action
of the air. During the descent of the piston in the
cylinder C the pin @ presses the tube E and link F up-
wards. A flat sail is used as a steering tail.

The apparatus made by Cornelius (Fig.24) is designed
to embody the mechanical principles brought into exercise
in the flight of a bird, and consists in the combination of

FE B | .c 0
I = S L
s

C
.Fig.23.

a body capable of supporting the aéronaut with wings
and tail of special construction. It is intended to utilise
the atmospheric pressure by “giving to the machine a
larger underneath or supporting surface than the upper
surface, and the. reacting motion of the atmosphere
against the action of the wings; the principal feature
in realising the latter effect being that such reaction
shall take the same direction as that in which the flying
body is to move.” In flying, the wings and tail present
concave surfaces backwards and downwards. The body /
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is strapped to the a¢ronaut’s back, and may be provided
with a saddle @. The wings 7, 7, having ball and socket
joints ¢, ¢, and handles £, f, are worked by the arms, and
the part ¢’ of the tail ¢ is spring-jointed at g, and con-
trolled by a cord and lever worked by the feet. Cords ¢, ¢’
from a flat spring /% bent overhead assist the forward
strokes of the wings #, 7, and the elastic cords or springs s
impart a kind of feathering motion. A similar apparatus

Fig.24

may be provided with a motor, and attached to a car
and acrostat.

It is not a practical idea to construct a machine to
carry a man, and to depend upon his unaided efforts to
produce the required velocity of motion and power ;
apart from the fact that continuous exertion is impossible
owing to the muscular structure not being adapted to
the requircments of sustained flight, we must consider
the actual work done. Let a man weigh say 150 lbs.,,
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and a specially light machine 10 Ibs, and the compara-
tively low rate of velocity be 60 ft per minute, then

150+ 10 X 60=9,600 foot pounds
and the average work of a man is

3%—00 =4,125 foot pounds,

which is less than half that which is needed. In this
instance the value of the wings as aéroplanes must be
depreciated, since the sensitive anticipatory function
incidental to equipoise, such as obtains with birds and
other flying animals, is non-existent in man. For
instance, if a perfect mechanical model of a man was
made in perfect proportion, and the walking movement
exactly imitated, the body could not for a moment be
supported upon the area of the soles of the feet. Yet in
nature a man may immediately stand upon one leg, and
cannot lucidly define the alteration of the equipoise nor
the stages of its progress. That is because it is antici-
patory, and man has it in walking perfectly, and a bird
in flying, but the same sense is imperfect in the bird
when walking, as in the man when attempting to fly.
Therefore the basis of the apparatus for artificial flight
is not to render a man capable of flying, but to construct
a machine that will fly and carry a man who may control
it without the necessity for an anticipatory or ultra-
sensitive function of equilibrium. We do not for this
reason enlarge upon this type of machine, although
many have been invented and tried experimentally with
indifferent success, some being adapted to cycles and
whecled frames.

In Quartermain’s apparatus the wings are actuated
by an ordinary steam engine in which the steam is mixed
with the products of combustion. These wings are
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balanced by springs and arranged to flap together, and
are mounted on rocking shafts which are on a swivel
_piece, and swivel joints are introduced in the connections
to the cranks, so that the plane of flapping can be altered,
a special arrangement being provided for altering the
front pair independently of the others for steering pur-
poses. The wings are curved transversely, and a flexible
blade runs along the posterior margin of each. They
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Fig.25

are arranged to swivel through a regulated distance
about a longitudinal axis, which is ncarer the anterior
than the posterior margin, by which arrangement useful
effect may be derived from both up and down strokes.
Capone’s machine is shown in plan by the diagram,
Fig. 25, in which the wings p, p are actuated by crank
arms 4,6’ working in a frame @, and connected by rods ¢, d.
They are frecly suspended from the arms 4,4 by means
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of rings f, but are independent of the arms &, which
serve merely to regulate their inclination. The rear part
of cach wing is preferably hinged to the main part, and
works against stops, so that at the commencement of the
upward movement it has a greater inclination to the
horizon than the wing itself. The frame a is provided
with a steering tail ¢, and the mechanism is driven from
any suitable light motor by the wheels 7, 2.

Upon reference to Chapter I., dealing with the mem-
branous wings of insects, we have noted that the longi-
tudinal nervures each contain an inner spiral trachea,
and that a theory of vibratory flight due to the dilation
and contraction of these trachea has been propounded.

M. Victor Galliene has experimented in this direction,
as shown by the sectional view, Fig. 26, in which a is a
spiral elastic tube representing a trachea, and terminating
in an elastic ball or air reservoir e. This is rapidly
expanded and contracted by the vibration of a piston &
within a cylinder . Two clastic membranes 4, & are
stitched or sewn together in seams, so as to enclose the
several trachea extending radially from the root of the
wing, and operated alternately in pairs. Finely tempered
steel wires of tapering form are used to impart the
necessary rigidity to the structure. In the experiment
there were eight cylinders, each operating the corre-
sponding artificial nervure on opposite wings, four
nervures to the anterior wings and four to the posterior.



AERODYNAMICS. 45

The weight of the model was 9.42 oz, and an inflated
aérostat attached to the frame had a buoyancy equal
to 8 oz, leaving 1.42 oz. to be raised by the wings; a
small electro-motor with a rocking shaft or beam operat-
ing the pistons with the requisite progressive alternations.
The power was derived from eight accumulator cells, not
carried, but connected by flexible wires. The entire
wing surface was 1.94 sq. ft., and the piston strokes 480
per minute. The result was to raise the machine 18 in.

]
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from the bench, where it floated indefinitely with no
progressive motion due to the mechanical effect; but
very sensitive to air currents. When screened so as to
be free from the effect of these currents, the movement
was gyratory around an eccentric axis, which was pro-
bably due to unequal balancing. The addition of two
more accumulator cells in series had no further effect
than to increase the velocity of gyration. = Without
condemning the theory as absolutely untenable upon
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the result of this experiment, it does not appear feasible
that the trachea are intended to produce the movement
necessary for flight, but rather that they stiffen the wing
at certain periods during its stroke in order to utilise the
reaction of the air displaced. .
Middleton’s wing motion is shown by Fig. 27, in
which an oscillating cylinder ¢ is mounted upon trunnions
at #, the piston rod carrying a crosshead @ within guides
& A connecting rod 7 couples the crosshead a with a

crank pin z upon a universal joint carrying the wing v,
this joint being attached by its bearings to the trunnion
¢, so that it may oscillate with the cylinder c. A second
connecting rod # operates a crank shaft o at the base of
the frame, upon which is fitted a flywheel m to secure
uniformity of motion, and also to maintain the oscillation
of ¢, which, in addition to the flapping movement due to
the rod » and pin #, is necessary to produce the angular
progressive action. ‘

In Marshall’s apparatus (Fig. 28) a cylinder ¢ is
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mounted upon a car C by a hollow rigid mast » and
stays s, 5. The wings w, @' are jointed to the mast at 4,
and connected at @, @’ to two piston rods #, #, which are

both attached to the same piston head. Upper and
lower wings may be used, in which case the mast is

carried beyond the cylinder, and two pistons arc em-
ployed. Steering is effected by a pivoted vertical plane.

In many cases valves or louvres are employed to
lessen the resistance during the upward stroke, and an
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example of this arrangement is shown by Fig. 29, in
which the wing w is mounted upon a ball joint 7 with a
crank pin p, and the surface is pierced for valves v
hinged or freely suspended on the under surface so as
to be closedaby the air pressure on the down-stroke, as
shown by the section. In actual practice these valves
are uscless.

A wing motion is shown by Fig. 30,in which a crank
disc a is rotated by a suitable motor, and connected by
a connecting rod to the crank pins ¢, Z, the pin #z operating
the ball joint # carried by the frame A, and forming the
root of the wing w. The first movement of # is rotary
until the pin p is stopped by the stop on A, when the
continuation of the motion is downward, as shown by y
in the diagram B, the first movement being according to
#, and the result of the whole as 5. A spiral spring s
attached to a prolongation » upon # reverses this motion
on the return or upward stroke.

So far we have dealt with artificial wing propulsion
briefly as according to known experiments, but in treat-
ing of aéromotors or air-ships these and other motions
will be detailed, since thc aérostat, aéroplane, wing and
screw propeller are frequently employed one with the
other, or all in combination.



CHAPTER V.

SCREW PROPULSION, PADDLES, AND
AEROPLANES.

IN dealing with the problem of the best mode of apply-
ing motive power to overcome air resistance, we have to
consider that the displacement and reaction of a volume
of air at a given velocity is essential in the first instance,
.and secondly the added resistance of the wind when it is
opposite to the plane of motion, or as an aid to such
motion when it has the same direction.

Air Resistance.—In calculating the resistance of the
air as a pressure against a plane surface moved through
it at a given velocity, we may deduce from experiment
that the air resistance varies as the square of the velocity
nearly, and to an inclined surface as the 1.84 power of the
sine X cosine. The conformation of a plane surface makes
no appreciable difference in the resistance, but the convex
surface of a hemisphere with a surface area double that
of the base has only half the resistance, hence the ap-
proximation of the true shape of the ends of elongated
aérostats, or, what is still better, the employment of
prolate spheroids.*

* The resistance tables are based upon Smeaton’s definition of
Rouse’s experiments, viz., an air current with a velocity of 88 ft. per .
minute exerts a pressure of .005 lbs. per square foot on a flat sur-

face. Dr Hutton shows that the resistance of a sphere is 2—', that
of a disc having the same diameter. Sir George Cayley found the
resistance to a prolate spheroid, whose major axis was three times

the length of the minor axis, to be 4_18 that of a circular plate, the

diameter of which is equal to the minor axis.
D
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Let P=pressure against plane @ area in square feet,
and v velocity in feet per second.

Then r=.002288 av?=pounds per square foot.

Power.—Having determined this factor, the following
table will give the relative velocities and power :—

VerociTy. PowER.
Miles Feet Horse Power
per Hour. per Minute. per Square Foot.
10 885 0.013
15 1,320 0.044
20 1,760 0.105
25 2,200 0.20§
30 2,640 0.345
50 4,400 1.64
75 6,600 5-54
100 8,800 13.13
150 13,200 44.29
200 17,600 105.00

Calculated from HP = .00000000001926 av? varying
ncarly as the square.

Wind Resistance.—When air passes as a wind
current into air of less density, the velocity of its passage
is mecasured by the difference of the densities of the air
in both cases.

Let D=the maximum density, and & the minimum
density in inches of mercury ; and # the temperature in
degrees Fahrenheit at the time of passage, and v the
velocity in fect per second.

Then v=1347.4 \/ D—;, @ (1 4+0.002088 #).
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And to’ calculate 1=direct impulse in pounds per
square foot.

1=V?x.006667 where V is knots per hour.

1=V2x.005016 where V is statute miles per hour.

TABLE OF VALUES OF 1.

A\ v V. v
Miles 1. Knots 1. Miles 1. Knots L
l'roel:r. HD:I:I'. l'ﬁ)e;r. l'ﬁ)el:r.
1 .0050 1 .0067 24 2.89 24 3.84
2 .020 2 .027 26 3.39 26 4.51
3 .045 3 .060 28 3.93 28 5.23
4 .08 | 4 .107 30 4.51 30 6.00
5 125 5 .167 32 5.14 32 6.83
6 .181 6 .240 34 5.80 34 7.71
7 .246 7 .327 36 6.50 36 8.64
8 .321 8 427 || 38 7.24 38 9.63
9 .406 9 .540 \ 40 8.02 40 10.7
10 .502 10 .667 45 10.2 45 13.5
11 .607 11 .807 | 50 12.5 50 16.7
12 722 12 .960 55 15.9 55 20.2
13 .848 13 1.13 60 18.1 60 24.0
14 .983 14 1.31 65 21.8 65 29.3
15 1.13 15 1.50 70 24.6 70 32.7
16 1.28 16 L71 75 26.9 75 37.6
17 1.45 17 .93 1| 8o 32.1 8o 42.7
18 1.63 18 | 2.16 85 36.4 85 | 48.59
19 1.81 19 2.41 90 40.6 90 54.0
20 2.00 20 2.67 95 44.9 95 58.78
21 2.21 21 2.88 100 50.2 100 66.7
22 2.43 22 3.23 |
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The relative kind of wind accompanying these
velocities and pressures :—

Miles per Hour. Pounds per Foot.
Hardly perceptible - . - | From 1to 2 | From .005to .006
Just perceptible - - » 2to 3 » .02 to .04
Light wind - - - s, 4to § » .08 to .12§
Light breeze - - - ,, 6to 7 yy JI81to  .246
Moderate breeze - - ,, 8to 9 5, +321to .406
Fresh breeze - - - 5y 9to 14 »s 406 to  .983
Strong breeze - - - ,, 15to 20 » 1.13 to 2.00
Moderate gale - - ,» 22to 24 y»  2.43 to 2.89
Fresh gale - - - yy 26to 30 » 339 to 4.51
Strong gale - - - » 32to 36 » 514 to 6.50
Heavy gale - - - ,,» 38to 40 » 7.34 to 8.02
Storm - - - -1, 45to 50 , 10,2 to 12.§
Great storm - - - ,, 60to 70 5 181 to24.6
Hurricane - - - ,, 80to 100 » 32.1 to350.2

From the above data the details may be deduced
by calculation respecting the area, angles or pitch, and
velocity of screw propellers, paddles, jets, and the lifting
power of aéroplanes when propelled under varying
conditions of the air currents. It is obvious that the
structure of an air-ship or aéromotor must be of sufficient
strength to withstand the onslaught of a storm, which
may suddenly arise before the ordinary precautions can
be taken, the premonitory signs not being apparent at
considerable altitudes in the same manner that obtains
at or near the sea level. For instance, when the earth is
obscured a fall in the barometer may mean an increased
altitude, since under these conditions the rapid changcs
of the instrument render it comparatively useless as a
weather guide.
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Screw Propellers.—The action of a screw propeller
as a means of moving a body through air is analogous
to that of a similar propeller totally immersed in water,
allowing however for the different degrees of density
between the two media, and more especially that air is
an elastic medium, and water is comparatively non-
elastic.

The work done in propulsion is due to the reaction
of a volume of air projected backwards, which must be
equal to the air resistance at the given velocity of pro-
pulsion. There occurs a negative quantity termed slip,
which is approximately S = P — 4 where P = length of
pitch, and d=distance advanced in one revolution, then
s=slip in feet or other terms of measurement of P and 2.

Unless the volume of air displaced be of infinite
quantity, the slip is a necessary factor.

In calculating the proportions of a screw propeller,
before type and form are considered, the first problem
is: What is the best proportion between these and the
volume of air displaced? Or in other words, the proper
ratio of diameter and pitch, with a constant or varying
velocity. It may be borne in mind that the weight of
a prime motor generally varies inversely as the speed
in revolutions per minute, and the energy of reaction of
displaced air » varies as »x V. Thus the propeller area
which will propel an air-ship with a given slip ratio is
directly as the air resistance and inversely as the square
of the speed, and at such moderate speeds as are attain-
able, the same propeller area will overcome a given air
resistance with a given slip ratio, and areas varying
directly as the squares of the resistances. At high
velocities the slip ratio increases with the given pro-
peller area.

The maximum of efficiency is not obtained by ex-
tending the arca of the propelling plane to minimise
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the slip, but the slip angle that gives the maximum.
The value of 6 (= ,/.00047) which gives the maximum
efficiency is the same whatever be the actual pitch angle.
The speed rule is (exclusive of slip)—
Vv =velocity in miles per hour.
P =pitch of propeller in fect.
R=revolutions per minute.

Then R =§8;)—
R
_IR
88

The pitch of screws varies as the ratio of the area of
the.disc or circle described by the tips to the area of the
air-ship affording resistance to the air through which it
passes, z.e., the maximum sectional arca.*

IN THE CAse oF Two BLADEs.
Ratio of disc to section is 1 to - - 6.0 50 4.5 4.0 3.5 3.0 2.5
Ratio of pitch to diameter of disc is 1 to0.8 1.02 I.1f 1.2 1.27 1.3I 1.4
AND 1F Four BLADEs ARE USED.

Ratio of pitch to diameter of disc is 1 to 1.08 1.37 1.49 1.62 1.71 1.76 1.89

The area depends upon () the shape or type of pro-
peller; (&) the situation of it in the air-ship or aéromotor ;

* Haussmann gives as the best proportions for air screw pro-
pellers, the angle to be from 18° to 23° pitch=diameterx 1.333, the
latter being for three blades, which he considers to be a preferable
arrangement to one or two blades of large area, or four blades of
less area. This prevents the double displacement of the volume
of air, and the consequent loss of power by subjecting the surface
area to air in which the density is increased by displacement, and
to which the maximum velocity is already imparted.
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(¢) whether it is shrouded or not; and (4) how many
propellers are used.
Fig. 31 shows in the side elevation A and end elevation

B the evolution of Rennie’s screw propeller from Erichsen’s
original adaptation of a double helix (Fig. 32). Rennie

adopted an inverted cone as a basis of construction and
modifications of these types.
Sir George Cayley made many experiments in the
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application of an elastic screw propeller for aérial pro-
pulsion, but did not go beyond laboratory practice.

In Fig. 33 is shown one of his aéromotors, which,
although a toy, serves to mark a distinct advance in the
progress of this branch of science. Two corks ¢, ¢ are
connected by light cane rods a, ', and a wire hook ¢ is
rigidly attached to ¢. A similar wire hook e passes
freely through ¢, and is fixed to a cork & carrying two
vanes or feathers w, 2’ forming the blades of the pro-
peller. An elastic band 4 is stretched between the hooks

Fuyg.33.

¢, ¢, which may be wound up by twisting the propeller
on 4 in the opposite direction to which it is to travel.
When released, the tension of & causes the propeller to
revolve rapidly in the right direction, resulting in a short
aérial flight of the apparatus. Cayley further duplicated
this arrangement by adding a reverse propeller to the
hook ¢ )

Various types of elastic propellers have been con-
structed upon the lines of Erichsen or Rennie, such as
that shown by Fig. 34, in which the blade is built up of
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thin metal sheets or laminz @ superimposed upon each,
and slotted to freely receive a stud & attached to the

—_—

l

Fyg.34. Fig. 35,

preceding plate, in a similar manner to the building up
of a coach spring.

Henderson’s propeller (Fig. 35) has a triangular boss,
and the blades a are tangential to the boss at their lincs
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of attachment 4. The sections of each blade a parallel
to the cdges follow regular parabolic or hypobolic curves,
and the lines or edges & are in planes parallel to the axis,
and the other edges are perpendicular thereto.

In Fig. 36 is shown Vogelsand’s propeller, in which
the blades are arranged equidistantly around the boss,
or in pairs, each being similar to the one diametrically

Q-_
o -

opposite, but has its leading and trailing edges reversed
in direction to, but similar in curvature to, the trailing
and leading cdges of that on either side. They are
alternately bent back and forward in the plane of rota-
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tion, so that the water is thrown away from and towards
the hub alternately. In the example shown, the blades
may be made integral with the boss, but the design is
equally applicable if they are bolted on. One edge of
each blade may be straight, or partly straight and partly
curved, and the other in the form of an ogee; and the
pitch may be uniform or variable throughout the blade.
The tips may lie in different planes, but the roots must
lie in approximately the same plane.

Boisset and Mercier’s screw propeller is shown by
- the elevations, Fig. 37, and the corresponding cross
sections, Fig. 38. The efficient maximum width is
estimated at one-fifth diameter at a point three-fifths of
its length from the boss. The pitch is six times the

diameter, and the maximum inclination of the blade at
the tip about 64°. The edges of the blades from & to &’
are straight, and project beyond the boss, and the edges
from 4 to ¢ and from & to ¢ are curved, while the tips
" are straight. Near the boss the propeller is convex, and
becomes concave about the middle of the length, and
straight near the tip, while the angle it makes with the
axis increcases from the boss outwards. This form of
propeller in its revolution drives the displaced air toward
a point in the axis about twice its diameter to the rear.
It is preferable in practice to obtain the highest effici-
ency by using two propellers of opposite hand, arranged
tandem-wise.

Fig. 39 illustrates Williams’ propeller, in which the
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distinguishing. feature is that the blades are so con-
structed that the pitch increases uniformly from the
periphery to the axis, where it is infinite.

Alexander’s flexible propeller is shown by the side
and end views, Fig. 40. A tubular Z frame aé is

mounted upon an axis &, the ends being connected by
a strong but light wire stay ¢, the blades ¢ being attached
to abc, and made of thin elastic sheet metal, or of fabric,
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and suitably curved. The device is not a true propeller,
since it cannot be properly pitched, but as a light elastic
impulse appliance in air it has some merit.

According to Féraud, the proper method of construc-
tion of propellers for air displacement is to set out a
series of concentric cylinders as shown by Fig. 41. The
concentric cylinders ¢d, ¢f have a common axis a4, which
is also the centre line of the propeller shaft. Upon each
cylinder is described a helix g4 of given inclination,
gd being the pitch equivalent of the periphery. The
surfaces between this and the axis are filled in to corre-
spond to the curves set forth by the helices.

Schmidt uses a shrouding which has inverse blades
and may revolve oppositely to the propeller proper, or
may be stationary. This is shown by the end view,
Fig. 42. The ordinary screw propeller % revolves in
the direction of the arrow, and is enclosed by a ring £
with vanes or blades # inclined in a contrary direction
to. those upon the propeller 2. The ring 4 and propeller
/% are revolved in opposite directions at the same angular
velocity, and the object of using £ is to utilise the energy
of the displacement of air caused by 4.
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In Fig. 43 a propeller blade with “gliding lips” is
shown, the invention of Mr W. Child. These lips are
formed upon the leading and trailing edges of the blade
as indicated by the dotted outline on the end elevation
and cross sections in the figure. The circumference of
the boss at its greatest diameter is equal to the pitch
of the screw, and the contour is such that upon cutting
it by a series of equidistant planes perpendicular to.the

Fig. 43.

axis the enclosed area diminishes as the rear end of
the boss is approached, on account of its increased
size. This form of propeller is particularly adapted to
enclosing rings or casing, both fixed and movable.
Another instance illustrating enclosed propellers is
that of Storz, shown by Fig. 44. The propeller boss a
is comparatively massive, and of considerable diameter
relatively to the curved blades 4, and revolves in a
partially closed casing ¢, so that the skin or frame &
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of the aérial machine is tangential to the boss a. The
direction of the arrows indicates the direction of the air
current. It has not yet been deduced from experiment
or demonstration that a real gain is effected in the work

done by a propeller by enclosing it peripherally in an
immobile casing. It is an undoubted advantage to
obtain the full value of the reaction thrust.

This has more or less been provided for by Vogelsang,

as shown by Fig. 45. Here, in front of the propeller 4,
revolving on the shaft s, and concentric therewith a
portway mounted upon a bracket, and contracted at the
central cross section ¢, so. that the air displaced by the
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revolution of the propeller 4 may, in rushing through the
contracted portway, set up a reaction which materially
assists propulsion.

The difference in the density and behaviour of dis-
placed air in the case of effecting propulsion by screw

propellers relatively to water as a medium has given
rise to the-inception of various kinds of screw to produce
the required effect with due regard to the elasticity of
the air. Some inventors rely upon a rigid structure,
carefully plotting the curves comprised in the blades to
displace, and at the same time to utilise the comparative
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solidity due to the reaction of the mass. Others, again,
depend upon automatic adjustment according to the
air resistance against some form of elastic spring, in
some cases applied to otherwise rigid blades, and in
others adopting an elastic structure for the blade itself
upon a boss which is immobile except for its revolution
upon its axis.

The construction of a screw propeller in which the
face of each blade is a portion of the surface of a cone,
the axis of which is inclined to the
surface of the shaft, is shown in set- c
off by Fig. 46. The pitch lines 4, ¢,
d, e, f, g, %, ¢ are the intersections of
the conical surface with cylinders
concentric with the axis AN of the
propeller, the relative angles being
shown as from 0° to 180°. This type
is generally known as the Adams
propeller, and may be formed with
semi-elastic blades of sheet metal
pressed into shape by inverse tem-
plets constructed upon the lines set
down in the diagram. Another type
of semi-elastic propeller is that of
Pennington and New (Fig. 47), in .
which a radial rib of steel 4 has a F W. 47.
heavy curved head ¢ forming the
periphery of the propeller and also acting as a fly-wheel.
The surface or web a of the blade may be made of thin
sheet metal, wood, or with edges of semi-elastic, light
material, and filled in with fabric of some suitable
texture.

An example of the mobile type of blade is that of
Heathorn. The propeller blades v shown by Fig. 48
are mounted upon a hollow boss upon a shaft cranked

E

>

8
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oppositely at ¢, ¢ and common to both opposite blades.
Stout elastic bands y of rubber, or steel springs, tend
to maintain by their tension the cranks ¢, ¢’ in close
proximity to fixed pins 2z, which are coupled to the
cranks by the bands or springs y. The blades v thus
resist the angular inclination in rotation automatically,
and adapt such inclination as may be induced by the

Fig.48.

velocity. It is obvious that a considerable loss of power
must result from an indefinite angle and variable pitch,
especially in the case of high velocities.

Razeau’s propeller is of the multivane type, and is
shown by the two views, Fig. 49. A number of helical
blades a, 4, ¢, d" are attached to a large boss B on the
shaft K to form the screw propeller ; the outer edges of
these may be free, or are attached to a conoidal ring or
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hoop de. Curved surfaces f, g, 4, and /, m, are fixed to
the shaft K, one on each side of the propeller, to deflect
the currents of displacement to the blades, and re-
combine them so that all the energy due to reaction
may be utilised in propulsion without undue shock due
to intermittent impulse. -
Paddle Propellers.—The use of paddles in aérial
propulsion is not broadly advocated for the reasons
that as a mecans of displacing air and utilising the

Fig.49.

reaction of the induced currents, the necessary high
velocities cannot be sustained effectively, since the
feathering motion of the paddles, an essential function,
at all times attended with considerable friction in the
moving parts, is retarded by the action of centrifugal
force upon the fulcrums of the vanes. This is negligible
at low rates of speed, but as high speed is indispensable
it is a decided disadvantage. An open paddle with
radially fulcrummed vanes is impracticable unless the
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leverage upon the axis is varied considerably during
its rotation. That is to say, an ordinary feathering
paddle wheel must be partially cased, or if the wheel
is open the feathering action must be modified so as
to reduce the radius of the leverage. Two examples
are shown illustrating both methods. First, Oetling’s
feathering paddle, shown by Fig. so.

Fig. 50.

In this device the wheel revolves in a partially open
casing a, and the vanes 0, ¢ are pivoted upon the arms,
and are feathered by turning them once about their axes
for every two revolutions of the wheel. This is ac-
complished by means of two eccentric cams d, ¢, into
which the inner ends of the arms f are directed alter-
nately by tongues g, £ engaging in the grooved cam
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paths. The openings in the casing @ may be regulated
by suitable doors. In Martin’s wheel, shown in elevation
and plan by Fig. 51, the blades are pivoted at 4 to
. a revolving boss ¢, and carry riding irons g, %, which ride
on a cam f, and shift the blades from the right hand in
which they make their down-stroke, the propelling

position, to the left hand, or idle position, in which they
make the up-stroke.

Jet Propulsion.—Many inventors have sought to
effect aérial propulsion by pressure jets, of steam, gases,
or the reaction of explosion. The point at which the
jet issues, a nozzle, for instance, is of small arca, so
that the area of displacement is also small where the
maximum pressure is available by impact to produce
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motion. The fluid issuing from the nozzle at a high
pressure expands as an inverted cone of which the apex is
the orifice. The volume thus increases and the pressure
diminishes in inverse ratio, thus the effective work done
may be estimated by the displacement of air in pro-
portion to the volume of the cone at the mean pressure
in a given period of time. If the pressure is derived
directly from a steam generator, it is a wasteful method
of utilising the initial energy; and if from a storage
reservoir, the waste is greater, since power has to be
employed to store gas under pressure. The system is
equally inefficient when surfaces are added to utilise
the energy of reaction, whether with single or multiple
nozzles. It is equivalent to an attempt to convert
a gun carriage into a locomotive vehicle by employing
the energy of the recoil due to successive discharges as
a motive power. Therefore, among the many recorded
but unsuccessful experiments in this direction there are
none to which we can refer in detail.*
Aeroplanes.—Probably the lifting power of a kite, .
and the pull exerted upon the cord, originated the idea
of a plane surface suitably inclined so as to rise when
a forward movement is imparted to it, and maintained
during the flight. It has been amply demonstrated
that a suitably designed aéroplane will rise in the air,
and carry its load, but no extended flights have hitherto
been accomplished. There is, in such a machine, a
considerable inert mass which is unavoidable, and thus

* The only way in which a jet can be used with any degree of
efficiency, is to employ it within a trumpeted casing so that it may,
by its initial velocity, set up a lesser velocity in a larger volume of
air which may appreciably react upon the surrounding atmosphere
to cause motion. The analogy in this case is that of the steam
pressure ejector, and not that of the oft-quoted H.M.S. Waterwitch.
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when once in the air, at the mercy of every variation of
the wind currents, the maintenance of equilibrium must
be automatic, involuntary and anticipatory as it were, as
in the action of a man standing or walking, or a bird
soaring. This attribute is yet in the future, so far as
mechanical action is concerned, whether automatic or
under human control. The larger motive aéroplanes
have been provided with a railed track, to attain the

required velocity previous to actual flight. An upper
rail restrains the tendency to premature ascent. No
provision has been made as yet for descent in the open
country or elsewhere, nor is the direction of motion
capable of being diverted far from the point from which
the wind is blowing. We shall presently find, when
dealing with the construction of an air-ship which alone
renders aérial navigation possible, that the aéroplane, if
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impracticable as a means for flight used alone, is a
valuable accessory to the air-ship.

Before entering into the subject of the aéroplane
and its development, it will be well to consider the
action of the wind upon an inclined surface at rest.
Referring to the diagram, Fig. 52, let @ be an inclined
surface at rest, » the wind pressure, w a suspended
weight, and 6 angle of inclination to the wind, and p
pressure of wind per square foot at normal, ze, if the

surface was directly opposed to it instead of being
inclined. Then the resultant pressure per square foot
on the oblique surface P is—

2 cos 0
1+cos? 0
and p=.0057? in miles per hour,

or p=.00237? in feet per second.

P=pX

So the value of the lifting power upon = may be cal-
culated if the area of the plane a is defined in square
feet, or the weight of w in pounds if it is raised.
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M. Pinaud carried out many experiments in motive
aéroplanes, one of which, a toy, is a modification of
Sir George Cayley’s device shown by Fig. 53. An aéro-
plane w and #az/ vane ¢ are attached to a frame @, between
the ends &, & of which is stretched a twisted rubber band
e, which, when wound up in tension, rotates a propeller
2, affording a sustained oblique flight.

Mr Wenham devised a multivaned aéroplane, in
‘which the lifting vanes were superimposed upon each
other similar to a set of bookshelves. This doubtless

has developed into the “box” kite in use for military
purposes. Stringfellow improved upon this apparatus
in 1868, adding motive power and screw propellers, and
his machine is illustrated by Fig. 54. The planes a,’,a” -
are superimposed as in Wenham’s device, and the
generator and motor & fixed on the lower plane a”, the
propellers ¢ ¢ revolving through spaces formed in «,
which also carries the prow and tail vanes. The total
weight was only 12 lbs., inclusive of the water required
to gencrate the stcam, although the power developed
was 1.3 H.P. A trial took place at the Crystal Palace
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under the auspices of the Aéronautical Society of Great
Britain, and Mr Stringfellow obtained an award of £100
on account of the lightness and efficiency of the motor
apparatus. The apparatus ran upon an extended wire,
and although the machine travelled at a high rate of
" speed, it did not leave the wire.
Henson at the same time made a large aéroplane

Fig 56

shown by Fig. 55, in which the horizontally extended
planes @, a’ were 4o ft. from end to end. A cigar-shaped
car 4 carried the motive power apparatus for opcrating
the screw propellers ¢ and also the aéronaut. Steering
was effected by a tail vane 4, and broad-tyred wheels
were fitted below the car to carry it while the initial
velocity was attained previous to ascent, and also to
facilitate landing when descending. This made several
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flights of short duration, but was generally a failure for
the reasons we have previously explained.

In Crease’s aéroplane the lifting planes are merely
adjuncts, the actual lifting being accomplished by screw
propellers with vertical axes. This device is shown by
Fig. 56, in which an aéroplane  has a light framework
covered by fabric. A deep keel 7 supports a tubular
platform or car & having a hollow base e for storing the
liquid fuel or gas under pressure. Two motors /£, /' on
the platform & drive a vertical shaft g which transmits
the power by means of a spur wheel Z and pinions to
two propellers 4, over which two orifices are formed in
the fabric of the aéroplane for the emission of the dis-
placed air. A stern propeller % controlled by clutches
7,7 affords horizontal propulsion, and steering is effected
by changing the position of the balance weight # as
shown by the dotted lines.

Sir Hiram Maxim has carried out extensive experi-
ments in dirigible ac¢roplanes, and in the course of
developing his ideas, has been successful in producing
effective motors and generators of extreme lightness and
portability, which will be noted under the head of Motive
Power in a succeeding chapter.

In one of Maxim’s machines (Fig. 57) the aéroplane
B is trussed and stayed with wires, and covered on both
sides with fabric, which is stretched tight on the under
side, and is perforated for the air to pass through, so that
the weight is supported by the top surface. The lifting
planes N are arranged step-wise as shown, and made
long and narrow, and in some cases hollow to form a
surface condenser, and are supported by bowed tubes 0,
carrying the exhaust steam and condensed water. The
motor L drives the propeller M by steam pressure from
a generator G. A vaporiser H is connected to a suitable
burner T under the generator G. The whole is supported
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when at rest upon wheels W, and steered in flight by sail
rudders f fixed on pivots to B, fore and aft.

In another machine, constructed by Maxim, and
shown by Fig. 58, the main aéroplane a is pivoted upon
a vertical support 4% carrying a car & mounted upon
wheels £, and the inclination of @ may be adjusted and
regulated by suitable ropes, pulleys, and a winch. Wings
may be attached to « to which a downward motion is
automatically imparted by the impact of the wheels f

Fig. 58.

upon the earth in descent, the arms ¢ being connected
to drums s for that purpose. Light screw propellers ¢
are rotated by engines driven by the pressure generated
in a boiler or other generator ¢, a chimney ¢ carrying
off the products of combustion, pipes 7 conveying the
vapour or gas under pressure to the engines. A supple-
mentary condenser of the flat film typc is added to the
tubular framework, and by its structure may form part
of the sustaining planes of the apparatus.

Sir Hiram Maxim has further modified his aéroplane



- AEROPLANES. 79

in the manner shown by Fig. 59, in which the machine is
supported in the air by two large screw propellers, one
upon each side, driven by nearly vertical shafts. One of
these screws C! is shown in the elevation. It is four-bladed,
and is of small pitch. The shaft & is slightly inclined
from the vertical in a forward direction, and is driven by
the four-cylinder steam or gas engine D. The blades of
the screws are stayed so as to automatically diminish the
pitch as the air pressure below them incrcases. The
leading edges of the screws C? are stayed to a fixed

collar 2 upon the shaft 4, and the rear edges to a sliding
collar @ attached by a spring s to the bearing collar, and
controlled by a hand wheel 2. The frame is mounted upon
three wheels /%, the leading and trailing wheels being
adjusted in height by means of hand wheels ¢, ¢. In
addition to the large screws already described, the
machine also carries two smaller screws £, /7, one in front
and the other behind. These are mounted with their
motors g, g’ on trunnions, so that the screens may be
either lifting, lowering, or propelling, and are preferably,
like the lifting screws C!, made of a light metal frame-



8o AERIAL NAVIGATION.

work, and covered with strong fabric. In starting the
machine it is run forward upon the wheels until the
screws C! exert their effect in lifting the apparatus, and
act in the manner of aéroplanes or wings. The loose
collar @ and spring s admit of a feathering action by
presenting the least surface in front. Rolling is counter-

- U.vv,

acted by the automatic action of a weighted pendulum
which cuts off the motive fluid from the engine on
the rising side, and giving a full supply to that upon
the lower side. Fore and aft balancing is effected by
a sliding platform controlled by a hand wheel. The
motors D have four cylinders arranged in pairs opposite
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one another and driving cranks at 180° so that with a
four-stroke cycle an impulse is obtained every half
revolution. The motors are preferably driven by acety-
lene, which is stored in reservoirs £ and mixed with
about ; by volume with acetone or acetic ether to
produce a mixture which can be kept liquid at a lower
pressure than acetylene alone. The tubular framing may
be utilised as a condenser.

Beenen follows this mode of construction in the
apparatus shown by Fig. 60. Two cars E, E are used,
the former for passengers and the latter for carrying the
motor M (not shown). A lifting screw F and horizontal
propelling screw F’ are adapted to the frame, and driven
by suitable gearing by the motor. The machine is
steered by means of a fan or propeller s. The shafts of
the lifting and propelling screws F, ¥ may be inclined so
as to allow the screw F’ to assist in lifting, the collar #
being adjustable around the quadrant g. The screws
F, F’ are constructed with a hollow conical centre f; /’, and
a ring of vanes made concave on the pressure side are
pivoted in radial bearings. The inclination of these
blades / can bc adjusted by rods ¢ joined to a sliding
collar %4, the position of which can be regulated by a slid-
ing collar /%, rod %, and handle within a suitable quadrant.
Wheels » and runners o are provided to facilitate move-
ment upon the ground in ascent and descent.

Davenport constructed an aéroplane shaped like a
bird, the body being the car, and carrying the motive
power apparatus. The wings were rigidly attached to
the body, and of great superficial area. The wings were
strongly made in two layers superimposed with a space
intervening. The lower surface was of open framework,
carrying a number of fans with vertical axes, and driven
by the motor through bands, or rope gearing. The
upper surface was slotted and provided with valves at

F
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close intervals, which closed automatically by pressure
underneath, but freely opened under top external pres-
sure. A large tail vane effected the vertical and hori-
zontal steering, and the mode of progression was to
ascend vertically, and glide forwards and downwards,
and this process being repeated, propulsion was effected.

The aérocurve is a formation of the aéroplane proper,
in which the latter is stepped into a series of curvilinear
surfaces, derived from a cissoid, the upper or passive
surface being parallel to the asymptote thereof. Itis a
complicated and somewhat expensive mode of construc-
tion, but when the opposing angle is between 7° and 15°
at a velocity of 88 ft. per minute, the retardation due to
the shape and angle gives a lifting power of .00397 lbs.
per square foot, and proportionately according to 22



CHAPTER VL
MOTIVE POWER.

IN dealing with the subject of motive power, we must
bear in mind that the construction of any motor, gene-
rator, and storage apparatus must afford the maximum
of effective power at a high ratc of speed, and the
minimum of weight. We may divide the various types
suitable for the purpose under the following heads, viz.,
vapour engines (explosive), such as petroleum and other
internal combustion motors; steam engines (water or
spirit vapour), generators, electric motors and accumu-
lators, and motors operated by compressed air or gases
stored in reservoirs.

Fuel.—In the first place, we may compare the value
of fuels as adapted for storage, consumption, and appli-
cation to aérial navigation. Coal and solid fuels are
not adapted to close storage, and the calorific power is
far below that of liquid fuels. The three units of heat
now in use are the B.T.U. (British thermal unit), being
the amount of heat required to raise 1 1b. of water 1°
Fahr. This unit is in ordinary acceptance in this
country, but to facilitate general research we may give
the equivalent values of the P.C.U. (pound Centigrade
unit), the amount of heat required to raise 1 1b. of water
1° Cent., and the cal. which is the amount of heat required
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to raise 1 kilogram of water 1° Cent. The conversion
factors are—

Convert B.T.U. into P.C.U. x 0.555
, BT.U. , Cal X 0.252
., PCU. , BT.U. x 1.8
» PCU. , Cal x 03423
, Cal , BT.U. x 3.968
, Cal , P.CU. x 2.021

The combustion of a hydrocarbon occurs when the
temperature is sufficient for the heat evolved to produce
luminosity, and complete combustion takes place when
the highest point of oxidation is reached. Incomplete
combustion is shown by unconsumed by-products, and
the escape of the gaseous residue at a low degree of
oxidation. For instance, the by-products should consist
only of water and carbon dioxide (CO,), and the result
of inefficiency is the presence of soot as a solid carbon
by-product, and free hydrocarbon or carbon monoxide
(CO) as a gaseous by-product.
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The following table shows the values in B.T.U. of
various fuels and constituents, upon the basis of Pullen’s
calculations :—

. @ . ¢ 3
S é’ Ky no.z :ﬂé oo Molecular
Solid Liquid or Gas. E:'é £3 %g u‘:_’g LACI IR XA
' §ae| 54
Air - - -| .. |.0809|.2377|.1690
*Carbon - - | 11.97 | 108.7 | .2411 . 14,540
Carbon dioxide - | ... |.1225].2164].1535]| CO,.43.9
Carbon oxide - | ... |.0784].2479|.1758| CO.27.9 4,370
Coalgas - - | .. |.0335] .. 17,800
Hydrogen - - | 1.00|.0056 | 3.404 | 2.414 H,.2 61,260
Nitrogen - - |14.01|.0784 | .2440 | .1730 N,.28
Marsh gas - -| ... |.0448]|.5929 | .4701| CH,15.9 | 26,400
Olefiant gas -] .. |.0784 | .404 C,H.27.9 | 21,300
Oxygen - - |15.96|.0896 | .2182 | .156 0,.31.9
Steam, 212° -] .. |05 |.4750| .34 H,0.17.9
Sulphur . - 131.98|.127 [.2026| ... S,;.63.9 4,000
Sulphur dioxide - | ... [.1792( ... S,0.62.9
Petroleum, refined v | 52,61 ... 22,000
’» crude o | 54.3 20,000

*“This applies to approximately pure carbon—graphite.

Petroleum in most of its many forms has theoretically,
weight for weight, 33 per cent. higher evaporative value
than the best steam coal. Its useful effect is 15 per
cent. greater than that of anthracite, which is the best
known kind of steam-raising coal, since petroleum can
be reckoned as 75 per cent. efficiency instead of 60 per
cent. So, to sum up, petroleum may, weight for weight,
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be practically considered as from 63 to 75 per cent.
higher than the best coal. .

The following table shows the comparative values of
petroleum, fuel, and coal :—

Specific Evaporation
FuEL. Gravity, B.T.U. Pounds Water

32° Fahr. at 212° Fahr.
Best steam coal - - - 1.380 14,112 12.16
Refined petroleum - - 0.928 17,832 17.10
Caucasian heavy crude B 0.938 20,850 17.30
Caucasian light - - - 0.884 22,027 22.79
American crude - - - 0.886 20,736 21.48

Therefore we may assume that for purposes of aérial
navigation liquid petroleum fuel will be preferably used.

Generators.—The requircments of the equipment of
an air-ship demand the maximum amount of power
with the minimum of weight, therefore the tubular form
of construction appears best to meet the circumstances.
A relatively small and continuously injected volume of
fluid and a restricted steam space renders the generator
rather a rapid high-pressure gas producer than a steam
boiler. Sometimes a volatile liquid is employed, the
boiling point of which is less than that of water, and the
tubular structure of the frame of the aérial machine is
utilised as a surface condenser, with an auxiliary con-
denser if necessary. The disadvantages are in the
difficulty of efficiently packing the glands and stuffing
boxes of the moving parts, the vapour being extremely
rarefied, and permeating freely what would be a steam-



MOTIVE POWER. 87

'u"ﬁ)?m) IS

A i (g



88 AERIAL NAVIGATION.

tight joint ; and the leakage is also attended with danger,
as its admixture with atmospheric air is highly explosive.
If, on the other hand, absolutely pure or distilled water
is not maintained in the circulating system, scaling takes
place to the detriment of the tubes, and the nature of
the construction does not allow of any cleaning process
but by the use of a chemical solvent, which is in itself a
source of degeneration.

We can, within the limited space afforded, only give
examples of the best generators suitable for the purpose,
making no comparisons advocating or depreciating any
particular design.

Maxim’s generator is shown by Figs. 61, 62, and 63.
The medium may be water, or gasoline or other liquid
hydrocarbon that is volatilised at a low temperature.
This is supplied through a feed pipe # to the boiler g,
leading through a chamber /5, pipes £, #2, 3, a chamber ;'5,
and pipes £ to the bottom of a central chamber from
which it forces by induction the re-condensed vapour
into the heating pipes 4? above the heater 71, 7%, 73. The
vapour passes from the annular pipe /%2 through tubes /4!
into the annular space between the chamber /% and the
central chamber 7, from whence it passes to the latter
chamber tangentially through suitably formed orifices 73,
Fig. 62, to chamber ;*, pipes /, /1, /2 to another chamber /3,
from which it passes to the engine by the steam pipe .
The tubes /* are connected to the pipe 4 and chamber /%
by specially constructed unions, consisting of a conical
screwed nipple %%, Fig. 63, and a corresponding nut 47
The tubes 7!, #? and deflectors #?® of the burner are made
of nickel or an alloy of nickel and iron. The supply of
gas or vapour is regulated automatically by the boiler
pressure or by the temperature, the latter of which acts
by the expansion of water in a chamber p, forming an
annular jacket to 2. The heating surface in this type of
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generator is very great, and consequently the liquid and
steam spaces are restricted, requiring a constant feed.

Another generator, preferably for water produced
steam pressure, is shown by Figs. 64, 65, and 66. It
is the combined result of several inventions, and there-
fore cannot be classed as a distinctive apparatus. It
consists of an outer shell A, at the base of which is a
hydrocarbon vaporising chamber E provided with a
number of Bunsen burners F. A number of tubes & are
fitted with specially constructed tee unions ¢ at each
end, so that a uniform fluid circulation may be obtained
from the inner to the outer ring of tubes. Central tubes
a pass through the middle of the outer tubes, and also
through the unions ¢, and these form the outer tubes of
the Bunsen burners F, the heat from combustion passing
through and heating the inner surfaces of the tubes &,
and being diverted by diaphragms or baffle plates (not
shown) passes downwards, thus heating the outer surfaces
of the tubes & before passing to the atmosphere by the
orifice /£ The system is kept full of fluid by a constant
and regulated feed at D, the steam passing from & to a
steam reservoir or holder B, from which it is taken to the
engine by the steam pipe ¢. Thus the annular capillary
space ¢ between each inner tube @ and outer tube & pre-
sents a large surface for heating a comparatively small
volume of fluid. The liquid hydrocarbon fuel is supplied
under pressure to E by an inlet £ The drawing, Fig. 65,
being to a larger scale, illustrates the arrangement of the
two tubes.

Another form of generator designed by Maxim is
shown by Figs. 67 and 68. This consists of a large
number of thin metal tubes A of small diameter, con-
nected with larger tubes A! forming headers or water
chambers, and arranged in tiers as to the upper part, but
entirely surrounding the furnace at the bottom. The
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tubes are furnished with ribs or wings At for facilitating
the transfer of heat. The headers A! are divided so that
the water which is forced in by pumps follows a sinuous
course from the cooler to the hotter portion of the
furnace, and finally delivered into a steam drum C com-
pletely vaporised. The capacity of the generator is
sufficient for effecting a few strokes of the engine only,

and the circulation of water is provided for by the
exhaust, which is condensed and uscd continuously.
The generator is heated by liquid or gaseous fuel, which
with the water is supplied by a combination of pumps in
predetermined relative proportions. The burners, shown
detached in section by Fig. 67, consist of a series of
perforated tubes D into which the fuel is forced along
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with air by an injector D7, of which the fuel admission
valve v! is controlled by a thermostatic regulator. The
air is admitted through openings in the casing at p* and
the fuel after passing through a heat vaporiser is forced
through the injector nozzle p? by a pump. The thermo-
stat is fixed within the steam drum c, and consists of a
closed tube 2% containing a suitable liquid, and com-
municating by a pipe 2% with a diaphragm 2. The
valve V! is operated by the movements of the diaphragm
2! against a coiled or spiral spring.

Barbe’s heater is shown by Fig. 69, and is designed
for liquid hydrocarbon fuel with any kind of generator
having a large heating surface. The liquid enters by
the pipe ¢ and is vaporised at the centre of the burner,
and passes in regular quantities through the injector C,
controlled by the valve v, to the spiral tubular burner f
which is perforated. A lamp or any suitable device is
employed for igniting the jets.

Internal Combustion Engines.—These may be
defined as engines in which the liquid hydrocarbon is
vaporised within the engine, the supply being regulated
with a corresponding air supply, forming an explosive
compound when ignited by an electrical high-tension
spark or heated tube. Hydrocarbons of low-flashing
points are preferable in point of economy, but there are
legal restrictions as to storage and transport in respect
of public safety generally which militate against their
use. From the heavier petroleum products we get a
wide range of hydrocarbons, as the following table will
show, the normal paraffins being specified.
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Definition. Biﬂ:’l;z:':t Nature.
Methane - CH, Gaseous Gas.
Ethane CHg Gas.
Prophane - CHy Gas.
Butane - - C,Hy1° Solvent for resins.
Pentane C;H,, 38° »” »”»
Hexane - CeH,yy 70° } Illuminant and
Heptane - C;Hys 99° motive power.
Octane - - CgHyg 124° Motive power.
Dodecane - C,oHyg 202° Vaseline.
Hecdecane - C,.,H34'278° Paraffin wax.

Benzol, C4H,, is obtained either synthetically by heat-
ing acetylene, C,H,, to nearly a red heat, or by the de-
structive distillation of coal. Its boiling point is 80.5°,
and it is frequently used as a liquid fuel, either alone, or
in combination with other hydrocarbons.

The internal combustion oil engine, therefore, takes
the liquid hydrocarbon, vaporises it by heat, mixes the
air, compresses and ignites for an impulse to be given.
There are many kinds of vaporising devices, which may
be distinguished as—

(a.) Hydrocarbon liquid injected into a reservoir
chamber, and mixed with the proper air supply therein
by a spray, before admission into the cylinder.

(4.) Liquid injected into a small chamber with part
of air supply, the rest of air entering the cylinder by
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another valve. Therefore the contents of the vaporiser
are inexplosive until after admission to the cylinder.

(¢.) The same as (@), except that no air-spraying
nozzle is used.

(d.) The liquid is injected directly to the combustion
chamber, and there vaporised, and air is drawn in by
the piston through a separate valve, and mixed in
compression.

The Hornsby-Akroyd engine is constructed upon
this principle, and although in practice this engine gives
excellent results, the piston area is relatively large, pro-
bably by reason of the imperfect admixture of gases.

When considering the calorific values of liquid hydro-
carbons used in this way, we must note that in the
exhaust a volume of water is produced by the union of
H and O, according to the weight of the percentage of
hydrogen in the mixture. This amounts to a little over
1 Ib. weight of water per pound of liquid hydrocarbon.
The heat thus carried away must be deducted from the
computation of the thermal value of the fuel.

There are many light motors of this type now in the
market, but we can point out amongst them a few of
the best adapted for the purposes of aérial navigation. -

The Daimler engine, shown in section by Fig. 70, is
of the two-cylinder vertical type. The liquid hydrocarbon
is forced into the float chamber F by pressure applied to
the reservoirs containing it in bulk. When starting the
motor the air is pumped into the reservoir, but after
running for some little time, a part of the exhaust serves
to keep up the necessary pressure. Either ignition tubes
heated by a lamp or electric spark ignition may be used.

On the down-stroke a slight vacuum is formed in the
cylinder A. The valve E is held in place by a spiral
spring, is operated automatically, and when open allows
air to enter through the grating C and along the hori-



MOTIVE POWER.

Fig. 71.

97



98 AERIAL NAVIGATION.

zontal pipe to E, and by thence to the cylinder. At the
same time the liquid hydrocarbon is sucked through the
nozzle at H, and mingles with the air in the cylinder to
form the charge. On the up-stroke the compressed mix-
ture is ignited at C, and a fresh impulse imparted to the
piston a, and the exhaust released by the exhaust valve at
E being actuated by a “hit-or-miss ” striker worked by a
cam J. The cylinders are water-jacketed at B. The con-
necting rods 4, " and crank ¢ are shown in position. The
Diesel engine is an improved device, since the charge of
hydrocarbon is not introduced until the full charge of air
has been compressed sufficiently in the cylinder, so as to
be ignited directly the addition of the hydrocarbon com-
pletes the mixture. A corresponding test of a 20 H.P.
Daimler engine by M. Holbert and 20 H.P. Diesel engine
by Professor Schorter shows the relative efficiencies.

Daimler 20 H.P. engine—Diameter of piston, 8.5 in. ;
stroke, 12 in.; speed, 200 ; brake horse-power, 16.9 ; in-
dicated horse-power, 24.8 ; petrol, .053 Ib. per I.H.P.

Diesel 20 H.P. engine—Diameter of piston, 9.8 in. ;
stroke, 15.7 in.; speed, 163 revs.; brake horse-power,
18.84; indicated horse-power, 26.31; consumption of
hydrocarbon per I.H.P., 0.40 1b.

The Keelcom motor, with its special spray carburettor,
is another excellent type of engine, having automatic
action, and especially adapted for aérial navigation. The
motor is shown in section by Fig. 71, and the carburettor
by Fig. 72.

Referring to Fig. 71, a is the cylinder attached to the
neck of the crank chamber & by screws ¢. The crank
chamber 4 is made in two parts, and held together by
bolts. The piston is shown by e, piston rod f and its
fulcrum g, and the crank pin 4. The cranks and fly-
wheel discs 7 are secured to the crank shaft ; by nuts
J* and locking plate ;2 On one end of the crank shaft
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7 the driving pulley / is fixed by a key and nut s, the
other end of the shaft carrying a pinion # gearing with
a wheel o0 of the half-speed gear of the ignition device.
To the wheel o0 is fixed a cam p, operating the stems ¢
and 7 of the exhaust valve. The combustion chamber s
contains the inlet valve ¢ and exhaust valve #, v being
the spiral spring controlling the exhaust valve. The
inlet port is shown by w, and x is the combustion port
to the cylinder. On the outer end of the shaft carrying

Fig. 72.

the half-speed gear wheel o is fixed a cam y which
operates the contact breaker z forming part of the
electrical ignition 5. The carburettor is shown in
section by Fig. 72. A float chamber @ contains a float
6, through which passes the needle valve ¢, the latter
being held off its seat by the counterbalances 4. The
petrol inlet &' is covered by the wire gauze strainer ¢,
and fis the spraying nozzle, g the atomising cone, % the
mixing chamber, ¢ the hot-air inlet, ;' the suction regu-
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lating port, and £ the connecting neck, / being a nozzle
and cap for cleansing purposes.

These engines are compact, and work well and
economically at high rates of speed, but as yet no
certified test has been made. The choice of a suitable
motor depends upon lightness relatively to power, and
the comparative weight of fuel to last a reasonable time.

Electrical Motive Power. — There are scores of
light motors of high efficiency especially adapted to
aérial propulsion, but the storage of electrical energy is
up to the present time prohibitive on account of the
great weight to be carried, and the absence of con-
venience for re-charging except at certain places, unless
accumulators of sufficient capacity for an out-and-home
charge are provided. This may be obviated if a system
of aérial navigation was once established, because every
city or town of any importance would have a special
charging station. It must be remembered as a set-off
to the weight of the accumulators that no intermediate
gearing is required between the electric motor and its
work, since the propellers may be proportioned to the
speed, and this again regulated within certain limits
according to the design and winding of the motor.

In calculating electrical power we take E to be the
potential or electro-motive force, and C the current or
flow in ampéres, using simple phraseology. Then

EXC=W
where W means work or electrical energy in watts.
Then
%: E.H.P. (electrical horse-power).
Assuming then that 10 E.H.P. is required for five hours,
say at an E.M.F. of 120 volts and 62 ampéres.

10 E.H.P _I20EX62C _ 7460
746 746
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Then as each accumulator cell is equal to 2 volts, 60
cells of the lightest pattern are required, and these
weigh, inclusive of the electrolyte (sulphuric acid diluted
1 to 11), 68 lbs. each, or 4,080 lbs. or 2 tons with
accessories, and with 19 plates will give a discharge of
300 ampére hours. Compare this with the steam or
hydrocarbon engine, taking a mean of the former at
0.9 Ib. per horse-power per hour, and 0.8 1b. per horse-
power per hour for the latter. When an efficient .sub-
stitute for lead of much less weight is found to produce
the same storage effect by electrolysis, electricity will
be found to be the form of energy best suited to air
propulsion, but no advance in that direction has hitherto
been successful.

But in cases where scveral propelling shafts are to
be driven by the prime motor or engine, and these have
their axes arranged in several planes, no more efficient
intermediate gear can be devised than a dynamo
generator driven by the engine shaft, and operating
motors to rotate each propeller. independently. In this
respect, light, compact, and efficient propelling mechanism
may be made by the proper utilisation of electrical
energy.



CHAPTER VIIL
STRUCTURE OF AIR-SHIPS AND MATERIALS.

WHEN we review the march of scientific knowledge
and practical devclopment that renders the elements
subservient to advancing civilisation, we cannot see a
single instance in everyday life that has not been built
up of failures. The fast express trains, occan grey-
hounds, telephony, telegraphic systems, and the thousand
and one improvements that contribute to our daily wants,
owe their origin not to one, but to many inventors.
Some are in advance of the time for the actual demand,
others fail, others concentrate all their mental encrgy
on this failure, and master it, to fail in some other
point. And so the wheel of time rolls on; new brains
with better auxiliary appliances come upon the scene,
and at last man is the conqueror, and the result is then
merely competitive as to details and efficiencies, the
basis of success being attained. The inventors who,
if they failed individually, contributed to the grand
attainment collectively, their names are recorded in
sand. We have recached a stage now in aérial naviga-
tion in which engineering skill and forethought can
suggest the best structure for lightness and strength, and
more especially the materials best suited to the purpose.

Models.—Working modecls are delusive unless they
are made for a practical purpose in a practical manner.
Of what use would a model of an automobile omnibus
car be if made exactly to scalc and about the size of an
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automotor tricycle. The true demonstration would
be to build the tricycle as a tricycle, and suitably equip
it as such. Suppose a model was made of a large ocean
liner 600 ft. long upon a scale of } in. to the foot, say
1sth full size, and to demonstrate by that model what
could be done upon a larger scale. Here the model
would be 12.6 ft. in length, 1.9 ft. midship beam, with
a depth of 2 ft. Here the low-pressure cylinder of one
of the twin screw engines would be 2.75 in. in diameter,
and the high-pressure cylinder 0.87 in., and the boilers
and fuel spaces equally useless, although strictly to scale.
Would it not be better to consider the model as a launch,
engine it as such, and demonstrate it as a successful
launch, but not as a sample of what an ocean liner forty-
eight times its size should be. As a matter of fact, the
ocean liner is far more efficient than a small launch
could be.

The waste and leakage incidental to machinery and
friction do not increase proportionately to the size and
power. Thercfore, if an air-ship be made to carry two
persons, it should be clearly understood that the calibre
and structure are suited to such a load, but a ship to
carry one hundred persons would be a specially con-
structed apparatus, not following the lines of the first
with proportionate dimensions. Let the demonstration
be regarding the model, if so considered, that two persons
can be carried by vertical and horizontal propulsion
through the air at a certain speed, and it is fair to
suppose that a more efficient apparatus may carry one
hundred persons, the whole structure being designed
with that object alone.

An automobile car may be correctly defined as a
substitute for animal power for drawing loads and
passengers. It is, however, obvious to the merest tyro
that to adapt the mechanical power derived from the
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motor to a set of artificial legs is not to efficiently carry
out the required object. Therefore our substitute takes
the form of wheels mechanically driven from the axis.
A continuous rolling motion is sustained by the motive
power, resulting in progression upon the surface of the
ground against the resistances of a load and of traction,
in contradistinction to the pedaneous movement of
animals. No analogy can be instituted between these
mechanical functions, except in that the same duties
are fulfilled in both cases. Again, the propulsion of a

ship is in no way analogous to the invisible darting
movements of the bonito or the dolphin. We do not
intend to assert that wings are not suitable to the
mechanical movements derived from motors, but that
such a mode of artificial flight must, to be effective, be
supplemented by the screw propeller. Some engineers
have pronounced against the possible use of wings upon
the grounds that the strains and stresses set up by un-
balanced forces in the application of sufficient power
to effectively act upon the comparatively large surface
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would prove immediately destructive to the apparatus.
A reference to Fig. 73 shows that the forces need not
be unbalanced if the vertical motion is produced and
sustained by the wings, partly flapping, and partly as
an aéroplane, the horizontal progression depending upon
a propeller or propellers.

Let w, 2! be the wings, jointed at the fulcrums z, 2%,
and p a pinion driven directly by the motor, and gearing
with two spur wheels s, S! of equal diameter. ¢, ¢! is a pair
of opposite cranks on S, and 4, &* a similar pair on s, the
latter effecting the downward stroke, and that of S the
corresponding upward stroke. The wings are linked to
the connecting rods 7, 71, 7%, 2 by means of plate links /, /2,
and the surfaces are plain or may be valvular, opening
upon the up-stroke and closing upon the down-stroke.
As a lifting and soaring mechanism this has a greater
efficiency per square foot per H.P. than a rotating
propeller or set of propellers, yet for horizontal pro-
pulsion the latter is without doubt the best mode of
utilising power.

Adverting to.the subject of sensitive equilibrium, it is
obvious that a large air-ship is less sensitive than one of
smaller calibre, in the same degree as an eight-oared
outrigger is to a yacht. The control is not necessarily
anticipatory, it becomes a method of steering, and can
be automatically effected by a suitable gyrostat. Also
while an aérostat forms part of an air-ship, the equilibrium
is more easily maintained.

The aérostat, without departing from the range of
foresight incidental to common-sense, will not eventually
form any part of the structure of the practical air-ship.
The want of confidence in entrusting life and property to
suspension in an unstable element by reliance upon the
fallibility of mechanism will keep the aérostat for some
time until security is assured, and the contempt born of
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familiarity prevails. It will not disappear at first, but
will be used to render the comparatively heavy structure
more buoyant, and so will die away by degrees, unless
used for towage, and the flotation of loads.

The steering of an air-ship is an important feature
bearing upon its general structure. The steering has
not only to be operated from side to side, but also up-

Fig.74.

wards or downwards. The only effective rudder is
shown by Fig. 74 in plan and cross section, x being a
gimbal fulcrum, and the dotted outlines the directions of
motion.

The area of each plane should be one-third that of the
total area of the ship. The steering may be better con-
trolled by small electro-motors operating worms or endless
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screws and toothed quadrants, the current being derived
from a small dynamo-generator driven from the shaft
of one of the propelling motors. A pair of two-way
switches may thus constitute the steering board, upon
which will also be fixed the aneroid barometer, mag-
netic shielded compass, thermometer, hygrometer, and
clinometer.

Sir Hiram Maxim has adopted such a pair of rudders
to one of his recent aéroplanes, Fig. 75, which it may not
be out of place to describe fully in connection with the
tail vanes or rudders B. The frame is built up of two
main side trusses a, al, a? a® a*, and the framework is also

provided with tubular struts, braces, and guys, and a!
and 4 are extended above a* so as to allow of the
suspension of pivoted auxiliary wings or vanes, as at a°.
Longitudinal stays or wires support the main aéro-
plane D. Tail vanes or rudders B are pivoted at each
end of % and tied together by crossed wires 4, and
arc operated from the platform by cords and winch,
or a piston and cylinder. Means are provided for the
adjustment of the inclination of the aéroplane. Two
screw propellers of light and elastic formation, e, are
driven by twin engines operated by pressure derived
from a steam generator g of peculiar construction. The
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medium is the vapour of gasoline or other casily volatil-
ised fluid, which may be condensed after exhaustion by
the exposure of the surface of the tubular framework to
the atmosphere, from which it is returned to the generator
by the feed pumps. The platform or car is supported
by wheels when upon the ground to facilitate the ascent
and descent.

Having thus considered as far as possible the general
details, we may deal with the structure of any air-ship,
taking the suitable materials and application of them in
due order. '

Framework.—We see, since the adoption by the
public of cycles and autocars to such an extent as to
create a separate branch of manufacture, that tubular
frames have reached the highest point of efficiency,
which is the attainment of the maximum of strength
with the minimum of weight.

The “modulus of rupture” is eighteen times the load
that is required to break-a bar I in. square cross section,
supported at points 1 ft. apart and loaded in the centre,
and the following table gives the values in tons per
square inch, according to Rankine and Clark’s tests :—

Material. per Saquare Tnch.
Steel tube - - - - - - - 20 to 28
Wrought-iron bar - - - - - - 20 to 21
Riveted tubes, plate iron - - - - - 1310 1§
Plate beams - - - - - - - 18 to 20
Cast-iron bar - - - - - - - 13 to 1§
Cast-iron tube - - - - - - - IIto 12
Wood—Red pine - - - - - - 3to 4
Spruce fir - - - - - - 4to §
Larch - - - - - - - 2to 4
Saul - - - - - - - 7 to 10

Teak - .+ - « - - . 6to 9
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And the corresponding weights of drawn steel tube,
suitable for framework, are here tabulated according to
pounds per lineal foot per gauge :—

THICKNESS OF METAL IN PARTs oF AN INCH.
Tncien

lllf 1"0 % TﬂB' i 19“_ g 1'7'0' i
} | 008 | .21 .5 .9 | 1.3 1.9 | 2.5 | 3.I | 3.9
3 d18 (.3 .7 1.1 1.6 2.3 2.9 3.8 | 4.6
3 178 | 4 83| 1.4 | 20 | 2.7 35| 43| 53
g .46 | 1.1 1.6 | 2.3 | 3.1 39 | 49 | 59
2 .54 | L2 1.9 | 26 | 3.5 | 4.5 5.5 | 6.6
1 Ni 1.5 2.4 | 33| 43 55 | 67 | 79
1} 87| 1.8 ) 29| 39| 52 | 6.4 | 7.8 | 9.3
1} .. | 1O 2.1 33| 47| 59| 74 | 89 |10.6
20| ... |14 28 | 43 | 59 | 76 | 9.5 [11.3 |13.2

In polygonal framing, in order to determine the
character of any strain, we will suppose AB and AC (Fig.
76) to be any two bars of a frame. Produce the lines AB,
AC,toDand E. Let @ represent the direction of the load if
it passes in any direction between B and C, or ¢ if it passes
in any direction between D and E, ¢ if between E and C,
or 4 if between B and D. Then a will be in compression
on AB and on AC, and & will be in Zensiorn on AB and AC, ¢
will be in tension on AB-and in compression on AC, while
d is in compression on AB and in tension on AC. The re-
sultant strains may then be computed in numerical value
by constructing a parallelogram of forces, as Fig. 76a.

Let AB and BD be two forces, strains, or loads, be
measured off to any scale according to the known value,
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and the direction in which they tend. Join DC and AC
parallel to AB, BD. The diagonal BC then represents the
resultant, in direction and value when scaled off corre-
sponding with AB, BD.

Castings.—For lightness and strength all joints for
framework should be made of one of the aluminium
alloys of either of the following grades :*—

Composition per cent.
Strength, Elongation
Tensile, per sq. in. per cent.
Aluminium, Copper. Zinc.

5.8 67.4 26.8 95.712 1

33 63.3 33-3 85.867 7.6
3.0 67.0 30.0 67.341 12.5
1.5 77-5 21.0 32.356 41.7
1.5 71.0 27.5 41.952 27.0
1.25 70.0 28.0 35.059 25.0
2.5 70.0 27.5 40.982 28.0
1.0 57.0 42.0 68.218 2.0
I.I§ 55.8 48.0 69.520 4.0

* A binary aluminium alloy containing 7.5 per cent. of tungsten
has recently been put on the market, gives a tensile strength of
15 tons per square inch, the specific gravity being 5.58. A tern-
ary alloy, Wolframinium, contains 98 per cent. aluminium, 1 per
cent. tungsten, and 1 per cent. copper; specific gravity 2.74,
tensile strength wrought 15 tons per square inch, cast in chills
12 tons, rolled or drawn 22 tons. Romanium contains 1 per cent.
tungsten, 1 per cent. nickel, and the specific gravity is 2.75. It is
harder and possesses greater elasticity than the former alloys, and
takes tooling better than Héroult aluminium.

Magnalium.—This is an aluminium-magnesium-antimony alloy,
tensile strength 14 tons per square inch, specific gravity 2.5240.03.
It may readily be integrally joined by soldering or semifusion,
analogous to welding, and is in great demand in Germany in auto-
mobile car frames.
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The first composition shows the best result, and
its weight per cubic inch is 0.2873 Ib. In casting it
flows well, and gives a sharp clean casting, and is
best made by adding the aluminium to the copper
after the zinc has thoroughly melted and combined
with it

Aluminium solders may be made by melting 20 parts
of aluminium and adding 8o parts of zinc, and when
both are mingled add some Russian tallow, stir with an
iron rod before casting into sticks. The flux is 3 parts
copaiba balsam, 1 part Venice turpentine, and half a
teaspoonful of lemon juice.

For blow-pipe soldering the following is the best
composition :—

Aluminium - - - - 20 parts
Copper - - - - - 10 ,
Tin - - - - - 60 ,,
Silver - - - - - 10 ,
Zinc - - - - - 30 ,

Bearings.—The most important bearings are the
thrust bearings of the propeller shaft. These should be
made so as to run in an oil bath, and have thin radiator
plates cast around it to dissipate the heat generated
by friction. If the thrust be upwards, as in vertical
propulsion, the outer shell of the jacketed casting
should be cast with lugs on it to which may be attached
the carrying stays, strong spiral springs being interposed
to prevent excessive vibration, and to neutralise shocks.
A guard plate with a collar on the shaft should be added
above the thrust bearing, with separate stays to prevent
accidents if the thrust should give way. The pressure
on the thrust bearings may be estimated at 6o lbs. per
square inch.
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The external diameter of the collars should be as
D+D 0.23, and the number of collars proportioned
directly to the load W in pounds, A being the total
bearing contact area of the collars.

w A
A—6—Oand;—-area of
one collar, #» being the number.

The ordinary high-speed engine bearings have a
pressure of 200 lbs. per square inch, and the length
should be D4.3 to D6 for shafts from 2 to 1} in.
diameter, and D3 as a standard from 3 in. diameter
upwards.

Shafting.—The diameter of mild steel shafting in
inches is calculated from

D=5 ’ “/lfzwhere V=
A\
revolutions per minute. This formula shows that the
greater the velocity, the less torsional strain is imposed,
and hollow shafts resist torsion better than solid ones of
the same area. The weight 2 in pounds per lineal foot is

 w=D%x 2.647
and for hollow shafts the lesser diameter is deducted—
w=D?X 2.647 —d? X 2.64].

The distance between bearings where no work is
taken off the shaft, & being in feet—

b=y 3 /D% (D in inches).

Wire Stays.—Wire rope and single strand stays
are best made of Delta metal, No. 1 alloy, since by the
following comparison the tenacity is good according to

H
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test, and since a smaller diameter may be used to resist
" a greater strain than is the case with iron or steel wire,
with the further advantage of being non-corrosive under
atmospheric changes, it may be used for aéroplane, wing,
and rudder rigging.
A comparative table gives the tenacity in tons per
square inch :—

e - ity
Delta metal, No. 1 - - - - 48
Delta metal, No. 2 - - - . 41
Manganese steel - - - - - 38
Nickel steel - - . - R 34
Aluminium, 1 per cent. bronze - - - 35

The weight of Delta metal is 0.3236 lb. per cubic
inch, therefore the weight is

D% X Q.24 X0.3236 = in pounds.

Wood.—In the construction of air-ships a certain
quantity and quality of wood must be used, and there
are various kinds suitable for special purposes, among
which we may instance :(—

Ash, for elasticity, but not good for weather alterna-
tions. American varieties are best.

Beech—The white variety admits of thin division.

Wyck Elm.—Especially suitable for steam bending.

Rock Elm (American)—Closer grain, and better to
work.

Oak.—Durable in exposure to weather; light, hard
grain, but works well. On account of the tannin con-
tained, it must not be used in contact with iron.

Plane (Sycamore)—Works well, very durable.
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Willow.—Suitable for friction pieces—brake blocks,
sheaves, &c.; the weight per cubic foot being given in
order to facilitate calculation.

Woon. She | Zmndarer
Ash - - - - - 800 50
Beech - - - - - 690 43.12
Wych elm - - - - 570 35.62
Rock elm - - - - 671 41.93
Oak - - - - - 872 54.5
Plane - - - - - 623 38.93
Willow - - - - 486 30.37

Aeroplanes and Aerocurves.—When these are made
of fabric, yacht duck may be employed if a broad mesh
about 8 in. pitch of No. 18 SW.G. Delta metal wire is
used on the back surface against the pressure. The ends
of the mesh should be twisted and soldered around the
bolt ropes or wires forming the hemmed edges. The
weight of a square foot of undressed duck canvas is
.0512 b, and fine sail canvas is .0678 lb. per square foot ;
pegamoid, .1032 lb. per square foot; sylamoid (deterio-
rates rapidly when subjected to heat), .0785 Ib. per square
foot. For gas envelopes undressed Tussore silk weighs
0175 1b. per square foot, dressed .048 lb. Urtalaine, a
fabric made of Rhea fibre, similar to silk, but weight for
weight of less tenacity, .03986 lb. per square foot dressed.
Calico, dressed, .0598 1b. per square foot.

If sheet metal, such as aluminium, be used, the
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following table gives the weight per square foot in
pounds, relatively to the gauge :—

nwe. | THEE i | mwe. | T ghounds per
28 .01§ .20 22 .029 .39
27 .018 .24 20 .035 .47
26 -020 27 18 048 .68
25 .021 .28 16 T .83
24 -025 .33 14 .080 1.07
23 .028 .34 12 .109 1.49

From the data given as to suitable materials, strength
and weight, with a reasonable design in view which
may be practically applied, an air-ship may be con-
structed, always bearing in mind that the dimensions
requisite in order to successfully carry 1 ton are not to
be considered as a unit that has but to be doubled in -
every particular in order to carry 2 tons, and the same
reservation equally applies to velocities. And hitherto
we have presumed a still atmosphere, but the structure
should be designed and proportioned to withstand the
strains and stresses imposed by a gale of wind, plus the
contained power to sustain a reasonable speed under the
circumstances.

This points at once to the greater efficiency to be
attained by air-ships of greater calibre, relatively to the
best work of the one or two passenger air-yachts.



CHAPTER VIIL
AIR-SHIPS.

IN this chapter we propose to treat of air-ships as
combinations of aérostat, aéroplane, and propelling
apparatus, dealing with all the best experimental types
categorically without reference to the merits of each.

It is, however, worthy of remark, that Mr J. M.
Partridge in 1847 invented and made an air-ship which

J

he termed “ Pneumadrome,” and made several successful
flights, the steering, however, being imperfect. Many
valuable points of his invention have lain dormant for
fifty-five years, to be resuscitated as chief and prominent
features in our latest practical development of aérial
navigation. Partridge, however, had neither oil engines,
aluminium, nor pure hydrogen available in his day. This
air-ship is shown by Fig. 77.
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The aérostat A is formed upon a light frame consist-
ing of rings, held together by longitudinal bars ¢, and
trussed to equalise the strain. The fabric was drill
canvas, treated with caoutchouc in solution, and weighed
1 Ib. per square yard. An internal air-bag or envelope B
was controlled by a valve and pump ¢ in connection with
the generator /. A head sail 7 and stern sails 4, 2" had
braces and halliards for steering. The car C contains the
motors, and the apparatus was driven by three propellers
&, of which only two are visible. The body of the
_aérostat was covered by a light wire netting, in addition
to that carrying the car, and the sails 4, 2’ acted as aéro-
planes as well as for stcering purposes. The air-chamber
B fully compensated the variations of gas volume and
pressure in A, and this, with other parts of the structure,
have been utilised in later machines.

Folacci and Bertius’ air-ship is shown by Fig. 78, in
which the aérostat « is provided with a deep under-hung
keel & in which horizontal propelling screws e revolve in
casings. A rudder 7z has a cased propeller A, and a tail
rudder 7 has another cased fan /, and both rudders may
be moved laterally to effect horizontal steering. The
mechanism is driven by a motor in the car g.

Fig. 79 illustrates Falconnet’s air-ship, in which two .
hollow cones A, A abut against an intervening cylinder B,
the whole constructed on one frame of steel tubing,
strengthened and stayed by double braced trussing ¢, &,
ties g, and stanchions e. The shell of the aérostat is
made of very thin metal, or fabric rendered impervious
to gas and water, and is divided by partitions into sub-
sections «, having manholes, gas supply, and exhaust
pipes with stopcocks arranged for filling or exhausting
any of the chambers independently. The double truss-
ing & forms the roof of, and supports the engine-room
and cabin 4, which is partly within and partly extends
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below the structure of the air-ship. A chimney s is pro-
vided to carry off the products of combustion and foul
air from a vertical uptake . The cabin is formed with
sharp ends to reduce resistance, and also has suitable
doors and windows. Horizontal longitudinal shafts
carry propellers », with an after propeller 7 which may
be moved by universal joints in any direction for steer-
ing, and effecting horizontal or vertical deviations in the
direction of flight, the brackets / being properly con-
structed for this purpose, the dotted outline % showing
such deviation,

Fyg.80

The Hilfreich air-ship (Fig. 80) is shown in plan, and
the aérostat a is elliptical in shape, and supports two
cars 4, &' connected by a transverse gangway (not shown).
It is propelled by two feathering paddles ¢, ¢’ which afford
the horizontal propulsion, and two screw propellers s, s’
effect the vertical movement. Steering is performed by
a movable vane or fin /£, and the mechanism is driven
by an internal combustion engine.

Molesworth-Hepworth’s air-ship is shown by Fig. 81,
in which the aé¢rostat A, having pointed ends B, is divided
into compartments by divisions C in which arc separate
gas-bags D, with independent inflating and deflating
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appliances. A longitudinal bar E supports an aéro-
plane H, itself being supported by rigging C from the
aérostat A. The car I is supported by and below the
bar E, and forms the centre of buoyancy of the air-ship,
the supporting bars K being rigid, except for horizontal
angular deviation by means of the ropes M, by means of
a quadrant or bell crank lever N or a windlass. One or
more propellers O are driven by the motor through

f W | ------ Q S={etl =
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\||| l|||||
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gearing R, these propellers having stiff leading edges and
elastic or flexible rear ones. The buoyancy of the aéro-
stat A is controlled by varying the pressure of air in the
intervening spaces between the gas-bags D by means of
a pump U, and flexible pipe s, with a suitable liberating
valve. A rudder is shown in dotted outline.

De Bausset’s air-ship is shown with the aérostat in
section by Fig. 82. The aérostat A is built up of steel or
thin metal plates, with internal bands and cross ties to
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strengthen the structure. Conical ends O are provided
which are normally held in position by the external
atmospheric pressure, since the inside of A is partially
exhausted, spiral springs in tension tending to open

Frg 82.

o if the internal pressure increases. Central sustaining
planes or steadying plates C are fixed centrally within
the aérostat A. The boat-shaped car B is adapted for
floating upon the water, or for land transport upon the
wheels, and is suspended by means of jointed rods D,

Fig 83

and a rope E upon a windlass allows of its being adjusted
forwards and backwards. Boxed or cased propellers 1
provide the necessary propelling force, and these are
independently driven by the current derived from
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accumulators in the car B. The altitude is varied by
admitting air to or exhausting the interior of the aéro-
stat A, a suitable electrically driven pump performing
this operation.

Fig. 83 represents Worm’s air-ship. The aérostat A
is nearly buoyant enough to support the whole mass,
and has attached to each side inclined aéroplanes, the
edge C of which only is visible upon the elevation. A
curved rod D extends from one end to the other of the

[ C
9
Xy -0
L
bp' ¢ U p
Fig.84.

machine, which carries a balance weight E. H is a tail-
piece or rudder, capable of being moved upon a vertical
axis. Propulsion is effected by means of feathering
wings F, to which motion is imparted by an internal
combustion or other motor D’. By adjusting the balance
weight E upon the rod D, the aéroplane C and the whole
machine may be made to assume an inclined position, so
that the combined action of the wings F and aéroplane c
tend to raise the air-ship and propel it forwards. The
car B is of wedge shape in plan, and carries the generator,
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storage tank, or the like, G, and the motor D’ with the
fulcrums of the wings F.

Boisset's air-ship is illustrated by Fig. 84, and consists
of an aérostat, the frame of which is formed of a number
of light metal or bamboo rings with radial struts
threaded upon an axial tube ¢. Transverse stays g tie
the ends of ¢ to the upper periphery of the central ring
of the frame, and the whole is covered by a double layer
of silk cemented together by indiarubber solution. The
car r is suspended from a plate D secured to a band C
round the largest circumference of the aérostat and

Fig.85

steadied by ropes 0. The actual suspension is effected
by link work /, ¢, which tends to keep the car in position
when the weights therein are shifted.  Propulsion is
effected by a single screw propeller in front of the car,
and twin propellers at the rear end, the steering being
performed by the manipulation of the latter.

An air-ship with twin acrostats has been invented by
L. E. Roze, and shown by Fig. 85, which is a plan view.
The two aérostats A, A’ support the car B, and are so con-
nected that the internal pressure is equal in both, and a
collapsible reservoir is provided in order that the gas
may expand without loss. Propulsion is effected by two
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horizontal propellers E, and vertically by three similar
propellers the axes of which are at right angles to the
horizontal plane. The air-ship is steered by a tail-piece
or rudder F. The framing of the car B is provided with
buffers or check springs to neutralise shocks when
coming to rest.

Fig. 86 is an end sectional view of Chillingworth’s
air-ship, which consists of an aérostat D supporting a
car 7, and propelled by feathering wings B, formed of an
elastic framework covered by textile material, the dotted

outline showing the position assumed when at rest. The
inner ends of the wing arms carry toothed segments
which gear with each other, shown by g, /, which are
worked by a reciprocating motor, the feathering being
actuated by stop links. A rudder attached to the car C
admits of steering in any direction. The aérostat is
divided into three or more internal chambers, the inner
of which may be inflated or deflated with air to com-
pensate the variation of the volume of gas in the outer
envelopes.
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Middleton’s air-ship, an elevation of which is shown
by Fig. 87, also consists of two parallel aérostats &, &
similar to that of Roze, previously described. The
acrostats 8, & are drawn together by a bent longitudinal
frame 7 to which is attached a curved shield plate, which
effectually screens the aérostats from the heat radiating
from the motors and generator g. Internal bags or
envelopes, shown by the dotted lines ¢, ¢ within the

aérostats 4, &', are provided to act as partial condenser for
the exhaust from the motor, the heat thus dissipated
expanding the volume of the surrounding gas. Propul-
sion and steering are effected by a propeller w and an
auxiliary propeller 7, the rotation being performed by
the motor and the variation of the planes by hand in
both cases.

Fig. 88 is an clevation of Pennington’s air-ship, which
consists of an aérostat A of shect aluminium carrying at
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its bow a propeller F driven by a motor M placed within
a recess in the aérostat, accessible from outside. Central
aéroplanes E are attached to each side of the aérostat A,

Fig.88.

and lifting propellers E are fixed to revolve within suit-
able frames in these aéroplanes. A fin or central vertical
plane C is attached to the top of the aérostat. The car

D is divided into two compartments, one above the other,
the upper one being for passengers and auxiliary appli-
ances, and the lower D? for electrical accumulators which
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supply the current to electro-motors driving the lifting
fans E and the vertical and horizontal rudders G, H, also
the ignition for the explosion in the cylinders of the
vapour engine M. The liquid hydrocarbon is stored
under pressure, and the framework and all parts are
hollow, and filled with gas. Stays ¢’ maintain the rigid
position of the car D.

Fig.90

Iochner’s air-ship is illustrated by Fig. 89, and has an
aérostat a, with a central aéroplane 44 surrounding it,
and a curved adjustable aéroplane ¢ below it, this having
a rigid weather edge f which is carried upward to the
central aéroplane 46. The rcaction of the air currents
escaping from the rear lower edge of ¢ tends to an im-
pulse forwards. The aérostat 2 may be circular in plan,
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and the lower portion may, by collapsing into 44, act as
a parachute. A narrow horizontal beam /% carries the
propeller ¢ and its shaft and bearings, a small car con-
taining the motor 7, and steering gear for controlling
the rudder #.

Hite’s air-ship, shown by Fig. 9o, consists of an
aérostat A, with metal end caps 4, and has an internal
air-bag, as shown by the dotted outline, which is inflated

Fig.91.

or deflated according to the pressure of gas in the
aérostat. The gas envelope of the aérostat A is con-
nected to a heated elastic vessel ¢ through a pipe 4,
and is kept in circulation by a fan ¢. Cased propellers
f are attached to the machine by saddle frames f*, and
to each is hinged a rudder g which is operated from the
car by ropes and pulleys. Ballast chambers # are sus-
pended from the car by cords or links 4.

Fig. o1 illustrates Bliimelhuber’s air-ship, consisting

1
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of an aérostat A, with a central horizontal tube B of
metal, shown by dotted lines, through which a shaft
passes, carrying two propellers G, M, driven by an electro-
motor C which is supported by the thrust bearings of

the shaft B and a curved bracket y upon the car. The
steering is effected by mounting the propeller M upon a
universal joint, so that its plane of rotation may be in-
clined. Electrical accumulators are provided in the lower -

partition 2z of the car, to furnish the driving power for

the motor C.
Nahl’s air-ship is shown in elevation by Fig. 92, and

a midship section Fig. 93. The aérostat A is internally
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divided by gas envelopes ¢, ¢, ¢, &, and the car C is fixed
to the framework of the outer casing of the aérostat
and is actually inside it, below the central surrounding
aéroplane /.

An electro-motor drives two propellers D, D, effecting
horizontal propulsion, and a weight j supported by a
. rod K admits of the adjustment of the centre of buoy-
ancy, and also for ballast.

Professor Langley, of the Smithsonian Institute,
U.S.A, has constructed an air-ship (Fig. 94) in which

Fig 94

the upper part of the body « is an aérostat, and the
lower part @’ an open framework carrying the motors
operating the horizontal twin propellers P, P, steering
being effected by varying the rates of rotation of these
independently of each other. Aéroplanes w, %’ maintain
by their angle of inclination the vertical lift, and are
supported by and controlled from a mast .

Count von Zeppelin’s air-ship is shown in elevation
by Fig. 95 and midship section by Fig. g6. The aérostat
comprises a framework of longitudinal tubes » inter-
spaced by wire ropes s proceeding radially from central
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hubs @, a vertical strut v being placed at intervals across
the diameter of the aérostat throughout its length. Itis
divided into compartments containing gas-bags shown

by the dotted lines. The aérostat is very long relatively
to its diameter, and supports two boat-cars g, one only
of which is shown. A gangway / runs the whole length

of the machine from which any part may be reached by
ladders f. Several aérostats may be joined together
forming a “flexible train propelled by the air-ship, and
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carrying goods or passengers. The junctions are coupled
by universal joints and the fabric of the aérostats joined
by strips of similar fabric.

Horizontal steering -is effected by rudders ¢, ¢/, and
the inclination of the axis is adjusted by means of a
weight & suspended from a wire rope along which it
is made to travel by an endless rope 4* operated by a
winch %’ in each car g The internal combustion engine
m is contained in the car g, and drives the propellers ¢
for horizontal propulsion by suitable shafts and gearing
within the framework and ladder f.

Santos Dumont has successfully accomplished the
steering of an aérostat, notably in open competition in
which he was the winner of 15,000 francs by rounding
the Eiffel Tower. Since this the inventor has made
several successful steering flights. The air-ship consists
of an aérostat inflated with hydrogen, and containing
an air-bag for compensation, and a screw propeller, the
axis of which is inclined, and a rudder of relatively
large area is under the control of the aéronaut, who is
placed in a small shielded car which also carries the
motor engine, preferably an internal combustion liquid
hydrocarbon type. M. Dumont has invented a very
light and powerful twin or multi-cylinder engine for the
purpose, each pair of cylinders being placed in tandem,
operating one piston rod, the explosions having the
effect of a double-acting single-cylinder engine.

Dr Barton in the United States has just built an
air-ship, the trial of which has not as yet been reported.
The aérostat has three aéroplanes placed below the
centre with an aggregate area of 1,944 sq. ft.,, which he
claims to have a lifting power of 972 lbs. or 1 Ib. to 2
sq. ft., equivalent to an air velocity of 880 ft. per minute.
There are eighteen propellers arranged at different
angles. " The aérostat has an internal compensator or
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air vessel capable of being inflated or deflated. It is
noteworthy that nearly every modern type of air-ship
adopts this compensator, and it is invariably referred to
as a special feature, although employed, as we have
seen, by Partridge in his air-ship the “Pneumodrome”
in 1849. Dr Barton renders his air-ship stable longi-
tudinally by forward and rear water tanks, the water of
which is kept in constant circulation through a double
tubular system by an electrically driven pump. A valve
is fitted in each section, these being controlled automati-

Fig.97.

cally by a heavy pendulum, one of the tanks being filled
and the opposite one emptied inversely according to the
tendency of the inclination.

The “Aéraonic” air-ship is as yet the most successful
experimental apparatus yet tried, and lengthy trials have
been made of a 10 ft. model in which the air-ship was held
captive at a height of 100 ft. by a hawser, around which
it was steered from the ground by two double pole link
switches, the conductors being attached to the hawser
and included in the circuits of the steering motor. The
electrical current for this and the propelling motors was
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generated by a dynamo upon the shaft of a 44 H.P. petrol
twin cylinder motor upon the platform of the ship, and
vertical ascent was accomplished without extraneous aid.
These successful trials led to.the formation of a syndicate,
and an air-ship 50 ft. in length and 40 H.P. is now in
process of building. Fig. 97 is an elevation of this air-
ship, in which a platform s carries the whole of the
mechanism, and when at rest is supported upon the
ground by wheels 0. .A lifting propeller B has a collar
C upon the shaft normally held back by the tension of
a spring to keep the rear edges of the blades in full
pitch position by means of rods 2. The shaft ; and
electro-motor F which drives it are based upon a pivoted
plate upon the platform s, the oil-bath thrust block e
intervening between the motor F and the propeller B,
the whole being inclined backwards or forwards by a
screw f and hand wheel g&. The aéroplane A is inclined
at the same time, being carried by a trunnion bearing &
on the shaft ;. Links & connect the acroplane A with
the platform s and carry the rear weight, being pivoted
to A at c. The length. of the links & is such as to bring
the aéroplane A parallel with the platform s when moved
rearward by g. The horizontal propeller D is driven by
an electro-motor E, and a thrust block ¢ is mounted
upon the same bracket. Steering is effected by a four-
vaned rudder % opcrated vertically by a toothed quadrant
¢, and horizontally by a similar quadrant, small electro-
motors 7, controlled by the aéronaut by means of switches,
furnishing the requisite power. The current is derived
from a dynamo electric generator 7 driven directly by
a compound internal combustion hydrocarbon engine 4.
The liquid fuel is stored in a wedge-shaped tank G, the
apex forming the beak of the platform. Two tanks
containing water /, /, and connected by pipes and an
electrically driven centrifugal pump 2, are placed on
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each side of the under part of the platform s, so that the
two forward tanks are connected to the after tanks by
the corresponding pipes, forming the “fore and rear”
equilibrium system, and either the two right-hand tanks
or the two left-hand tanks the “lateral” equilibrium
system. Therefore since a current of fluid is maintained,
a flux to the two forward tanks causes a dip forwards
and wvice versa, or a flux to the two right-hand tanks
causes a lateral dip in that direction; and this is auto-
matically effected by two pivoted hollow beams slightly
bellied in the centre and partially filled with mercury,
and these being arranged at right angles to each other,
are connected to the controlling valves of the two fluid
circulating systems, The sensitiveness of the mercury
balance renders the equilibrium control nearly antici-
patory.

No human mind can foresee the air-ship of the future,
cxcept that aérial navigation will be a matter of every-
day usage, and will give rise to a new industry throughout
the world. Unless some future discovery renders the
control of the force of gravitation possible by other than
mechanical means, the germ of the air-ship is among the
many that are described in these pages, doubtless with
many modifications and additional details that may be
found necessary to accomplish perfect success.



APPENDIX.

———

TRIGONOMETRICAL EQUIVALENTS.

Cotangent . y

THE diagram shows the trigonometrical functions in
terms of the angle 0 to the radius, the value of which is

given as = I.

Cos = V(1 = sin®)= cosine.
sin - .

Cos =...-—"— = cosine.
tan

Cos = ...sin X cot = cosine.
sin

Tan = ... = tangent.

Cos
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Cot =....

Sin = ...

Sec =

Sin =...

Radius= . . .

Sin =

Tan =

Cosec =

Sec = ...

Sin =

Cos =

Cot =

Versin

Coversin

cos
sin
cos

cot

tan

sin

e . .

tan
sec

tan X cot =

J(1 = cos?)=

cotangent.

sine.

secant.

sine.

radius. -

sine.

tangent.

cosecant.

secant.

sine.

cosine.

cotangent.

= I — cos = versed sine.

= I — sin = coversed sine.

(N

A
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Form of Aerostat Ends, Plotting Templets (Fig.
99)—Let AC = D X 1.25, and AB = D. Then from

A

ch.9.9

centre C strike off AE, and upon EF mark off G, that
GF = CB, and strike the semicircle radius G cutting AF
at ». This forms an approximate parabolic outline.

A B

n
v

TN~

ﬁ*

D Fig. 100

To describe an ellipse for an end templet, set off the
major axis EC, and mark it off in equal parts, which in
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Fig. 99 are four. Let AD = the minor axis, and CB the
half of this, which should be divided into an equal number
of corresponding parts to EC. From the centre A draw
lines cutting divisions on BC, and from the centre D draw
lines cutting the divisions on EC. Where the lines inter-
sect are the points cut by the semi-ellipse.

CORRECTION TABLE OF ALTITUDES AND LATITUDE.

LATITUDE.
Apparent + from 0° to 45°; — from 45° to 9o°.
Allftudes,
Feet. o’ 10° 20° 30° 40° 45°
90° 80° 70° 60° 50°
1,000 2.6 25 2.0 1.3 .5
2,000 5.3 5.0 4.1 2.6 .9
3,000 7.9 7.5 6.1 4.0 1.4 .-
4,000 10.6 10.0 8.1 5.3 1.8 2
5,000 13.2 ©12.4 10.1 6.6 2.3 S
6,000 15.9 14.9 12.2 7.9 2.8 .5
7,002 18.5 17.4 14.2 9.3 3.2 fg’
8,000 21.2 19.9 16.2 10.6 3.7 5
9,000 23.8 22.4 18.3 11.9 4.1 ;
10,000 26.5 24.9 20.3 13.2 4.6 A
11,000 29.1 27.4 22.3 14.6 5.1
12,000 318 29.9 24.4 15.9 5-5

. -~
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UserFuL CONSTANTS AND LOGARITHMS.

Centimetres in I in.

Yards in 1 metre -

Kilometres in 1 mile - - - -
Miles in 1 knot - - - - -
Square mils per square millimetre
Cubic centimetres in 1 cub. in.

Cubic centimetres in 1 pint - - -
Cubic inches in 1 pint - -

Pints in I litre - - - - -
Grains in 1 gram - - -

Pounds avoirdupois in 1 kilogram -
Pounds in 1 cub. ft. of water (39° Fahr.)

Forces de cheval in 1 horse-power (33,
foot pounds) - - - -

Foot pounds in 1 B.T.U. - - -
B.T.U. in 1 calorie - - -
Degrees Fahrenheit in 1° Cent.

Feet per second in 1 mile per hour -
Metres per second in 1 kilometre per hour

Pressure pounds per square inch of 1 ft. of

water (39° Fahr.) - - - -

Pressure pounds per square inch of 1 in. of

mercury - - - -
Value of ¢ at Greenwich in inch seconds

Length of seconds pendulum at Greenwich,

inches - - . .

Number.
3.1416
9.8696
1.7724

-7854

2.54
1.0936
1.6093
1.1528
1550
16.386
567.93
34.659
1.7608
15.432
2.2046
62.425

1.01385
775-47
3.968
1.8
1.4666
2.7777

-4333

4907
386.29

39-139

141

Logarithms.
-4971
+9943
.2486

.8951

.4048
.0388
.2066
.0618
3.1904
1.2145
2.7543
1.5398
2457
1.1883
+3433
1.7953

.0058
2.8895
.5986

+2553
.1664

-4437

1.6368

1.6368
2.5869

1.5026
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TABLE OF PROLATE SPHEROIDS.

‘Semi-major axis=a. Semi-minor axis=5. Volume = $za%.
Rom| Cwen) S L2 | Square Feer | Linear Feet | SIgare Feet
Lbs. (any ‘hp‘)' Radios, Diameter,| Area=w52. Length, Area,
(Avoiry 6=N "k | d=25. I=1 /=60.00851.

w. .0684 2.9%9
1 14.60 .834 1.669 2.19 10.013 41.78
10 146.0 1.798 3.595 10.17 21.573 194.00
10| 1460.0 | 3.873 | 7.746 | 47.12 46.478 899.64
150| 2192.0 4-435 8.870 61.79 §3.220 | 1180.30
200 2920.00 | 4.879 | 9.759 74.81 58.557 | 1429.70
250| 36550 5.259 | 10.518 86.89 63.109 | 1659.60
340 5000.0 5.838 | 11.676 | 107.08 70.058 | 2021.80
440| 60000 6.203 | 12.407 120.91 74.446 | 2317.60
500 7310.0 | 6.626 | 13.252 | 137.93 79.512 | 2634.60
547| 8000.0 | 6.828 | 13.656 | 146.48 81.939 | 2784.10
650| 9000.0 7.101 | 14.203 158.44 85.220 3026.70
684 | 10000.0 7.355 | 14.711 | 169.97 88.226 | 3247.10
750 | 11000.0 7.593 | 15.186 181.12 91.116 | 3459.60
800 | 11695.0 7.749 | 15.499 | 188.67 92.995 | 3604.20
850| 12000.0 | 7.816 | 15.632 | 191.94 93.796 | 3665.80
890 | 13000.0 8.027 | 16.055 | 202.46 96.333 | 3867.50
960 | 14000.0 | 8.228 | 16.457 | 212.72 98.739 | 4063.60
1,000 | 14620.0 | 8.348 | 16.696 | 218.95 | 100.179 | 4182.10
1,100 | 16000.0 8.602 | 17.204 | 232.48 103.228 | 4440.30
1,160 | 17000.0 8.978 | 17.557 | 242.11 105.334 | 4624.80
1,230 | 18000.0 8.947 | 17.895 | 251.57 107.371 | 4807.00
1,350 | 19000.0 9.110 | 18.220 | 260.74 109.323 | 4980.30
1,368 | 20000.0 9.267 | 18.554 | 269.81 111.208 | 5153.40

A
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The following diagram (Fig. 101) illustrates the diri-
gible aérostat of M. Santos Dumont. It will be noted

Fig.101

that the structure is very light, and offers very little re-
sistance to the air relatively to the power and buoyancy.
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The aérostat A is pointed at each end, and an interior
balloon or envelope B containing air is placed inside, and
controlled from the motor P by a pipe T. This is the
arrangement first adopted by Partridge in his “ Pneuma-
drome,” which is previously described. A trailing rope I,

Fig. 102.

with a guide M, is provided, in addition to a rudder G.
The aéronaut sits in a light wicker basket chair 0O, from
whence he may control the mechanism. The engine P
develops 16 H.P,, and is actuated by the explosion of
vaporised petrol. The screw propeller H is made with
flexible rear edges, and at 150 revolutions per minute

1 w———

- -



APPENDIX. 145

Fig. 103.
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exerts a thrust of 60 Ibs. The total weight of the appa-
ratus is 5§50 Ibs. '

Fig. 102 shows the machine progressing against the
wind, and Fig. 103 illustrates the start from the Parc
d’Orient in the 15,000 franc competition, 13th July 1901,

Fig. 104.

which, after some discussion, was awarded to M. Santos
Dumont. Fig. 104 shows the progression of the aéro-
stat against the wind. " Fig. 105 (see Frontispiece)
shows the aérostat rounding the Eiffel Tower during the
competition.
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Constants, 141
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Equivalents, angular, 137
Erichsen’s propeller, 55
Ethane, 94

ALCONNET’S air-ship, 118
Féraud’s propeller, 61
Fish, flying, 11

Flight curves, 34
laws of, 1
man, 41
mechanical, 37
natural, I
Flexibility, 35
Folacci’s air-ship, 118
Framework, 108
Fryer's a€rostat, 27
Fuel, 83
comparative, 86
table, 86
thermic value, 85

ALLIENE’S wing, 44
Géant, Le, 18
Generators, 86
Glendinning’s a€rostat, 28
Gower aérostat, 23
Green, 18
Gyrostat, 105

EAT units, 84
conversion, 84

Heathorn’s propeller, 65
Hecdecane, 94
Hemiptera, 9
Henderson's propeller, 57
Henson’s a€roplane, 75
Heptane, 94
Hexane, 94
Hilfreich’s air-ship, 120
Hite’s air-ship, 129
Hollow shafting, 113
Hornsby-Akroyd engine, 96



Hydrocarbon engines, 94
Hydrocarbons, 94
Hydrogen, 15
Hymenoptera, 9
Humerus, 2

MPULSE, 51
Insects, 6
Internal combustion engines, 98
Iron tube, 108

J ET propulsion, 69
KEELCOM motor, 98

AMINATED propeller, 57

Langley’s air-ship, 131
Latitude tables, 140
Lifting power aéroplanes, 72
Liquid fuel, 85, 94
Lochner’s air-ship, 128
Logarithms, useful, 141
Louvre valves, 48

AGNALIUM, 111
Man flight, 42
Manganese steel, 114
Marey’s experiments, 34
Marshall’s wing motion, 46
Martin’s paddle, 69
Materials, 102

Maxim’s aéroplanes, 77-79, 107
generators, 88, 9o
Metacarpus, 3
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Methane, 94
Middleton’s air-ship, 126
wing motion, 46

Models, 102

Modulus of rupture, 108
strength, 108

Molesworth-Hepworth air-ship, 120
Motive power, 83-101
Multivane aéroplane, 73

propeller, 66

ADAR’S balloon, 18
Nahl’s air-ship, 130
Nervures, 7
Nickel steel, 114

AK, 114
Octane, 94
Oetling’s paddle, 68
Opossum, flying, 10

ADDLE propellers, 67
Parabola, 139
Parallelogram of forces, 110

Partridge’s air-ship, 117
Pectoral fins, 11
Pegamoid, 115
Pennington’s propeller, 65
air-ship, 126
Pettigrew’s experiments, 34
Petroleum, 85
Phalanges, 3
Pitch, propeller, 54-65
Pinaud’s experiments, 73
Plotting templets, 139
Pneumadrome, 117
Pollex, 3
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Polygonal frame, 110
Power, 50

Prolate spheroids, 49, 142
Propeller ratios, 54
Propellers, 53

Prophane, 94

Propulsion, 49
Pterodactyl, 6

UARTERMAIN’S wing
motion, 42

ADIUS, 3
Razeau’s propeller, 66

Recurrent nervures, 10
Rennie’s propeller, 55
Resistance, air, 49

wind, 50
Rhea fibre, 115
Romanium, 111
Roze’s air-ship, 124
Rudder, 106

AILS, 118
Santos Dumont air-ship, 133,
144

Scapula, 2
Schmidt’s propeller, 61
Scott’s a€rostat, 30
Sensitive equilibrium, 10§
Serkis-bey a€rostat, 21
Sheet metal, 110, 116
Shafting, 113
Silk, 115
Slip ratio, 53

INDEX.

Smythie’s wing motion, 39

Solder, composition, 112

Solders, 112

Spheroids, prolate, 49, 142

Stag beetle, 6, 7

Steel, 108

Steering, 1¢6

Sternum, 3

Stigma, 8

Storz’s propeller, 62

Stringfellow’s aéroplane, 73
trial experiment, 75

Structure of air-ships, 102
Sylamoid, 115

APSCOTT’S aérostat, 29
Templets, 139
Tensile strength, 111
Tension, 110
Ternary alloys, 111
Thorax, 7
Trigonometrical equivalents, 137
Tubular frames, 108
Tussore silk, 115

LNA, 3
Urtalaine, 115
Useful constants, 141

ALUES of temperature, 14
Valvular wings, 48
Vaporising, 94
Velocities, 50, 51
Vogelsand’s propeller, 58, 63
Von Zeppelin’s air-ship, 131
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ALKER’S experiment, 38
Wave movement, 34
Weight, 32
Wenham’s aéroplane, 73
Williams’ propeller, 59
Willow, 115
Wind pressure, 52
resistance, §0
Winds, 52
Wing area, 32, 33
birds, &c., 2-6
movements, 34

Wire stays, 113

Wolframinium, 111

Woods, various, 108, 114, 115 -
weight, 115

Worm’s air-ship, 123

YACHT duck, 115

Z EPPELIN’S, Von, air-ship, 131
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MECHANICAL ENGINEERING, &c.

THE MECHANICAL ENGINEER’'S POCKET-BOOK.

Comprising Tables, Formule, Rules, and Data: A Handy Book of Reference
for Daily Use in Engineering Practice. By D. KINNEAR CLARK, M. Inst. C.E.
Fourth Edmon. Slnall 8vo, 7oo pp., bound in flexible Leather Cover, rounderi
corners . e e e e e .

SUMMARY OF comxrrs —MATHBI(A‘HCAL TABLES.—MEASUREMENT OF sun~
FACES AND SOLIDS.—ENGLISH AND FOREIGN WEIGHTS AND MEASURES.—MONEYS,—~
SPECIFIC GRAVITY, WEIGHT, AND VOLUME.—MANUFACTURED METALS.—STEEL PIPES.
—BOLTS AND NUTS.—SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER,
BRASS, LEAD, TIN, ZINC.—STRENGTH OF TIMBER.—STRENGTH OF CAST IRON,—
STRENGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF
COPPER, LEAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERIALS.—
RIVETED JOINTS IN BOILER PLATES.—BOILER SHELLS.—WIRE ROPES AND HEMP
ROPES.—CHAINS AND CHAIN CABLES.—FRAMING.—HARDNESS OF METALS, ALLOYS, AND
STONES.—LABOUR OF ANIMALS.—MECHANICAL PRINCIPLES.—GRAVITY AND FALL OF
BODIES.—ACCELERATING AND RETARDING FORCES.—MILL GEARING, SHAFTING, &c.—
[RANSMISSION OF MOTIVE POWER.—HEAT.—COMBUSTION: FUBLS.—WARMJNG, mrn
LATION, COOKING STOVES.—STEAM.—STEAM ENGINES AND BOILBRS.—RAILWA
TRAMWAYS.—STEAM SHIPS.~PUMPING STEAM ENGINES AND PUMPS.—COAL GAS, GAS
ENGINES, &c.—AIR IN MOTION.—COMPRESSED AIR.—HOT AIR ENGINES.—WATER
POWER.—SPEED OF CUTTING TOOLS.—COLOURS.—ELECTRICAL ENGINEERING.

* Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket-
book,andheismﬂyundvanedln‘themofcondenndon. ltlsvaydlﬁcnlttohknponany
subject which this work supplies [no-information, and
excellent !ndexattheendaddsto its u% In one word, it is an uc% andeﬁcknl
tool, possessed o ich the engineer be saved many a wearisome c. , Or yet more
;wnomhnntthm hz_adoustenbooksm treatises, and, as such, we can heartily recommend
to our readers.”

“It would be found difficult to compress more matter vlchln a similar compass, or produce a
book of 650 pages which should be more pact or for pocket .. Wil
be app by of all classes.”—Pyactical Engineer.

L. A
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MR. HUTTON'S PRACTICAL HANDBOOKS.

THE WORKS' MANAGER’S HANDBOOK.
Comﬁr:sing Modern Rul&hTablshand Data. For Engineers, Millwri,
and Boiler Makers; Tool Makers, u;hmma and M Workers ; Iron
Brass Founders, &. By W. S. HutroN, Civil and Mechanical Engineer,
Author of *The Practical Engineer's Handbook.” Sixth Edition, carefully
Revised, with Additions. In One hand Volume, medi 8vo, gl
bound [Just Published. 18I0

B~ The Author having compiled Rules and Data for his own use in a great
varisty of modern enginsering work, and having found his motes extremely usefsl,
decided to publish them—revised to date—belisving that a ‘(:mch'cal work, suited to
the DAILY REQUIREMENTS OF MODERN ENGINEERS, wowld be favourably received.

*Of this edition we may repeat the e remarks we made upon the first and third.
Since the appearance of the latter very considerable modifications have been made, although the
total number of pages remains almost the same. It is a very useful collection of rules, tables, and
worksh?hand drawing office data.”—The Engineer, May 10, 1

* The author treats every subject from the point of view of one who has collected workshop
ootes for i in kshop p ice, rather than from the theoretical or literary aspect. The
volume contains a great deal of that kind of information which is gained only by practical experience,
and is seldom written in books."— 7ke Engiseer, June s, 1885

“The volume is an exceedingly useful one, brimful with cnglneef's notes, memoranda, and
rules, and well worthy of being on every 1 i 's b helf."—Mechanical World.

* The informa is precisely that likely to be te&:lnd in practice. . . . The work forms
a desirable addition to the lib not only of the works’ manager, but of any one connected with
general engineering."—Mining Fournal,

. of useful information, stated in a concise form, Mr. Hutton's books have met a
pressing want among engineerss.”l‘she book must prove extremely useful to every practical man
a copy.”"—Ps 4 ineer.

THE PRACTICAL ENGINEER’S HANDBOOK.
Comprising a Treatise on Modern Engines and Boilers, Marine, L ive,
and Stationary. And containing a large collection of Rules and Practi
Data relating to Recent Practice in Designing and Constructing all kinds of
Engins, Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WaLTER S. HuTToN,
Civil and Mechanical Engineer, Author of *‘ The Works' Manager's Handbook
for Engineers,” &c. ith upwards of 420 Illustrations. Sixth Edition,
Revised and Enlarged. Medium 8vo, s6o pp., strongly bound.

dwt Published. 18/0

B This Work is designed as a companéon to the Author's * Works'
MANAGER's HANDBOOK.” It possesses many mew and original features, and com.
tains, like its predecessor, a quantity of matter not originally intended for publication
but collected by the Author for his own wuss in the comstruction of a great varisty of
MobpERN ENGINEERING WORK.

The information is given in a condensed and concise form, and is illustrated by
upwards of 42> Illustrations; and comprises a quantity of tabulated matter of great
value to all engaged in designing, constructing, or sstimating for ENGINES, BOILERs,
and OTHER ENGINEERING WORK. ~

“We have kept it at hand {or several weeks, referring to it as occasion arose, and we have not
on A. single o':cadon consulted its pages without finding the information of which we were in quest.”

“A tho;'oughl good practical handbook, which no engi: can go h without i
something that will be of service to him."—Marine Engincer.

“An book of refé for engi I

and a val text-book for students of
engineering."—Scotsman.
“This valuable manual embodl;,s the results and experience of the leading authorities on
Faniea VA uabie manua e, rews.
““The author has coll d her a ist ity of rules and practical data, and has
e. . . . Thereisno doubt that this book is

shown much judgment in the selections he has mad L 2 D>
one of the most useful of its kind published, and will be a very popular compendium.”—Engysneer.

* A mass of information set down in simple language, and in such a form that it can be easily
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as
one of the most useful books of " P ! Eng .

* Full of useful information, and should be found on the office shelf of all practical engineers.
—EBnglish Mechanic.

-

B




MECHANICAL ENGINEERING, 8«. 3

MR. HUTTON’S PRACTICAL HANDBOOKS—continued.

STEAM BOILER CONSTRUCTION.

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users.

Containing a large Collection of Rules and Data relating to Recent Practice

in the Design, Construction, and Working of all Kinds of Stationary, Loco-

motive, and Marine Steam-Boilers. I‘Sﬁ WAL'rn S. HutToNn, Civil an

Mechanical Engineer, Author of “The orks' Manager's Handbook," * The

Practical Engineer's Handbook,” &c. With upwards of soo Illustrations.

Third Edition, Revised and mucix Enlarged, medium 8vo, cloth . . 18/0

WP~ THis WORK s dssued in continuation of the Series of Handbooks written

the Author. viz. :—‘‘ THE WORKS' MANAGER's HANDBOOK " and ‘ THE PRACTICAL

NGINEER'S HANDBOOK,” which are so highly appncmtcd by enginesrs for the

practical naturs of thesr information; and ts constqumt ly written in the sams styls
as those works.

The Author bdmus that the tration ient form for easy
refevence, of such a large amount of thoroughly proctu‘al _information on Steam-
Botiers, be of cm rable service to those for whom it is intended, and he trusts
the book may be desmed worthy of as favourabls a recsption as has beew accorded to
fts predecessors.

“ One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the right Idnd. in a simple ‘and accessible form. So far as generation is concerned, this

is, undoubtedly, the standard book on steam practice.”"—Electrical Review.
“ Every detail, both in boiler design and management, is cleaxly laid before the reader. The

volume shovs that boile has been to the of one of the most exact
sclences; and such a book is of the utmost value to the fin de siéc/e Engi and Works
—Marine ngine

* There has long been room for a modern handbook on steam boilers; there is not that room
now, because Mr. Hutton has filled it. It is a thoroughly gmﬂcal book for those who are occupied

in the desigm, or use of boilers.”—Engyneer.

** The book is of so and a that it must find its way into the
libraries of every one mterested in boder using or boiler manufacture if they wish to be thoroughly
tnforme We the book for the intri value of its

larket.

PRACTICAL MECHANICS’ WORKSHOP COMPANION.
Comprising a great variety of the most useful Rules and Formulz in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for
Facilitating Mechanical Operations. By WiLLiAm TEMPLETON, Author of
‘“ The Engineer's Practical Assistant,” &c., &c. Elqshteenth Edition, Rewsed,
Modernised, and cons:derably Enlarged by WAL‘I‘BR Hu‘r'rou, C.E. . Author
of “The Works' M 's ‘s Hand-
book,” &c.  Fcap. 8vo, nearly 500 PP-y with 8 Plates and upwards of 250 Illus-
trative Diagrams, strongly bound for workshop or pocket wear and tear. 6/Q

* In its modemised form Hutton's * Tem eton ' should have a wide sale, for it contains much
which the will often find of use, and not a few tables and notes which

mlggmlook for in vam in omu 'otks. This modernlsed edition will be appreciated by all who
bave

ed to value the origi of * Tt '"—English Mechanic.

* It has met with great success in the enginee: worksho as we can testify ; and there are
:V great many men who, in a great measure, owe th e to this little book.’ "—Building

fews.

“This familiar text-book—well known to all ial service
to the every-da; uirements of engineers, mm'mdou and the va.dous trades connected with
englnaedng building. The new modemised is worth its weight in gold."—Bxslding
Nm Second Notice.

is well-known and largely-used book ins inf jon, b up to date, of the

sort so useful to the foreman and htuun. So much fresh i i been i duced as
to constitute it pnctlully a new boo It will be largely ued in the office and workshop,"—
Mechanical Wt . . 4 useful
and usefu|

“The g}shhshen wisely entrusted the task of this
book to Mr. Hutton, than whom a more competent man they coll.ld not luve found.”—/rom.

ENGINEER’S AND MILLWRIGHT’S ASSISTANT.

A Collection of Useful Tables, Rules, and Data. By WiLL1AM TEMPLETON.

Eighth Edition, with Additions. 18mo, cloth . . e . 2/8

“ Occupies a foremost place among books of this kind. A more suitable resent to an

lppl'enhce to any of the mechanical trades could not pod be made. *—Butlding

*“ A deservedly popular work. It should be wer’ of every nnclnnlc Bn.eurh
Mechanic,

A2
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THE MECHANICAL ENGINEER’'S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts. Part I. GENERAL
ENGINEERING DATA. Part II. BoiLER CoNsTRUCTION. With s1 Plates and
numerous Illustrations. By NeLsoN FoLey, M.I.N.A. Second Edition,
Revised throughout and much Enlarged. Folio, balf-bound, net . £8 8s.

PART 1.—MEASURES.—CIRCUMFERENCES AND AREAS, &c., SQUARES, CUBES,
FOURTH POWERS.—SQUARE AND CUBE ROOTS.—SURFACE OF TUBES.—RECIPROCALS.—
LOGARITHMS. — MENSURATION. — SPECIFIC GRAVITIES AND WEIGHTS..-WORK AND
POWER. — HEAT. — COMBUSTION. — EXPANSION AND CONTRACTION. —EXPANSION OF
GASES.—STEAM.— STATIC FORCES.—GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—~ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION.—ELECTRICITY.—~
STRENGTH OF MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION.—
TRANSMISSION OF POWER.—FLOW OF LIQUIDS.—FLOW OF GASES.—AIR PUMPS, SURFACR
CONDENSERS, &c.—SPEED OF STBAKSHIPS.—PROP' LLERS.—CUTTING TOOLS.—FLANGES,
—COPPER SHEETS AND TUBES.—SCREWS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTER.—WITH DlAGRA MS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES.

PART IL—-TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTBS ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES. — FLAT
PLATES.—STAYS. — GIRDERS.—SCREWS. — HYDRAULIC  TESTS. — RIVETING. — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—EXAMPLES OF BOILERS AND SPREDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.

* Mr. Foley is well fitted to compile such a work. . . The diagrams are P
of the work. Regarding the whole work. it may be vary fairly stated that hn
ced a volume which will mwhedl fulfil the y desire of the author and become o
to all mechanical engineers.” —AMarine Enpm
**We have carefull enmlned this work, an fe book
for the use of marine eers.”— Fournal of Amian Sodco c/le En(imx

COAL AND SPEED TABLES.

A Pocket Book for En ineers and Steam Users. Bz_Nanon Fouv, Author
of “ The ngineer's Refe Book.” cloth . 8/6

TEXT-BOOK ON THE STEAM ENGINE.
With a Supplement on Gas ENGINES, and PART I1. on HEaT ENGINES. By
T. M. GooDEVE, M.A., Barrister-at-Law, Professor of Mechanics at the R?ﬁ,d
College of Science, London Author of *The Principles of Mechanics,” ¢
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo,cloth . 6/0
* Professor Goodeve has zlven us a treatise on the steam engine which will bear compu‘bou
with anything written by Huxley or Maxwell, and we can awa:d it no higher praise.”"—Enginecer.

ON GAS ENGINES.
With Appendix describing a Recent Engine with Tube lgnuet. By T. M.
Goonxvn, M.A. Crown 8vo, cloth. . 2/6

** Like all Mr. Goodeveswﬂdngs,then’memlsnoexccpﬁonlnpdntofgmualuoelhnm
Itisa vduable little volume."—Mechanical

THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engineer. By E. W.
RoBerTs, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, ther.
[Just Published. Nd

A TREATISE ON STEAM BOILERS.

Their Strength, Construction, and Econonucal Workmg. ByR. Wu.sox, C.E.
Fifth Edition. 12mo, cloth . 68/0

* The best treatise that has ever been publlshed on num boﬂen. —-Bugi'
*The author shows himself fect master of his subject, and we b recommend all
employing steam power to possess themselves of the work."—Ryland's Iron T Circnlar.

THE MECHANICAL ENGINEER’S COMPANION

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres,
squares, cubes, roots, &c.; Weights, Measures, and other Data. Also Prac-
tical Rules for Modern Engine Proportions. ﬁy R. EDWAnDs M.Inst.C. E
Fcap. 8vo, cloth. Just Pdlukcd

“A veryr “rse(ul little volume. It contains many tables, claulﬁsd data and nwmonnd:
lly useful to

“Wham";rumwbo. ;’hmgyoﬁce omp ! ;qu l’om.avuhtyo{
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A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of
ngine Makers, Engineering Students, and users
of Steam Power. By anmm HAEDER, C.E. Translated from the German
with considerable additions and alterations, &H H. P. PowLEs, A.M.I
M.ILM.E. Second Edmon, Rev:sed lth nearly 1,100 lllusua.tlons.
Crown 8vo, cloth . . ¢ e [0}
“A pe:fecc o lopacdia of the steun eng‘lne md its denlls. and ;ne which Tust take a per-
e,
g:lcs is an excellent bool and should be in ﬂ:e hands of all who are Interested in the con.
tmcﬂon and design of A careful study of its contents and
ent of the sections leads to the conclusion that there is probablx no other book like it
hthbcounuy The volume aims at showing the results of and it
may claim a complete achievement of this idea."—Naure,

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Stability. With a cha Ipter on Lighining Conductors.

By RoBerT WILsON, A.l. C E uthor of “ A eatise on Steam Boilers,"” &c.

Crown 8vo, cloth . . . 3/6
waA e mme or NP __n‘..

BOILER MAKER’S READY RECKONER & ASSISTANT.

With Examples of Practical Geometry and Templating, for the Use of Platers,
Smiths, 3 Riveters, By JounN Courtnev, Edited b‘g D. K. CLARK,
M.I.CE. Third Edition, 480 pp., with 140 Illustrations. Fcap.8vo . 7/0

* No workman or apprentice should be without this book."—Z/ros Tyade Circsiar.

REFRIGERATION, COLD STORAGE, & ICE- MAKING:

A Practical Treatise on the Art and Science of Refrigeration. {‘
WaLLis-TAYLER, A.M.Inst.C.E., Author of ** Refrigerating and Ice- akmg
Machinery.” 600 pp., with 360 Tllustrations. Medium 8vo, cloth.
[/ust Published. Net 185/0
*The author has to be d oa the letion and production of such an impor-
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in
any way t be of value to those interested in the sub]ect.' "—Steamship. .
No one whose duty it is to handle the beservmg 1L of these latter days
can afford to be without this valuable book. "—Glasgow Herald.

THE POCKET BOOK OF REFRIGERATION AND ICE-
MAKING FOR 1902.

Edited by A. J. WaLLIs-TAYLER, A.M.Inst.C.E. Author of *‘ Refrigerating
and Ice-making Machinery,” &c. With Diary and Almanac. Small Crown
8vo, cloth. [ /ust Published. Net 2/6

REFRIGERATING & ICE-MAKING MACHINERY.

A Descriptive Treatise for the Use of Persons Employl“y Refrigerating
and Ice-Making Installations, and others. ALLIS-TAVLER,
A.-M. Inst. C.E. Third Edition, Revised and Enlarged With Illustrations.
Crown 8vo, cloth. [Just Published. T7/6

“P ical, explicit, levald,
“We recommend me book. whici\ gives lho cost of valious systems and mustndons showlng

detans ol pans and general g

fg\uu, an'dec omnéedphlysﬂ:suzm Bveda s lt is one of the best ‘com| deﬂomd 0‘:::

sub_lect. —Engineer. - P e

-

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva-
tion of the Tea Plznt and the Preparation of ea for the Market. By A. J.
WarLis-TaviER, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 218

Illustrations. [Just Published. Net 285/0
** When tea planting was first lncroduced into the British possessions little, if any, hine:
was employed, butpnow‘?g use is almost universal. This volume contains a very full acycmmt of tlz

machinery necessary for the proper outﬁl of a (acto and also a description of the processes
carried tgt by this machinery."—Fonrnal Socie
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ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.

A Guide to Commercial Engineering. With

and Costs of Millwright Work, Mucellmeons Production: team Engmu md
Steam Boilers; and a Section on the P zos

A GENERAL MANAGER. Second Edition. 8vo, cloth. []ust Pubhshcd 1 2/8
* This is an excellent and very useful book, coveﬂngl:xbject-mmu in constant m dou n

every factory and workshop. . The book is invalua not only to the young
.howth-aﬂmhdopamofu«;vom— uildey.
**We accord the work praise. The infc th hglvenlnaphln.mdzhﬁorward
maanes, and bears throughout evid of the inti: cth the author with
hase of ial engineering."— MecAanical Worid.

AERIAL OR WIRE-ROPE TRAMWAYS.

Their Constructionand Management. A.J.WaLLis-TavLer, A.M.Inst.C.E.
With 81 Illustrations. Crown 8vo, clolg [Just Publisked. T/6

“This is in its way an excellent volume Without golng into the minutia of the sub!ect. it
yet lays before its readers a very ion of the s systems of rope transmission in

and gives as well not a little valuable ln lormation about their worlung. repair, and manaxemmt.
We can safely recommend it as a useful general treatise on the subject.”— The Engvncer.

OTO'IS CARS OR POWER-CARRIAGES FOR COMMON

By A. r' WALLIS-TA'LIR, Assoc. Memb. Inst. C.E., Author of ‘‘ Modern

Cycles,” &c. a1z pp., with 76 Illustrations. Crown 8vo,cloth . . 4/8

* Mr. Wallis-Tayler's book is a wel ddition to the of the subject, as it is the

production of an Enﬁleet. and has not been written with a view to assist in the promotion of

companies. . . e book is clearly expressed throughout, and is just &he sort of work that

an engineer, thinking of mmﬁng his Etten lon to motor-carriage work, would do well to read as a
y to "—Engincering.

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Josepu G. HORNER,
AM.ILM.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . 18

** The latest production from the pen of this writer is ch rised by that evid of close

wit] P h will render the book exc ly acceptable to the

practical hand. . . . A practical hmdbook ona subjecx which has not eno recdved much
from those todeal withitina ! World.

PATTERN MAKING.

A Practical Treatise, embracing the Main T: of Engmeennngonstmcmn.
and including Gearing, both Hand and Machine-made, Engine Work, Sheaves
and Pulleys, Pipes and Col umns, Screws, Machine Parts, Pumps s
the Moulding of Patterns in Loam and Greensand, &c., together vmh the
methods of estimating the weight of Castings; with an hfpendlx of Tables for
Workshop Reference. By Josepu G. HorNER, A.M.I.M.E. Third Edition,
Enlarged. With 486 lIIusuauons. Crown 8vo, cloth . . . Net 76

“A well-writt | guide, evidently written by a man who understands and has prac-
tiscd what he has written about. . . . We iall d it t g s, young
journeymen, and others of being initiated into the f ki

““An excellent vade mecusm for the apprentice who desires to become master of his trade.”
—English Mechanic,

MECHANICAL ENGINEERING TERMS

Lockwood's Dicti y of). ing those current in the Drawing Office,
attern Shop, Founédry, meg, 'I'urnuinﬁj Smxths and Boiler Shops, &c. Com-

E‘ rising of Homn, AM.LME.

hlrd Edmon, Revised. Crown 8vo, cloth . . . . Net 78

**Just the sort of handy dictionary required by the various trades in mechanical en-

g ‘The will find the book of great value is studies, and every
r and hanic should have a copy. "—Building New.

TOOTHED GEARING.
A Practical Handbook for Offices and Workshops. By Jost?u HORNER,
A.M.ILM.E. With 184 Illustrations. Crown 8vo, cloth /

' We must g(ve the book our unqua.liﬁed praise for its thoroughness of hutmene. und we can
ly as the most practical book on the subject yet written."—
ﬂuhamml World.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES.

With a Hlslory of Fire-Engines, their Construction, Use, and Manage-

ment; Foreign Fire Systems; Hints on Fn'e-Bngades, &c By CHARLES

F. T. Young, C.E. 8vo, cloth . . 81 4g.

** To such of our readers as mlntenaod In the sub‘ett of ﬁns md fire apparatus we can
boo —Engincering.

most heartily commend this
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AERIAL NAVIGATION.,

A Practical Handbcok on the Construction of Dirigible Balloons, Aé: ostats,
Aérop'anes, and Aéremotors. By FREDERICK WALKER, C.E., Associate
Member of tte Aéronautic In:titute. With 104 Illustrations. Large Crown
8vo, cloth. [Just Published. Net. T/8

STONE-WORKING MACHINERY.
A Manual dealing with the Rapid and Ecoromical Conversion of Stone. With
Hints on the Arrangement and Management of Stone Works. By M. Powis
BaLE, M.ILM.E. Second Edition, enlarged. Crown 8vo, cloth . .

* Should be in the hands of every mason or student of stonework.”—Celliery Guardian.
“A ca‘&lul“t;‘mdbook for all who manipulate stone for building or 1 L.
ar,

PUMPS AND PUMPING.

A Handbook for Pm;? Users. Being Notes on Selection, Construction, and
Management. By M. Powis Bare, M.LM.E. Fourth Edition. Crown
8vo, cloth. { Just Published. 3/6
“ The matter is set forth as cisely ible. In fac ion rather than diffuse-

asp n fact, d
ness has been the author's aim throughout ; yet he does not seem to have omitted anything likely to
be of use."— Fournal of Gas Lighting.

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shapinﬁ_ Metals by Rotary Cutters. Including
Information on Making and Grinding the Cutters. By Paur N. Hasruck,
Author of *‘ Lathe-Work.” 352 pp. ith upwards of 300 Engravings. Large
crown 8vo, cloth . . . . . . . . . 12/6

“ A new departure in engineering literature. . . . We can recommend this work to all in-
in milling machines ; it i1s what it profe to be—a ical t "—EBng .
* A capital and reliable book which will no doubt be of considerable service both to those

who are already acquainted with the process as well as to those who contemplate its adoption, =
Industyies. v P pro

LATHE-WORK.
A Practical Treatise on the Tools, Appli: and_P; employed in
the Art of Turning. By P.N. HasLuck. Seventh Edition. Crown 8vo. 8/0Q
** Written by 2 man who knows not only how work ought to be done, but who also knows how
13 do It, and how to convey his knowledge to others. To all turners this book would be valuable.”—

“ We can safely recommend the work to engineers. To the amateur it will slmply be
'—Engineer.

iavaluable, To the student it will convey a gtu{e d‘ﬁ of useful information.”.

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and comple.e
Directions for using Screw-Cutting Lathes. By PauL N. HasLuck, Authcr

of ‘“ Lathe-Work,” &c. Fifth Edition. Waistcoat-pocket size 18

* Full of useful inf ! hints and ical crif T: dies, and s
generall areoillustnled and their acdon': described."—Mechanical M’ao‘:'sl'd. o screwing too

* It is a complete compendium of all the details of the screw-cutting lathe ; in fact a mssdfs.-
in-parvo on all the subjects it treats upon.”—Carpenter and Buslder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Francis SmiTH. Sixth Edition, Revised, including

ELecTRICAL TABLES, FORMULAE, and MEMORANDA. Waistcoat-pocket size,

limp leather. [Just Published. 1/6

* It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae

to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat-
pocket collection may be looked upon as a successful attempt.”—Engincer.

** The best example we have ever seen of 270 pages of useful matter packed into the dimen.

slons of a card-case.”"—Bwslding News. ** A veritable pocket treasury of knowledge."—/yon.

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,

Engineering, Manufacturing, and Nautical Professions. By Joun James

FLETCHER. Third Edition, 200 pp. Waistcoat-pocket size, leather . 1/6

**It is a very great advantage for readers and correspondents in France and to have

s large a number of the words relating to engi ing and f: i d in a Hlliputian

The little book will be usefi th to students and travellers."—A rchstect.

e glossary gl :mkvm complete, nnue m&ny of the Tables are new and well arranged,
e Y Mech, [ Wor,

we diall
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THE ENGINEER’'S YEAR BOOK FOR 19023.

Comprising Formule, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine Engineering. By H. R. Kxmre, AM. Inst. C.E.,
M.I. E.E Pnnclpal Technical r, Engineer-in-Chief’s Office, General Post
Oﬁoe, London, Anthor of “A Hand k of Electrical Testing,” * The
Electrical E; ‘ﬁeet ocket-Book,” &c. Wlth . 1,000 Illusmuons
Engraved for the work. Crown 8vo, goo pp., [ Just Pubis: 86
“Kempae's Year Book really requires no commendation. Its sphere of use{ulness is widely
known, and it is used by engineers the world over.”—7TA¢ n(in«r
» *The volume is distinctly In advance of most similar p th in this Y-

"Thhv-hahlomdvcll-ddgnod book of reference meets the demands of all descriptions of

5 “Tr'thnp&odmh{mhnhmmhol ngineering and thon., "=
“ The needs of the could hardly be su in a more admirable,

complete and convenient m%m:«m A eompurbou. {s praise of the

WMMMm’jMyNMoﬂL '—Mining Fournal,

*“ There is certainly room for the newcomesr, which su explanations as
vdlufomulnndhbht. It deserves to become one of mmmﬂdm
"Bdnpmnh with great skill all the technical information which an bas to use
daybydny It is in every way admirably equipped, and is sure to prove "—Scotsman.

** The up-to-dateness of Mr. Kempe’s compilation is a quality that will not be lost on the busy
people fer whom the work is intended.”. ‘:Gla pu.msld. °

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam Englnes genenlly By WiLLiau Dyson
‘WANSBROUGH. Crown 8vo, cloth . . 3/8

“ This is a work of value to those who use st hlnery Shouldbemdbym
one who has a steam engine, on a farm or eisewhere, —Mar‘l.-mﬁ»’m:

“We cotdhlz‘commcnd this work to bu and owners of steam-engines, and to those who
have to do with their construction or use." —T{m'?:r Trades Fournal

* Such a general knowledge of the steam-engine as Mr. Wmsbmghi‘ummienothemdu
should be acquired by all intelligent owners and others who use the steam-engine.”—Busiding News.

“Anmdmtmbookofthhmﬂfomofmgho. ‘The * Hints to Purchasers’ contain a
good deal of and p lish Mechanic,

STATIONARY STEAM ENGINES.

Their Care and Management. By CHARLEs HuzsT, Autaor of *Valves and
Valve Geariag " Crowa 8vo. (In the press.

IRON AND STEEL.

A Work for the Fofge, Foundry, Factory, and Office. Containing ready,

useful and tru.stwon Y Information for Ironmasters and their Stock-takers ;

lgen of Bnr Rail, Plate, and Sheet Rolling Mills; Iron and Metal

Iron hlp nnd Bridge Builders; Mechanical, Mining, and Con-

gineers itects, Contractors, Builders, &c. By CHARLES HOARE,

Author of © The Slide Rule,” &c. Ninth Edition. 32mo, leather .

* For comprehensiveness the book has not its equal."—/ron.
* One of the best of the pocket books."—Bnglish Mechanic.

CONDENSED MECHANICS.
A Selecuon of Formulse, Rules, Tables, and Data for the Use of Engineerin,
Students, &. By W. G. C. Hucues, A.M.L.C.E. Crown 8vo, cloth . 2/

. * The book is well fitted for those who are either
erk.otmpmptﬁn(forenmm:donmd tonﬁuhthdtlmowhdge bygoﬁgnuwzh
thels formulse again.”—AMarine Engineer.

THE SAFE USE OF STEAM.
Conuinings:lules for Unprofessional Steam Users. Byan Euaumn. Seventh
Edition. e T . . Bo.

* If steam-users would bulumthlslmhbookbybun.bonuuphdomwmddb‘wme
sensations by thelr rarity.”—ZBmelish Mechanice
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THE LOCOMOTIVE ENGINE.

The A“mblﬁnnphy of an Old Locomotive Engine. By ROBERT WEATHER-
BURN, M With Illustrations and Portraits of GEORGE and ROBERT
STEPHENSON. Crown 8vo, cloth. [Just Published. Net 2|6
SUMMARY OF CONTENTS:—PROLOGURE.—CYLINDERS.—MOTIONS.—CONNECTING
RODS,—FRAMES.—WHEELS.—~PUMPS, CLACKS, &c.—INJECTORS.—BOILERS.—SMOKE BOX.
—CHIMNEY.—WEATHER BOARD AND AWNING,—INTERNAL DISSENSIONS,—ENGINE

DRIVERS, &c.
ing mq ! worked

¢ It would be difficult to imagine anythi
out, and more charmingly written, Rear cannot l’alf to ﬁnd tﬂa volumo most eluoyable. '—

Gla:zm Herald,

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in Railway Engines
between :80 and xs?c By CreMeNT E. STrETTON, C.E. Fifth Edition,
Enlarged. lth 120 {llustrations. Crown 8vo, cloth. f]ust Published. 8/6

** Students of railway history and all who are d in th lution of the d
locomotive will find much to attract and entertain in this volume.” —I'k Times.

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engines. By
MicHAEL REVYNOLDS, Member of the Society of Engineers, formerly Loco-
motive Inspector, L. B. & S. C. R. Eleventh Edition. lncludmg a Kev to
'nm LocomoTive ENGINE. Crown 8vo, cloth . . . 4/6
“M lds h: d i Wi onfiden
mend thsr :ot onla; ::pm el d.?imh,”b:‘tlmerymt nn'whoeuck.:s can inte:zt in tho
mﬁz‘r}‘mm opened anaw chnptet ln the literature of the day. His treatise is
THE MODEL LOCOMOTIVE ENGINEER,
Fireman, and Engine-Boy. Comprising a_Historical Notice of the Pioneer
Locomotive Engines and their Inventors. By MicHAEL REYNOLDs. Second
Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4/6
**From the technical knowl of the author, it will appeal to the railwa; “rn‘man of to-day

more forcibly than anything written by Dr. Smiles. . The volume contains rmation of a
technical kind, and facts that every driver should be hmlhu with."—English Mechanic.
* We should be glad to see this book in the of Y in the who has

ever laid, or is to lay, hands on a locomotive engine.”—/yo.

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several S{;ems in Use in the United Kingdom :
their Construction and Performance. ith coplous Illustrations and numerous
Tables. By MicHAEL REYNOLDS. 8vo, cloth

hso Iznation of the different brakes. It will he of gmt asslstanc lormlni
ﬁbnc op o1 d be studied with benefit by those who take an interest in the brake,"—,

STATIONARY ENGINE DRIVING.

A Practical Manual or Engineers in Charge ot Smlonary Engmu. B:
MicHaeL RevNoLps. Sixth Edition. Crown 8vo, cloth é
* The author is th 1) inted with his subj and his udvkoonthevadouspohu
treated is clear and g . Hehas prodnced a manual which is an exceedingly useful -
one for the class for whom it ls spechlly intended.’ —En;m«w
**Our author leaves no stone d that his ders shall not only

know about the y engine, but lll-boutlx. "—Bngincer.
ENGINE-DRIVING LIFE.
Stirring Ad e and Incid in the Lives ot Locomotive Engine.

Drivers. By MicHAEL REyNoLDs. Third Edition. Crown 8vo, cloth . 1/

“ Perfectly fascinating. Wilkie Colling’s most thﬂIISng conceptions are thrown into the
by true endless in their variety, related in every page.”—North British Masl,

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for En nemen, Boiler Attend and Mech

By MicHaeL ReynoLps. With 45 Illustrations and numerous Diagrams.
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear. 8/6
** This admirable work is well mlllt‘d to accomplish its object, being the hooest workmanship

ofa
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CIVIL ENGINEERING, SURVEYING, &c.

LIGHT RAILWAYS FOR THE UNITED KINGDOM,
NDIA, AND THE COLONIES.

A Pmcucal Handbook setting forth the Princi les on which Light Railways

should be Constructed, Worked, and Finan and detailing the Cost of

Construction, Equlpment, Revenue and Worklng Expenses of Local Railways

already established in the above-mennoned counmes and in Belgium, France

Switzerland, &c. By J. C. Mackay, F.G.S., A.M. Inst. C.E. lfxusua:ed
with Plates and Diagrams. Medium 8vo, cloth. [Just Pu luhcd 18
“Mr. Mackays volume Is clearly and isely written, ad: ' bly and(tedy
iDustrated. The book is exactly what hn been wanted. We dit toalli d
in the subject. It is sure to have 2 wide sale."—Ras/way News.
TUNNELLING.

A Practical Treatise. By CuarLEs PreLini, C.E. With additions by
CHarLEs S. HiLr, C.E. Including 150 Diagrams and Illustrations. Royal
8vo, cloth. {Just Published. Net 16/0

PRACTICAL TUNNELLING.

Explmmn m dewl Setting-out the Works, Shaft-sinking, and Heading-driving,
Ranging Lines and Levelling underground, Sub-Excavating, Timbering
and the Construcuon of the Brickwork of unnels, with the amount of Labour
required for, and the Cost of, the various portions of the work. By FREDERICK
W. Simms, M.Inst.C.E. Fourth Edition, Revwed and Further Extended,
including the most recent (x 5) E. les of S and other Tunnels,
by D. KINNEAR CLARK, M. Inst. C. E. lmpenal 8vo, with 34 Folding Plates
and other Illustrations. ~Cloth. [Just Published. 2 2s.

* The present (1896) edition has been bmusht right up to date, md isthus rendered a work to
which civil engineers generally should have ready access, and to whicl ieers who have con-
struction work can hardly afford to be without, but which to the younger membets of the profesbn
is invaluable, as from its pages they can learn the state to whlchntzh. science of tunnelling has
attained.”—Raslway News.

“The estimation in which Mr. Simms’s book has been held for many years cannot be more

truly expressed than in the words of the late Prof. Rankine: ‘ The best source of information on
the subject of tunnels is Mr. F. W, Simms's work on Practical Tunnelling.’ ""—A ychstect.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.

By W. K. BurToN, A.M. Inst. C.E., Professor of Sanitary Engineering in the
Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo
Water-works. Second Edition, Revised and Extended. With numerous
Plates and Illustrations. Super-royal 8vo, buckram. [/us¢ Pwblished. 28/0

1. INTRODUCTORY. — II. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF
WATER TO BE PROVIDED.—IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY IS SUFFICIENT,—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BE PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS.—~VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—X1II. PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIMBE, NATURAL
FILTRATION.—XIV. SERVICE OR CLEAN WATER RESERVOIRS—WATER TOWERS—STAND
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS.—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS—
PIPES AND OPBEN CHANNELS.—XVIII. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR_THE EXTINCTION OF FIRE.—XX. PIPES FOR WATER-WORKS.—XXI. PRE.
VENTION OF WASTE OF WATER.—XXIL VARIOUS APPLICATIONS USED IN CONNECTION
WITH WATER-WORKS.

APPENDIX 1. By PROF. JOHN MILNE, R.S.—CONSIDERATIONS CONCERNING THR
PROBABLE EFFECTS OF EARTHQUAKES ON w.\'rnn-wonx.s, AND THE SPECIAL PRB.
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNT!

APPENDIX II. By JOHN DE RIJKE, C. E—ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

* The chapter u filtration of water Ks very complete. and the details of consltu:ﬁon well
{lustrated. 1e work should be 0 ci g: in work in
Japan, but the interest is by no means confined to that loc&hty "—Engineer.

“We congululate the author upon the practical commonsense shown in the preparation of
he plates have been d with great

this work, . .
cannot ﬁll to be of mac mstance to the student.” —Bmldn

* The whole art of water-worksconstruction is dealt with in a clear and comprehensive fashion
h this handsome volumz. . . . Mr Burton's ?ncﬂca.l treatise shows in all its socﬂonnho fruit

u) his own practice in th
bnnch lenglmuingofvhkhit treats."—Saturda Review, pon ©
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THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiaM HUMBER, A. M. Inst. C. E., and M. Inst M.E., Author of ‘‘ Cast
and Wrought Iron Brid, ée Construction,” &c., &c. Illustrated with ‘;}: Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts,
and containing 400 pp. of Text. Imp. 4to, elegantly and subs(antmlly
balf-bound in morocco . . . Net £6 Bs.
List oF CONTENTS.
1. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE BEEN ADOPTED FOR
THE SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND THE FORERIGN MATTER
USUALLY ASSOCIATED WITH IT.—III. RAINFALL AND EVAPORATION.—IV. SPRINGS AND
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.—V. MEASUREMENT AND
ESTIMATION OF 1HE FLOW OF WATBR.—VI. ON THE SELECTION OF THE SOURCE OF
SUPPLY.—VII. WELLS.—VIII. RESERVOIRS.—IX. THE_PURIFICATION OF WATER.—
X. PUMPS.—XI. PUMPING MACHINERY.—XI1. CONDUITS.—XII1. DISTRIBUTION OF WATER.
~XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LAW OF ECONOMY OF
WATER-WORKS.—XVI1. CONSTANT AND INTERMITTENT SUPPLY.—XVII. Dnscmmou OF
PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY, VELOCITIEBS, &c., &c.
TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH
WILL BB FOUND : ABERDEEN, BIDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBETH,
ROTHERHAM, DUBLIN, AND OTHERS.

“ The most systemadc and valuable work upon water supply hitherto produced in Bn&hh.
in an; t is d almost {y more
dnuncdve of French and German than of English cechnlc] mﬂm"-ﬂm’lar

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for small Country Districts. By ArraN GrReEeEnweLL, A.M.LC.E.,

and W. T. Curry, A.M.L.C.E., F.G.S. With Illustrations. Second Edition,

Revised. Crown 8vo, cloth. [Just Published. 8/0

‘*We consclentiously recommend it as a very useful book for those concerned ln obtnlning
water for small districts, gwingagreaxdealof 1 infc ina

* The volume upon all d with water supply.

. . Full of details on points which are inually before wat ks i "—Nature.

HYDRAULIC POWER ENGINEERING.

A Practical Manual on the Concentration and Transmission of Power bg
Hydraulic Machinery. By G. CrovDOoN Marks, A.M. Inst. C.E. Wi
nearly zo0 Illustrations. 8vo, cloth. [Just Published. Net ©/0

SUMMARY OF CONTENTS:—PRINCIPLES OF HYDRAULICS.—~THE OBSERVED FLOW

OF WATER.—HYDRAULIC PRESSURES, MATERIAL.—TEST LOAD PACKINGS FOR SLIDING

SURFACES.—PIPE JOINTS.—CONTROLLING VALVES.—PLATFORM LIFTS.—WORKSHOP,

FACTORY, AND DOCK CRANES.—HYDRAULIC ACCUMULATORS.—PRESSES.—SHEET METAL

‘WORKING AND FORGING MACHINERY.—HYDRAULIC RIVETTERS.—HAND, POWER, AND

STEAM PUMPS.—TURBINES.—IMPULSE AND RE-ACTION TURBINES.—DESIGN OF TUR-

BINES,.—WATER WHEELS.—HYDRAULIC ENGINES.—RECENT ACHIEVEMENTS.—TABLES.

**We have nothing but praise for this thoroughly valuable work. The author has succeeded

in mdecnnz his subject as well as Practical E:

unhesitatingly recommended as a useful and up-to-date ;?mnl on hydraulic trans-
mission and utilisation of power."—Meckanical Worid.

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULZ.

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formulz, Tables, and General Information on Rain-fall,
Catchment-Baslns, Drainage, Sewerage, Water Supply for Towns and Mill
Power. lg oHN NeviLLE, Civil Engineer, MPE hird Edition,
revised, with additions. Numerous Illustrations. Crovm Bvo, cloth . 14/0
“ It is, of all English books on the subiect, the one nearest to completeness.”—A rcAstect.

HYDRAULIC MANUAL.

Consisting of Working Tables and Explanatory Text. Intended as a Guide in
Hydraulic Calculations and Field Operations. By Lowis D'A. JACKsON,
Author of “Aid to Survey Practice,” ‘Modern Metrology," &c. Fourth
Edition, Enlarged. Large crown 8vo, cloth . . . 18/0

** The author hu constructed a manu:l which may be u:copted as a trustworthy guide
to this branch of th 's p 7S ing.

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa.
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes.
By C. SracG, A. M. 1 nst.é Second Edition. Crown 8vo, cloth . 7/8

“Asaumllpncﬂcaluuﬂuonmm?pl wmundmnmapplkuﬂomolnm
power, the work is in many respects excellent.'
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprietors, and others mtemted m
Works of Reclamation. By ALEXANDER BeazerLev, M.Inst. C.E.
Illustrations. 8vo, cloth. [Just Puéluhd Net 1 0/6
* The book shows in a concise way what has to be done in reclaiming land from the sea, and
the best way of doing it. The work containsa mat denlof pracucal and useful information whicb
cannot fail to be of service to the of salt and to
owners intendin 'L:o reclaim hnﬂ from the sea. —Tln
*“The author has carried out his task eﬂichntly md vell.and his book contains a large
am;;untoﬂnlomaﬂonol‘znamicotoenmmmdmhus d in works of
—Nature.

MASONRY DAMS FroM INCEPTION To COMPLETION.

Including numerous Formule, Forms of S cation and Tender, Pocket
Di of Forces, &c. For the use of Civil and Mining Engineers.
C. F. CourTnEy, M. Inst. C.E. 8vo, clod: [Just Publ'slud 9/6
“ The volnm contains a good deal of valuable data, and furnishes the eng&nee: with practical
u!Mca Many useful :’uzgsnons will be found in the remarks on site and position, location

sg News.
RIVER BARS.
The Caum of their Formation, md theu' Treatment by *Induced Tidal
Scour ”; with a D of the by this Method of
the Bar at Dublm Byl J. MaNN, Asslst. Eng to the Dublin Port and Docks
Board. Royal Bvo, cloth . . . . 78
“ We d all i d in harb worb—md. lndeed. r.hose concemed in the
mpe of rivers lly—to read Mr. Mann's i .

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System; wn.h an exhaustive
Analysis of the Various Modes of Tracuon, including Horse Power, Steam,
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock ; and ample Details of éost and Working Expenses.
KEdition, Thorong y, Revised, and lncludm the Progress recently nnde u:
Tramway Construction, &c., &c. By D. KinNgar CrLark, M. I
With 4oo0 Illustrations. 8vo, 780 pp., buckram. []ust Publuhcd 28/0
* The new volume is one which will nnk, amo i
tramway working, with the Author's world-famed n{on railway mnchlnery —-Thc Engineer.

SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURVEYORS.

Including the Setting-out of Works for Construction and Surveys Abroad, with

many Examples taken from Actual Practice. A Handbook for use in the Field

and the Office, intended also as a Text-book for Students. By JouN WHITE-

LAW, Jun., A. M. Inst. C. E., Author of * Points and Crossings.” With about

260 Illustrations. Demy 8vo, cloth. [Just Published. Net 10/8

PRACTICAL SURVEYING.
A Text-Book for Students p: wpanng for Examinations or for Survey-work in
the Colonies. By GEORGE UsiLr, AM.I.C.E. With 4 Plates and up-
wards of 330 Illustrations. Seventh Edition. Including Tables of Natural Sines,
Tangents, Secants, &c. Crown 8vo, cloth 7/6 ; OI’, on Tum PAPBR, leather,
gilt edges, for pocket use. . . . . 12/68
*“The best forms of i described t.heh' ion, uses and modes

of employment, and there are lnnumenble hmts on work and equipment such as the author, in
his ex e as surveyor, and has found , and which the student

Inhls expenencewmﬁndmonsemcuble. "—Engy:
* The latest treatise in the English asaonsurveyinﬁ and we have no hesitation in say-

ing that the student will find it a better guide than any of its predecessors. Deserves to be

W” e bookwhkhshouldbeputinmmdsof:pupﬂofClvﬂEngw
b

AID TO SURVEY PRACTICE.

For Reference in Surveying, Levellina] and Setting-out; and in Route Sur-
veys of Travellers by Land and ith Tables, l]ust.rat:ons, and Records.
By Low1s DA. JAcxsou, A.M.I. C.E 8vo, cloth 12/8

for the d this book as :ontainine an
Tho Bthor brings o his yorl .°§.,‘.‘2:n:‘é§°.'.'&'.‘:" ot thaony id prserioet ervertence which,
aided by a clear and uyhofnlﬁnz.mdulmbookaveguuﬁlr?cm"—ﬂulda.

his
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SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineers and Surveyors.
Including two series of Tables specially computed for the Reduction of
Readings in Sexagesimal and in Centesimal Degrees. By NEiL KENNEDY,
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth Net 10/6

*“The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument.”—Na#ure.

ENGINEER’S & MINING SURVEYOR’S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and

use of Theodolite for Traverse Surveying and plotting the work with minute

by means of Straight Edge and Set Square only ; Levelling with the

Theodolite, Settm -out Curves with and without the Theodolite, Earthwork

Tables, &c. % ' . Davis HaskorrL, C.E. With numerous Woodcuts.
nlary

Fourth Edition, ged Crown 8vo, cloth . . . . . 12/0
** The book is handy; the separate tables of sines and tangents to every minute willmake
it useful for many oth'::y P A the °pan tables all the same."—A thenzum.

LAND AND MARINE SURVEYING.

In Refetence to the Pre tion of Plans for Roads and Railwa; C-nals,
Rivers, Towns' Water Supplies; Docks and Harbours. With scnpnon
and Use of Surveyin Instruments. By W. Davis Haskorr, C.E. Second
Edmon, Revised, with Additions. Large crown 8vo, cloth . . 9/0
This book must srove of great value to the student. We have no hasllation in recom-

mendlng it, feehng assure hat lt vnll more than repay a careful study.” "—Mechanical World.,
ost useful We d it as a carefully-written

and nluble text- book. lt enjoys a well-deserved repute among surveyors."—Builder.

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Pu:rms of Railway and Civil Engineering in
the Construction of Roads ; Mr. TELFORD's Rules for the same. By
FrEDERICK W. Simwms, FGS M. Inst. C.E. Eighth Edmon with the
addition of LAw's Practical Exampla for Setting-out Ra.llwn{v

TrauTwINE's Field Practice of Laying-out Circular Curves. ith 7 latu

and numerous Woodcuts, 8vo, cloth . . .. BIS
*,* TRAUTWINE on CURVES may be had separate . . e
“’l‘hetextbooknnlevelllnglnmostofour gineering schools and colk
*The ha 1 servic t th feslon. espedaly the
young oo by bri pin ounhepwted:ﬂonolm eﬁ;mepm nﬂm::ing

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.

For the Formation of Gt hical hical Maps and Plans, Mili-
:X Reconnaissance, LEVELLING &c., with Useful Probluns, Form:
Tables. By Lneut. General Floun, R.E. Fourth Edition, Revised an

thy Re-written by Major-General Sir CHARLES WAmu;N G.CM.G. R.E

th 19 Plates and 115 Woodcuts, royal 8vo, cloth . . 16[0

* No words of praise from us can strengthen the position so well md $o studll maintained

bythlswork. Sir Charles Warren has revised the entire work, and made such ad as were

necessary to bring every portion of the contents up to the present date."—Broad Aryow.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURVES.
to 200 Radius. By A. Beazerev, M.Inst. C.E. 6th Edition,
Revxseg With an Appendix on the use of the Tables for Me.lsunng up
Curves:; Printed on so g.rds, and sold in a cloth box, waistcoat-pocket
[Just Published. 8/6

* Each table is printed on a ca.rd. ‘which, phud on the theodolite, leaves the hands free

to e the instrument—no small advantage as regards the rapidity of work."—2Z:
* Very handy : a man may know that all his day’s work must fall on two of these which
he puts into his own card-case, and leaves the rest ‘A thenaum.

HANDY GENERAL EARTH-WORK TABLES.
Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 8o feet in Depth or Height, for use with either
66 feet Chain or 100 feet Chain. l'f WaTtsoN Buck, M. Inst. C.E.
Ona Sheet mounted in cloth case. [Just Published. 8/8
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EARTHWORK TABLES.

Showing the Contents in Cubic Yards of Emban} , of
Hen hts or D upto an average of 8o feet. By Jostm Bnommr, C.E.
RANCIS CAMPIN, C.E. Crown 8vo, cloth . 8/0

"‘l‘hevuylnwhkhmmyhanﬂned,byadmphdlvﬂmo(mhcm ncdoninmu:me
elements, two in which are and one

A MANUAL ON EARTHWORK.
By Arex. J. S. Glu\HAu, C E W‘th Diag S d Edition.
18mo, cloth .. . . . 28

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretical Emy ‘V! H. WaTson Buck, M. Inst. C.E.,
Resident Engineer, L. and N. W. R. th Foldmg Plates, 8vo, cloth 12[0
" Mu? of the methods given are of extreme practical value to the muon. and the observa-
tions on the om of arch, the rules for ordering the stone, and the the
wﬂlba!m;ln considerable use. Wecommmdmabooktomnenglmdn(pmh-ﬁn.

Nrm be regarded anghmnofthemmtnho.mdcmmmm
time and obviate many e '—Colliery

CAST & WROUGHT IRON BRIDGE CONSTRUCTION

(A Complete and Practical Treatise on), i Iron Foundati In
Three Parts.—Theoretical, Practical, and Dewiptnn By WiLLiam HuMeeg,
A. M. Inst. C.E., and M. 'Inst. M.E. Third dition, revised and much im-
proved, with 115 "Double Plates (20 of which now first appear in this edition),
and numerous Addmons to the Text. ln 2 vols., imp. 4to half-bound in
morocco . N . £6 16s. 6o.
“A ve uabl ributi t dard li ofdvll gineeri: In addition to
elevations, pr(y and sections, large scalg details are given, which very much enbance the
Imuuctlve worth of those illustrations,"—Csvi/ Enginecy and Architect's Fournal.
“Mr. Humber's stately volumes, lately issued—in which the most important
erected during the last five ﬁeus under the direction of the late Mr. Brunel, Sir W Cul
Mr. Hawkshaw, Mr. Page, Fowler, Mr. Hemans, and others among our most eminent
engineers, are drawn and specified in great detail.”"—Engincer.

ESSAY ON OBLIQUE BRIDGES
S’l;ncuml and Theoretical). With 13 large Plates. By the late GEorGE
ATSON Buck, M.1. C E. Fourth Edition, revised by bis Son, J. H. WaTson
Buck, M.1.C. l‘L‘ and with the addition of Description to Di for
Facilitating the Construction of Oblxque Bndges, byW H. Barrow, M.I.C.E.
Royal 8vo, cloth . . "12/0
Buuk'
s R 8 ot g s s M Bk i

‘* Mr. Buck's treatise is recognised as a stan '3‘;'“1 text-book, and his treatment has divested
the subject of man J of the intricacies supposed to belong to it. As a guide to the mghou
architect, on a co! difficult subject, Mr. Buck’s work is unsurpassed.”—Buildéng Ne

THE CONSTRUCTION OF OBLIQUE ARCHES
(A Practical Treatise on). By JouN HART Thu'd Edmon, with Plates.
Imperial 8vo, cloth . . . . 80

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to the Treatment of Stresses in Roofs, Solid
Girders, Lattice, Bowstring, and Susﬁenslon Bnd%es, Braced Iron Arches and
Piers, and other Frameworks. HupsoN GraHAM, C.E. Containing
Diagrams and Plates to Scale. ith numerous Examples, many taken from

existing_ Structures. ially arranged for Class-work in lleges and
Universities. Second mon, Revised and Enlarged. 8vo, cloth 18/0
**Mr. Graham's book will find a place wh hic and lyti stadummdw

studied.”—Engineey.
“The workls excellent from a practical point of view, and has evidently been pnp-nd
v&h much care. The direcdons for worldng a;:o ;impled‘:nd are illustrated by an dm of

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.

A Graphic Table for Facilitating the Computation of the Weights of Wrought
Iron and Steel Gird &c., for Parliamentary and other Estimates.
J. H. WaTson Buck, M. Inst. C.E. On a Sheet . P 2/&
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PRACTICAL GEOMETRY.

For the Archi Engineer, and Mechanic. Giving Rules or the Delineation
and Application of various Geometrical Lines, Figures, and Curves. B:
E. W. TarN, M.A,, Architect. 8vo, cloth . . 9l

**No book with the same objects in view has ever been ubl!shod |n whlt:h the clearness of
the rules laid down and the illustrative diagrams have been so ntislucto " —Scotsman.

THE GEOMETRY OF COMPASSES.

Problems Resolved by the mere Description of Circles and the Use of
Coioured Diagrams and ymbols By Ouvmt anux Coloured Plates.
Crown 8vo, cloth . 3/8

HANDY BOOK ForR THE CALCULATION oF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formula
and Corresponding Diagr. with numerous details for Practical Applica-
tion, &c. By WiLLiam Humegr, A. M. Inst. C.E., &c. Fifth Edition.
Crown 8vo, thh nearly 100 Woodcuts and 3 Plates, cloth . . .
“T“n-mn Som “““J' this muj 2:?-4 booE gincer d
We 0 to our r -
Brghsh Meons y commen ly iy ou enzinee and architect readers.”-

TRUSSES OF WOOD AND IRON.

Pracncal phoanons of Science in Determining the Stresses, Breaking

Wexi' e Loads, Scantlings, and Details of Construction. With C Complete

ng Drawings. By WiLLIAM GRIFFITHS, Surveyor. 8vo, cloth 4/8

“This handy little book enters so minutely into mry detail connected with_the con-
struction of roof trusses that no student need be ig: of these

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remrks on lron Construcnon By F. W. SueiLos, M.1.C.E.
8vo, cloth . . . . . . . . 8/0

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Ap hcauon in Architecture, the Construction of Suspension
Bndgs wa%; By PeTER BarRLOw, F.R.S. A new Edmon, revised
y his Sons, Barrow, F.R.S., and W. H. Barrow, F.R.S. ; to which

nre added Expenmems by Honcxmsou, FAIRBAIRN, and KIRKALDY; and
Formule for calculating Glrders, &c. Arranged and Edited by Wwm. Huumm,
A. M.Inst. C.E. 8vo, cloth 18/0
* Valuable allke to the student tyro. l.lld the upcrlenced pncﬂﬂoner. it wm alwayl rank

in future as it has hitherto done, as the standard treatise on that particular subject.”—X5i
:lAs a scientific ;ork of the ﬁxst class, h dmrva a l’oremost place on the bool mof

every

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention; with a De-
scription of Modern Appliances and Systems. By CLEMENT E. STRETTON,
El.) Vice-President and Consulting’ Engineer, Amalgamated Society of
Rallway Servants. With Illustrations md loured Plates. Third Edmon,
Enlarged. Crown 8vo, cloth . . 36
“A book for the i ; nnd. short, all who vish for
;lodr:auo; on railway matters wﬂl ﬁnd a pufect encyclopcdla in ‘Safe Ranvny Working.' "=
a a3 eview.

e commend the remarks on railwa to all railway m: es, where

a unl!orm code and practice is advocated.”—, Mﬂmﬁam_y 70“!'!”:1“8"!. pecially

EXPANSION OF STRUCTURES BY HEAT.

By Joun Kxu.v, C. E late of the Ind:an Public Works Department. Crown

8vo, cloth . 3/8

other * The aim l&e u;:hg:g: b&ﬁo?mhh‘:. . to iho? tll:e elects or heu up&n‘meullu and

structu! hnm: of p ysics upoﬁ which engineer or
architect can fnd but little reliable and comprebensive data in Buildey.
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THE PROGRESS OF MODERN ENGINEERING.

Complete in Four Volumes, imperial 4to, half-morocco, price £12 12s.
Each volume sold ely, as follows :—

FirsT Sgrigs, Comprising Civil, Mechanical, Marine, Hydraulic, Railway,

Bnhdf and other Engmeenng Works, &c. By WiLLiam Humseg,

fnst. C. E.,&c. Imp. 4to, with 36 Double Plates, drawn to a large scale,

Photographic Portrait of ohn Hawkshaw, C. E., esh.s., &c., and_copious

descriptive Letterpress, Specific , &c. . £38 8s.

LisT or THE PLATES AND DlAcnus.

VICTORIA STATION AND ROOF, L. B. & S. C. R. (8 PLATES); SOUTHPORT PIRR
(s PLATES) ; VICTORIA STATION AND ROOF, L. C. & D. AND G. W. R. (6 PLATES); ROOF
OF CREMORNE MUSIC HALL; BRIDGE OVER G. N. mm.mv Roor OF STATION,
DUTCH RHENISH RAIL. (2 PLATES); BRIDGE OVER THE THAMES, WEST LONDON
EXTENSION RAILWAY (§ PLATES); ARMOUR PLATES; SUSPENSION BRIDGER, THAMES
(4 PLATES); THE ALLEN ENGINR; SUSPENSION BRIDGE, AVON (3 PLATES); UNDER-
GROUND RAILWAY (3 PLATES).

HUMBER’S MODERN ENGINEERING.

SeconD Series. Imp. 4to, with 3 Double Plates, Photographic Portrait of
Robert Stephenson, C.E., M. ., F.R.S., &c., and copious degcnpnve Letter-

press, Specifications, &c. Half-morocco. . . . . . 23 8s.
LisT or THE PLATES AND DIAGRAMS.
BIR! LOW WATER BASIN (15 PLATES); CHARING CROSS STATION

KENHEAD DOCKS,
OOF, C. C. RAILWAY (3 PLATES); DIGSWELL VIADUCT, GRBA‘I‘ NORTHERN RAILWAY;

ROBBERY WOOD VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY;

CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY ; EBBW

VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; COLLBGB ‘WooD

VIADUCT, CORNWALL RAILWAY; DUBLIN WINTER PALACE ROOF (3 PLATES); BRIDGE

‘O‘VBR 11-[? THAMES, L. C. & D. RAILWAY (6 PLATES); ALBERT HARBOUR, R.BBNOCK
PLATES).

HUMBER’S MODERN ENGINEERING.

Tmno SERIES. Imp. 4to, with 40 Double Plates, Photographic Portrait of
g M‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress,
peaﬁmuons, &c. Halfmorocco .« & . . s s £8 8s.

LisT oF THE PLATES AND DIAGRAMS.

MAIN DRAINAGE, METROPOLIS.—North Side.—MAP SHOWING INTERCEPTION OF
SEWERS ; MIDDLE LEVEL SEWER (2 PLATES); OUTFALL SEWER, BRIDGE OVER RIVER
LEA (3 PLATBS) ; OUTFALL SEWER, BRIDGE OVER MARSH LANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION ; OUTFALL SEWER, BRIDGE OVER
BOW AND BARKING RAILWAY (3 PLATES) ; OUTFALL SBW‘B& BRIDGE OVER EAST LONDON
WATER-WORKS' FEEDER (2 PLATES) ; OUTPALL SEWER RESERVOIR (2 PLATES) ; OUTFALL
SEWER, TUMBLING BAY AND OUTLB’I‘ OUTFALL SEWER, STOCKS. St
OUTFALL SEWER, BERMONDSEY BRANCH (2 PLATES) ; OUTFALL SEWER, RESERVOIR A.N'D
(s)gmr [N PL'A‘I"BS) OUTFALL SEWER, FILTH HOIST SECTIONS OF SEWERS NORTH AND

UTH SIDE!

THAMES EMBANKMENT.—SECTION OF RIVER WALL; STEAMBOAT PIER, WBST-
MINSTER (2 PLATES); LANDING STAIRS BETWEEN CHAR!NG CROSS AND WATERLOO
BRIDGES ; YORK GATE (2 PLATES) ; OVERFLOW AND OUTLET AT SAVOY STREET SEWER
QPLATBS). STEAMBOAT PIER, WATERLOO BRIDGE (3 PLATES) ; JUNCTION OF SEWERS,

LAN]S ANI’): SECTIONS; GULLIBS, PLANS AND SECTIONS; ROUJNG STOCK ; GRANITR
AND IRON FORTS.

HUMBER’'S MODERN ENGINEERING.

FourTH SERIES. Imp. 4t0, with 36 Double Plates, Photof:pluc Portrait of
;ohn Fows!ler, lal:{e Pres. Inst. C. E., and copious descriptive Letterpress, Speci-

LIST OF THE PLA’I‘BS AND DiAGRAMS.

ABBBY MILLS PUMPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES);
LATBS); MANQUIS VIADUCT, SANTIAGO AND VALPARAISO RAILWAY,

g PLA‘I‘BS)‘ ADAI'S LOCOMOTIVB. ST. HELEN'S CANAL RAILWAY (3 PLATES); CANNON
TREET STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); ROAD BRIDGB OVER

OVER THE RIVER W RAILWAY (3 PLATES); ST. GERMANS CT,

COR.N'WALI. RAILWAY (l PLATES); WROUGHT-IRON CYLIND! FOR DIVING BELL

MILLW. ‘t ILROY S PATENT EXCAVATOR; METROPOLITAN Dis-
TRICT RMLWAY © PI.AT!S); URS, PORTS, ATRE] 3
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, &c.

THE NAVAL ARCHITECT’S AND SHIPBUILDER'S
POCKET-BOOK of Formulz, Rules, and Tables, and Marine Engineer’s and
Surveyor’s Handy Book of Reference. By CLEMENT Mackrow, M.L.N.A.
Eigbth Edition, Carefully Revised and Enlarged. Fcap., leather.

[Just Published. Net 12/8
SUMMARY OF CONTENTS :—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGONO-

METRY.—PRACTICAL GEOMETRY.—MENSURATION.—CENTRES AND MOMENTS OF FIGURES.

—~MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS FOR

SIMPSON’S RULES.—MECHANICAL PRINCIPLES.,—CENTRE OF GRAVITY.—LAWS OF MOTION,

—DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S HULL.—

STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.—ROLLING

OF SHIPS.—~PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING

CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND

RUDDERS OF VESSELS.—LAUNCHING CALCULATIONS AND VELOCITIES.—WRIGHT OF

MATERIAL AND GEAR.—GUN PARTICULARS AND WEIGHT.— STANDARD GAUGES.—

RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING

AND SHEARING STRESSES, &c.— STRENGTH OF SHAFTING, PILLARS, WHEELS, &c.

~HYDRAULIC DATA, &c.— CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL

POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINRS.—BOARD

OF TRADE REGULATIONS FOR SHIPS.—LLOYD’S RULES FOR BOILERS.—LLOYD'S WEIGHT

OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—

SHIPS' FITTINGS AND TESTS.—SEASONING PRESERVING TIMBER.—MEASUREMENT OF

TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS.

PORT REGULATIONS. —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.—PER-

CENTAGES FOR BUTT STRAPS, &C.—PARTICULARS OF YACHTS.—MASTING AND RIGGING

VESSELS.— DISTANCES OF _FOREIGN PORTS.— TONNAGE TABLES.—VOCABULARY OF

FRENCH AND ENGLISH TERMS. — ENGLISH WEIGHTS AND MEASURES, — FOREIGN

WEIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONEY.—DISCOUNT

AND WAGES TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF

CIRCULAR MEASURES.—TABLES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—

TABLES OF AREAS OF SEGMENTS OF CIRCLES.—TABLES OF SQUARES AND CUBRS AND

ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPER-

BOLIC LOGARITHMS.—TABLES OF NATURAL SINBS, TANGENTS, &c.—TABLES OF

LOGARITHMIC SINES, TANGENTS, &c.

*In these days of advanced knowledge a work like this is of the greatest value. It contains

a vast amount of information. We unhedtatinglg say that it is the most valuable compilation for its

specific purpose that ever been printed. No naval architect, engineer, surveyor, or seaman,

wood or iron shipbuilder, can afford to be without this work."—Nau#ical Magasine.

*Should be used by all who are engaged in the construction or design of vessels. . . . Will
be found to contain the most useful tables and formulz required by shipbuilders, carefully collected
from the best rities, and put her in a popular and simple form. The book is one of

P merit."—Z; )
*The prolesslonar shipbuilder has now, in a convenient and accessible form, reliable data for
solving many of the numerous problems that present themselves in the course of his work."—/yosx.
“There is no doubt that a pocket-book of this description must be a necessity in the ship-
building trade. . . The volume contains a mass of useful i jon clearly d and
presented in a handy form."—Marine Engineer,

WANNAN'’S MARINE ENGINEER’S GUIDE
To Board of Trade Examinations for Certificates of Competency. Containing

all Latest Questions to Date, with Simple, Clear, and Correct Solutions ;
302 Elementary Questions with Illustrated Answers, and Verbal Questions
and Answers; complete Set of Drawings with Statements completed. By
A. C. WANNAN, C.E., Consulting Engineer,and E. W. I. WANNAN, M.]1.M.E.,
Certificated First Class Marine Engineer. Illustrated with numerous Engrav-
ings. Third Edition, Revised and Enlarged. soo pages. Large crown 8vo,
cloth. { Just Published. Net 10/6
** The book is clearly and plainly written and avoids unn ssary. expl i d fc 1
and we der it a valuable book for stud ™ ical Me

of marine s g
WANNAN’S MARINE ENGINEER’S POCKET-BOOK
Containing the Latest Board of Trade Rules and Data for Marine Engineers.
By A. C. WannaN. Third Edition, Revised, Enlarged, and Brought Up to
Date. Square 18mo, with thumb Index, leather. (Just Published. 8|0

" There is a great deal of useful information in this little pocket-book. It is of the rule-of-
?umb order, and is, on that account, well adapted to the uses of the sea-going engineer.”—
ngincer.

L. B
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SEA TERM.S PHRASES, AND WORDS
onary of) used in the English and French Languages
{lsh-l"rench French English). For the Use of Seamen, Engineers, Pllot;
uilders, Shipowners, and Ship-brokers. Compiled by W. gllll& late of
the Afnm:‘ételmﬂnp Company. Fcap. 8vo, cloth limp . 8/0
"mmﬂumwﬁm?ﬂm Te pilots, ship d andau;—

“A seful dictionary, which has been ed French and English engineers,
e e Sy avsd) oo wasted by

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant,
for the Use of Slnpownm md Builders, Marine Electricians and Sea-g omg
Engmm in Charge. & . URQUHART, Author of ‘‘ Electric Light,
“ Dynamo Construcnon. c.  Second Edition, Revised and Extended.
326 pp., with 88 Illustrations. Crown 8vo, cloth. (J/ust Publisked. 7|6

MARINE ENGINEER’S POCKET-BOOK.
Consisting of useful Tables and Formule. By Franx Pxocrox, A.LLN.A.

Third Edition. Royal 32mo, leather, gilt edges, with strap . . 4/0
Yxomnmd htoout nu;l"en ugo&nx far to snppll] Imzmmt. —leSaaoa

ELEMENTARY ENGINEERING.
A Manual for Young Marine Engineers and A%prenuoes. In the Form ot
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine Engines and Boilers, Geometry, &c., &. With
an Appendix of Useful Tables. By J. S. BREWER. Crown 8vo, cloth . 1/6
* Contains much valuable information for the clas for whum it is intended, especially in the
chapters on the management of boilers and

MARINE ENGINES AND STEAM VESSELS.
A Treatise on. By RoBgrt Murrav, C.E. Eighth Edition, thoroughly
Revised, with considerable Additions by the Author and by GEORGE
CAlusu, C.E., Senior Surveyor to the Board of Trade. 12mo, cloth . [

PRACTICAL NAVIGATION.
Consisting of THE SAILOR’S Sea-Book James GREENwoOD and W. H.
ROSSER ; together with the exquisite Matgemanca.l and Nautical Tables for
the Working of the Probl ems, by HENrY Law, C.E., and Professot J. R
Young. Illustrated. 12mo, strongly half-bound . . 7/

THE ART AND SCIENCE OF SAILMAKING.

Mv SamueL B. SADLER, Practical Sailmaker, late in the employment of
Ratsey and Lapthorne, of Cowes and Gospon. With Plates and

other llluunuons. Small 4to, cloth . 12/68
“ This i work ;esu plote ! Ilﬁlantheb:a“nf:hmzfmem::
a.ture, cutting out, ropk and go: t is coj tously ustrated, form a
rate text-book and gui -—P'rt.msua Z‘ nnz P

CHAIN CABLES AND CHAINS.

Comprisinﬁ Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
Chain Cable and Chain Making, Formmg 'and Weldin Links, Strength of
Cables and Chains, Certificates for Cables, Markin, les, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parli mmem., Statutory Tests,
Charges for Testing, List of Manufacturers of Cables, &c., &c. B
THomas W. TraiLL, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief,
Board of Trade, Inspector of Chain Cable and Anchor roving Esubhshments,
and General Supermtendem Lloyds Commmee on Provmlg Establishments.
With numerous Tables, nwmgs. Folio,

bevelled . . £2 2.
** 1t contains a vast amount o{ uln-ble lnlorm-ﬂon. Nothlng scems to be wammg to make it
a and d work of the subject.”—Nawsical Magasine.
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MINING, METALLURGY, AND
COLLIERY WORKING.

THE DEEP LEVEL MINES OF THE RAND,
And their Future Development, considered from the Commercial Point of View.
ﬁy G. A. DENNY, M.N.E. Inst. M.E., Consulting Engineer to the General
ining and Finance Corporation, Ltd., of London, Berlin, Paris, and Johan-
nesburg. Fully Illustrated with Diagrams and Folding Plates. Royal 8vo,
buckram. [ Just Published. Net 28/0
*Mr. Denn{ by confining himself to the consideration of the future of the deep-level mines
of the Rand breaks new ground, and by dealing with the subject rather from a commercial stand-
point than from a scientific one, apé)eals to a widecircle of readers. The book cannot fail to prove
of very %reat value to investors in South African mines.”"—Mining Fourna’,
“The volume will interest all who are concerned in any way with the Witwatersrand
Goldfields."—The Times.
PROSPECTING FOR GOLD.
A Handbook of Information and Hints for Prospectors based on Personal
Experience. By DanigL J. RankiN, F.R.S.G.S., M.R.A.S. Author of *‘ The
Zambesi Basin,” &c. ; formerly Manager of the Central African Company, and
Leader of African Gold Prospecting Expeditions. With Illustrations ;pecia]ly
Drawn and Engraved for the Work. F'cap. 8vo, leather. et 716
* This well-compiled book contains a collection of the richest gems of usetul knowledge for
the prospector’s benefit. A special table is given to accelerate the spotting at a glance of minerals
iated with gold.”—Mining Fournal.

THE METALLURGY OF GOLD.
A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores.
Including the Assaying, Melting, and Refining of Gold. By M. EISsLER,
A.ILM.E., M. Inst. M.i(. Fifth Edition, Enlarged. With 300 Illustrations
and Folding Plates. Medium 8vo, cloth. [Just Published. Net 21/0
* This buok thoroughly deserves its title of a * Practical Treatise.” The whole process orl;gzld
, from the breaking of the quartz to the assay of the bullion, is described in clear and o1 ly

narrative and with much, but not too much, fulness of detail."—Sa#urday Review.
* The work is a h of ion and ble data, and we strongly recommend it

to all professional men engaged in the gold-mining industry.”—Mining Fournal.

THE CYANIDE PROCESS OF GOLD EXTRACTION.
Including its Practical Application on the Witwatersrand Gold Fields and else-
where. %y M. EissLEr, M.E. With Diagrams and Working Drawings.
Third Edition, Revised and Enlarged. 8vo, cloth . . . Net7/8

“This book is just what was needed to acquaint mining men with the actual working of a
process which is not ‘only the most popular, but is, asa general rule, the most successful for the
tailings."—Mining Fournal.

extraction of gold from

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Dirills in Pro-

specting and Exploiting Mineral-Bearing Properties, including Particulars of

the Costs of Apparatus and Working. By G. A. Denxv, M.N.E. Inst. M.E.,
M.I.M. and M. Medium 8vo, 168 pp., with Illustrative Diagrams. 12/6

“ Mr. Denny deserves grateful recognition fur supplying a decided want. We strongly
recommend goard of directors to cueﬁﬁl!;: peruse the pages olithis valuable volume of eminentl;

practical data, which should be in the possession of those interested in mining."—Mining youm}.

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MERrrITT,
M.N.E. Inst. M.E., A.R.S.M., &c. Fcap. 8vo, leather. Net 8/0
*“As an instructor of prospectors’ classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the field. The work will be a
s e Bl bt the author's Sxperience ae o toacher of d is a book which
It gives the gist of the author's experience as a teacher of prospectors, and isa wi
no P g couldgl:sso i withnu‘t)eﬁndingitpnoutweue—h&:zman.

THE PROSPECTOR’S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal-Bearing or other

Valuable Minerals. By J. W. ANDERsoON, M.A. (Camb.), F.R.G.S. Ninth

Edition. Crown 8vo, cloth, 8/8 ; or, leather, pocket-book form. . 4/8
* Will supply a much-felt want, especially among Colonists, in whose way are so often thrown
mineralogical specimens the value of which it is difficult to determine.”—ZBngysmeer.

‘How to find commercial and how to identify them when they are found, are the
leadlnmms to which attention is directed. The author has managed to pack as much practical
detail his pages as would supply material for a book three times its size. —Msning Fournal,

B 2
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THE MBTALLURGY OF SILVBR.

A Practical Treatise on the and Lixiviation of Silver
Ores. Including the Asu ying, ﬁeltmf llld Reﬁmng of Silver Bullion. By
M. EissLEr, Author of ‘The Metal urgy of Gold,” &c. Third Edition.
Crown 8vo, ci . . . . . . 10/8

* A practical treatise, and a technlcal work chh we are convinced will supply a long-felt
want amongst practical men, and at the same time be of value to students and o&gn indirectly

Fournal.
« From | ﬁm to last the book is thoroughly Sol:;ld and relh:li’:. "—Colliery Gua:

ydian.
“For 1 miners, we do not know of any work
on the lubject so hantfy and yet so compmhemive.”—Gla:m Herald,

THE HYDRO-METALLURGY OF COPPER.

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat-

ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, wnh
Kttcrs on the Sources of Supply of Copper and the Roasting of Coppe:

EissLEr, M.I.M.M. Medium 8vo, cloth. [/us¢Publisked. x¢112le

THE METALLURGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Including Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Euro and America.
By M. EissLERr, M.E., Author of ‘‘ The Metallurgy of Gold,” &c. Crown 8vo,
400 pp., with 183 lllustrations, cloth . . . . . . 12/8
*“The llurgical which are fully and mendve!y treated of, embrace
all the stages experienced in the pasap of the lead ﬁom the various natural states to its issue from
the refinery as an article of coinmerce.”—Practical E:
* The present volume fully maintains the reputation ol' the author. Those who wish to obtain
a thorough insight into the present state of this industry cannot do better than read this volume, and
all mining engineers cannot fail to find many useful hints and suggestions in it."—Jsdsstries.

METALLIFEROUS MINERALS AND MINING.

By D. C. Davigs, F.G.S. Sixth Edition, thoroughly Revised and much
+ Enlarged by his Son, E. HENRY Davigs, M.E., F.G.S. 600 pp., with 173
Illustrations. Large crown 8vo, cloth [Just Published. Net 12/8
‘¢ Neither the practical miner nor Mgenen.l reader, interested in mines, can have a better
book for his Compan L"r"m’ﬁ";‘&%‘.‘ i&afﬁx’n’g&% hout the world this book has a real value,
‘*Asa
and it supplies an?:tul WI‘I’I —Athenaum. 18

MACHINERY FOR METALLIFEROUS MINES.

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of

Mines. By E. HENrY Davigs, M.E., F.G.S. Medium 8vo, cloth, 6co pp.

With Folding Plates and other Illustratlons (Just Published. N:t 25/0

* Mr. Davies, in this handsome volume, has done the advanced student and the manager of

mines good service, Almost evety kind of machinery in actual use is carefully described, and the
woodcuts and plates are good."—A thenaum.

“From cover to cover the work exhibits all the same characteristics which excite the confi-

dence and attract the attention of the studem as he peruses the ﬁm &age. The ;gk b:lay safely

By its
and the reputation of ¥u author enhancod."—alinbw 7mmL

EARTHY AND OTHER MINERALS AND MINING.

By D. C. Davigs, F.G.S., Author of ‘‘ Metalliferous Minerals,” &c. Third
Edition, Revised and Enlarged by bis Son, E. HENRY DaviEs, M. E., F.G.S.
With about 100 Illustrations. Crown 8vo, cloth . . . . . 12/8
** We do not remember to have met with any English vork on mlnlng matters that contains
the same amount of information packed in equally form.”.
“ We should ed to rank it as among the vaofmemdywchnkﬂmduadu
manuals which have recently appeared.”—2Brsifisk Quarter.

BRITISH MINING.

A Treatise on the History, Di , Practical Devel and Future
Prospects of Metalliferous Mines m ‘the United Kingdom. By ROBERT
HunT, F.R.S,, late Keeper of Mining Records. Upwards of 950 pj ‘m.h

230 lllustratlons. Second Edition, Revised. Super-roya.l 8vo, clof
*The book isa of istical inf andweknowo{
S Hones volume i wosld b su‘m&m“'x“’w".‘m“'a‘ér"& °J.d‘?s“m”"%h in the Hbeary, of overy G

T

the the mining and “31. ntry

Y-

Athenaum.,
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POCKET-BOOK FOR MINERS AND METALLURGISTS.
Comprising Rules, Formulee, Tables, and Notes for Use in Field and Office
Work. By F. DANVERS POWIR, F.G.S.,, M.E. Second Edmon. Corrected.
Fcap. 8vo, leather. (Just Published. ©/0

“Thh excellent ‘book is an ldmiﬂblo example of its kind, and ought to find a large sale
ng prosp and mining engineers.”—Engineering.

THE MlNER’S HANDBOOK.
A Handy Book of Refe on the subj of Mineral Deposits, Minin,
Operations, Ore Dressing, &c. For the Use of Students and others intereste:
in Mining Matters. By Joun MiLNE, F.R.S., Professor of Mining in_the
Imperial University of Japan. Third Edition. Fcap. 8vo, leather . 7/8
* Professor Milne’s handbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students.”—A thenaums.

THE IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spmn. B
J. D. KenpaLr, F.G.S., Mining Engineer. Crown 8vo, cloth . 6

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
Pumgng Machinery. liz STEPHEN MICHELL. Second Edition, Re-written
nlarged, 300 pp. With 250 Illustrations. Royal 8vo, cloth. Nez 28/0

SUMMARY OF CONTENTS:—~HORIZONTAL PUMPING ENGINES.—ROTARY AND NON
ROTARY HORIZONTAL ENGINES.—SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL
PUMPING ENGINBS.—ROTARY AND NON-ROTARY VERTICAL ENGINES.—SIMPLE AND
COMPOUND STEAM PUMPS.—TRIPLE-EXPANSION STEAM PUMPS.—PULSATING STEAM
PUMPS.. —PUMP V/u.vns —Slemc Pumps, &c., &c.

‘* This v i of i and | ting new matter,

The book should undonbtedly prove of great use to all who wish for information on the sub-
Ject, i as t p of steam pumps are not alone lucidly described and
clearly ill d, t in additi tables are lied {n which their sizes, capacity,
price, &c are set (onh. hence facilitating i the of a pump to suit
'y :rose that the reader may desire, or, on the other hand. supglying hlm with useful
information about any of the pumps that come within the scope of the volume."— The Engineer.

ELECTRICITY AS APPLIED TO MINING.

A Practical Treatise for Mining Engineers. By ArNoLD LupTon, M.Inst.C.E.,
M.LE.E.,G.D. AspINALL PARR, M.LE.E., and HERBERT PBRKIN,M LM.E.
With a large number of Illustrations. Medium 8vo, cloth.

[ Just Published. Net 7|6

THE COLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Working of Collieries,
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal
Mining Students preparing for First-class Certificates. By CALEB PAMELY,
Mining Engineer and Surveyor ; Member of the North of England Institute of
Mining and Mechanical Engmeers and Member of the South Wales Institute
of Mmmid ngineers. = With 700 Plans, Diagrams, and other Illustrations.

Fourth ition, Revised and Enhrged medium 8vo, over PP-
Strongly bound . .. .. . ... . 1 8s.

SUMMARY OF CON'I'BNTS.—GBOLOGY.—SBARCH FOR COAL.—MINERAL LEASES
AND OTHER HOLDINGS.—SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACE
ARRANGEMENTS.—STEAM BOILERS AND THEIR FITTINGS.—TIMBERING AND WALLING.—
NARROW WORK AND METHODS OF WORKING. — UNDERGROUND CONVEYANCE. —
DRAINAGE.—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF
AIR IN MINEBS.—THEB PRIESTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS.—
SURVEYING AND PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCEL-
LANBOUS QUESTIONS AND ANSWERS.—Appendix: SUMMARY OF REPORT OF H.M.
COMMISSIONERS ON ACCIDENTS IN MINES.

* Mr. Pamely has not only ﬁven us a comprehensive reference book ou high order,
suitable to the requirements of ng eou and come Ty managers, provided
mimnz students with a class-book that is as interesting as it is instructive." —Coll Manager.

* Mr. Pamely's work is eminently suited to the purpou for which it is lnten ed. bdnz clear,
Interesting, exhaustive, rich in detail, and up to date, giving d of the in
?;very depamnem. A mining engineer could scucely 'go'wrong who followed this work."—Collm

mhmmmpm-.nmd wrkoneonl-mhln( ed in the English
language. . . . No library of coal-mining books is eomplm'nbmnlt." olilery Bngineer
Scranton, Pa., U.S.A.).




22 CROSBY LOCKWOOD & SON'S CATALOGUE.

COLLIERY WORKING AND MANAGEMENT.

Comprising the Duties of nCollnry , the Oversight and Arrange-
ment of Labour and Wages, and aentSynemsofWahngConl
2 Plates and other Hiustrati 2 Sociading Usderground Ehchsgraphe
28 es ot ustrations,
Medium 8vo, cloth. [Just Published. 18/0
It admirable Handbook for M hﬁnhk
o mlslndeed.ﬁn rable 0k foe Col m an indispensable
outhembjectforallvboinanywzyhvemdovnhwalmxnhg undagmund ocnph
“Ml‘ Bulman and Mr. Redmmvhommwmynmdm
5?&3&*;:?:‘“"“?&&“:'&«?@%%““ s e
elucidate their text by 119 and 28 plates, most of the latter admirable uctions
of ph taken d with the aid of the magnesium flash These

are excellent.”—Nature.

COAL AND COAL MINING.
By the late Sir WaARINGTON W. SmyTH, F.R.S., Chief Inspector of the
ines of the Crown. [Eighth Edition, Revised and “Extended by T. ForsT!
Brown, Mnnmf Englneer, Chief Inspsctor of the Mines of the Crown and

e Bty ool Comn SR, T Pl 318
mu-ﬂf'ﬂu m"c a very large ‘8“‘!-.:“&—

principal
Mining Fournal.
NOTES AND FORMULZE FOR MINING STUDENTS.

By JoN HERMAN MERIV M.A., Late ProfesoromemgmtheDnrhm
College of Sci Newcast Tyne. Fourth Edition, Revised and
Enlarged. By H. F. BuLuan, A.M. lnst CE. Small crown svo, clot.h 2 'g
* The author has done his work in a and has
be of service to students and those who are i) d in mining

INFLAMMABLE GAS AND VAPOUR IN THE AIR

g‘hel‘ ion and M of). ByFanCLow-s,DSc. Lond.,

IC Prof. of Chemistry in the University College, Nottingham. With a
er on THE DETECTION AND MEASUREMENT OF PETROLEUM Vuoun
ovErTON REDWOOD, F.R.S.E., Consulting Adviser to the

P Lond(:;:lo under the Petroloe;lm Acts. Cro:'n iv:‘n cloth. ot 5/0
. fessor . sul m
Those intereeten bn these matbors may be vecommended to study this book: which s sasy of compre.

hanslon and contalns many good ullngs. "—The Engineer.
book that no mining engineer—certainly no coal miner—can afford to ignore or to leave
unmd. —Mining Fournal,

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams ot

Coal, with Returns of their Produce and its Distribution, and Anal
Specml Varieties. Also, an Account of the Occurrence of Iron Ores in Veins ot
Seams ; Analyses of each Variety; and a Hmory of the Rise and Progress of
Pig Iron Manufacture. By RICHARD MEADE. 8vo, cloth . . £1 8s.
“Of this book we may unreservedly say that it is the best of its class which we have ever
« A book of reference which no one engaged in the iron or coal trades should omit from

Ns llbnry "—1Iron and Coal Trades Review.

ASBESTO0S AND ASBESTIC.
Their Properties, Occurrence, and Use. By Ronn-r H ! , F.S.A.
Mineralogist, Hon. Mem. Asbestos Club, Black s With
Ten Collotype Plates and other Illustrations. Demy 8vo, clod;.
[Just Published. 18/0
** An interesting and invaluable work."—Colliery Guardian.
GRANITES AND OUR GRANITE INDUSTRIES.

By GeorGe F. Harris, F.G.S., Membre de la Société Belge de Géol ie,
turer on Economic deology at the Blrkbeck Institution, &c. With Illus-

trations. Crown 8vo, cloth . 2/6
sw"A clearly and well-written manual for d o d Inthe gmlu Indumy
- isman.

TRAVERSE TABLES.

For use in Mine Surveying. By W. LINTERN, Mining Engineer. Crown
8vo, cloth. (/ust Published. Net 8|0



ELECTRICITY, ELECTRICAL ENGINEERING, &c. 23

ELECTRICITY, ELECTRICAL
ENGINEERING, &c.

SUBMARINE TELEGRAPHS.

Their Hlswry, Construction, and Working. Founded in part on WNscHEN-
DORFF's ** Traité de Télégraphie Sous-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CHARLEs flmam‘, .S.E. Royal 8vo,
780 pp., fully Illustrated, including Maps and Folding Plaxes th 8..
* There are few, if any, persons more fitted to write a treatise on submarine
Mr. Charles Bright. The author has done his work admirably, and has written in a way w] xch vlll
appeal as much to the layman as to the engineer. This admirable volume must, {or many years to
come, hold e position of the English classic on submarine telegraphy.”—Engisnee:
* Mr. Bright's inte: mtuzglywﬂn en and admirably illustrat bookwillmeetwithawelcomo
reception from cable men."—Electrician.
* The author deals with his subjact from all points of view—political and strategical as well as
sclentific. The work will be of imerst. not only to men of science, but to the general public. We
can

DYNAMO ELECT RIC MACHINERY: its CONSTRUC.
TION, DESIGN, and OPERATION.
By SamuerL SHELDON, A.M.,, Ph.D., Professor of Physics and Electrical
ﬁngmemng at the Pofytechmc Insutute of Brooklyn, assisted by HoOBART
ASON,

n two volumes, sold se; l_fam!ely, as follows : —
Vol. I—-DIRECT CURRENT MACHINES. Third Edition, Revised. Large
crown 8vo. 280 pages, with 200 Illustrations.
[ /ust Publisked. Net 12/0
Vol. IL—ALTERNATING CURRENT MACHINES. Large crown 8vo. 260

pages, with 184 Illustrations. Uﬂf Publu'hcd. Net 12/0
Designed as Text-books for use in T Ed i i and by Engi
whose work includes the handling of Direct and Al ing Current Machi ly, and

for Students proficient in mathematics,

THE ELECTRICAL ENGINEER’'S POCKET-BOOK.
Consisting of Modern Rules, Formula, Tables, and Data. By H. R. KempE,
M.Inst.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of
“A Handbook of Electrical Testing,” &c. Second Edition, Revised, with
Additions. With numerous Illustrations. Royal 32mo, oblong, leather §/0Q

* It is the best bool: of its kind."—Electyical Engineey.
. ‘l‘heElec Englneets Pocket Booklsazoodone. —den‘dc
ded to those d in th "—Blectyical Review,

ELECTRIC LIGHT FITTING.
A Handbook for Working Electrical Engineers, embodying Practical Notes on

llation M: By J. W. URQUHART. With numerous Illustrations.

Third Edition, Revised. Crown 8vo, cloth . . . . . 8/0

“This volume deals with what may be termed the mechanics of electric lighting, and is

addressed to men who are alread; in the work, or are training for it. The work mvens

wutdulofzwuni.mdmay -soqueltothenm author’s useful work on * Electric
ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directi for the Tr of

Dynamo-Flecmc Machines, Batteries, Accumulators, and Electric Lamps.
J. W. UrquHArT, C.E. Sixth Edmon, Rewsed with Addxuons and x
Il ustrations. Crown 8vo, cloth. [Just Pubi
"Thewholegro\mdofe!actdc lighting is more or lmscomodandaxphlmdhnmychu
and concin manner."—Blectrical Review.
& A vade-mecum of the salient facts connected with the sclence of electric lighting."—

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of “ﬁin ctors and Electricians.
in-Charge. Embracing Framework Building, Field M et and Armature
Winding and Groupug Compoundmg, &c. hy J w. RQUHART. Second
Edition, Enlarged rown 8vo, ck . 7/8

"Mr Urqul\ansbookkthe ﬁm onewhlch deakvlth these mtms In such-v:ythnm
gh can d them. Thebookls mdabb,andtheuuthoth-dshll
readers up to difficult subjects by reasonably simple tests.”—Engincering Review.,
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ELECTRICAL AND MAGNETIC CALCULATIONS.

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all
others interested in the Theory and Application of Electricity and Magnetism.
By A. A. ATkinsON, Professor of Electricity in Ohio Universi‘'y. Crown 8vo,
cloth. [/ust Publisked. Net ©/0

THE ELEMENTS OF ELECTRICAL ENGINEERING.

A First Year's Course for Students and Workmen By TvsonN SeweLrr,
A L.E.E., Assistant Lecturer and Demonstrator in Electrical Engineering at
the Polytechnic. R=gent Street, London. With upwards of 200 Illustrations.
Demy 8vo, cloth. [/ust Publisked. Net T/6

THE MANAGEMENT OF DYNAMOS.
A Handy Book of Th and Practice for the Use of Mechanics, Engineers,
Students, and others in e of Dynamos. By G. W. LuMMIS-PATERSON.
Second Fidition, thoroughly Revised and Enlarged. Crown 8vo, cloth. 4/8
* An example which deserves to be taken as a model by otherauthors. The subject is treated
in a manner which any intelligent man who is fit to be entrusted with charge of an engine should
be;;b‘l:‘t*odundemmd Itis a useful book to all who make, tend, or employ electric machinery.

THE STANDARD ELECTRICAL DICTIONARY.
A Popular Encyclopadia of Words and Terms Used in the Practice of Electrical

EnEineering. By T. O'Conor SrLoang, A.M., Ph.D. Third Edition,
with Appendix. Crown 8vo, 680 pp., 390 Illustrations, cloth . . Net 718
* The work has many attractive features in it, and is, d doubt, a well put together and

useful publication. The amount of ground covered may be from the fact that in the index
about 5,600 references will be found."—ZElectyical Review,
ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant.
For the Use of Shipowners and Builders, Marine Electri :ians, and Sugoi:s

Ei fineen—in-Chuge. By J. W. UrQuHART, C.E. Second Edition, Revi:
and Extended. 326 pp., with 88 Illustrations, Crown 8vc, cloth . . 78
*The subject of ship electric ligh! is one of vast 1 and Mr. Urquhart is to be

highly complimented for placing such a valuable work at the service of marine "—The
Steamship.

ELECTRIC LIGHT FOR COUNTRY HOUSES.

A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working. By J. H. KNIGHT.
Third Edition, Revised. Crown 8vo, wrapper. [Just lished. 1/0

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).
By ArLan A. CampBELL SWINTON, M.Inst.C.E., M.Inst.E.E. Fourth Edition,
Revised. With 16 Illustrations. Crown 8vo, cloth. [ /st Published. 1/8

DYNAMIC ELECTRICITY AND MAGNETISM.

B{ PuiLip  ATkinsoN, A.M., Ph.D., Author of * Elements or Static
Electricity,” &c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . 10/6

POWER TRANSMITTED BY ELECTRICITY

And apxlied by the Electric Motor, including Electric Railway Construction.
By P. ATkinsoN, A.M., Ph.D. Third Edition, Fully Revised, and New

atter added. With g4 Illustrations. Crown 8vo, cloth . . Net 9'0
HOW TO MAKE A DYNAMO.
A Practical Treatise for A C ini Ilustrations and

Detailed Instructions for Constructing a Small Dynamo to Produce the
Electric Light. By ALrrED CrorTs. Sixth Edition, Revised and Enlarged.
Crown 8vo, cloth. [Just Published. 2/0

THE STUDENT’S TEXT-BOOK OF ELECTRICITY.
By H. M. Noap, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations
Crown 8vo, cloth . . . . . . . . . . . 9/0
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ARCHITECTURE, BUILDING, &c.

PRACTICAL BUILDING CONSTRUCTION.

A Handbook for Students Prepanng for Exumnatlons, and a Book of
Reference for Persons En uilding. OHN PARNELL ALLEN,
Surveyor, Lecturer on Building Construcuon at the Durham College of
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged.
Medium 8vo, 450 PP.; | wnth 1,000 Illusu-auons, cloth., ([Just Published. T7/8

* The most of b ion we have seen. It contains all that is
ne 'y to prep dents for tho various inati in b g
fews.
* The author ds as much on his diagrams as on sy,
the hand of a man of W m{n ilding operations—and the volumot,p;ust be a uﬁ

many teachers as well as to mdeutx —17u Avchstect.
*The work is sure to prove a formidable rival to great and mull competitors alike, and
bids fair to take a p place ns student’s text-book. he large number of illus-
deserve icul ion for the great merit theysoue« purposes of reference in
exactly corresponding to convenient scales.”— Fournal o/ the Institute of British Avchitects,

PRACTICAL MASONRY.

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Qut, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden-
tives, Vaults, Tracery Windows, &c., &c. For the Use of Studem.s, Masons,
and other Workmen.. By WiLrLiaM R. PUrcHASE, Build mﬁ Inspector to the
Borough of Hove. Third Edition, with Glossary of Terms. oyal 8vo, 142 pp.,
with s2 Lithographic Plates, comprising nearly 4oo separate Diagrams,

cloth. [Just Publisked. 7|6

. “Mr. Pmchms Pncdulenrx will undoubtedly be found useful to all interested in

subject, or ost of the examples given are from

actual work carried out, the diagrams being carefully drawn. The book is a p: ical treatise on

the subject, the author himself ha: commenced as an operative mason, and afterwards acted as

foreman mason on marny large an Im?onmt buildings prior to the -nalnment of his present

position. It should be found of 0 and othm.as well as to
those to whom it is specially addressed.” —youml of the Royal I

MODERN PLUMBING, STEAM AND HOT WATER

HEATING.
A New Practical Work for the Plumber, the Heating Engineer, the Architect,
and the Builder. By J. J. LAWLER, Author of “ American Samtary Plumbing,”
&c. With 284 lllustrauons and Folding Plates. 4to, cloth

[ Just ¢ Published. Net 21/-
HEATING BY HOT WATER.
With Information and Suggestions on the best Methods of Heating Public,
Private and Horticultural lldlnFS. By WALTER JonEs. Second Edition.
With g6 Illnstrauons, crown 8vo, N . . Ne2/8
**We confid d all b ‘hhuﬂnebyhotthomntcopyoﬂhk
valuable little cre-ﬂse."-m Plumber and Decoraltor.

CONCRETE: ITS NATURE AND USES.
A Book for Architects, Builders, Contractors, and Clerks of Works. By
GeoRGE L. SurcLirre, A.R.LB.A. 5o pp., with numerous Illustrations.
Crown 8vo, cloth . . . . e e e 8
*The author treats a dlﬁcult subject in a lucid manner. The manual fills a long -felt gap.
It is cantul and exhaustive ; y useful as a student's guide and an architect's book of
e."'— Fournal of the Royal lm‘w of British Aychitects.
* There is room for this new book. vhich will robably be for some time the standard work
on the subject for a builder’s purpose.”—G. If

LOCKWOOD’S BUILDER’S PRICE BOOK for 1903.
A Comprehensive Handbook of the Latest Prices and Data for Build
Architects, Engineers, and Comractors Re-constructed, Re-written, uﬁ
Greatly Enlarged. By Fuuas T. Mru.n 800 closely.pnnted es,
crown 8vo, cloth . . . pﬁ

k
"mm‘rbt:lkboo ‘I:::iy:u{tdou.:nd should ﬁnd a plm in emyl!nglhh oﬁco connected
M"ﬁ py ppolly

"lnlunewmd nﬂsedfomthhhicanooklsmnworkoﬂhlskhdnhmldbo—mm
hensive, reliable, well arranged, legible, and well bound. "—Brifisk Archifect.




26 CROSBY LOCKWOOD & SON'S CATALOGUE.

THE DECORATIVE PART OF CIVIL ARCHITECTURE.

By Sir WiLL1AM CHAMBERS, F.R.S. With Portrait, Illustrations, Notes, and
an EXAMINATION OF GRECIAN ARCHITECTURE, by Joskpu war, F.S.A.
Revised and Edited by W. H. Lxxps. 66 Plates, 4to, cloth . 21/0

THE MECHANICS OF ARCHITECTURE.
A Treatise on Apﬁed Mechanics, uxecn]ly Adapted to the Use of Architects.
By E. W. TArN, M.A., Author of Science of Building,"” &c. Second
Edition, Enlarged. Tifustrated with 12§ Dugnm. Crown 8vo, cloth 7/68
"Thobookhnnqnuﬁdmdhnlpﬁxlmmulof i

A HANDY BOOK OF VILLA ARCHITECTURE.
Being a Series of Designs for Villa Residences in various Styles. With
Outline Specifications and Estimates. By C. chxu, Architect. 61 Plates,
4to, half-morocco, gilt edges . . 11s. Bo.
M&%;%Mmmmdw:ﬁ&drm;?‘ wwkolanuﬁsdcuchltect.md
THE ARCHITECT’S GUIDE.

Being a Text-book of Useful lnformnnon for Architects, Engineers, Surveyors,
Contractors, Clerks of Works, &c., &c. By FrEDERICK ROGERS, Architect.
Third Edition. Crown 8vo, cloth e e e e . 3/8

ARCHITECTURAL PERSPECTIVE.
The whole Course and Operations of the Draughtsman in Drawing l.nrse
House in Linear Perspective. Illustrated by 43 Fo.ldmg Plates. By F.
FERGUSON. Second Edition, Enlarged. 8vo, boards .«

"ltlsthemosthtelﬂﬂbleoﬂhonuﬂmonthk {ll-treated subject that I have w'kh. —
E. INGRESS BELL, ESQ., inthe R.Z.8.4. Fournal

PRACTICAL RULES ON DRAWING.

For the Operative Builder and Young Student in Archi By G
PyNE. 14 Plates, 4to, boards T 4] - ]

MEASURING AND VALUING ARTIFICER’S WORK

The Student’s Guide to the Practice of). Containing Directions for takin
imensions, Abstracting the same, and bringing the Quantmec into Bill, wit
Tables of Constants for Valuation of Labour, and for the Calculation of Areas
and Solidities. Originally edited by E. DoBsoN, Architect. With Additions
by E. W. TArRN, M.A. ~ Seventh "Edition, Revised. With 8 Plates and
63 Woodcuts. Crown 8vo, cloth. [/u:t Puélt:kd 7/8
*This edition will be found the most tise on the iples of and
valuing artificer’s work that has yet been publkhed. —Bﬁlldl'l{ News.

TECHNICAL GUIDE, MEAS.l.JRER, AND ESTIMATOR.

For Builders and Sur hnical Directions for Mmrmg
Work in all the Buﬂdm dees, Complete Specifications for Hm:ssh

and Drains, and an Method of Estimating thevrarts of uilding
collle:;wely By A. C. BeaTton. Ninth Edition. aistcoat pocket m
gilt

** No builder, mhltect. mneyot. otvalueuhonldbe vlt.hont hls Buhon.‘ "-Bwlldw News.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern ulidxngs. Upon the Basis of the
Work by ALFRED BARTHOLOMEW, thoroughly Revised, Corrected, and greatly
added to by FrREDERICK Rocnns, Architect. Third ﬁdmon, Revtsed. 8vo,
cloth . . . 18/0
**The work is too well h\own to need any recommendzﬂon lmm us. lt ls one of the books

with which every young architect must be equipped.”—4ych:

THE HOUSE-OWNER’S ESTIMATOR.

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un.

ofessional People as well as the Architectural Surveyor and Builder. By

. D. SimoN.  Edited by F. T. W. MiLLER, A.R.I.B.A.  Fifth Edition.

Carefully Revised. Crown 8vo, cloth. [Just Published. Net 8!8
“In two years it will repay its cost a hundred times over,"—Field.
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SANITATION AND WATER SUPPLY.

THE BACTERIAL PURIFICATION OF SEWAGE:
Being a Practical Account of the Various Modern onloglcal Methods of
Purifying Sewage. By SipNEv Barwisg, M.D. (Lond.), D.P.H. (Camb.),
etc. With 10 Page Plates and 2 Folding Dnagrams. Royal 8vo, cloth.
(Just wblished, Net 8/0
THE PURIFICATION OF SEWAGE.
Being a Brief Account of the Scientific Principles of Sewage Purification, and
theu' Practloa.l Apg_hcanon By SipNEv BArwise, M.D. (Lond.), M.R.C.S.,
H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health
to the Derbyshlre County Council. Crown 8vo, cloth. [/ust Published. 8/0Q

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others
interested in Water Supply. By S. RipeaAL, D.Sc. Lond., F.IC. Second
Edition, Revised, with Additions, mcludmg numerous Illustratlons and Tables.

Large Crown 8vo, cloth. {Just Published. Net 9]0

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for Small Conn Districts. By ALLAN GREENwWELL, A.M.L.C.E.,
and W. T. Currvy, AAM.I.C.E. Revised Edition. Crown 8vo, cloth 5/0

THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiam HuMseer, A.M. Inst. C. E nnd M. lnst M E Imp. 4to, half.
bound morocco. (See page 11.) . Net £6 6s.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WOR
By Proressor W. K. BurTon, A.M. Inst C.E. Seeond Edmon, Revised
and Extended. Royal 8vo, cloth. (See page 10.) 25/0
WATER ENGINEERING.

A Practical Treatise on the M Co , and Utilisa.
tion of Water for the Supply of Towns. By C SLAGG, A.M. Inst. C.E. 7/6

SANITARY WORK IN SMALL TOWNS AND VILLAGES.

By CHARLES SLAGG, A. M. Inst. C.E. Crown8vo,cloth . . . 8/0
SANITARY ARRANGEMENT OF DWELLING-HOUSES.
By A. J. WaLLIS-TAYLER, A M.Inst.C.E. Crown8vo,cloth . . 2/68

MODERN PLUMBING, HOT WATER HEATING, &c.

A New Practical Work for the Plumber, the Heating Engineer, the A.rchuect,
and the Builder. By J. J. LAWLER, Author of ‘‘ American Samtary Plumbing,”
&c. With 284 Illustrations and Foldmg Plates. 4to, cloth

[ Just Published (see page 25) Net 21/=

PLUMBING.
A Text-book to the Practice of the Art or Craft of the Plumber. By W. P.
BucHaN, R.P. Ninth Edition, Enlarged. Crown 8vo, cloth . . 3/8
VENTILATION.
A Text-book to the Practice of the An of Ventllmng Bluldmgs. By W. P,
BucHaN, R.P. Crown 8vo, cloth . 8/8

THE HEALTH OFFICER’S POCKET BOOK.

A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By EDpWARD
F. WiLLouGHBY, M.D. (Lond.), &c. Second Edition, Revised and Enlarged.
Fcap. 8vo, leather. (Just Published. Net 10/68
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CARPENTRY, TIMBER, &c.

THE ELEMENTARY PRINCIPLES OF CARPENTRY.

A Treatise on the Pressure and Equilibrium of Tunber anmg, the Resistance
of Timber, and the Construction of Floors, Arches, Ega, Roofs, Uniting
Iron and Stone with Timber, &c. To which is added an on the Nature
and Propemes of Timber, &c., with Descriptions of the kinds of Wood used
in Building; also numerous Tables of the tlings of Timber for different
W s Speclﬁc Gravities of Materials, &c. By THomas TreDGoLD, C.E.
it Appendix of Specimens of Various Roofs of Iron and Stone, Illus-
trated. Seventh Edition, thoroughly Revised and conslderablg Enlarged by
E. Wynpuam TarN, M.A., Author of ‘“ The Science of Building,” &c.
With 61 Plates, Portrait of the Aut.hof, and several Woodcuts. ln One large
Vol., 4to, cloth . %
"Ought rtko b:ln every m:hitoct’: and cmy bulldu’t Iibnry "-—8% "
concemed. The author's pﬁn«clpla are rather conﬁrmed than impaired by time. The addiﬁonal
plates are of great intrinsic value."—Buslding News.

WOODWORKING MACHINERY.
Its Rise, Progress, and Construction. With Hints on the Management of Saw
Mills and the Economical Conversion of Timber. Illustrated with Examples
of Recent Designs by leading English, French and American Engineers. se.iiy
M. Powrs Barg, A.M.Inst.C. M.E. Second Edmon, Rev:g/o

with large Additions, large crown avo, «o pp ., cloth .
*Mr. Bale h evidentl; an cxpen on the subject, and he has colle-:ted so much information
that his book is all of timber." —A rckitect.

*The most compmhens:ve compendlum of wood- worldng machinery we have seen. The
author is a thorough master of his subject."—Bwuilding News.

SAW MILLS.
Their Arrangement and Management, and the Economical Conversion of
Timber., By M. Powis BALE, A.M.Inst.C.E. Second Edition, Revised.
Crown 8vo, cloth. [Just Published. 10/68

* The administration of a large sawing establishment is discussed, and the subject examined
from a financial standpoint. Hence the size, shaj order. and disposition of saw and the like
are gone into in d and the course of the tim| mced lrom its recepdon to its ddivu-y in its
converted state. We could not desire a more P

THE CARPENTER’S GUIDE.
Or, Book of Lines for Carpenters; comprising all the Elementary Principles
essential for acquiring a knowledge of Car‘;:mrg Founded on the late PETER
NICHOLSON's standard work. A New Edition, Revised by ARTHUR ASHPITEL,
F.S.A. Together with Pm:txcal Rules on Dravnng, by GEORGE PYNE.
With 74 Plates, 4to, cloth .. .. 81 1s,

A PRACTICAL TREATISE ON HANDRAILING.

Showing New and Simple Methods for Finding the Puch of the Plank, Drawing
the Moulds, Bevelling, Jointing-up, and Squam:ﬁ e Wreath. By GEORGE
CoLLINGS. Second Edmon, Revised and Enlarged, to which is added
A TREATISE ON STAIR-BUILDING. With Plates an Dnagrams . 2/6

“ Wlll be found of practical utility in the execution of this difficult branch of joinery."—.
fficult phase of thls somewhat intricate branch of joinery is elucldxted by
the ald of plata and P ¢ Gasette,

CIRCULAR WORK IN CARPENTRY AND JOINERY.
A Practical Treatise on Circular Work of Single and Double Curvature.
GEORGE CoLLINGS. With Diagrams. Third Edition, 12mo, cloth . 2/
* An excelkng e'nmgle of what a book of this ldpd should be. Cheap in price, clear in

THE CABINET-MAKER’S GUIDE TO THE ENTIRE
CONSTRUCTION OF CABINET WOR
By RICHARD BiTMeAD. Illustrated with Plans, Sections and Workin,
Drawings. Crown 8vo, cloth. (Just Published., Q|
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HANDRAILING COMPLETE IN EIGHT LESSONS.

On the Square-Cut ’Slystem By J. S. GoLpTrHORrp, Head of Building
Department, Halifax Technical School. With Elght Plates and over 150
Practical Exercises. 4to, cloth . . . . 36
* Likely to be of considerable value to joiners and othets who t:ka a prlde in good woxk.
ent of the book is excellent. ‘e heartily d it to
Ttmbcf yades Fournal,

TIMBER MERCHANT’S and BUILDER’S COMPANION.

Containing New and Copious Tables of the Reduced Weight and Measure-
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and
the relative Price that each size bears per Lineal Foot to any given Price
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Tim
to any gwn Price per Load of so Feet, &c., &. By WiLLiaM DowsING.
Fourth Edition, Rev:sed and Corrected. 'Crown 8vo, cloth . . . 80

“ We are glad to see a fourth edition of these admirable tables, which for correctness and
leave ing to be desired.”—Timber Trades Fou:

THE PRACTICAL TIMBER MERCHANT.

A Guide for the Use of Bmldmg Contractors, Surveyors, Builders, &c.,

oom nsm useful Tables for all purposes connected with the Timber Trade,

ood, Essay on the Strength of Timber, Remarks on the Growth of

Timber, &c ByW RICHARDSON. nd Edition. Fcap. 8vo,cloth . 8/68

*Contains much inf¢ ion for timber h builds and all
others connected with the growth, sale, and manufacture of timber.”— Fournal of Forestry.

PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six
inches square and upwards. By W. RiCHARDSON, Timber Broker. Third
Edition. Oblong 4to, cloth . . . . . . . . . 8/8
* Invaluable labour-saving tables."—/yomnmonger.

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from 1 to 200 inches in length by 1 to 108 inches in breadth.

For the use of Architects, Surveyors, Engineers, Timber Merchants,

Builders, &c. By James Hawkings. Fifth ition. Fcap., cloth. 8/8

* A useful collection of tables to facilitate rapid calculation of surhcs‘ ‘l‘he exact area of

any surface of which the limits have been can be i The book will
be found of the g utility to all d in buildi TS

PRACTICAL FORESTRY.
And its Bearing on the Improvement of Estates. By CHARLEs E. CURTIS,
F.S.1., Professor of Forestry, Field Engineering, and General Estate
Management, at the College of Agriculture, Downton. Second Edition,
Revised. Crown 8vo, cloth. [Just Published. 8/6
SUMMARY_OF CONTENTS: — PREFATORY REMARKS. — OBJECTS OF PLANTING.—
CHOICE OF A FORESTER.—CHOICE OF SOIL AND SITE.—LAYING OUT OF LAND FOR
PLANTATIONS.—PREPARATION OF THE GROUND FOR PLANTING.—DRAINAGE.—PLANT-
ING.—DISTANCES AND DISTRIBUTION OF TREES IN PLANTATIONS.—TREES AND GROUND
GAME.—ATTENTION AFTER PLANTING.—THINNING OF PLANTATIONS — PRUNING OF
FOREST TREES.—REALIZATION.—METHODS OF SALE.—MEASUREMENT OF TIMBER.—
MEASUREMENT AND VALUATION OF LARCH PLANTATION.—FIRE LINES.—COST OF
PLANTING.
“Mr. Curtis has in the course of a series of short pllhy p fforded much inf
tion of a useful and n the of trees.”—
Lliustyated Carpmand Buslder.

THE ELEMENTS OF FORESTRY.

Dwgned to afford Information concerning the Planting and Care of Forest
Trees for Ornament or Profit, with suggestions upon the Creation and Care of
Woodlands. By F. B. HouGH. Large crown 8vo, cloth . . . 10/0

THE TIMBER IMPORTER'’S, TlMBER MERCHANT’S,
AND BUILDER’S STANDARD auib
RicHARD E. GRANDY. —An A ‘ is of Deal Standard
Hyome and Foreign, with Comparanve 6alues and Tabular Arrangements for
fixing Net Landed Cost on Baltic and North American Deals, including all
intermediate Expenses, Freight, Insurance, &c. ; together with copious Informa-
tion for the Retailer and Builder. Third Edition. 12mo, cloth . . 10
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DECORATIVE ARTS, &c.

SCHOOL OF PAINTING FOR THE IMITATION OF
WOODS AND MARBLE
As Taught and Practued by A R Van pEr BurG and P. Vax pEr Busg,
of the lnsmuuon Roynl follo, 18} by 12} in.,
11 d with 24 full-size Col d Plates }) lates, compnsmg
154 Figures. Third Edition, cloth. ( /u:t Pué ::Imi £1 11s. 6o.

LIST OF PLATES :—1. VARIOUS TOOLS REQUIRED FOR WOOD PAINTING.—3, 3. WALNUT:
PRELIMINARY STAGES OF GRAINING AND FINISHED SPBC!IBN—Q. TOOLS USED FOR
MARBLE PAINTING AND METHOD OF MANIPULATION—& ST. REMI MARBLE;
EARLIER OPERATIONS AND FINISHED SPECIMEN, BTHODS OF SKETCHING
DIFFERENT GRAINS, KNOTS, &c.—8, 9. ASH: PRB...II[NARY STAGBS AND FINISHED
SPECIMEN.—z10. METHODS OF SKETCHING MARBLE GRAINS —11, 122 BRECHE MARBLE;
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.—13. MAPLE ; METHODS
F PRODUCING THE DIFFERENT GRAINS.—14, 15 BIRD'S-EYE MAPLE; PRELIMINARY
‘TAGES AND FINISHED SPECIMEN.—16. METHODS OF SKETCHING THE DIFFERENT
SPECIES OF WHITE MARBLE.—17, 18. WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.—19. MAHOGANY ; SPBCIIBNS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION. —20, 3I. MAHOGAN’Y; EARLIER STAGES AND
FINISHED SPECIMEN.—22, 23, 24. SIENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN.—2s, 26, 27. JUNIPER WOOD; METHODS OF PRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SPECIMEN.—28, 30. VERT
DE MER MARBLE; VARIBTIBS OF GRAIN AND METHODS OF WORKING, UNFINISHED
AND FINISHED SPECIMENS.—31, 32, OAK ; VARIETIES OF GRAIN, TOOLS EMPLOYED
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.—

35, 36. WAULSORT MARBLE; VARIB’I'IIS OF GRAIN, UNFINISHED AND FINISHED
PBCIIBNS.
“Thosevhodeduwamhskﬂlln:hemof inting woods and marbles will find ad
this book. oftheWoangMeusClubt!bvuldglvethdxywnzm

p?onunity to nudy it."—Builder.
to the art. L i

The
dmmgcmwtofthec and the beautifull executedphmwmnotbethemvahnbhm
the student who aims at making his work a faithful Iy of nature.”
"Smdanumdnovicsm(onmuwbom-blowbecomethnmno(nnobh-
work."—The Architect.

ELEMENTARY DECORATION.
A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL
HOUSE DECORATION. By James W. Facgv. With numerous Illus-
trations. In One Vol,, strongly half-bound . . e . 8/0

HOUSI;:‘GNPAVAVIRN_ITLNG, GRAINING, MARBLING, AND
A Practical Manual of By ELris A. Davipson. Eighth Edition. With
Coloured Plates and Wood Engravings. 12mo, cloth boards . 8/0

”‘d‘;’:“m of of use to the and of value to the practical m.ln."—Eu(luh

THE DECORATOR’S ASSISTANT.
A Modern Guide for Decomuve Aru.sts and Amateurs, Painters, Writers,
Gilders, &c. C f 6oo Receipts, Rules, and Instructions;
with a varie Informntlon for Genenl Work connected "with every Class of
Interior and erior Decorations, &c. Seventh Edition. 152 pp., cr.8vo. 1/0

* Full of ipts of value to d gilders, &c. The book contains the gist of
htgetmadssmcnhuxand(echnkalpmcm lzwouldbedxﬁcuhcomoetvmhlwtksoﬁll
of varied information on the painter’s art.”—Bws/dsng Ne

MARBLE DECORATION
And the Tenmnolozy of British and Foreign Marbles. A Handbook for
Students. V;Gloncx H. BLAGROVE, Author of *‘ Shoring and its Applica-
tion,” &c. ith 28 Illustrations. Crown 8vo, cloth . . . 88
Mmmmnmmmmmwu hmhandsdmllchmmd

YA carefully and usefully written trcatise ; the work is y ical.”—S:
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DELAMOTTE'S WORKS ON ALPHABETS AND
ILLUMINATION.

ORNAMENTAL ALPHABETS, ANCIENT & MEDIAEVAL.

From the Eighth Century, mth Numerals; mcludmg Gothic, Church-Text,
large and small, ue, Initials for Illumination,
Mon C(osses &c., &c for the use of Architectural and Engineering
Draug| tsmen, Missal Painters, Masons, Decorative Painters, Lithographers,
Engravers, Carvers, &c., &c. Collected and Engraved by F. DELAMOTTE, an

printed in Colours. "New and Cheape: Edition. Royal 8vo, obl;n;%

ornamental boards .
* For those who insert enamelled sentences round gﬂded cba.lk‘es. who bluon shop legends
over shop;:looxs. who letter chun:h walls with pithy from the D this book will be

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including German, Old English, Saxon, Italic, Pers%ecuve, Greek, Hebrew,
Cowt Hand, Engrossing, Tuscan, Riband, Gothic, tic, and Arabesque B
with several Ongmal Designs, and an Analysns of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Pamters, Lithographers, Engravers,
&c. Collected and Engraved by F. BLAMOTTB, and Qnmed in Colours.
New and Cheaper Edition. Royal 8vo, . 2 6

* There is comprised in it every possible shape into whu:h the letters of the alphabet and
nge:lcsl can be formed&md lslhe talent whlch has been expended in the conception of the various

P

MEDIZLEVAL ALPHABETS AND INITIALS FOR
ILLUMINATORS.
By F. G. DeLamorTE. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis Brooks. Fourth
and Cheaper Edition. Small 4to, ornamental boards . 4/0

**A_volume in which the letters of the alphabet come forth glodﬁed in zlldlnz and all the
colours of the prism interwoven and d and

A PRIMER OF THE ART OF ILLUMINATION.

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical
Du-ectlons for its Exercise, and Examples taken from Illuminated MSS.,
inted in Gold and Colours. By F. DELAMOTTE. New and Cheaper
ition. Small 4to, ornamental boards
*The eumples of ancnem MSS. rtenmended to the student. whlch, with much good
the author ch fro: o all, are and kno vlodxo as
well as taste.” -Atlmwum.

THE EMBROIDERER’S BOOK OF DESIGN.
Containing Initials, Emblems, Cyphers, Monograms, Ornamental Border
Ecclesiastical Devlces, Medmva.rp and Modern Alphabets, and Nation:
Emblems. Collected by F. Dxuuorm, and pnnted n Colours. Oblon
royal 8vo, ornamental wrapper . é

** The book will be of great assistance to Iadles and young chlldmn who are endowed with
the art of plying the needle in this most ornamental and useful pretty work."—ZEast Anglian Times.

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS.
With Hints on Design. By A Lapv. With 10 Plates. New and Cheaper
Edition. Crown 8vo, in emblematic wrapper . . 2/0

** The handicraft of the wood-carver, so well as a book canlmpnnlt.mybeleamtfrom'A

Lady's ' publication. "4 ¢kemazms.

PAINTING POPULARLY EXPLAINED.

By THomas JounN GULLICK, Painter, and JouN Timss, F.S.A. Including
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tem, Encaustic,
Miniature, Painting on lvory, Vellum, Pottery, Ena.mel Eel;ss, &c. Fifth
Edition. Crown 8vo, cloth 5/0

*s* Adopted as a Pﬂu Boolc at South ngtou.

*Much ma be learned, even by those who fancy they do not require to be taught, from the
careful perusal of this unp g but ise."—Art Fournal,




32 CROSBY LOCKWOOD & SON'S CATALOGUE.

NATURAL SCIENCE, &c.

THE VISIBLE UNIVERSE.

Cb‘pters on the Origin and Construction of the H y J. E. Gore,
F.R.A.S., Author of " Star Groups," &c. lllunnted by 6 Stellar Photographs
and 12 Plates. Demy 8vo, cloth . . 18/0
** A valuable and lucid of rec t "thoofy "“mote and
attractive by a series of stellar photographs and other illustrations.”— 7 ke Times.
*In presenting a clear and concise account of the present state of our knowlodze Mr. Gore
has mde a valuable addition to the literature of the subjecl. "—Nature.
** Mr. Gore's ‘Vlslble Universe’ is one of the finest works on astronomical science that have
d in ou: In splrltuldlnmethod kbm&iﬁcﬁmcmtocom.but
the styfe is so clear and am-acdve that it will be as acceptable and as rudable to those who make
no scientific pretensions as to those who devote th
Leeds Mercury.

STAR GROUPS.
A Student’s Guide to the Constellations. By J. ELLarD Gorg, F.R.A.S.,
M.R.L A, &c., Author of *“The Visible Universe,” “The Scenery of the
Heavens,” &c. With 30 Maps. Small 4to, cloth . 8/0
* The volume contains thirty maps showing stars of the sixth itude—th usual ked.
limit—and each is accompanied by a brief commentary ud.lpted to facilitate recognition and bnnz
to notice objects of special interest. For the purpose of m:uy survey of the ‘ midnight
ns a

mp’ of the heavens nothing could be better than a set ofd veraging scarcely twen!
E:uall)einchaﬂnuumd uding nothing that cannot at once be identified.”. —.‘»‘cmrdaycvw:/y

AN ASTRONOMICAL GLOSSARY.
Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists
of Remarkable and lmerestmi Celestial Objects. By J. ELLARD GORE,
F.R.A.S., Author of * The Visible Universe,” &c. Small crown 8vo, clodi !

YA v use(nlllmeworktotbaglnmah-my.andnocwbeduplsdbymou
adunced students.”— The Times.
A ver handy book . . the utility of which is much increased by its valuable tables of

THE MICROSCOPE.
Its Construction and Management. Including Technique, Photo-micrography,
and the Past and Future of the Mu:rosco;:oeg By D:l HENRI VAN Hnuxggx
Re-Edited and Augmented from the Fourth French Edition, and Translated
by Wvnne E. BAXTIR, F.G.S. 4oo pp, with upwards of zso W y
imp. 8vo, cloth . . 18/0
" A tmnsladon of ‘: well-| knorwn wotk. at once pofuh! and compnhenslvo."-ﬂm

ASTRONOMY.
wy the late Rev. ROBERT MAIN M A., F.R.S. Third Edition, Revised by
1LL1AM THYNNE LyNN, B.A,, A.g formerly of the Roya.l Ob. servstory,
Greenwich. 12mo, cloth . 2/0
*“A sound and simple treatise, very urd\nllyodmd.andaclpinlbooklorbqhm

Know,
 Accuratel, brought down to the requirements of the present time Mr, L; e
Educational Ttmit. b yon!

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. Woobwarp, A.L.S.,
F.G.S. With an Appendix on RECENT AND Fossn.. CONCHOLOGICAL
stcovnxms, b%" RAI.PH Tate, A.L.S., F.G.S. With 23 Plates and

of 300 Repnnt of Foun.h Edmon (1880). Crown ;\Irg

cloth S . .
“A house of conchological and geological & . St Gm,,

THE TWIN RECORDS OF CREATION.
Or, Geolov and Genesis, their Perfect Harmony and Wonderful Concord.
LE VAUX. 8vo, cloth . . . BI0
"A to the evid uo{‘ L dlspuusv-vym.lusivdyol
‘N'ka;tunents of those w:hwouldm uodsz\_!l\.lftkk:“agmn Godu Word, o real difficulty is
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HANDBOOK OF MECHANICS.

By Dr. LARDNER. Enlarged and re-written by Bl:NJAum Lon:wv, F.R.A.S.
378 Illustrations. Post 8vo, cloth . 6/0
** The perspicuity of the original has been utamed and chagte-s wh:ch had become obsolete
have been rep ced others of more
studiously &: care has been taken to show the :Evhcanon of the various bnm:hu of
physics to mdustnal arts, and to the Fous

HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
By Dr. LARDNER. New Edition, Revised and Enlarged by BnuAum Lonv;a.

F.R.A.S. With 236 Illustrations. Post Bvo, cloth . .
* For those ‘who desire to attain an 3 science without the
£ of * this work is woll adapted. —C hemscal News.

HANDBOOK OF HEAT.

By Dr. LARDNER. _Edited and re-written by BEN]AMIN Lonwv, F R.A.S., &c.
117 Illustrations. Post 8vo, cloth . . (o]
“‘l‘hestg:kaln clear and precise, and ys i tion without ] g any cloud
or lurking doul "emEngineering.

HANDBOOK OF OPTICS.

“7 Dr. LARDNER. New Edition. Edited by T. OLVER Hmmmc, B. A Lond.
ith 298 Illustrations. Small 8vo, 448 pp., clot! . 8/0

* Written by one ol the ablest English scientific writers, b and elab ly III
w=Mechanics' Magasine.

ELECTRICITY, MAGNETISM, AND ACOUSTICS.

By Dr. LarpNgr. Edited by GEeo. C.umv Fos'rzx, B.A, F.C. S With

400 Illustrations. Small 8vo, cloth . 5/0

“ The book could not have been entrusted to Iny one betm calculated to pnsern the terse

and lucid style of Lardner, whxle conecnng his errors and bringing up his work to the present
state of scientific knowledge.”—2P. y Science Review.

HANDBOOK OF ASTRONOMY.
By Dr. LARDNER. _Fourth Edition. Revised and Edited by EpwIN DuNkiN,
F.R.A.S., Royal Observatory, Greenwnch th 38 Plat& and upwards of
100 Woodcuts. 8vo, cloth . 2/68

“Probably no other book contains the same amount of i and

well amvl;ged a form—certainly none at the priceat whichthisis oﬂ'ered tothe pnblic "— A thenaum.

e can do no other thz:]rronounce this work a most valuable manual of astronomy, and

we strongly recommend it to who wish to acqnlre a general—but at same time —
with this science.”"—Qwuarterly Fournal of Science.

MUSEUM OF SCIENCE AND ART.

Edited by Dr. LARDNER. With upwards of 1,200 Engravings on Wood. In
Six Double Volumes, £1 1s. in a new and elegam cloth binding ; or hand-

di

somely bound in ha.lf-morooco . . . £1 11s. 60o.
“A cheap and is b ion, alike i I.I’Id i ‘The papers combine
subjects of importance and great at scientific k ledg ble inductive powers, and a popular

style of treatment."—Spectator.
s:paratt books formed from the above.

Common Things Exp d. ss. St and its Uses. ss. cloth.
The Microscope. 3s. cloth. Popular Astronomy. 4s. 6d. cloth.
Popular Qeology. 2s. 64.cloth. The Bee and White Ants. 2s. cloth.
Popular Physics. 2s. 6d. cloth. The Electric Telegraph. 1s. 64.

NATURAL PHILOSOPHY FOR SCHOOLS.
By Dr. LARDNER. Fcap.8vo . . . 8/8

z "A very convenient class book for junior students in private schools. '-—Bnmh Quarterly

ANIMAL PHYSIOLOGY FOR 5CHO0L5
By Dr. LARDNER. Fcap. 8vo . . . . . . 3i6
*¢ Clearly written, well and llentl lll d.”. de 's Chyonicls,
THE ELECTRIC TELEGRAPH.
By Dr. LARDNER. Revised by E. B. BriguT, F.R.A.S. Fcap.8vo. . 2/8
* Que of the most readable books extant on the Electric Tel h."—English Mechans
L. [
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CHEMICAL MANUFACTURES,
CHEMISTRY, &c.

THE GAS ENGINEER'S POCKET-BOOK.

Comprising Tables, Notes and Memoranda relating to the Manufs
Distribution and Use of Coal Gas and the Construction of Gas Works. By
H. O'ConNOR, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo,
fully Illustrated, leather. [Jnst Published. 10/68
* The book contains a vast amount of information. The author consecutively through
the englneenng details and practical methods ;nvolved in each of the different processes or parts

a comp:lauon of hard matters of fact
nbsolntely lnleresﬂnito read "—Gas World.

A useful worl for the gas engi and all ghdn%lor heating by

while the analyses of the various descnpnons of gas will be of value to the technical chemist.

* 1l matter in any way with the and use of gas is dealt with. The book hu
y ,"‘and inl a useful addition to gas

Builder.

“The volume ins a great of ialised infc ! iled, we believe, from
trustworthy sources, which should make it of considerable value to those for whom it is specifically
produced.”—Engincer.

LIGHTING BY ACETYLENE

Generators, Burners, and Electric Furnaces. By WiLLiam E. Giess, M.E.
With 66 Illustrations. Crown 8vo, cloth. [ Just Published. T/6

ENGINEERING CHEMISTRY.

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron
Masters, Iron Founders, Students and others. Comprising Methods of Analysis
and Valuation of the Principal Materials used in Engineering Work, with
Analyses, Examples and Suggestions. By H. J. PuiLries, F.I.C,, F.C.S.
Third Edition, Revised and Enlarged. Crown 8vo, 420 pp., with Plates and

other Illustrations, cloth. (Just Published. Net 10/68
““In this work the author has rendered no small service to a numerous body of practical
men. ... The may be p belng as the
) ired of inced most Nnv:
“Full of good thlngs. As a handbook of ical anal *— Budld

*The analytical methods given :re. as a whole, such as ue hk"{y to give rapid and trust-
worthy results in expeﬂem:ed hands. . . . There is much excellent descriptive matter in the work,
the chapter on *Oils and L in this res; '—Enginecer.

NITRO-EXPLOSIVES.
A Practical Treatise concemmg the Prope:us, Manufs and Anal
of Nitrated Sub Smokeless Powders, and

Celluloid. ByP. G.Sanrorp, F.I.C. Consulung Chemist to the Cotton Powder
Company, &c. With Illustrations. Crown 8vo, cloth. [Just Published. 9[0
* Any one having the isif could make nltto-elycerlne or
cotton, to say nothing of other explouves. by thg ald of the instructions in this volume.
one of the very few text-books in which can be found just what is wanted. Mr. Sanford goes
through the whole list of explosives commonl‘_hsed names any given explosive, and tells us of wm
it is composed and how it is manufactured. e book is ma‘hm throughout.”—Bngincer.

A HANDBOOK ON MODERN EXPLOSIVES.

A Practical Treatise on the Manufacture and Use of Dyna.rmte Gun-Cotton,

Nltro-Glyoenne and other Explosive Comp g Collodion-Cotton.

With Ch on Explosives in Practical Ap hetmon By M. EissLERr,
Mining Engineer and "Metallurgical Chexmst. Seoond Edition, Enlarged.
‘With 150 Illustrations. Crown 8vo, cloth. (Just Published. 5/6

*¢ Useful not only to the miner, but also to officers of both services to whom bhning and the
use of explosives generally may at any time become a necessary auxiliary,"—Nasw:

DANGEROUS GO0OODS.

Theu' Sources nnd Propemes, Modes of Storage and Transport. With Notes
arising , together with the Government

and leway Classlﬁcatlons Acts of Parlmment, c. A Guide for the Use of

Government and Railwa bﬁiclals, P

and Manufacturers, and Users of Exglosnvs and Dangerous Goods B

H. Josuua Px-m.urs, F.I.C,, F.C.S. Crown 8vo, 374 pp, cloth . . 9)

Merits a wide circulation, and an intelligent, study.”—C) ! News




CHEMICAL MANUFACTURES, CHEMISTRY, &¢. 35

A MANUAL OF THE ALKALI TRADE.

Including the Manufacture of knfh‘mc Acid, Sulphate of Soda, and Bleachin
Powder. By JorN Lomas, Al Manufacturer, Newcastle-upon-Tyne an
London. 390 pp. of Text. With 232 lllustrauons and Working Drawings,

Second Edition, with Additions. Super-royal 8vo, cloth . £1 10s.
** This book is written bya fz for fz ‘The worl details of the most
pp! d forms of re given, and these are accompanied by no less than 232 wood

wvings, allof whlcﬁ maybe used for the purposes of cornstructwn. Everx step. in the manu-

(acmte is velav fully described in this manual. and each i mp:

ind not merely a sound and 1 of the i inciples of the
trade, but a notice of numerous matters which have a most important beanng on the successful
conduct of alkali works, but which are by even exp
authors."—Chemical Review.

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND

Contammg all known Methods of Anhydrous Analysis, many Working
Examples, and Instrucuons for Making Apparatus. By Lieut.-Colonel W. A.
Ross, R.A., F.G.S. With 120 Illustrations. Second KEdition, Enlarged.
Crown 8vo, cloth . . . . /0

*The student who goes ientiousl y ummgh the f i ion here la!d down
will gain a better insight into ic ch y and mis logy than if he had ‘got up’ any of the
best text-books of the day, agnd passed any ber of inati in their "—C. ical

News,

THE MANUAL OF COLOURS AND DYE-WARES.
Theu- Prope:ues, Applications, Valuations, Impurities and Sophistications
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. SLATER.
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 76

“A complete encyclopzdia of the smatessa tinctoria. The information given respecting each
article is full and precise, and the methods of determining the value of articles such as these, so
li:\;lo to sophusucadon, are given with cleamess, and are practical as well as valuable.”—Chemis?

ere is no other work which covers precisely the same ground. ‘To students paring
for mmm:ﬂons dyeing and printing it will gmn useful.”—C Nw.l:.n

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Practice of Brewing.
By HErBERT EDWARDS WRIGHT, M.A. Second Edmon, Enlar, ed. Crown
8vo, 530 pp., cloth. Just Pubhs 12/8
* May be consulted with advantage by the student who is ing himself fo:
tests, while the scientific brewer will find in it a sésume of all the most mpom.m discoveries of
modem times. The work is written throughout ln a cleat and concke _manner, md the author
takes grut care to vague and d facts.
% . We have great pleasure in nscommendlng this handy book, and have no hesitation in saying
that it is one of the best—if not the best—which has yetbeenwﬁnenmmesubjectofbeetbremng
in %wuntty, it should have a place on the shelves of every brewer's library.”—Brewers
Guardian.

** Although the requirements of the student are primaril id of half-
an-hour’s duration cannot hll to impress the practical brewer with :he sense of having found a
y guide and inb Yy "—Ch { Trade Fournal,

FUELS: SOLID, LIQUID, AND GASEOUS.

Their Analysis and Valuation. For the Use of Chemists and Engineers. By

H. J. PuiLuirs, F.C.S., formerly Analytical and Consulting Chemist to_the

G.E. Rlwy. Third Edmon, Revised and Enlarged. Crown 8vo, clot.h 2/0

Ouhnolnnlts in the lab ofcvuy
fuel is on a large "'—Chesmical News.

THE ARTISTS’ MANUAL OF PIGMENTS.

Showing their Composition, Conditions of Permanency, Non-Permanency, and
Adulterations ; Effects in Combination with Each Other and with Vehicles ;
and the most Reliable Tests of Purity. By H. C. STANDAGE. Crown 8vo. 2/6
*This work is indeed ms/fum-in-parvo, and we can, with good consclence. recommend it to
all who come in contact with pigments, whether as makers, dealers, or users."—Chemical Review.

Cc2
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A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables, Rules, and M anda for R Officers, Brewers,
Spirit Merchants, &c. By J. B. MANT, Inland Revenue. Second Edition,
Revised. 18mo, jeather - . . . . . . 4/0
. This handy and useful book is ldapted to the requhunents of the Inland Revenue Depart-
ment, and will be a favourite book of reference. "—Csvilia:
*Should be in the hands of every practical brewer." —B'mn Fowurnal,

INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES.

TEA MACHINERY AND TEA FACTORIES.
tive Treatise on the Mechanical Appliances required in the

Culnv-non of the Tea Plant and the P tion of Tea for the Market. By
A. J. WaLLIS-TAVLER, A. M. Inst. C.E. Medium 8vo, 468 pp. With 218
Tliustrations. (Just Publu‘lwd. Net 28/0

SUMMARY OF CONTENTS :—MECHANICAL CULTIVATION OR TILLAGE OF THE
SOIL.—PLUCKING OR_GATHERING THE LEAF.—~TEA FACTORIES.—THE DRESSING,
MANUFACTURE, OR PREPARATION OF TEA BY MECHANICAL MEANS.—ARTIFICIAL
WITHERING OF THE LEAF.— MACHINES FOR ROLLING OR CURLING THE LEAF.—
FERMENTING PROCESS.—MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE
LEAF.—MACHINES FOR NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING
OR FIRING MACHINES.— BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING
THE TEA.—MEANS OF TRANSPORT ON TEA PLANTATIONS.—MISCELLANEOUS MACHINERY
AND APPARATUS.—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

* The subject of tea machinery is now one of the first interest to a large class of people, to
whom we strongly commend the volume."—Chambey of Comomerce Fournal.

‘* When tea planting wasfirst introduced into the British I.inle. if any, hib
was employed, but now its use is almost universal. This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery.”"—Fourval Society a? Aris.

FLOUR MANUFACTURE.

A Treatise on Milling Science and Practi H Kick, Imperial
Regierungsrath, Professor of Mechanical Technoloiy in the lm ial German
Polytechnic Institute, Prague. Translated from the nlarged and
Revised Edition with Supplement. By H. H. P. Powu:s, Assoc. Memb.
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Foldmg

Plates, and 167 Woodcuts. Royal 8vo, cloth . e e e . £ Ss.

* This valuable work is, and will remain, the standard authority on the science of SN
The miller who has read and digested this work will have laid the found;ﬁon. so to of l
successful career ; he will have acquired a number of general which he can p:

apply. _In this handsome volume we at last have the accepted text-book nlmodu-n milling in ood.
soplln;n’& English, which has little, if any, trace of the Genn:x idiom.”— T he Mj

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drl\vmg, Doublm and Spinning of Cotton, the Methods of

Dyeing, &c. For the Operatives Overlookers, and Manufacturers.

By JonN LISTIR, Techmcal Instructor, Pendleton. 8vo,cloth . . 7/68
* A distinct in the li of cotton £z "—Mackinery.
“ln.nhomugh!y reliable, fulfilling nearly all the i desired.”"—Glasgow Hevald.

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. J- WaLLis.
TAVLER, A. M. Inst. C. E., Author of ‘‘ Reffri| !Eenmng Machinery,” &c. With
upwards of 300 Illustrations. Crown 8vo, clof Just Publsshed. 10/6

* The large trade t| ttuthdoneintbecom les has placed in the way of
lor budmicyda for their own use. . . . *he
book will yrove a valuable guide for nll' those who aspire to the manufacture or repair of their own
machines.”— The Field.
* A most comprehensive up-to-date | tmﬂsa. "= The Cycle.
“A ve nseﬁllbook.whlchisqnlumm.led rank as a standard work for students of cycle
construction, "= #heeling.

— e
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CEMENTS, PASTES, GLUES, AND GUMS.

A Practical Guide to the Manufacture and Application of the various Aggluti-
nants required in the Building, Metal-Working, Wood-Working, and Leather-
Working Trades, and for Workshop, Laboratory or Office Use. With upwards
of goo Recipes and Formulee. By H. C. STANDAGE, Chemist. Third Edition.

Crown 8vo, cloth. [Just Published. 2/0
**We have pleasure in speaking favm-rab:r of this volume. So far as we have had
which is not i i ble, this manual is trustworthy."— A thenzu:

978,
‘*As a revelation of what are considered trade secrets, this book will arouse an amount of
curiosity among the large of industries it hes."—Dasly Chronicle.

THE ART OF SOAP-MAKING.

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of
Glycerine from Waste Leys. By Arx. WATT. Sixth Edition, including an
Appendix on Modern Candlemaking. Crown 8vo, cloth.

[ Just Publisked. T8

**The work will prove very useful, not merely to the technological student, but to the
soap boiler who wishes to understand the theory of his art."—Chemiaal News.
‘* A thoroughly practical treatise on an art which has almost no literature in our language,
We cglngr.a_tul&t:“ the author on the success of his endeavour to fil a void in English technical
literature."—. re.

PRACTICAL PAPER-MAKING.

A Manual for Paper-Makers and Owners and Mannlgers of Paper-Mills. With
Tables, Calculations, &. By G. CLAPPERTON, Paper-Maker. With Illus-
trations of Fibres from Micro-Pbotographs. Crown 8vo,cloth . . 8/0
* The author caters for the requirements of ble mill hands, apprentices, &c., whilst

his manual will be found of t service to students of technology, as well as to veteran papes-
makers and mill owners. I'ho illustrations form an excellent feature.”— The Worid's Paper Tvade

“We d body d in the trade to a copy of this thoroughly practical
book."—Paper Making. get ey

THE ART OF PAPER-MAKING.

A Practical Handbook of the Manuf: "of aﬁr from Rags, Esparto,

Straw, and other Fibrous Materials. Including the Manufacture of Pulp from
ood Fibre, with a Description of the Machinery and A‘ppliances used. To

which are added Details of Processes for Recovering Soda from Waste Liquors.

By ALEXANDER WATT, Author of ‘“ The Art of Soap-Making.” With Illus-

trations. Crown 8vo, cloth . . . . . . . . .

It may be regarded as the standard work on the'subject. The book is full of valuable

information. The * Art of Paper-Making’ is in every respect a model of a text-book, either for a
technical class, or for the private student.”—Paper and Printing Trades Fournal,

A TREATISE ON PAPER.

For Printers and Stationers. With an Qutline of Paper Manufacture ; Complete

‘Tables of Sizes, and Specimens of Different Kinds of Paper. By RICHARD

PARKINSON, late of the Manchester Technical School. Demy 8vo, cloth.
oW Just Published. 8|6

THE ART OF LEATHER MANUFACTURE.

Beini:al’xactical Handbook, in which the Operations of Tanning, Currying,
and ther Dressing are fully Described, and the Principles of Tanning
Explained, and many Recent Processes Introduced ; as also Methods for the
Estimation of Tannin, and a Dac{“i})tion of the Arts of Glue Bon_lmg, Gut
Dressing, &c. By ALEXANDER WATT, Author of *‘ Soap-Making,” &e.
Fourth Edition. Crown 8vo, cloth . . . . . . . . 9/0

** A sound, comprehensive treatise on tanning and its accessories, The book is an eminently

s production, which red ds to the credit of both awthor and publishers.”"—Chemsas!

THE ART OF BOOT AND SHOE MAKING.

A Practical Handbook, including Measurement, Last-Fitting, Cutting-Out,
Closing and Making, with a Description of the most approved Machinery
Employed. By JouN B. LENo, late Editor of St. Crispin, and The Boot and
Shoe-Maker. tamo, cloth. & & . T 210
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WOOD ENGRAVING.

A Practical and l-.as) Introduction to the Study of the Art. By W. N. Browx.
12mo, clo 18

"mbooklsdeund rhu.nd-ﬂlbomlm ounnﬂngw delstmdthe
Girst elements of the beautiful art of wood engraving. ™ —anu.:' w

MODERN HOROLOGQGY, IN THEORY AND PRACTICE.
Translated from the French of CLAUDIUS SAUNIER ex-Dueaor of the School
of Horology at Macon, by JuLiEN Turrun, I-"R S., Besancon Watch
Manufacturer, and Epwarp RicG, M.A., Assayer in the Royal Mint. With
Seventy ht Woodcuts and Twenty-two Coloured Copper Plates. Second

uper-royal SVT; cloth, 2 24. ; balf-calf . - 82 10s.

Mh borological work in the English language at all to be this -

tion of M. Saun!enfo:ckam-ndcomplum Ith&gosuam& and
as a ref for and skilled ournal,

Tholaua tbemos!com , and the most reliable of those ucuonswvhhh
Ilzet-a.ryp«)cl9r

bted for the mechanical su; pmity tharF_shsh
-hﬁa.theﬂookofBooh.lsM Saunier’s * Treatise.’"— ¥

THE WATCH ADJUSTER’S MANUAL.

A PractlcalT Guide .STA?‘ Watﬁh Imd Chrouot;etet Adj;:;t? in Making,
pringing, Timing just for Isochronism, Positions panmres
ByC.E E. FriTTS. 370 PP-) ti lllnstnnons, 8vo,cloth . . 168/0

THE WATCHMAKER’S HANDBOOK.

Intended as a Workshop Compamon for those g in Watchmaking and
the Allied M lated from t.he Ftench of CLAUDIUS
SAUNIER, and enlarged b JuuxN TriprLIN, F.R.A.S., and EDpwWARD
RiGG, M.A., Assayer in the Royal Mint. Third Edition. 8vo, cloth. 9/0
*“Each tise in itself. The arrangement is good and the language is clear
concise. partis :u ut:‘ie guide ;;or the young wnchmakun-g-ﬁ ‘:mn:' e na

“ pom peak too highly ellenc: ery. requirement

hmdbo:i mded fol'e !l:: zsc of a?orkmln. °5 oul:lube fou:d in every workshom —kacnd
Y.

A HISTORY OF WATCHES & OTHER TIMEKEEPERS.
By James F. Kexpar, M.B.H. Inst. Boards, 1/6; orcloth, gilt . 2/6

* The best which has yet appeared on this subject in the English language. " —/ndwustries.
. the book whem you may, thm is_int eresﬂn matter in it conceming the ingenious
devices of the ancient or eview.

ELECTRO-PLATING & ELECTRO-REFININGOF METALS.

Being a new edition of ALEXANDER WATT's ‘‘ ELECTRO-DEPOSITION.” Re-
vised and Largely Rewritten by ArNoLD PHivLip, B.Sc., A.LLE.E., Principal
Assistant to the Admiralty Chemist. Large Crown 8vo, clo h.

[Just Publuhcd Ntt. 12/6

_“Eminently a book for the tical worker in electro-d
of and fals, as lly p andu:odinthewrkshop —
Engineer,
ELECTRO-METALLURGY.

Practically Treated. By ALEXANDER WATT. Tenth Edmon, including the
most recent Processes. 12mo, cloth .. . 88
* From this book both amleur and artisan may learn
prosecution of electroplating.” /s

,_;_ fortho

JEWELLER’S ASSISTANT IN WORKING IN GOLD.
A Practical Treatise for Masters and Workmen, C d from the Experi
of Thirty Years' Workshop Practice. By GEorGE E. Gzz, Author of *“ The
Goldsmith's Handbook c. Crown 8vo, cloth . . 6

** This manual of Hon Is ) duunedwbelnlulb!elu:llhrytoa
handi which is inl ble of great imp "e=The Times.
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ELECTROPLATING.
A Practical Handbook on the Deposition of r, Silver, Nickel, Gold,
Aluminium, Brass, Platinum, &c., &. By J. W. UrQuHaArT, C.E. Fourth
Edition, Revised. Crown 8vo, cloth. Just Published. B|0Q

*An 1l practical manual."—Eng ing.
“ An excellent work, giving the newest information.”—Horological Fowurnal,
ELECTROTYPING.

The Reigroduction and Multiplication of Printing Surfaces and Works of Art
the Electro-Deposition of Metals. By J. W.UrQuHART, C.E. Crown Bva

oth . . . Ce e e e e
* The book is thoroughly practical ; the reader is, therefc d d gh the leading
laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing
processes, up to the final preparation of the work.”"—Ar? Fournal,

GOLDSMITH’S HANDBOOK.

By GeorGE E. GEE, Jeweller, &c. Fifth Edition. 12mo,cloth . . 8/Q
"zzood,mndedumor. and will be g 11} pted as an rity.” —Horole '

SILVERSMITH’S HANDBOOK.
By GeorGe E. GEE, Jeweller, &c. Third Edition, with numerous Il .
tions. 12mo, cloth . e . . . .. . . . . 80
* The chief merit of the work is its ical ... The in the trade will
speedily discover its merits when they sit down to study it."—ZEnglish Mechanic,
*,* The abovs two works together, strongly half-bound, price 7s.

SHEET METAL WORKER’S INSTRUCTOR.
Comprising a Selection of Geometrical Problems and Practical Rules for
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and
Tin-Plate Workers. By REuBEN HENRY WARN. New Edition, Revised and
greatly Enlarged by JosEpn G. HorNER, A.M.I.M.E. Crown 8vo, 254 pp.,
with 430 Illustrations, cloth. [Just Published. ';re

BREAD & BISCUIT BAKER'S & SUGAR-BOILER’'S
ASSISTANT.

Including a large variety of Modern Reci‘res. With Remarks on the Art of
Bread-making. By RoBErT WELLs. Third Edition. Crown 8vo, cloth . 2/0Q
“A large ber of wrinkles for the ordinary cook, as well as the baker."—Safurday Review.

PASTRYCOOK & CONFECTIONER’S GUIDE.

For Hotels, Restaurants, and the Trade in general, adapted also for Family
Use. By R. WELLS, Author of * The Bread and Biscuit Baker.” Crown 5"8
. . . I

cloth . e e e e e e e e e
* We cannot s too highly of this really excellent work. In these days of keen competition
our readers cannot mu than purchase this book."—Bakers' Times. b peti

ORNAMENTAL CONFECTIONERY.

A Guide for Bakers, Confectioners and Pastrycooks ; includingka variety of
Modern Recipes, and Remarks on Decorative and Coloured Work. With 1.
Original Designs. By RoBErRT WELLS. Second Edition. Crown8vo . 8§/

“A valuable work, practical, and should be in the hands of every baker and confectioner,
‘;_he llustrative designs are alone worth treble the amount charged for the whole work."—2Bakers®

THE MODERN FLOUR CONFECTIONER, WHOLESALE
AND RETAIL.
Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With
remarks on the Ingredients Used in their Manufacture. By RoBErT WELLS,
Author of * The Bread and Biscuit Baker,” &c. Crown 8vo, cloth . 2/0

*The work is of a decidedly practical character, and in every recipe regard is had to economical
working."—North British Dasly Masl.

RUBBER HAND STAMPS
And the Manipulation of Rubber. A Practical Treatise on the Manufacture of
Indiarubber }Yand Stamps, Small Articles of Indiarubber, The Hektograph,
Special Inks, Cements, and Allied Subjects. By T. O'CoNOR SLOANE, A.M.,
Ph.D. With 11 Sqi 8vo,clotk. . . . 8/0
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HANDYBOOKS FOR HANDICRAFTS.

BY PAUL N. HASLUCK.
Editor of * Work " (New Series), Author of * Lathe Work," * Milling Machines, * &c.
Crown 8vo, 144 pp., price 1s.

Thess HANDYBOOKS have beew written to suppl. m/onnatm for WoRKMEN,
STUDENTS, and AMATEURS sn the several Handicrafts, on the actual PRACTICE o)
the WORKSHOP, and are intended to convey in plain languagt ’I‘zcmm:m. Know-
LEDGE 0f the several CRAFTs. Inm describing the p and the
lation of material, workshop terms are used ; -orkshop pmctm s /ully upkmwd
and the text is /ndy slustrated with drawmgs of modern tools, appliances, and

processes.

THE METAL TURNER’'S HANDYBOOK.
A Pnctiul Manual for Workers at the Foot-Lathe. With over 100 Illus-

.“ Thc book vlll be o( servlce nllko to tho mmr und the uﬂun tnmet It dkphn
thorough knowledge of the subject."—Scotsmass.
THE WOOD TURNER'S HANDYBOOK.

A Practical Manual for Workers at the Lathe. With over 100 Illustrations.

1/0
** We recommend the book to young turners and amateurs. A multitude of workmen have
hitherto sought in vain for a manual of this special industry."—AMecRaniaal Worid.

THE WATCH JOBBER'S HANDYBOOK.

A Practical Manual on Cleunng, Repairing, and Adjusting. With upwards of
100 Illustrations
“We nmgly :dvisec all young Pemns connectod wkh thn vun:h -adc to u:quln and study

THE PA’I'IERN MAKER’S HANDYBOOK.
A Practical Manual on the Construction of Patterns for Founden. With
upwards of 100 Illustrations 1/
* A most valuable, if not indispensable manual for the pmem ‘maker. —l(mlod‘re
THE MECHANIC'S WORKSHOP HANDYBOOK.
A Practical Manual on Mechanical Mani Information
on various Handicraft Processes. With Useful Notes and Miscellaneous
Memoranda. Comprising about 200 Sub; {)e /
‘A very clever and uscful book which should found n mry worknop. and lt should
certainly find a place in all 1 schools. " sy Review,

THE MODEL ENGINEER’'S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engines. With
l;xwards of 100 Illustrations. . . . . 10
** Mr. Hasluck has produced a very good linh book. —Bmldcf

THE CLOCK JOBBER'S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upvardsof
100 Illustrations .
It is of inestimable service to thou commenclng t.he md& —Cmnary Stamrd.

THE CABINET MAKER'S HANDYBOOK.
A Practical Manual on the Tools, Materials, Appli and P
employed in Cabinet Work. With upwards of 100 Illustrations . . 110
**Mr. Hasluék’s thoroush golnq_l.lt'-le Hnndybook is unongn the most practical guides we
have seen for b
THE WOODWORKER’S HANDYBOOK OF MANUAL
INSTRUCTION.
Embracing Information on the Tools, Materials, App and Pr
Employed in Woodworking. With 1o4 Illustrations. . . . . 1/0
OPINIONS OF THE PRESs.

* Written by a man who knows, not only how work ought to be done, but how to do it, and
how to convey his knowledge to others."—£ nmne:nn(
* Mr, Hasluck writes , and gwos i ! .

“Mr. Hasluck bines the f a practical teacher with t.he mnipuhﬂve skill and
sclentific knowledge of processes of the tralned hanician, and the are marvels of what
can be produced at a popular price."—Sckooimaster.

. Help to workmen of all ages and degua of experience.”"—Daily CAronicle.

“P and cheap.” —?wmlq/ Education.
* Concise, clear, and pncttcal. "—Saturday
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COMMERCE, COUNTING-HOUSE WORK,
TABLES, &c.

LESSONS IN COMMERCE.
By Professor R. GAMBARO, of the Royal High Commercial School at Genoa.
Edited and Revised by Il‘éums GAuLT, Professor of Commerce and Commercial
Law in King's College, London. Fourth Edition. Crown 8vo, cloth 3/8
‘* The publlshers of this work have rendered considerable service to the cause of commzn:hl

d bg tion of this volume. . . . The work is pec ly a to
etsanaan ddition to class books. lnlphnso.'ethinkmework
its object in fumlshh\g a brief account of those lavs nnd customs of British trade with which
commercial man interested therein should be familiar. ¢
‘* An invaluable guide in the hands of those who m plep‘nng for a com.mucﬂl career, and,
in fact, the i it of b should be preuedoncvuyona.—
Counting Howuse.
THE FOREIGN COMMERCIAL CORRESPONDENT.
Being Aids to C d in Five Llng\ugu—En'f
French, German, Italian, and Spamsh By Conrap E. BAKER. hird

Edmon, Carefully Revised Throughout. Crown 8vo, cloth.
[Just Publisked. 4|8
* Whoever wishes to correspond in all the languages mentioned by Mr. Baker camot do
better than study this work, the materials of which are dlent and They
consist not of entire specimen letters, but—what are far more useful—short passages, sentences, or
expressing the same zuxenl idea in urlous forms. " —A thenasm.
** A careful examination has convinced us that it is lete, well d and
rellable. The book is a th ly good one.”. .

FACT ORY ACCOUNTS: their PRINCIPLES & PRACTICE.
Handbook for Accountants and M with App
Nomenclature of Machine Details; the Income ;’I‘nx Acts; the Mi
Factories; Fire and Boiler Insurance ; the Factory and Worltshop Acts,
including also a Glossary of Terms and a large number of Specimen Rulmgs.
By EMILE GARCKE and J. M. FeLLs. Fifth Edition, Revised and Enlarged
Demy Bvo, cloth [Just Publ;shed 7/3

‘A very of the i of Factory A
uslmlhdng the Factory Accounu to the general commercial books is one which we :homugﬁly

qmwith. '—Accountants' 7ounul
**Characterised by extreme tho: ess. Tbuamlcwownmofhctorhswhomldnot
derive great benefit from the perusal f most work.”.

MODERN METROLOGY.

A Manual of the Metrical Umts and S of the Y. Wlth
Englsh System. By Lowxs . A,
JACKSON, A, M Inst. C. E Auﬂxor of ‘“Aid to Survey Practice,” &c. Large
crown 8vo, clot . . 12/8

"Wencomnmdthmkmnﬂhwedhmwcﬂcdmndwmnd
measures.”—Nasure.

A SERIES OF METRIC TABLES.

ln which the British Standard Measures and Weights are com, with those
of the Metric System at present in Use on the Continent. By H. DOwLING,
C.E. 8vo, strongly bound . . . 10/8

* Mr. Dowling’s Tables are well punogahuu a n-d mkmmm.cwmlono(om
system into the other."—A thenaum. Y

THE IRON AND METAL TRADES’' COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by
Weight, from 1s. per cwt. to 1128, per cwt., and from one farthing per pound to
one shilling per pound. By THoMAS DownE. 396 pp-, leather . . 9/0
*“ A most useful set of tables, nothing like them before existed.”—Bwuilds;
* Although specially adapted to the iron and metal trades, the tables bnndusdulfn
every other busi in wi is bought and sold by weight.” —Rciln_yN
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR.

Containing ugmds of 250,000 Separate Calculations, showing at a Glance the
Value at 422 Different Rates, ranging from riyth of a Penny to 20s. each, or per

cwt., and £20 ton, of any ber of articles ively, from 1 to 470.

Any number of cwts., grs., and lbs., from 1 cwt. to 470 cwts. Any number of

tons, cwts., grs., and lbs., from 1 to 1,000 tons. By WiLLiam CuapwiCck,
Public Accountant. Third Edition, Revised. 8vo, strongly bound . 18/0

“1It is as easy of reference for any answer or anz‘ ber of as a dicti For
making ug{ accounts or estimates the bookd must pro‘v: valuable to all :vh:ohnavenanx considerable
an 1

ity ng price any o do. .
*““The most perfect work of the kind yet prepared.”"—Glasgow Herald,

THE WEIGHT CALCULATOR.
Being a Series of Tables ueon a New and Comprehensive Plan, exhibiting at
one Reference the exact Value of any Weight from 1 Ib. to 15 tons, at 300
Progressive Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct
Answers, which, with their Combinations, consisting of a singie addition
(mostly to be ormed at siqht), will afford an aggregate of 10,266,000
Answers ; the whole being cal d and designed to correctness and
ote despatch. By HENry HARBEN, Accountant. Fifth Edition, carefully
mcted. Royal 8vo, strongly half-bound . . . . . 81 Bs.
"Ofpt:dcdmduehdworkofufmeformo(‘ sk € ily."—Iron» A
*Of priceless value to business men. It is a necessary book in all mercantile offices."—
Sheeld Independent.

THE DISCOUNT GUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,
Ironmongers, and Others, by which may be ascertained the Exact Profit arisin,
from any mode of usin ].I)iscounts, either in the Purchase or Sale of Goods,
the method of either Altering a Rate of Discount, or Advancing a Price, so as
to produce, by one operation, a sum that will ise any required Profit after
allowing one or more Discounts: to which are added Tables of Profit or
Advance from 1} to go per cent., Tables of Discount from xilto 983 E{er cent.,
and Tables of Commission, &c., from § to 10 per cent. By HENrRY HARBEN,
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 8s.
*“ A book such as this can only be appreciated by business men, to whom the saving of time
means saving of money. The work must prove of great value to merchants, manufacturers, and
general traders."—Brifisk Trade Fournal,

TABLES OF WAGES.

At 54, 52, 50 and 48 Hours per Week. Showing the Amounts of Wafes from
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 4s. to sss. per week. By THos. GARBUTT,
Accountant. Square crown 8vo, half-bound . . . . . . B8/0

IRON-PLATE WEIGHT TABLES.

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by % in. to 10 feet by s feet by 1 in. Worked out on the Basis of
40 Ibs. to the square foot of Iron of 1 inch in thickness. By H. BURLINSON
and W. H. S1MPSON. 4to,balfbound . . . . . . £1 8s.

MATHEMATICAL TABLES (ACTUARIAL).
Comprising Commutation and Conversion Tables, Logarithms, Cologarithms,
Antilogarithms and Reciprocals. By J. W. GorpON. Royal 8vo, mounted
on canvas, in cloth case. [ Just Published. B/0Q
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AGRICULTURE, FARMING,
GARDENING, &c.

THE COMPLETE GRAZIER AND FARMER’S AND
CATTLE BREEDER'S ASSISTANT.

AC di Originally Written by WiLLiam YOUATT.

Fourteenth Edmon, entirely l{e-wntten. considerably Enlarged, and brought

up to Present Requirements, by WiLLiam FrEam, LL.D., Assistant Com-

, Royal Cc >n on Agriculture, 1893, Author of ““ The Elements
of Ag'nculmre, &c. Royal 8vo, 1,100 pp., with over 4so Illustrations,
handsomely bound. [ u:t Published. £1 11s. 8p.

SUMMARY OF CONTENTS,

BOOK I. ON THE VARIETIBS, BREEDING, BOOK VII. ON THE BREEDING, REARING,
REARING, FATTENING AND MANAGE- AND MANAGEMENT OF POULTRY.
MENT OF CATTLE. BOOK VIII. ON FARM OFFICES AND

BOOK II. ON THE ECONOMY AND MAN- IMPLEMENTS OF HUSBANDRY.
AGEMENT OF THE DAIRY. BOOK IX. ON THE CULTURE AND MAN-

BOOK III. ON THE BREEDING, REARING, AGEMENT OF GRASS LANDS.

AND MANAGEMENT OF HORSES. BOOK X. ON THE CULTIVATION AND

BOOK 1V. ON THE BREEDING, REARING, APPLICA‘HON OF GRASSES, PULSE AND
AND FATTENING OF SHEEP.

BOOK V. ON THE BREEDING, REARING, Boox Xl ON MANURBS AND THEIR
AND FATTENING OF SWINE. Arrucxrlon TO GRASS LAND AND

BOOK VI. ON THE DISEASES OF LIVE CRO!

STOCK. Boox xu MONTHLY CALENDARS OF
FARMWORK.
*«* OPINIONS OF THE PRESS ON THE an EDITION.
“Dr. Fleamktobe on the hnmuhtogiveusuwork
which will at once become the standard classic of the farm pmﬁce of the coun We believe

that it will be folmd that it has no compeer among the many works at present in e em:e. .
The ill while the which the

bull,
New Yw 's Gift, owned by the Queen, is a work of art.”— The Times.
**The book must be recognised as occupying the proud position of the most exhaustive work
of ldennce in the English language on the subject with which it deals.”—A thenaum.
“The most guide farm that exists in the English language
. . The book is one that ought to be on every farm and in the library of every land
owner."—Mark Lane Express.

“In pglnt of and d.a . the work will certainly hi:ltzs. a pre-eminent and
ue ion am dealing wit! i P in fact, an agricul-
tura ﬁbpr:r’; of i ltselfng—Nom British Agriculturist. '

FARM LIVE STOCK OF GREAT BRITAIN.

Bv RoBeErRT WaALLACE, F.L.S., FRS.E., &c., Professor of Agriculture and
Rural Economy in the i)’mversxty of Edmi)urgh Third Edition, thoroughly
Revised and considerably Enlarged. With over 120 Phototypes of nu
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth.

** A really complete work on the history, breeds, and management of the farm stock of Great

Bd;“h?'r“d one which is likely to find its way to the shelves of every country gentleman's library.”

*The latest edition of * Farm Live Stock of Great Britain' is a production to be proud of, llld
its issue not the least of the services which its author has rendered to agricult science."”

Scottish Farmer.

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,
By PrIMROSE MCCONNELL, B.Sc., Fellow of the Highland and Agricultural
Society, Author of ‘‘ Elements of Farming."” Sixth Edition, Re-written, Revised,
and greatly Enlarged. Fcap. 8vo, 480 pp., leather. [ Jusz Published. 6/0
SUMMARY OF CONTENTS :  SURVEYING AND LEVELLING. — WEIGHTS AND
MEASURES. — MACHINERY AND BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING. —
EMBANKING.— GEOLOGICAL MEMORANDA.— SOILS.— MANURES.~ CROPPING.— CROPS.—
ROTATIONS. — WEEDS.— FEEDING. — DAIRYING.— LIVE STOCK. — HORSES. — CATTLE. =
SHBBP.~PIGS.—POULTRY,—FORESTRY.—HORTICULTURE.—MISCELLANEOUS.
**No farmer, and certainly no agﬂcultunl student, ought to be without this multums-in-parvo
mmnl of all subjects connected with the farm." —North British Agriculturist.
Theamoun of i it is m prising ; the olthemnutls
0 methodical. d obelmdl!elble:v yone who takes a through
its pages. They teem with infonmation."—Farm and Home.

THE ELEMENTS OF AGRICULTURAL GEOLOQGY.
A Scientific Aid to Practical Farming. By PRNRosr_ McCoNNELL, Author
of *“ Note-Book of Agricultural Facts and Figures.” Royal 8vo, cloth.
(Just Published. Net 21/0

‘*On every page the work bears the impress of a_master], knonledge of the subject dealt
with, and we have nothing but unstinted praise to offer.”—The Field.
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical
Instruction Clam:, Smdeut.: in Agricultural Colleges and the Woﬂcmi‘:l
Farmer. Prof. J. P. SuELDON. With Illustrations. Second mon,
Revised. rovm 8vo, cloth. [Jlu Published. 2/8
* Confidently recommended as a useful text-book on dairy f;
. l;rob-bly t! boﬁ half-crown manual on dairy work that has yet bean pcodueod. "—Norih

723 ﬂviodtu
* It is the soundest little work we have yet seen on the subject.”— TAe Times.

MILK, CHEESE, AND BUTTER.

A Practical Handbook on their Properties and the Prooeses of their Produc-

uon lncludmg a Chapter on Cream and the M of its ion from
ilk. &ox-m OLIVER, late Principal of the Western Darry Institute,

Berkeley ith Coloured Plates and 200 Illustrations. Crown 8vo, cloth.

7/8
“An fve and It may be cordiall ded to all studk
oldairyscience. —Nmﬂn'lakd wrist.
‘“We recommend this ve: written book to dairy-fi and

students of dairying. lﬂsadt&ctuqulsﬂdoutome llbnry

SYSTEMATIC SMALL FARMING.
Or, The Lessons of My Farm. Being an Introduction to Modern Farm
Practice for Small Farmers. By R. ScorT Buxu, Author of *‘Outlines of
Modern Farming,” &c. Crown 8vo, cloth. . . . 8/0
mM&sﬁb&h&mmﬁmkaf:uMw:m;mm mvhlchentymluw
OUTLINES OF MODERN FARMING.

By R. Scort BurN. Soils, Manures, and Crops—Farming and Farming

Economy—Cattle, Sheep, and Horses—Management of Dairy, Pigs, and
Ponltry—Uululnon of Town-Sewage, Irrigation, &c Sixth Edition. In One
Vol., 1,250 pp., balf-bound, profusely Illustrated . . .« . 120

FARM ENGINEERING The COMPLETE TEXT-BOOK of.
Comprising Draining and Embnnkmgl Imganon and Water Sulreli, Fam

, Fences and ates ; Farm g n Impl
Field Imp} and M i Agncultural Surve ng, &c. B Professor
Jouxn Scorr. In One Vol, 1,x so PP., half-bound, with over 600 I usn?lué);:a

* Written with t cace, as well as with knowledge and ability. The mthor has done his
work well; we have found him a very trustworthy guide wherever we have tested his statemenss.
The volume will be of great value to agricultural students.”"—Mark Lane Express.

THE FIELDS OF GREAT BRITAIN.
A Text-Book of Agncukure Adapted to the Syllabus of the Science and

Art Department. For E| and Ad: By Hucgn
CBLEM!;TS (Board of dee) Second Edmon, Rev:sed, with Additions.
18mo, cloth

*Itis a long time slnce we have seen a book whicll hls pleased us more, or whkh oontah:
such a vast and useful fund of knowledge."—&ducational Times.

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS. SURVEYORS, LAND AGENTS,
AUCTIONEERS, &

With a New System of Fam Book-keeping. By SipNev Frawncis. Fifth
Edition. 272 pp., waistcoat-pocket size, limp leather . . 168

** Weighing less than 1 oz., and occupying no more space than a match:! box it con(dm amass
of facts and calculations which has never before, in such handy form, been obtainable. Every
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of
t‘,h'e tables having been revised by Dr. Fream.” We cordially recommend it."—~Bel's Weekl
fessenger.

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.
Part I. Stock. Part I1. Crops. By C. J. R. TippER. Crown 8vo, cloth.

[ Just Publlslud 3/6
"V!ehhnevno dougttll.:n@e took will be welcomed by a large class of farmers and others
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FERTILISERS AND FEEDING STUFFS.

A Handbook for the Practical Farmer. By BErNaArD Dver, D.Sc. (Lond.).

With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third

Edition, Revised. Crown 8vo, cloth. [Just Pugiishtd. 1/0

* This little book is precisely what it professes to be—*A Handbook for the Practical

Farmer.' Dr. Dyer has done farmers good service in placing at their disposal so much useful
information in so intelligible a form."—Z7he Timses.,

BEES FOR PLEASURE AND PROFIT.

A Guide to the Manipulation of Bees, the Production of Honey, and the
General Management of the Apiary. By G. Gorpon SamsonN. With
numerous Illustrations. Crown 8vo, wrapper . . . . . . 10

BOOK-KEEPING for FARMERS and ESTATE OWNERS.
A Practical Treatise, presenting, in Three Plans, a System adapted for all
Classes of Farms. By JounsoN M. WoopMaN, Chartered Accountant.
Fourth Edition. Crown 8vo, cloth . . . . . . . 2/68

* The volume is a capital study of a most i subject.”—Ag ! Gasette,

WOODMAN’S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showing the Income and
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c.
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the
Year. hfﬂ‘ OHNSON M. WoopmAN, Chartered Accountant. Second Edition.

Folio, und . e e e e e . Net 718
“ Contains every isite form for keeping farm readily and accurately.”—
Agviculture.

THE FORCING GARDEN.

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and
Estimates for Building Glasshouses, Pits and Frames. With Iilustrations.
By SamueL Woob. Crown 8vo, cloth . . . . . . .
** A good book, containing a great deal of valuabl ing.”—Gardeners' Mc

A PLAIN GUIDE TO GOOD GARDENING.
Or, How to Grow Vegetables, Fruits, and Flowers. By S. Woop. Fourth
Edition, with considerable Additions, and numerous Illustrations. Crown
8vo,cloth . . . . . . . . . . . . . 88
** A very good book, and one to be highly recommended as a practical guide. The practical
fons are cecollent - A2k

MULTUM-IN-PARYO GARDENING.

Or, How to Make One Acre of Land produce £620 a year, by the Cultivation
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses,
so as to realise £176 per annum clear Profit. By SamueEL Woop, Author of
“Good Gardening,” &c. Sixth Edition, Crown 8vo, sewed . . .

*“We are bound to recommend it as not only suited to the case of the amateur and gentle-
man’s gardener, but to the market grower."—Gardeners’ Magasine.

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN.
And Amateur’s Complete Guide. By S. Woop. Crown 8vo,cloth . 8/8
* Full of shrewd hints and useful instructions, based on a lifetime of experience.”—Scotsman.

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultivation and General Treatment of the Potato.
By J. Pink. Crown 8vo . . P . P . 210

MARKET AND KITCHEN GARDENING.
By C. W. SHaw, late Editor of Gardening Illustrated. Cloth . . 8/8
** The most valuable compendium of kitchen and market-garden work published.”~Farnzer
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, &c.

INWOOD’S TABLES FOR PURCHASING ESTATES
AND FOR THE VALUATION OF PROPERTIES,
Includmg Advowsons, Assurance Policies, Copyholds, Deferred Annuities,
F P d Renls,R 1 :l fAll:euultleskLeneholds, I;:{:n;ml"m
Mortgages, Perpetuities, Renewals of ases, Reversions, Si 'unds,
&ec., ag 26th Edmon: Revised and Extended by WiLLiam SCHOOLING,
F.R.A.S., with Logarithms of Natural Numbers and THoMAN's Logarithmic
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth.
[ Just Published. Net 8/Q
" inf ed in the hase and sale of d in the adju. f
cases, 55 wel ‘25 Intransactions. Ia anneitics Ble lnsurances, Src. wil And the proscor baiion of
eminent service."—Engincering.
*This valuable k has been iderabl, \} d and imp d by the labours of
Mr. Schooling, and is now very lete indeed.”—E 1
* Altogether this edition will prove of extreme value to many classes of professional men in
saving them many long and tedious calculations."—/nvestors’ Review.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT AND VALUER’S POCKET ASSISTANT.

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and
Reversions, and of Property generalll{é with Prices for Inventories, &c. By

gonu WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly Extended

C. NoRrris, Surveyor, Valuer, &c. Roya.i 32mo, cloth . . 5/0

** A neat and concise book of an admirable and clearly d list of
es for anda very ine the value of furni &c.”.
* Contains a Ialze quantity of vari and usel’ul mfomzdon as to the valuaﬁon for pulchan.,
sale, or renewal of leases, and with prices foe

inventories, and a guide to determine the value of lnmior ﬁtﬁngs and other eflects.”—Bwuslder.

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Auctioneer. By Rosxlrr
SquiBss, Auctioneer. Second Edmon, Revised and partly Re-written,
8vo, cloth . . . Ce e /&

* The standard text-book on the topi:s of whk:h lt m"—dﬂwncxm.
. “Thedwotk is one of general excellent character, and gives much information in a com-

y form.
“Mayh?e tecommended as glving I{Ht deal of information on the law relating to
i very

dable form. —Lcw

“ Aucti y be vlngsople-slnglwrltutomlnlsbum:hdxspechl
needs.” " —Solicitors’ _’)'onmcl.

THE AGRICULTURAL VALUER’S ASSISTANT.

A Practical Handbook on the Valuation of Lnnded Estats t including
Example of a Detailed Report on d R ion; Forms of
Valuations of Tenant Right ; Lists of Local Agncultu.ra.l Customs ; Scales of
Compensation under the Ag'ncu]tural Holdings Act, and a Brief Treatise on
Compensation under the Lands Clauses Acts, &. By Tom BRriGHT, Agricul-
tural Valuer. Author of ‘“‘The Agricultural Surveyor and Estate Agent’s
Handbook.” Fourth Edition, with Appendix containing a Digest of the
Agricultural Holdings Acts, 1883 and 1goo. Crown 8vo, cloth.
[Just Published. Net 8/0
“ Full of tables and les in tion with the of t t _ght. estates, labour,
contents and weights of timber, and farm pmduce of all kinds."—4, ral Gasette.
“An full of p I tables and dataof undoubmd ‘interest and
value to yors and | preparing tions of all kinds.”—Farmer.

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimating the Cost of Forming, Renovating,
Improving, and Grubbing Plantations and Underwoods, their Valuation for
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bmcl-rr. Crown
8vo, cloth . . N . . 8/6
“To valuers, foresters and agents it vull bea welcome ald."—-lec Britis,

** Well calculated to assist the valuer in the dhchnga of his duﬁa. and of undoubted lnm
and use both to yors and in all kinds."—Kent Herald.
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S
HANDBOOK.
Of Practical Rules, Formulz, Tables, and Data. A Comprehensive Manual
for the Use of Surveyors, Agents, Landowners, and others interested in the
Equip the M , or the Valuation of Landed Estates, By
Tom BRIGHT, Agricultural Surve‘{,or and Valuer, Author of ‘‘ The Agri-
cultural Valuer's Assistant,” &c. ith Illustrations.  Fcap. 8vo, Leather,
Just Published. Net T/8
* An exceedingly useful book, the contents of which are admirably chosen. The classes for
whom the work is intended will find it convenient to have this ive handbook ibl
for reference.”—Live Stock Fournal.
It is a singularl, pact and well inf d dium of the facts and figures likely to
be required in estate work, and is certain to prove of much service to those to whom it is
addressed.”—Scotsman.

THE LAND VALUER’S BEST ASSISTANT.
Being Tables on a very much Improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary
Acres to Statute Mmm\,.ﬁ By R. HupsoN, C.E. New Ed::gno

Royal 32mo, leather, elastic
“Ofi lable value to the Y & and p man. —Farmers Fournal.

THE LAND IMPROVER’S POCKET-BOOK.

Comprising Formule, Tables, and Memoranda required in any Computation
relating to the Permanent Improvement of Landed Property. By JoHN EWART,
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . (o]
“ A compendious and handy little volume."—Spectator.

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather. . . . 7/6

HANDBOOK OF HOUSE PROPERTY.

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures :
with Examples of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By E. L. TArBUCK, Architect and Surveyor.
Sixth Edition. 12mo,cloth . . . e e e e 376
“The advice is thoro;ihly practical."—Law Fournal.
* For all who have dealings with house property, this is an indis) ble guide.”—Decoration.
* Carefully brought up to date, and much improved by the addition of a division on Fine Art.
A well-written and thoughtful work.”—Land Agent's Record.

LAW AND MISCELLANEOUS.

MODERN JOURNALISM.
A Handbook of Instruction and Counsel for the Young Journalist. By Joun
B. Mackik, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0
* This invaluable guide to j lism is a work which all aspirants to a journalistic career will
read with advantage.”— Fomurnalist,

HANDBOOK FOR SOLICITORS AND ENGINEERS
Engaged in Promoting Private Acts of Parli: d Provisional Orders for
the Authorisation of Railways, Tramwa Gas and Water Works, &c.
By L. LivINGSTONE Macassey, of the Middle Temple, Barrister-at-Law,
My.lnst. C.E. 8vo,cloth . . . . . . . . . 21 Bs.

PATENTS for INVENTIONS, HOW to PROCURE THEM.
Compiled for the Use of Inventors, Patentees and others. By G. G. M.
HARDINGHAM, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . . 18

CONCILIATION & ARBITRATION in LABOUR DISPUTES.

A Historical Sketch and Brief Statement of the Present Position of the
Question -at_ Home and Abroad. By LhS JEANS, Author of * England's
Supremacy &c.” Crown 8vo, 200 pp., C . Y - 1T -




" CROSBY LOCKWOOD & SON'S CATALOGUE.

EVERY MAN’S OWN LAWYER.

A Haacdy-Book of the Primcipies of Law amd W'xthaCouase
D-:nn--ydl.epl‘l’c-s By A Baxzrstaz. -ainth de'xiax,
carefuly Revised. and m\amdmd!mt.
picz the }Yomiiimi CFemders Act, ror; the Larcemy Act, 1gor; t.be
Inzorxating Lirmors Az2, 1gor ; the Factery and Worsskop Act, rgot, and
et enaciments of the year. /udicial Decisins during the kare alse
oeen duiy moted. Crown 3vo, dco pp, strongly bound m

Ussz Publisked. 6 8

*.* Thkis Standard Weork of Referemce forms o CourLxTe ErtTOME OF THE
Laws or ExGLAND, comprising (amengst sther matter):

RICHTS AND WRONCS INDIVIDUALS—LANDLOGD AXD TEXANT—
2] LEASES AL AXD AGENT—PARTNERSHIP
AND COMPANIES—M. SERVANTS AXD W AXD
AND SURETIES—SALE AXD oF GOODS—CHEQUES,
SILLS AYD NOTES—B! UPTCY—RAILWAY AXD SHIPPING Law—
LiFR, FIRE, AXD MARINE INSURANCE—ACCIDEXT AND NCB—CRIM!
LAW—_PARLIAMENT. ELECTION “¥TY Cox
UNICIPAL CORPORA LIBEL AXD C HEALTH AND
NU . PATENTS, TRADE MARKS—HUSBAND AXD WIFE—DIVORCE—
INPANCY—CUSTODY OF CHILDREN—TRUSTEES AND EXBCU 3
WARDENS, AME LAWS AND SPORTING—IXXKEEPERS—HORSES AXD DOGS—TAXES

ac.—G.
AND DEATH DUTIES—FORMS OF AGREEMENTS, WILLS, CODICILS, N

4 mmqwma.wu*me.wm
low ; and Ohereby to as far as and adwice.
mm]m - Mﬁw:ﬁu.ﬁ'—m.mmﬁ“
snowing how nﬂm.zl]" ; and wmany persons have as great & dread of &
lewyer's office as of & Hown's aMMuwaawmm-Su-m

ESCHTPENCE may b¢ saved ; many & redoessed ;| man ight reclaimed ; many & law
sadt avoided m)utﬂa‘“ TLM&M; "'"—"ma/um ”‘kr-l

ot & di lidraries, are & have at Aand a work
decisions
Orivions or THE Prmss.
“Itisa code of Engfish Law written in plain lasguage, which all can uaderstand.
. . Should be in the hands of every business man, and all who wish to abolish lawyers bills. "—
muz, Times.

“ A useful and concise epitome of the law, compiled with considerabl “—Law Ma
”Amplaedigenolthemndnlhﬂsvﬁcbemﬁmﬁqﬂbv —Gbk.
“This .. A dove, and admirab
"—Leeds Mevcury.

runs may read, and be who reads may understand."— Figare.
* A dictionary of legal facts well put together. The book is a very usefnl one."—Spectafor.

THE PAWNBROKER’S, FACTOR’S, AND MERCHANT’S
GUIDE TO THE LAW OF LOANS AND PLEDG

With the Smnws and a Dugesz of Cases. By H.C. Fon.uun, Barrister-at-
Law. Cloth . I .. . . . 8/8

LABOUR CONTRACTS.
A Popular Handbook on the Law of Contracts for Works and Services. By
Davip Gisgons. Fourth Edition, with Appendix of Statutes by T. F. UTTLEY,
Solicitor. Fcap. 8vo, cloth . . . . . . . . . 8/18

SUMMARY OF THE FACTORY AND WORKSHOP ACTS

(1878-1891). For the Use of Manufacturers and Managers. By EmiLz
Garcke and J. M. qus (Reprinted from ‘‘FACTORY ACCOUNTS.”)
Crown 8vo, sewed . . . . . . . . . . Bo.

BRADBURY, AGNEW, & co. LD., PRINTERS, LONDON AND TONBRIDGE.



WEALE'S SERIES

SCIENTIFIC ax» TECHNICAL
WORKS.

Tt is not too much to say that no books have ever proved more
popular with or more useful to young engineers and others than the
- excellent treatises comprised in WEALE’s SERIES.”—Engineer,
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2 WEALE’S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.
Civil Engineering.

By Henrv Law, M.Inst.C.E. Including a Treatise on HyDpRAULIC
ENGINEERING by G. R. BurNeLL, M.I.C.E. Seventh Edition, revised,
with LArRGE AppiTions by D. K. CLark, M.I.C.E. . ..

Pioneer Engineering:
A Treatise on the Engineering Operations connected with the Settlement of
Waste Lands in New Countries. By Epwarb DossoN, M.InsT.C.E.
With numerous Plates. Second Edition . . . . . .

Iron Bridges of Moderate Span:
Their Construction and Erection. Ly HaMmiLToN W. PENDRED. VWith 40
Illustrations . . . . . 2/0
Iron and Steel Bridges and Yia.ducts.
A Practical Treatise upon their Construction for the use of Engineers,
Blraughlsmen, and Students. By FRANCls CAMPIN, C E. With numerous
ustrations . . . . . . .

Constructional Iron and Stoel Work
As applied to Pubhc, anate, and Domesuc Bmldmgs. By Francis
Cawmrin, C.E. [N . /6

Tubular and other Iron Girder Brldgu.
Describing the Britannia and Conway Tubular Budg:s. By G DRYSDALE
Dewmresey, C.E. Fourth Edition . . . . /10

Materials and Construction:
A Theoretical and Practical Treatise on the Strains, Desninmg, and Erec-
tion of Works of Construction. By Francis Camein, C. /10

Sanitary Work in the Smaller Towns and in Yilla.geo.
By CHARLES SLAGG, Assoc. M.Inst.C.E. Third Edition . 3/0

Roads and Streets (The Construction of).
In Two Parts: I. THE ART oF CoNSTRUCTING CoMMON Roaps, by H.
Law, C.E., Revised by D. K. CLark, C.E. ; II. RECENT PRACTICE: In-
cluding Pavements of Wood, Asphalte, &c. By D. K. CLaxx, C.E. 4/6

Gas Works (The Construction of),
And the Manufacture and Distribution of Coal Gas. By S. HU(..HBS, C.E.
Re-written by WirLLiam RicHarps, C.E. Eighth Edition . 85/6
Water Works
For the Supply of Cities and Towns. Witha Description of the Pnnm;l);\l
Geological Formations of England as influencing Supplies of Water.
Samuer Huges, F.G.S., C.E. Enlarged Edition . . .
The Power of Water,
As applied to drive Flour Mills, and to give motion to Turbines and other
Hydrostatic Engines. By Josem GLynN, F.R.S. New Edition . 2/0
Wells and Well-Sinking.
By Joun Geo. SwinpeLL, A.R.I.B.A,,and G. R. BurneLt, C.E. Revi<ed
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0
The Dra.lnage of Lands, Towns, and Buildings.
By G. D. Demrsev, C.E. Revised, with large Additions on Recent
Practice, by D. K. Crark, M.1.C.E. "Third Edition . - §
The Blasting and Quarrying of Stone,
For Building and other Purposes. With Remarks on the Blowmg up of
Bridges. By Gen. Sir J. Burcovng, K.C.B. . . r
Foundations and Concrete Works.
With Practical Remarks on Footings, Planlunz Sand, Concrete, Béton.
Pile-driving, Caissons, and Cofferdams. 15 DOBSON M.R.I.B.A.
Eighth Edition . . . . .. . e ..



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 3

Pneumatiocs,
Including Acoustics and the Phenomena of Wind Currents, for the Use of
Beginners. By CHARLEs TomrinsoN, F.R.S. Fourth Edition . 1/6
Land and Engineering Surveying.
For Students and Practical Use. By T. Baker, C.E. Eighteenth Edition,
Revised and Extended by F. E, DixoN, A.M. Inst. C.E., Professional Asso-
ciate of the Institution of Surveyors. With numerous lllustrations and two
Lithographic Plates . . . . . . Uust published 2|0
Mensuration and Measuring.
For Students and Practical Use. With the Mensuration and Levelling of
Land for the purposes of Modern Engineering. By T. BAker, C.E. New
Edition by E. NugenT,CE. . . . . . . . . 1/6

MINING AND METALLURGY.

Mining Calculations,
For the use of Students Preparing for the Examinations for Colliery
Managers’ Certificates, comprising numerous Rules and Examples in
Arithmetic, Algebra, and Mensuration. By T. A. O’DonNaAHuE, M.E,,
First-Class,_Certifi d Colliery Manag [ Just published. 3|6
Mineralogy,
Rudiments of. By A. Ramsav, F.G.S. Fourth Edition, revised and
enlarged. Woodcutsand Plates. . . . . . . . 3
Coal and Coal Mining,
A Rudimentary Treatise on. By the late Sir WArRINGTON W. SMvTH,
F.R.S. Eighth Edition, revised zy 1. ForsTERBROWN . . . 3/6
Metallurgy of Iron.
Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &c. By »f Bauerman, F.G.S. With numerous
Illustrations. Sixth Edition, revised and enlargec{ . . . . .
The Mineral Surveyor and VYaluer’'s Complete Guide.

By W. LiNnTErRN. Fourth Edition, with an Appendix on Magnetic a/nsd

Angular Surveying . . .
Slate and Slate Quarrying:

Scientific, Practical, and Cominercial. By D. C. Davies, F.G.S. With

numerous Illustrations and Folding Plates. Fourth Edition . . 0
A First Book of Mining and Quarrying,

With the Sciences connected therewith, for Primary Schools and Self In.

struction. By J. H. CorLins, F.G.S. Second Edition . . . 1/6
Subterraneous Surveying,

With and without the Magnetic Needle. By T. FENwick and T. BAKER,
C.E. Illustrated. . . . . . . /6

Mining Tools.

Manual of. By WiLLiAM MoRGANS, Lecturer on Practical Mining at the
Bristol School of Mines . . e e e e . . . 2/6

Mining Tools, Atlas

Of Engravings to Illustrate the above, containing 235 Illustrations of Miii/nsg

. . . . . .

- Tools, drawn to Scale. 4to . . . . . . .
Physical Geology,
Partly based on Major-General PorTLock’s * Rudiments of Geology.”
By RavLpH TATE, A.L.S., &c. Woodcuts. . . . . .
Historical Geology, )
Partly based on Major-General PorTLOCK's ‘‘ Rudiments.” By RALpPn
TATE, A.L.S., &. Woodcuts . . . . . . . . 2/6
Geolog, Physical and Historical.
nsisting of *‘ Physical Geology,” which sets forth the Leading Principles
of the Science; and ‘‘Historical Geology,” which treats of the Mineral
'alnd O r(n;icSConditions of the Earth at each successive epoch. By Rairn
'ATE, F.G.S. . . . . . . . . . . .
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MECHANICAL ENGINEERING.
The Workman’s Manual of Engineering Drawing.

By JounN MaxTtoN, Instructor in Engiueering Drawing, Royal Naval
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6
Fuels: Solid, Liquid, and Gaseous.
Their Analysis and Valuation. For the Use of Chemists and Engineers.
y niLLies, F.C.S., formerly Analytical a~d Consulting Chemist
to the Great Eastern Rallway Third Edition . « e e
Fuel, Its Combustion and Economy.
Consisting of an Abrid ment of *‘ A Treatise on the Combustion of Coal and
the Prevention of Smoke.” By C. W. WiLLiams, A.L.C.E. With Exten-
sive Additions by D. K CrArk, M.Inst.C.E. Fourth Edition 3/6
The Boilermaker’'s Assistant
In Drawing, ‘T'emplating, and Calculating Bonler \Vork &c. B COUl'r-
NEY, Practical Boilermaker. Edned i K. CLARK, 2/0
The Boiler-Maker's Ready Reckoner,
With Examples of Practical Geometry and Templating for the Use ol'
Platers, Smuhs, and Riveters, By Jonn CourTnEv. Edited byD
CLArk, M.I.C.E. Fourth Edition . 4/
*.* The last fwo Works im One Volume, MI/ lmmd mhlle:l “ Tun Bou.n-
MAKER'S READV-RECKONRR AND ASSISTANT.” By J. CourTNEY and
D. K. CLark. Price T/0O.
Steam Boilers:
Their Construction and Management. By R. ARMsTRONG, C.E. lllustr“u/ed
(-]

Steam and Machinery Management.
A Guide to the Ar and E g t of Machinery.
By M. Powis BALE, M.Inst. ME. romen 16
Steam and the Steam Engine,
Stationary and Portable. Being an Extension of the Treatise on the Steam
Engnneo Mr J. SewecL. By D. K. CLAgk, C.E. Fourth Edition 3/8
The Steam Engine,
A Treatise on the Mathematical Theory of, mth Rules and Examples for
Practical Men. By I. BAKER, . . . . . (<3
The Steam Engine.
By Dr. LARDNER. Illustrated . e« o+ . e« .+ 18
Locomotlve Engines,
By G. D. Demesev, C.E. With large Additions treatmg of the Modern
. /0

. . . .

.

Locomotive, by D. K. CLARK, M.Inst.C.E.
Locomotive Engine-Driving.
A Practical Manual for Engineers in charge of Locomotive Engines. R
MicHAEL RevNorps. Tenth Edition. 3s. 64. limp ; cloth boards. 4/
Stationary Engine-Driving.
A Practical Manual for Engineers in charge of Stationary Engines. B
MicHAEL ReEvNoLDs. Sixth Edition. 3s. 64. limp ; cloth boards . 4/&
The Smithy and Forge.
Including the Farrier's Art and Coach Smnhmg ByW J. E. CrANE.
Fourth ﬁ dition . . e
Modern Workshop Pra.ctice,
As applied to Marine, Land, and Locomotive anmu, Floatin Docks,
Dred%:nlg Machines, Bridges, Shlp-bmldmg, &c §VINTON.
Fourth Edition, Illustrated . . e e .
Mechanical Engineering.
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop
Mac inery, Mechanica Mampnlatlon, Manufacture of the Steam Engine,
&c. By RANCIS Cawmrin, C.E. Third Edition o e .
Details of Machin
Comprising Instructions for the Execution of various Works in Iron in the
Fitting-Shop, Foundry, and Boiler-Yard, By Francis Camrin, C.E. 3/0

. . .

.
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Elementary Engineering:

A Manual for Young Marine Engineers and Apprentices. In the Form of

Quesnom and Answers on Metals, Alloys, Strength of Materials, &c.

yins. Brewer. Fourth Edition . . . .. .

Power Motion:

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Drivin,

Bands, Angular Forces, &c. By James Armour, C.E. Third Edition 2/6
Iron and Heat,

Exhibiting the Prlncrples concerned in the Construction of Iron Beams,

Pillars, and Girders. By J. ArMOUR, C.E. . . . 2/6
Practical Mechanism,

And Machine Tools. By T. Baker, C. E With Remarks on Tools and

Machinery, by J. Nasmvth, CE. . . . . . . 16
Mechanics:

Being a concise Exposition of the General Principles of Mechanical Sci y

and their Applications. By CHARLES ’.lom.mwN, F.R.S. . . 1/6
Cranes (The &onstructxon of),

And other Machinery for Raising Heavy Bodles for the Erection of Build-

ings, &c. By Josern GLvNN, F.R.S. . [N 6

. .

NAVIGATION, SHIPBUILDING, ETC.
The Sailor’'s Sea Book:

A Rudimentary Treatise on Navigation. By James Greenwoob, B.A.

With numerous Woodcuts and Coloured Plates. New and enlarged

Edition. By W. H. Rosser . . .
Practical Navigation.

Consisting of THE SAILOR’s SEA-Book, by JaAmes GReeNwooDp and W. H.

RossER ; together with Mathematical and Nautical T'ables for the Workin

of the Problems, ﬁHENRV Law, C.E,, and Prof. J. R. Younc. T/
Navigation and Nautical Astronomy,

In Theory and Practice. By Prof. J. R. Younc. New Edition. 2/6
Mathematical Tables,

For Tri rical, Astr ical, and Nautical Calculations ; to which is

refixed a Treatise on Logamhrm By H. Law, C.E. Together with a

genes of Tables for Navigation and Nautical Aslronomy. By Professor J.

R. YounG. New Edition .
Masting, Mast-Making, and Rigging of Ships.

Also Tables of Spars, Kigging, Blocks; Chain, Wire, and Hemp Ropes,

&ec., relative to every class of vessels. By RoBerT Kiering, N.A. . /0
Sails and Sail-Making.

With Draughung, and the Centre of Effort of the Sails. By RoserT

Krrring, N.A. . . . /6
Marine Engines and Stea.m Yessels.

By R. Murray, C.E. L|ghth Edition, thoioughly revued with Addi-

tions by the Author and by GeorGE CakLisLe, C.E. . . 4/6
Naval Architecture:

An Exposition of Elementary Principles. By JAMEs PEAKE . . 36
Ships for Ocean and River Servige,

Principles of the Construction of. By HakoN A. SOMMERFELDT . 1/6
Atlas of Engravings

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth T/6
The Forms of Ships and Boats.

Mv . BLaND. Ninth Edition, with numerous Illustrations ang
odels .
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ARCHITECTURE AND THE

BUILDING ARTS.

Constructional Iron and Steel Work,

As applied to Publu:, Private, and Domosuc Bmldmgx By Fraxcis
Canrix, C.E. .. . 3/6

Building Estatel

A Treatise on the Development, Sale, Purchase, and )lanagemcm of Bnuild-
ing Land. By F. Maituanp. Third Edition . . . 2/0

The Science of Building :

An Elementary Treatise on the Principles of Cousu'ucuon. By E. Wyxp-
Hax Tary, M.A. Lond. Fourth Ed.tion . . . . 3/6

The Art of Building:

General Principles of Construction, Strength, and Use of Materials, Working
Drawings, Specifications, & By Epwarp Dosson, M.R.ILB.A. . 2/0

A Book on Building,
Civil and Ecclesiastical. By Sir Emm\'n Bacxrrr, Q C. (Lord Gzllxé-

THORPE). Second Edition . .

-Houses (The Erectlon of).
Illustrated bya Pe:specuve View, Plans, and Sections of a Pair of Villas, with
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6
Cottage Building.

By C. Brucr ALLEN. Eleventh Edition, with Chapte:on Economic Cot-
tages for Allotments, by E. E. ALLen, C.E. - . 20

KAcoustics in Relation to Architectm a.nd Building :

The Laws of Sound as applied to the Arrangement of Buildings. By Pro-
fessor T. RoGer SattH, F.R.I.B.A. New Edition, Revised . 1/6

The Rudiments of Practical Bricklaying.
General Principles of Bricklaying; Arch Drawing, Cutting, and Setting ;
Pointing ; Paving, Tiling, &c. By Apax Haxxoxp. With 68 Woodcuts

1/6
The Art of Practical Brick Cutting a.nd Sethng.
By Apam Hammoxp. With go Engravings . - . 1/6

Brickwork :

A Practical Treatise, embodying the General and Higher Principles of
Brickhying, Cumng and Setting ; with the Applxcznon of Geometry to Roof
Tiling, &c. By F. WaLker . . . . . . . 1/6

Bricks and Tiles,
Rudimentary Treatise on the Manufacture of ; containing an Outline of the

Principles of Brickmaking. By E. Donsov M.R.LBA. Add.xdntn
C. Tourixsox, F.R.S. TIlustrated . . . ..

The Practical Brick and Tile Book.
Comprising : Brick axp Tiie Maxing, by E. Dossox, M.InsTCE ;
Practical BRICKLAYING, by A. HaM3108D ; BRKICK-CUTTING AND Strrwc,
by A. Haxsoxb. 550 ppe mzhz-oluustmmh:.lfbound . . 610

Carpentry and Joinery—
THE ELEMEXTARY PrINCIPLES OF CARPENTRY. Chiefly composed from the
Work of THosas TrepcoLp, C.E. With Additions, and TREATISE
OX JOINEKY, by E. W. TarN, M.A. Seventh Edition 3/6

and Joinery—Atlas
c“pe&t;:,l’hxe; to accou;ﬁy and llluslme the fon:gmng book. With
ve Letterpress. 4t0 . . . 60
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K Practical Treatise on Handrailing;
Showing New and Simple Methods. By Geo. CoLLINGS. Second Editi
Revised, including a TREATISE ON STAIRBUILDING. With Plates . 2/

Circular Work in Carpent: and Joinery.
A Practical Treatise on Circular \sgk of Smgle and Double Curvature.
By GeorGE CoLLINGs. Third Edition . . . 2/8

Roof Carpentry:
Practical Lessons in the Framing of Wood Roofe For the Use of Warknn
Carpenters. By Geo. CoLLINGS . 8

The Construction of Roofs of Wood and Iron'
Deduced chiefly from the Works of Robison, Tredgold, and Humber. B
E. WynpHaM TARN, M.A,, Architect. Third Edition . . . J

The Joints Made and Used by Builders.
By WyviLL J. CHRrisTv, Architect. With 160 Woodcuts . . 30
Shoring

And its Application: A Handbook for the Use of Smdents. By GIOIGI
H. BLAaGrove. With 31 Illustrations . . 1/8

The Timber Importer’s, Timber Merchant’s, and

Builder’s Standard Guide.
ByR.E.GranDY . . . . . . . . . . 20

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation. By Wum. PATON BUCHAN.
Eighth Edition, Re-written and Enlarged, with soo Illustrations (-]

Yentilation :
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P.
BucHan, R.P., Author of * Plumbing,” &c. With 170 Illustrations 3/8

The Practical Plasterer:
A Compendium of Plain and Ornamental Flaster Work. By W. Kemp 22/0

House Painting, Graining, Marbling, & Sign Writing.

With a Course of Elementary Drawing, and a Collection of Useful Receipts.
By Ecris A. DavipsoN. Eighth Edition. Coloured Plates . /0

** The above, in cloth boards, strongly bound, §/0
A Grammar of Colouring,

Applied to Decorative Painting and the Arts. By GEOrRGE FIELD. New
Edition, enlarged, by ELLis A. Davipson. With Coloured Plates . 3/0

Elementary Decoration
Asapplied to Dwelling Houses, &c. By James W. Facgv. Illustrated 2/0

Practical House Decoration.
A Guide to the Art of Ornamental Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By James W. FAétlé

o.* The last two Works in One handsome Vol., My-bmmd entitled ** Housg
DECORATION, ELEMENTARY AND PRACT!CAI-, price §5/0.

Portland Cement for Users.
By HeNrY Farja, A M.Inst.C.E. Third Edition, Corrected. . 2/0
Limes, Cements, Mortars, Concretes, Mastics, Plas-

tering, &c.
By G. R. BurngiL C.E. Fifteenth Edition . . . . . 1/8
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nnd their lication to Construction

luonry and Btonc-clll,ttlng
ByEnwAlD Dosson, M.R.L.LB.A. e e e e e .

Arches, Piers, Buttresses, &c.:
Experimental Essays on the Principles of Construction. By W. BLA;r;g

Quantities and Measurements,
In Bricklayers’, Masons’, Plasterers’, Plumbers Painters’, Paperhangers’,
Gilders’, Smuhs Carpenters and Jomen Work.' By A.C. Beaton 1/6

The Complete Measurer:
Setting forth the Measurement of Boards Glass, T‘unberand Stone. By R.
HorTon. Sixth Edition . . . . 4/0

%2t The above, strongly bomcd in Iccllnr, prxu 5/0
Light:
Aan Introduction to the Science of Optics. Designed for the Use of Students

of Architecture, Engineering, nnd other Applied Sciences. By E. WyND-
HAM TarN, M.A., Author of * The Science of Building,” &c. . S

Hints to Young Architects.

By GEORGE WIGHTWICK, Architect. Sixth Edmon, revised and enlarged
by G. HuskissoN GUILLAUME, Architect . . . . 3/6

Architecture—Orders:
The Orders and their ZEsthetic Principles. By W. H. Leeps. lllustnmg
1/

Architecture—Styles:
The History and Description of the Styles of Architecture of Various
Countries, from the Earliest to the Present Pcnod By T. TALBOT BuRy,
F.R.LLB. A. lustrated . . . . . . . /10

*.* ORDERS AND STYLES OF ARCHITECTURE, is Cne Vol., 3/6.

Architecture—Design :
The Principles of Design in Architecture, as deducible from Nature and
exemplified in the Works of the Greek and Gothic Archm:cts. By Epw.
Lacy GARBETT, Architect. Illustrated 2/6
*2 The three preceding Works in One handsome VaI hal/ bound :nt:tled
‘“ MODERN ARCHITECTURE," grice 6/0.

Perspective for Beginners.
Ada ted to Young Students and Amnenrs in Arclutecture, Paumng, &c.
EORGE PYNE . . 2/0

Arohitectura.l Modelling in Pa er.
By T. A. RicHArDsoN. With Illustrauom, engraved by O. Jewitr 1/6

Glass Staining, and the Art of Painting on Glass.

From the German of Dr. GEssERT and EMANUEL OTTO FrROMBERG. With
an Appendix on THE ART oF ENAMELLING . . . . 2/6

Yitruvius—The Architecture of.
In Ten Books. Translated from the Latm by Josxru Gwn.'r, F S.A.,
F.R.A.S. Witha3Platess . . 5/0

N.B.—This is the only Edition of Vl'rxuvws prxum&le at a madcratt Pprice.

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Progress of the Art in Greece. By the EARL or ABERDEEN 1/Q
2> The two preceding Works in One handsome Vol., half bound, entitled
¢ ANCIENT ARCHITECTURE,” price 6/0
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INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums.
A Guide to the Manufacture and Applieation of Agglutlnams. With goo
Recipes and Formulz. By H. C. STANDAGE . . . . 210
Clocks and Watches, and Bells,
A Rudimentary Treatise on. By Sir l-.mxunu Bzcxxtr, QC. (Lord
GRIMTHORPE). Seventh Edition. . . 4/6
Hlectro-Metallurgy,
Practically Treated. By ALEXANDER WATT. Tenth Edition, enlarged
and revised including the most Recent Processes . . . 36
The Goldsmith’s Handbook.
Containing full Instructions in the Art of Alloying, Melting, Reducing,
Colouring, Collecting and Refining, Recovery of Waste, Solcers, Enamels,
&c., &c. By GeorGe E. GEE. ifth Edition . . . . . /
The Silversmith’s Handbook,
On the same plan as the GoLpsmiTi’'s HaxpBook. By G. E. Ger. 3/0
*«* The last two Works, in One handsome Vol., half-bound, T 0.
The Hall-Marking of Jewellery.
Comprising an account of all the different Assay Towns of the United
Km dom; with the Stamps and Laws relating to the Standards and Hall
s at the various Assay Offices. By Georce E. GEE .. /f
French Polishing and Enamelling.
A Practical Work of Instruction, including numerous Recipes for making
Pohshes, Varnishes, Glaze-Lacquers, &c.© By R. Bitmeap . . 1/6
Practical Organ Building.
By W. E. DicksoN, M.A. Second Edition, Revised, with Addmons 2/6
Coach-Building
A Practical Treatise. By James W. BurGrss. With g7 Illustrations 2/6
The Cabinet-Maker's Guide
To the Entire Con-truction of Cabinet Work. By R. BiTuEAD . 2/6
The Brass Founder’s Manual:
Instructions for Modelling, Pattern Making, &c. By W. Grauam . 2/0
The Sheet-Metal Worker’s Guide.
A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with
46 Dia ram<. By W. J. E. Crane. Third Edition, revised . . 116
Sewing hf hinery:
Its Construction, History, &c. With full Technical Directions for Adjust-
ing, &c. By J. W. UrQuHnarT, C.E. . . . . . . 10
Gas Fitting:
A Practical Handbook. By Joun Brack. New Edition . . 216
Construction of Door Locks.
From the Papersof A. C. Hosss. Edited by C. TomLixsoNn, F.R.S. 2/6
The Model Locomotive Engineer, Fireman, and
Engine-Boy.
By MicvaEL REY~NOLDS . . . 36
The Art of Letter Painting made Ea.sy.
By J. G. BavenocH. With 12 full-page Engravings of Examples . 1/6

The Art of Boot and Shoemaking.

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By

Joun Buprorp LENo. With numerous Illustrations. Fourth Edition 2/0
Mechanical Dentistry:

A Practical Treatise on the Construction of the Various Kinds of Artificial

Dentures. By CHARLES HunTER. Fourth Edition . . . 3/0
Wood Engraving:

A Practical and Easy Introduction to the Art. By \WW. N. BRowNn . 1/9
Laundry Management.

A Handbook for Use in Private and Public Laundries . . . 2/0
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AGRICULTURE, GARDENING, ETC.

Draining and Embanking:
A Practical Treatise. By Prof. Joun Scorr. With 68 Illustrations 4/6

Irrigation and Water Supply:
Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c.;
on the Construction of Wells, Ponds. Reservons, &c. By Prof. Jonn
ScorT. With 34 Illustrations . . . . 16

Farm Roads, Fences, and Gatel-
A Pracuul Treatise on the Roads, Tramways, and Waterways of the
Farm ; the Principles of Enclosures; and the different kinds of Fences,
Gates, and Stiles. By Prof. Joun Scorr. With 75 Illustrations . 1/6

Farm Buildings:

A Practical Treatise on the Buildings necessary for various kinds of Farms,
their Arrangement and Construction, with Plans and Estimates. By Prof.
Joun Scorr. With 105 Illustrations . . e . e

Barn Implements and Machines:
Treating of the Application of Power and Machines used in the Threshing-
barn, Stockyard, Dairy, &c. By Prof. J. Scorr. With 123 lllusuauzo;:a

Field Implements and Machines:

With Principles and Details of Construction and Points of Excellence, their
Management, &c. By Prof. JouN Scort. With 138 Illustrations 22/0Q

Agricultural Surveying:
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions
for Valuing Estates. By Prof. J. ScorT. With 62 lllustrations . 1/6

Farm Engineering.
By Professor JoHN ScotT. Comprising ths above Seven Volumes in One,
1,150 pages, and over 600 Illustrations. Ilzlf-bound . . 12/

Outlines of Farm Management.
Treating of the General Work of the l“arm Stock Contract Work ;
Labour, &c. By R. ScorT Burn . . . 2/6

Outlines of Landed Hstates Mana.gement.
Treating of the Varieties of Lands, Methods of Farming, Setting-out of
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scort Burn. 22/6
** The above Two Vols. in One, handsomely kalf-bound, price 6/0

Soils, Manures, and Crops.
(Vol. I. OutLINEs or MopeErRN FARMING.) By R. Scort Burn . 22/0

Farming and Farming Economy.
(Vol. 1I. OuTLINES OF MODERN FARMING.) By R. Scort Burn 3/0Q

Stock Cattle, Sheep, and Horses.

(Vol. I11. OuTLINES OF MODERN FARMING.) By R. Scort Burn 2/6

Dairy, Pigs, and Poultry.

(Vol. IV. OuTLINEsS oF MoDERN FARMING.) By R. Scort Burn 2/0
Utillzation of Bewa.ge, Irrigation, and Reclamation
f Waste Land.

(Vol V. OuTLINES OF MODERN FARMING.) By R. Scort Burn . 2/6

Outlines of Modern Farming.

By R. ScorT BurN. Consisting of the above Five Volumes in One,
1,350 pp., profusely Illustrated, half-bound . o . 12

e ——
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Book-keeping for Farmers and Estate Owners.
A Practical Treatise, presenting, in Three Plans, a System adapted for all
classes of Farms. By J. M. WoopmAN. Third Edition, revised . 2/6

Ready Reckoner for the Admeasurement of Land.
By A. ArRMAN. Fourth Edition, revised and extended by C. Norris 22/0

Miller's, Corn Merchant’s, and Farmer's Ready

Reckoner.
Second Edition, revised, with a Price List of Modern Flour Mill Machinery,
by W. S. Hutton, C.E. . e e e . e . 2/0

The Hay and Straw Measurer.
New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw
Dealers, &c. By JoHN STEELE . o e . . .. . (o]

Meat Production.

A Manual for Producers, Distrib , and C of Butchers’ Meat,

By Joun EwarT e e e e e e e . . 218
Sheep :

The History, Structure, Economy, and Diseases of. By W. C. SPOONER,

M.R.V.S. Fifth Edition, with fine Engravings . « o . 36

Market and Kitchen Gardening.
By C. W. SHaw, late Editor of *“ Gardening Illustrated” . . . 30

Kitchen Gardening Made Easy.
Showing the best means of Cultivating every known Vegetable and Herb,
&c., with directions for management all the year round. By GEorGe M. F.
GLENNY. Illustrated . . . . . . . . . . 1/6

Cottage Gardening:
Or Flowers, Fruits, and Vegetables for Small Gardens., By E. Hospav.
1/6

Garden Receipts.
Edited by CHARLESs W.Quin . . . . . . . . 1/6

Fruit Trees,
The Scientific and Profitable Culture of. From the French of M. Du
BreuiL. Fifth Edition, carefully Revised by GEorGce GLENNY. With
187 Woodcuts . e e e e e .. . . 316

The Tree Planter and Plant Propagator:
With numerous Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &c. By Samuer Woop . . . . . . 2/0

The Tree Pruner:
A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous Illustrations. By SAMuEL Woop 1/

*3* The above Two Vols. in One, handsomely half-bound, price 3|6,
The Art of Grafting and Budding.

By CHARLES BALTET. WithIllustrations . . . . . . 2/8
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MATHEMATICS, ARITHMETIC, ETC.
Descriptive Geometry,

An Elementary Treatise on ; with a Theory of Shadows and of Perspective,

extracted from the French of G. MonGE. To which is added a Description

of the Principles and Practice of Isomemml Projection. By J.F. HEATHEK,

M.A. With 14 Plates . . . . . . . . . /0
Practical Plane Geometry

Giving the Simplest Modes of Constructing Figures contained in one Plane

and Geometrical Construction of the Ground. By J F. HEaTHER, M.A.

With 215 Woodcuts . . . . 2/0
Analytical Geometry and Conic Sectlon-,

A Rudimentary ‘I'reatise on. By James HaNN. A New Edition, re-

written and enlarged by Professor j. R. Youne . . . . 7
Euclid (The Elements of).

With many Additional Propositions and Explanatory Notes; to which is

prefixed an Introductory Essay on Logic. By Henky Law, C.E. . 2/6

** Sold also separately, viz:—
Euclid. The First Three Books. By HEnry Law,C.E. . . . 1/6
Euclid. Books 4, 5, 6, 11, 12. By HENRY Law, CE. . . . 1/6

Plane Trigonometry,
The Elements of. By James Hann. e e .« .« <« 16

Spherical Trigonometry,
The Elements of. By Julm HANN. Revised by Cuartes H. Dow-
Ling, C.E. . . . . 1/0
*r Orawith ' The Elemmft of I’lmu I' r:gouamelry, " in One Volume, 2'6

Dxﬂerentia.l Caloculus,
Elements of the. By W. S. B. WooLHousE, F.R.A.S., & . . 1/6

Integral Calculus.
By Homersuam Cox, B.A. . . . . . . . . 1/6
Algebra,
The Elements of. By James Happon, M.A. With Appendix, containing
Miscellaneous Investigations, and a Collection of Problens . . 2/0
A Key and Companion to the Above. )
An extensive Repository of Solved Examples and Problems in Algebra.
By J. R. Young . . . . . . . . . 1/6
Commercial Book- keepmg
With Commercial Phrases and Forms in English, French, Italian, and
German. By James Hapboon, M.A. ., .. . . . . 16
Arithmetio,
A Rudimentary Treatise on. With full Explanations of its Theoretical
Principles, and numerous Examples for Practice. For the Use of Schovis
and for Self-Instruction. By J. R. Youxa, late Professor of Mathematics

in Belfast College. ‘lhirteenth Edition . . . . . .
A Keg to the Above.
. R.YounGg . . . . . . . . . 1/6

Equa.txona.l Arithmetio,
Applied to Questions of Interest, Annuities, Life Assurance, and General
Commerce ; with various Tables by which all Calculations may be greatly
facilitated. By W. HirsLey T 15
Arithmetic,
Rudimentary, for the Use of Schools and Self-Instruction. By James
Happon, 'A. Revised by ABRAHAM ARMAN o . . . 1/6

A Key to the Above.
By A. AkmaNn o e . e e . e e . 116

o S S
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Mathematical Instruments:
‘I'heir Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. HEarHEx, M.A., of the Royal Military Academy, Wuolwich.
Fourteenth Edition, Revised, with Additions, by A. 1. WaLMisLEY,
M.I.C.E. Original Edition, in 1 vol., Illustrated . . . .

* N In ordering the above, be careful to say *‘Original Edition,” or give the
number in the Series (32), to distinguish it from the Enlarged Edition in
3 vols. (as _foHows)—

Drawing and Measuring Instruments.
Inciuding—I. Instruments employed in Geometrical and Mechanical Draw-
ing, and in the Construction, Copying, and Measurement of Maps and
Plans. IL. Instruments used for the purposes of Accuratc Measurement,
and for Arithmetical Computations. By J. F. HEATHER, M.A. . 1

Optical Instruments.
Including (more especially) Telescopes, Microscopes, and Apparatus for
producing copies of Maps and Pians by Photography. By J. F. HEATHER,
M.A. lllustrated . . . . . . . . . .

Surveying and Astronomical Instruments.
Including—I. Instruments used for Determining the Geometrical Features
of a portion of Ground. 1l. Instruments employed in Astronomical Ob-
servations. By J. F. HeaTHer, M.A. Illustrated. . . . 18

*.* The above three volumnes form an enlargement of the Author's original work,
““Mathematical Instruments,” price 2/Q. (Described at top of page.)

Mathematical Instruments:
Their Construction, Adjustment, ‘I'esting and Use. Comprising Drawing,
Measuring, Optical, Surveyirig, and Astronomical Instruments. By J. F.
HeAaTHER, M.A. Enlarged Edition, for the most part entirely re-written.
The ‘I'hree Parts as above, in One thick Volume. . . . .

The Slide Rule, and How to Use It.

Containing full, easy, and simple Instructions to perform all Business Cal-
culations with unexampled rapidity and accuracy. By CHARLEs HoaRE,
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/6

Logarithms.
With Mathematical Tab'es for Trig trical, Ast ical, and Nautical
Calculations. By Henry LAaw, C.E. Kevised Edition . . . 3/

Compound Interest and Annuities (Theory of).
Wiih Tables of I.ogarithms for the more Difficult Computations of Interest.
Discount, Annuities, &c., in all their Applications and Uses for Mercantile
and State Purposes. By FEDOR THOMAN, Paris. Fourth Edition . 4/0

Mathematical Tables,
For I'rig rical, Astronomical, and Nautical Calculations ; to which is
prefixed a Treatise on Logarithms. By H. Law, C.E. ‘logether with a
Series of Tables for Navigation and Nautical Astronomy. By I’rofessor 3

R.Youxg. New Edition . . . . . . . . . &4

Mathematios,
As applied to the Constructive Arts. By Francis Cameix, C.E.,, &c.
Third Edition . . . e . « . . . . . 3/0

Astronomy.
By the late Rev. RoserT MaiN, F.R.S. Third Edition, revised and cor-
rected to the Present Time. By W. T. Lvax, F.R.AS. . . . 2/0

Statics and Dynamics,
The Principles and Practice of. Embracing also a clear development of
Hydrostatics, Hydrodynamics, and Central Forces. By ‘l. Bakar, C.E.
Fourth Edition . . . . . . . . . . 18
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BOOKS OF REFERENCE AND
MISCELLANEOUS VOLUMES.

A Dictlonary of Painters, and Handbook for Picture
Amateurs.

Bemg a Guide for Visitors to Public and Private Picture Gallene« and for

tudents, including Glossary of Terms, Sketch of Pnncspnl Schools of

Painting, &c. By PuiLippE DARvL, B.A. . 216

Pa.lntin% Poé) Explained.
ULLICK, ainter, and Joun Timss, F.S.A. Including Fresco,
OIl, Mosalc. Water Colour, Water-Glass, Tempera Encaustic, Miniature,
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition &§/0

A Diction of Terms used in Architecture, Build-
n eering, Mining, Metallurgy, Archee-

olo‘y, e Fine Arts, &c.
By Joun \Vm\u'. Sixth Edition. Edited by R. Hunt, F.R.S. . §/0

Music:
A Rudimentary and Practical Treatise. With numerous Enmples. Z?é

CHARLES CHILD SPENCER . . . . . e e .
Pianoforte,

The Art of Playing the. With numerous Exercus and Lessons. B

CHARLES CHILD SPENCER . . .. . . /é

The House Manager.
A Guide to Housekeeping, Cookery, Pickling and Preserving, Household
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine-
malung, Gardening, &c. By AN OLp HOUSEKEEPER . . 3/6

Manual of Domestic Medicine.

By R. GoobiNng, M.D. Intended as a Family Guide in all cases of
Acudent and Emergency. Third Edition, carefully revised . . 2/0

Management of Health.
A Manual of Home and Personal Hygiene. By Rev. James Bairo 1/0

Natural Philosophy,
For the Use of Beginners. By ChHarLEs TomLinsoNn, F.R.S. . . 1/6

The Elementary Princigles of Electric Lighting
By Aran A. CamMPBELL wm'rou, M.InsT.C.E., M.LLE.E. Fourt

Edition, Revised . o« e . ([u:t Published 1 /6
The Eleoctric Tolegra.
Its History and Progress. By R. SaBing, C.E,F.S.A,&. . . 3/0

Handbook of Field Fortification.

By Major W. W. KnoLLys, F.R.G.S. With 163 Woodcuts . . 3/0
Logio, . .
Pure and Applied. By S. II. EmmeNns. Third Edition . . « 1/6

Locke on the Human Understanding,
Selections from. With Notes by S. H. EMMENS .« <« « 1/8

The Compendious Calculator
(Inlmtth Calculat:m‘)‘ Or Easy and Concuc Methods of Perfonmng the
various Ar
Transactions ; together wnh Useful Tables, &c. By DANlll. 0 Gon\un.
Twenty-seventh Edition, carefully revised by C. Norris . 2/6
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Measures, Weights, and Moneys of all Nations.
With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
By W. S. B. WooLHousk, F.R.A. S F.S.S. Seventh Edition . 2/6

Gramma.r of the English Tongue,
ken and Wmten With an Introduction to the Study of Comparauve
P ilology. By Hvur CLarke, D.C.L. Fifth Edition. . . . 1/6
Dictionary of the English Language.

As Spoken and \Vritten. (_ontamlng above xoo,ooo \Vords, By Hvpr
CrarkE, D.C.L. . . . 3/8
om/lzlz wd/t the GRAMMAR, 5/6.

Composition and Punctuation,
Familiarly Explained for thcse who have neglected the Study of Grammar.
By JusTiN BRENAN. 18th Edition. . . . . . . . 16

French Grammar.
With Complete and Concise Rules on the Genders of French Nouns. Ry
G. L. Strauss, Ph.D. . . . . . . . . 16
English-French Dictionary.
Comprising a large number of I'erins used in Enﬂmeermg, Mining, &c.
By ALrFrep ELwes . . . e . . .. .2/
French Dictionary.
In two Parts—I. French- l:nglnsh. II. English- French complete /él)‘

One Vol. . . . .
. ‘ Or with the CRAMMAR, 4/6

French and English Phrase Book.

Containing Introductory Lessons, with Translations, Vocabularies of Words,

Collection of Phrases, and Easy Familiar Dialogues . . . . 16
German Grammar.

Adapted for English Students, from Heyse's Theoretical and Practicat

Grammar, by Dr. G. L. STRAUSS . . . . . . . 16
German Triglot Dictionary.

By N. E. S. A. HamiLton. Part I, German-French-English. Part II.

English-German-French. Part 111, French-German-English . . 3/0
German Triglot Dictionary.

(As above). Together with German Grammar, in One Volume . 6/10

Italian Grammar.
Arranged in Twenty Lessons, with Exercises. By ALFRED ELwEs. 1/6
Italian Triglot Dictionary,
Wherein the Genders of all the Italian and French Nouns are carefull
noted down. By ALrrep Evwes. Vol. I. Italian-English-French. 2/§'

Italian Triglot Dictionary.

By ALFRED ELv.Es. Vol Il. English-French-Italian . . . 2/6
Italian Triglot Dictionary.

By ALFRED ELwEs. Vol. 111. French-Italian-English . . . 216
Italian Triglot chtionary.

(As above). InOneVcl. . . . . . . . . 7/6

Spanish Grammar.
In a Simple and Practical Form. With Exercises. By ALFrep ELwes 1/6

Spanish-English and English-Spanish Dictionary. ¢
Including a large number of Technical Terms used in Mining, Engnneermg,
%c., with the proper Accents and the Gender of every Noun. By LFRED
LWES . ..
“,“ 0r with the Gmmu/m, 6/0. - 4l0
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Portuguese Grammar,
Ina Simple and Practical Form. With Exercises. By ALrrev ELwes 1/

Portu‘:;u-ﬂn‘li-h and English-Portuguese Dic-
on

Including a large number of Technical Terms used in Mining, Engineering,
&c., with the proper Accents and the Gender of every Noun. By ALrreD
Ecrwes. Third dition, revised . . . . 8/0

* >} Or with the GRAMMAR, 7/0

KAnimal Physiocs,
Handbook of. By Dionvsius LarDnER, D.C.L. Wuh 520 lllusttauons
In One Vol. (732 pages), cloth boards . . . . 7/6
** Sold also im Two Parts, as /me/s
ANIMAL Puwlcs By Dr. LArRDNER. Part 1., Chapters 1. —VII 4/0
AnimaAL PHvsics. By Dr. LARDNER.  Part I1., Chapters VIII. -XVlslIld

BRADBURY, AGNEW & CO, LD.. PRINTERS, LONDON AND TONBRIDGE.








