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PREFACHE.

Tae present Cyclopadia is not a revision of the well-known “ Dictionary
of Mechanics,” issued by its publishers more than a quarter of a century
ago, but is an entirely new work. The amount of matter retained from the
“ Dictionary ” bears but an insignificant proportion to the present contents.
The plan of the work has been materially changed ; not merely so as greatly
to increase the number of subjects treated and to group them more logical-
ly, but to give a connected view of the chief types of each class of inven-
tion, to exhibit clearly their relations to each other and the principles of
construction involved in them, and in most cases to present results of their
actual working from well-authenticated records. Special efforts have also
been directed toward rendering the information given of such practical util-
ity that the work may serve as a trustworthy guide to the engineer and me-
chanical student in their every-day avocations. To this end, simplified rules
have been introduced, with plain examples of their application ; graphic
methods have been preferred to those involving mechanical demonstration ;
and facts generally have been combined wherever possible in condensed tab-
ular form. All the principal mechanical inventions and discoveries which
have contributed toward the vast progress accomplished during late years
in science and the arts—and more particularly those which have attracted the
world’s attention at the great International Expositions of Vienna in 1878,
Philadelphia in 1876, and Paris in 1878—will be found described in these
pages. Where the magnitude of a subject has precluded its treatment in
detail, ample bibliographical references are supplied, which will direct the
reader in the path of closer investigation.

The editor gratefully acknowledges his indebtedness to his contributors
for the preparation of many important original articles, and for valued
counsel. While care has been taken to accord proper recognition to all
authorities quoted, special credit is due to the “ American Cyclopedia” for
illustrations and some few selections from the text of the mechanical and
scientific articles.
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CYCLOPADIA

OF

APPLIED MECHANICS.

ABACTS. An instrument employed by the ancients for facilitating calculations ; similar to that
Bow frequently employed for teaching children the rudiments of arithmetic, and which is commonly
sold in our stationers’ shops. It usually consists of twelve parallel wires, fixed in a light rectangu-
lar frame ; each wire carrying 12 beads or balls. There are thus 12 times 12, answering to the
common maultiplication-table, all the results of which it demonstrates to the dullest capacity. All
the operations of addition or subtraction are likewise performed by it, by merely moving the

from one side to the other of the frame. By thus smoothing the difficulties of acquiring
arithmetical knowledge at the very outset, and rendering it quite obvious and amusing at the same
time, the apparatus becomes one of considerable importance in education.

Another kind of abacus consists of a series of parallel wires fixed in a frame like the former.
Ou each wire there are nine little balls; the lowest stand for units, the next above for fens, the next -
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Aundreds, and 80 on up to any number. The frame is divided into two corpartments, a and 3, by
a cross-wire at ¢, which is sufficiently raised above the wires to allow the little balls to slide under it.
Suppose the whole 63 balls to be placed in the compartment a, and it be proposed to note the sum of
4,346,072, it is effected by sliding the balls shown in 4 from their previous situation in a. See Car-
CCLATING-MACHINES.

ACCUMULATOR. An apparatus used for working hydraulic cranes, lifts, and other machines
where a steady, powerful pressure of water is required. Fig. 2 represents the portable accumulator
used in connection with other hydraulic machinery at the St. Gothard Tunnel. It is interposed
between the pump and the lift. It consists of a vertical cylinder, in which a piston travels, and which
bas to be loaded to a weight equivalent to 450 Ibs. per square inch. When the lift is not in opera-
tion, the piston is raised to an extent proportionate to the quantity of water introduced, which it
returns to the lift when the ingress-cock of the latter is opened. The diameter of the piston is
11.81 inches, and the stroke is 66.93 inches. The volume of water contained is 26.2 gallons, and
the pressure on the piston should be 21.18 tons; the piston and cross-head weigh 1.18 ton. A
load of 20 tons of lead-ingots is suspended to the cross-head at the top of the piston. These can be
removed at will to facilitate the moving of the apparatus from place to place on the works.

The accumulator illustrated in Fig. 3 admits of the use of a long cylinder of small diameter. The

1



2 ADDRESSING-MACHINE.

weight of masonry A, rests upon the cylinder C, and entirely surrounds the same. No guide is
therefore needed to control the vertical movement of the weight, and the centre of gravity of the

2. 8.

latter is situated low down. The plate F is in two portions, consolidated by the screw-rods Z. The
upper joint has a stuffing-box, to which access may be had through the cover X.

ADDRESSING-MACHINE. An apparatus used for affixing the addresses on a large number of
missives, such as newspapers, upon which the same scries of names must be inscribed as the day
of issue recurs. There are two general forms of this machine. In one the addresses are separately
printed on slips of gummed paper, which are fed from the apparatus, which cuts off each address
in turn, and allows the latter to remain attached to the wrapper. The other mode is tv set up the
type of each address in a form, and so to arrange the forms that they are successively presented at
a spot to which the enveloped papers are consecutively fed. A large number of these machines
have been patented.

ADHESION is the molecular attraction exerted between bodies in contact. It occurs between
solids and solids, liquids and solids, liquids and liquids, gases and solids, gases and gases, and gascs
and liquids. The adhesion between two plates of the same material is the same as that between
one of the plates and any material which possesses a less adhesive property. Adhesion is supposed
to manifest itsclf at an appreciable distance before actual contact of bodies. The ascent of liquids
in capillary tubes is a result of adhesion, as well a8 the spreading out of liquids between two sur-
faces kept in close proximity. The chain-pump, in which the water is carried up by a sinple chain
in a tube, is a practical example of adhesion of liquids to solids. The adhesion of gases and solids
is illustrated by the adhesion of air around a piece of solid iron, which causes it to float on melted
iron. In the Giffard injecter a blast of steam is used to carry water by its adhesion to it into the
boiler against its own pressure,

The adhesive force on railroads may be estimated approximately by multiplying the weight of
the locomotive in tons which rests on the driving-wheels by a coeflicient of adhesion for said
wheels. This coefficient is with dry rails 670; very dry rails 560; under ordinary circumstances
450; wet rails 814 ; in snowy or frosty weather 225. On horse-railroads the cocfficient varies from
800 to 400 in snow and frost.

ADIT. The horizontal opening by which a mine is entered, or by which water and ores are car-
ried away. An adit is termed a cross-cut when run for purposes of exploration in a direction trans-
verse to the general bearings of the veins or lodes. The great adit in Cornwall, Wales, drains the
waters from thc Gwennap and Redruth mines, and is nearly thirty miles in length.

AGRICULTURAL MACHINERY. Agricultural machines and implements are so multifarious
that to facilitate their consideration a system of classification is necessary. Such a system may be
based on the history of every crop ; hence we have—

1. Implements for clearing ground, breaking it, and otherwise preparing it for the reception of
the seed.

2. Implements for depositing the sced.

8. Implements for the cultivation of the plant.

4. Implements for gathering crops.

5. Implements for preparing the crops for market.

6. Miscellaneous implements applicable to various farm-uses.

These classes will be considered in their order, and examples of machinery given under each divi-
sion. Dairy implements are principally referred to under DatRy APPARATUS, CHURNS, and CHEESE-
MagiNG ; farm-engines, under ENGINES, STEAN, FoRNS OF.  See also DRAINAGE, IRRIGATION, and MiLLs.

1. Implements for clearing, breaking Ground, etc.



AGRICULTURAL MACHINERY. 8

Stump- Pullers.—The primitive method of extracting stumps is to hitch on a yoke of oxen, and,
aflter cutting away the earth from around the stump as much as possible, drag the latter from the
soil by main strength. Explosives are frequently employed to blow the stump to pieces. A
mechanical apparatus for stump-extraction is represented in Fig. 4. It consists of two beams
placed at right angles, and carrying each a wheel at their outer cnds. The journal of the larger
wheel on the right is hinged to its beam so that the
wheel may be turned back parallel to the beam for con-
venience in drawing the machine from place to place.
A loop secured to the ends of the hinged journal carries
a hook, to which the harness of the horse is hitched.
Near the intersection of the beams is placed a guide for
a knife, which may be adjusted by a lever as deep in the
ground as is desired. To the rear of the beam on the
left is attached a loop that encircles the stump. The
horse is hitched to the apparatus as shown.

In operating the machine the loop is first dropped in
place, and a ring is placed above it. A wedge is then
driven into the top of the stump so as to fasten the ring,
the latter serving both to prevent the loop from slipping A
off, and also as a band to keep the wedge from spreading y
the lower part of the stump so as to tighten the loop. The knife is next forced into the ground for
five or six inches, so that, on driving the horse around the stump, it cuts off such side roots as may
lie in its path. At each round the knife is driven in deeper until all the roots are divided. The hook
shown is then dropped and held down by the foot until it catches upon a root. A few rounds twist
off this last, and the stump may then be easily raised from the ground.

Ploughs—The plough is primarily designed to prepare the ground for cultivation by turning it over,
thus burying the weeds and loosening the earth. Modifications of the plough, however, have of late
been contrived to assist in cultivating operations, such as the destruction of weeds, loosening the
surface of the earth, or casting the same against the rows of the grain or plant, as the case may be,
and ploughs of this description will be treated of under the head of Cultivators, by which term tl::{
are now generally known. The modern plough consists of a frame, to which horses may be attached,
and to which is fastened a device to detach (in advance of the share) the furrow from the un-
ploughed land; a share to sever the bottom of the furrow from the land beneath, a gauge-wheel to
regulate the depth to which the share shall enter the soil, and a mould-board to invert the furrow.

In Fig. 5 is represented an improved form of plough, made by the Ames Plough Co. A is the frame;
B B gre the handles by which the operator guides the plough; Cis the gauge-wheel, which runs upon
the surface of the soil and determines by the distance
between its perimeter at the bottom and the bottom
of the ploughshare the depth of the furrow; D is
the coulter which severs the furrow-slice from the land
in advance of the share; E is the mould-board, and
- is the clevis to which the draught is applied.

The manner in which the furrow is turned by the
plough is of considerable importance. Greensward land
may be ploughed with the furrows turned completely
over so as to kill the herbage, as shown in Fig. 6;
or it may be lap-furrowed, as shown in Fig. 7. The
difference is, that in the former case the ploughed land lies solid, and is difficult to break up, whereas
in the latter the land will break somewhat of itself, while there will remain at the same time beneath
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the furrows the hollow triangular spaces shown in Fig. 7. Hence, when the cultivator, or clod-
crusher, is passed over the land, the soil will be more thoroughly broken up. In arable land—that
is, 1and that 'has been well ploughed before, and is not of a very clayey nature—the furrows may be
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4 AGRICULTURAL MACHINERY.

turned completely over with such a short turn that the twisting of the soil itself will cause it to break
up, as shown in Fig. 8, Still another kind of ploughing is performed by the double Michigan plough,
the furrows of which are shown in Fig. 8. The upper furrow merely skims or pares off the upper

9.

portion of the sod and inverts it in the bottom of the furrow—a trench left by the bottom plough 1
its previous traverse. By this method the soil is well broken up. The ploughing may be deep, and
the roots of grass, weeds, ctc., are thoroughly buried.

The amount of twist given to the furrow is determined by the form of the mould-board. All oth.
things being equal, a long twist will require the least power to draw, while a short one will mor
thoroughly break up the soil. The manner in which the furrows will lie depends upon the angle a
which the cutter or coulter is set. Thus in Fig. 10 the cutter, being set at an angle as shown,

10.

L

proper for ploughing flat furrow-slices, and stands as much inclined toward the mould-board side as
the land-side (as the side of the plough next to the unploughed land is termed) does, and it is gen-
erally considered best to incline it even a little more, in order to obtain that beveled edge of the
furrow-slices so essential to their sure and finished matching, side by side, as they come from the
plough, and to do peé'fcctly Alat work.

In Fig. 11 Band C are the furrows, and the dotted lines denote the direction in which the furrow B
will fall, D being the mould. In order to plough lap-furrowed slices, the cutter or coulter is adjusted
a8 shown in Fig. 12, in which A represents the land-side, or unploughed land, B the coulter or cutter,
C the mould, and D, E, and F the furrows already turncd. The forward inclination of the coulter
or cutter may be made greater or less, but it is always set with the point in advance. In
some, cases a circular cutter takes the place of the knife-coulter, because it will sever fibrous roots
the more readily. The width of the furrow depends upon the position of the plough with reference




work flat.

If the plough has a tendency to rise at the point of the share, the ring b is too low, and must be
moved by raising it one or more holes in the clevis. If a pair of taller horses be harnessed to the
plough, the draught-chains, depth of furrow, and soil remaining the same, we should have the point
J raised, suppose to f” ; by drawing the line f' to ¢, we have ¢ ¢ /' as the angle of draught, which
will be 22°, and the ring will be found to be below the line of draught f' ¢, and if the draught.
chains were applied at , in the direction { ' b, the plough would have a tendency to rise at the point
of the share, by the action of that law of forces which obliges the line of draught to coincide with
the line which passes through or to the centre of resistance ; hence the ring would be found to rise
from & to &', which would raise the point of the share out of its proper direction. To rectify this,
the ring must be raised in the clevis by a space equaling that between & and &', causing it to coincide
with the true line of draught, which would again bring the plough to work evenly on the base of the
land-side and run flat.

The foregoing principles are substantially such as are adopted by the most experienced plough-
men, and, if properly applied, will not only do the best work, but accomplish it with the greatest
ease to themselves and their team. If- the power (or team) is not rightly applied, good work cannot
easily be done ; for if the plough inclines in or out of the ground too much, or takes too wide or too
narrow a furrow-slice, the ploughman must exert force to direct it properly, in addition to that re-
quired to overcome the obstacles and inequalities in the soil ; but if the power be rightly applied,
the plough will move so accurately as not only to perform good work with more case to both plough-
man and team, but, in soils free from obstructions, even without a guide.

To effect a proper horizontal movement, the clevis at b or draught-rod (if one is used instead of a
clevis) must be adjusted and confined at that point, moving it to the right or left, if necessary.
This will cause the plough to take the proper width of furrow-slice, which, in sod, should be wider
or narrower according to the depth of furrow, or, rather, the thickness of the furrow-slice required ;
for as the thickness is increased, so also must be the width in proportion, in order to turn it easily
and perfectly over, particularly when the furrow-slices are required to be laid over level, and side by
side, The proportion in ordinary sod should be seven by ten, or the width or depth should be varied
only in this proportion.
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In determining the width of furrow-slice, some regard must be had to the strength of tk
lar sod to be turned ; for the plough will turn over a wider slicc in a strong, stiff sod t
running in one more easily broken, or it will cripple and double when raised to a perpendic
tion, thus only doing the work called “cut and cover.”

When the slices are required to be laid at an angle and lapped each one upon the prec
proportion of width should be as seven to ten, thus setting the furrows at an angle of 45°,
the position of furrow presenting the greatest attainable surface to the action of the at:
and the greatest cubical contents of soil to the action of the harrow in preparing a seed-bed

In Fig. 14 is shown a prairie-breaking plough. The furrows in this class of ploughing a
about 4 inches deep, and from the fibrous roots in and compact nature of the soil the du
heavy ; hence the length of the plough is increased, and a wheel-coulter is employed. T

draught is regulated by the clevis being moved laterally to the width of the furrow, and
to steady the plough as regards depth.

The double Michigan or “sod and subsoil ”* plough, Fig. 18, has some important advantag
forward or skim plough pares off a sod a few inches in thickness, and inverts it into the t
the previous furrow. The second or main plough follows, and throws up the lower soil, cc
burying the inverted sod, and giving a loose, mellow surface to the field. This forms an
preparation for all crops, particularly carrots and other roots, which grow best in a deep, 1
of earth ; and, where a portion of the subsoil improves the top-soil by being mixed with it,
nent advantage results. A greater depth may be attained by the use of this double plo

16.

with one having a single mould-board, in sod-ground, because the inversion will be complet:
the width of the furrow is only one-half the depth. But, with a single plough, the width mus:
siderably greater than the depth, or the sod will be thrown on its side or edge, and ¢annc
verted. There is one disadvantage, however, in the use of the double plough. A greater
required to make two cuts in the soil, one above the other, than one cut with a single sha
this reason more force must be used to plough a field to a given depth, say one foot, with th:

than with the single plough. But the single plough, in order to reach this depth, would req
be 8o large, and to turn so wide a furrow, that no ordinary amount of team could be had to
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work. And, in addition to this difficulty, the inverted surface would not be so well pulverized as by
the use of the double plough. .

Side-hill or swivel ploughs are designed to throw the furrow-slice down-hill, whichever way the
plough may be moving. The plough is pivoted so that it may be moved from side to side of the
beam when at the end of the furrow. The ploughing may then be done across and across the field
instead of around it or in sections, Fig. 16 is an Ames side-hill plough. Another variety of the
swivel or “ turn-wrist ” plough is shown in Fig. 17. It is so constructed that two ploughs attached
to one beam are readily changed from one side to the other, turning the furrow-slices either to the
right or left as desired. The forward plough turns the sod to the depth of about three inches, de-
positing it at the bottom of the channel ; and the rear plough works to the depth of five to seven
i raising and pulverizing the under or subsoil, and depositing it upon the forward furrow-slice,
burying the sod below the reach of the harrow or cultivator.

Fig. 15 is a plough designed for deep tilling, and it may be taken as a representative of the class
of ploughs used in sugar-cultivation. The line of draught is adjustable by the clevis, as shown.
In the New York plough, Fig. 19, the line of draught for regulating the width of the furrow is
adjusted at the end of the beam where it connects with the handle-frame. The handles may be
kept nearly equidistant laterally from the share, giving a central draught.

Fiz. 20 is a Scotch subsoil plough, which is used for
following directly after the turning-plough, and in the
same furrow, breaking up, lifting a few inches, and
pulverizing the subsoil. For making roads, the class
of plough shown in Fig. 21 is used. Strength and du-
rability are here prime requisites, as the principal duty
is simply to loosen the ground, cutting a width of from
seven to nine inches at a traverse.

As rezards the tractile power required to draw a
plough, from experiments in England it appears that
about 35 per cent. of the whole required draught is ex-
pended in overcoming the friction of the implement on
its bottom and sides, about 55 for cutting the furrow-
slice, and only about 10 per cent. for turning the sod.
Hence the exclusive attention formerly given to forming the mould-board, as a means of reducing
the draught, should have been directed more to lessening the force required for cutting the hard soil.

These data are not wholly satisfactory for the light ploughs of the United States.

To ascertain the amount of friction, suppose the plough weighs 100 1bs. Half its weight would be
50 Ibe., the friction on the sole of the plough. The friction of the sides would vary greatly with
ploughs, being very small with those having a perfect centre-draught, or with no tendency to press
sgainst the land on the left. The whole friction and force for lifting the sod would therefore be
about 150 lbs. ; leaving 250 lbs. as the force for cutting the slice. A very easy-running plough
would leave a much smaller force—some as low as 200 Ibs,

This estimate is liable to great variation. A wet and clayey soil would double the friction ; a very

" hard piece of ground would add

. much to the force required for cut-

u. {I ting the slice; if loose, the force
[} 0 would be comparatively small ; or if
G quite moist, this force would be also

much diminished; while the great

@ c (3) difference in the d;-aught of ploughs
B
A

B would vary the results still further.
u' ﬂ {l The estimate, however, for soil dry
l} Y enough to be friable, and of medium
tenacity, is probably not far from
correct, for ploughing in this country—showing that most of the force required is for the act of cut-
ﬁnge::’g indicating the importance of giving special attention to the cutting edge.
Ploughing.—This answers the use of a gang-plough hauled across and across or else around
the field by means of wire ropes, the o,
steam-engine remaining stationary.
In Fig. 22 is represented Fowler's dou- Lh [i' ﬂ
ble-engine system,* which requires Fomry
two engines, one on each headland, C o
each of which alternately draws the
cultivating implement across the P
field. Each engine i8 provided with A
s winding or hauling drum, which in
,turn pulls the implement and pays
out the slack rope. This system is
both simple and effective. The im- |
plement is drawn with considerable LL ’

velocity—often much faster than a
man can walk—and the steam drag
or harrow will pass over from fifty
to sixty acres of land per day. Fow- b

© From “ British Manufacturing Industries,” article Agricultural Machinery, by G. P. Bevan, F.G. 8.
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ler’s double-engine system appeals to large capitalists, but the same firm also provides good single-
engine sets for the use of smaller employers. The single-engine system (Fig. 28) requires an engine
on one headland and a self-moving windlass on the other. The engine is provided with the patent
Burton clip-drum, capable of hauling the cultivating implement backward and forward between the
engine and windlass. Both engine and windlass travel along the two headlands opposite each other.
A third system is offered in Fig. 24, in which the engine remains stationary, and the rope is
arranged in an irregular triangle or square, while the implement passes to and fro between two
fixed anchors, rendered movable at pleasure. This is called the ‘“ round-about system,” because the
rope is carried around anchors and incloses the space to be cultivated. The several systems thus
slightly described will be more easily understood by reference to the accompanying diagrams. One
of the main advantages of the *round-about ” plan is that it enables the farmer to employ any ordi-
pary traction-engine for ploughing purposes, and thus reduces the amount of capital required in
commencing steam-cultivation.

The following particulars, taken from one of the Royal Agricultural Society's Implement Catalogues,

will give the reader a good idea of what is
A% included in a set of steam-cultivating im-
plements. Messrs. J. Fowler and Co.’s
double engine, 20 horse-power set, consists
of a pair of 20 horse-power sclf-moving
engines with single cylinders, fitted with
single winding drurus, 800 yards of best
steel-wire rope, and works a thirteen-tined
cultivator. There may be a six-furrow bal-
ance combined plough and digger in addi-
tion.

It appears from a test of Messrs. Fowler
and Co.'s apparatus, made by the Royal
A%ricultural Society, that the machine was
able to turn over soil in an efficient man-
ner at a saving as compared with horse-
labor on light land of 2§ to 25 per cent.;
on heavy land 25 to 80 per cent.; and in
trenching 80 to 85 per cent.

Gang-Ploughs.—The gang-plough has a
S framework to which are attached two or

more ploughs, together with a seat for the
driver. Mechanical means are provided whereby the ploughs may be lifted entirely clear of or be
adjusted to any required depth in the ground. The smaller and lighter gang-ploughs may be drawn

N =t

by horses after the manner of sulky-ploughs; but in many cases, and especially in England, gang-
ploughs are employed for steam-ploughing, as previously described. .
In Figs. 25 and 26 are given two vicws of an improved English gang cultivator-plough.
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The frame, to which the ploughs are attached, stands on three wheelg, of which the middle one is
s caster-wheel, while the two end-wheels revolve in turn-tables, which lift or lower the main frame
exactly by the depth of the furrow, according to the direction which is given to the wheel. The
plough-skifes turn in sockets, and are connected by a long rod, working short levers, so that the
turning round of one plough causes all the others to turn as well. Therc are, further, two con-
pected horizontal pulling levers, by turning which either backward or forward the ploughs are
also turned completely round, and locked. The ploughs themselves are shaped so as to cut with
either end. While at work the main frame travels in a slanting position over the land, the front-
wheel running in the preceding furrow, the hind-wheel on the unploughed ground, the ploughman
steering the furrow-wheel.

Table showing Dynamometric Tests of Glang-Ploughs at Paris Ezposition, 1878. (1)

Sar- Mean Power
face - wld"h necessary
Length ean Mean o Sectlon | to dis-
| mAMIS OF COX- e, || Vet | onae g";"w depth |furrow | of | place 35,3 | T4nEth| Time \Welght
TESTANTS. trace. | nate. of alice | land | cuble feet
el @ | @ | *™™ |furow.| of the |taraed.| of earth, | fTToT:) travel. |Floogh.
' gang- Mean of
* plough. two trials.
| Bquare Foot- Square | Foot- ) HT o
I inches. Foet. | Inches. s, Inches. | Inches, fost. | pounds. Feet. | Sec. Pounds.
'f',:m"l m::' ) | Going. 178.5| 1.97 | 1.9 | 8555 | 5.9 |26.4 [1.008........] 624 |48 [543.4
Franee .. .... ”Betumlng 174.7| 7.75 | 1.85 [ 8616.8 | 6.2 | 24.4 '1.080 |85421.2| 524 | 4 42 |......
Deere & Co., Ho-} Golng. 187.8| 8.24 | 1.87 | 8651.9 | 6.8 | 7.1 [1.218!........ 524 ' 4 12 | DT2.
oe ID.......... | Returning.; 195.2 | 7.79 | 2.06 | 4028.8 | 6.5 | 27.6 (1.269 | 82851.7| 524 422 |......

1) The ground was slightly inclined. (2) The base line on the r ribbon of the dynamometer. (8) Mean dis-
(nge between the base ms profile lines on paper ribbon. pepe @

See Scientific American, xxxix., 162,

H18

In Fig. 27 is represented the Collins Gang and Sulky Plough, in which the depth of furrow is regu-
lated by the adjustment of the slide upon the arc shown. The ploughs are raised above the ground
by throwing the left-hand lever forward, causing the clamp attached thereto to engage the rim of the
wheel which carries it over, lifting the frame and ploughs. To take the first furrow, the right-hand
lever and its rear sliding clamp are drawn back on the
arc and fastened at the point neccssary to give the
required depth of furrow. The left-hand lever is
then retracted, depressing the ploughs into the

ground.

Sulky- Plough.—This name is given to single ploughs,
which are mounted upon a frame on which a seat for
the ploughman is arranged. The sulky-plough shown
in Fig. 28 is arranged for three draught-horses. By
applying the brake to the wheel the horses raise
the plough out of the ground instead of the driver
baving to pull it out by main force. The team is
hitched to the end of the beam instead of to the
tongue or carriage, thus avoiding side-draught and
relieving the weight from the horses’ necks. Owing
to the peculiar construction of the axle, the lower-
ing of the plough into the ground throws the furrow-
wheel down and the land-wheel up, keeping the plough
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level, thereby avoiding all the trouble of leveling up with levers or screws. The depth
can be instantly changed by the driver without getting off or stopping the horses, It c:
readily adjusted to take morc or less land.

Clod-Crusher.—This machine is used to break up the land which is of such a stiff n
remain in lumps or clods after ploughing. In the implement illustrated in Fig. 29, it consis

0. two dozen circular cast-iron disks, placed loosely upon an axle, so as

. separately. Their outer circumference is formed into teeth, which

digintegrate the clods as they roll over the surface of the field. E

nate disk has a larger hole for the axle, which causes it to rise and
turning over, and thus prevent the disks from clogging.

This clod-crusher can be used only where the ground and the
become quite dry. Even then it packs the soil, and if followed by
with scarifier teeth, to loosen it again, it would prove an advant:
only in certain seasons that it is most successfully employed, or '
dry weather follows a wet spring. As thorough tile-draining is generally adopted, it be
necessary.

Harrows are used to disintegrate and pulverize the ground after ploughing. Severa
these implements are prescnted herewith,

Fig. 80 is the ordinary square harrow; Figz. 81, the Friedmann harrow; and Fig. 32,
harrow. For land containing many fibrous roots, or much stiff clay, the disk or wheel h

resented in Fig. 83 is used. The wheel-gangs (that is to say, the shafts to which each ro
is fixed) are attached to the pole and draught-bars by the ball-joint shown at 4, so that ea
free to conform by its own weight to the shape of the ploughed land-surface. The opecrat
harrow is that of cutting and scparating rather than of scratching, as in the case of spik
The shares harrow (Fig. 84) is especially adapted for pulverizing the freshly-inverted
sward-land, to a depth two or three times as great as the common harrow can effect.
being sharp, flat blades, cut with great efficiency ; and as they slope like a sled-runner, they
the sod, and instead of tearing it up like the common harrow or gang-plough, they tend
down, and in its place, while the upper surface of the sod is sliced up and torn into a fine, m

85.

Rollers crush all sods and lumps that remain on the top of the ground after the harrow b
and force down small stones icvel with the surface. They render the field smooth for t
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scythe, and rake, press the earth close about the sced, and secure a more sure and quick germination,
On light and sandy lands they are invaluable, and in all cases their use has greatly increased the
product. Much benefit is undoubtedly found in compressing the surface of such light soils, by pre-
venting the escape of those gases from the manure so essential to vegetation, and which are so rapidly
extracted by the sun and winds. Great advantage is gained by rolling early in the spring while the
ground is yet soft. Clay lands, by heaving, pull to pieces and displace the roots of grain and grasses
sown the previous autumn, and the heavy roller presses the roots and earth together to their proper
position, when vegetation goes on again, and thus, in a measure, prevents what is termed winter-
killing. Fig. 36 represents an approved form constructed wholly of iron, except the tongue and
box, which are of wood. These rollers are made of various diameters, from twenty to thirty-six
inches, in separate sections, each one foot long, placed on a wrought-iron shaft independently of each
other.

Fig. 36 is a hand.roller used upon lawns and gardens. Additional weight is supplied by iron
weights pivoted as shown to the axle.

2. Impl ts for depositing Seed, ete.

S«d-&)m‘ng Machines— Drills.—These machincs are mainly distinguished by the mechanical de-
vices by which the drills are opened, seed fed, and drills reclosed upon the seed. Of these the feed-
ing-device is the essential feature, and this usually involves either means for varying the quantity of
seed fed by varying the escape-openings, or by positive mechanical movements variable in speed.
The principal requircments are capability of distributing seed with a continuous and lar dis-
charge from each distributor or grain-tube; accuracy in quantity of seed discharged; efficiency in
regulating the same under all circumstances on inclined, level, or irregular land ; changeability of the
fced-apparatus to suit coarse or fine seed, and facility of adjustment.

Fig. 37 represents a sowing-machine to which a horse may be attached, or it may be pushed by
hand. A4 is the seed-box, in the bottom of which is the seed-delivering device, which consists either
of 8 brush D, or a revolving cylinder C. The
former is employed for small, the latter for 81
large seed. To change the quantity of sced
sown, the speed of either of these feed-devices
is increased as follows: B is a casting contain-
ing several diameters of gears upon one cast-
ing, which is either fast to the wheel or the
axle. Into one of these gears is meshed a
pinion fast upon an horizontal shaft or spindle,
which by means of bevel-gears at the other
end rotates the brush or cylinder as the case
may be. Hence by changing the pinion at B
from meshing into the larger or smaller gear
at B, the rotations of the brush or cylinder may be increased or diminished, and the quantity of secd
sown varied in consequence. The grain-spout enters the ground at its point, and therefore opens the
drill ready to receive the seed, while the swing-board beneath the handles closes the earth over the
sown seed, and the roller following compacts and levels the same over the seed.

Fig. 38 is a Bickford and Huffman grain-drill. It contains cight dropping-tubes. The mode by
which the grain is discharged from the hopper down thesc tubes is exhibited in section in Fig. 89,

88. 89, 10,

which shows the interior of the hopper, and a revolving
wheel, the projecting rims of which form the bottom of the Y- PE— s P
seed-holder; the axle causes this wheel to revolve, and the

small projections on the interior of the rim carry the seed to where it drops through an opening in
the plate which forms the side of the sced-holder. The rapidity of discharge is perfectly controlled
by wheel-work, which causes the axle to revolve slowly or fast at pleasure. The seed-holder is
divided into two parts by the wheel, as shown by cross-section in Fig. 40 ; one part containing wheat,
barley, and other medium-sized grains, and the other for corn, pcas, and the larger seeds. This
figure shows the opening in the side-plates, through which the grain is discharged. As these two
divisions must be used on separate occasions, the apertures between them and the hopper are opened
and closed at pleasure by a sliding bottom with a single movement of the hand. This sliding bottom
is shown in Fig. 41, and forms hoppers with sloping sides down which the grain passes. The ends of
the tubes, which are shod with steel, are made to pass any desired depth into the mellowed soil, and
form the drills for the seed, which is immediately covered by the falling earth as the drill passes.
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In Figs. 42 and 43 is shown the “ force-feed ” device. The seed is delivered from the internal flange
of the feed-wheel. Fig. 42 exhibits the feed for wheat and small grain, and Fig. 43 the same for

.
42.

corn or coarse grain. The flange serving as a bottom for the distribution, the grain rests upon it;
consequently, when the ‘wheel is revolved, the sced travels- exactly with it, thereby insuring the flow
of grain to be in a steady, unbroken stream. The two casings, as shown by the cuts, between which
the feed-wheel revolves, forms the outer walls of a complete measuring channel, or throat, through
which the grain is carried by the rotary motion of
the wheel, thus providing the means of measuring
the sced with as much accuracy as could be done
with a small measure. The quantity sown per acre
is governed by simply increasing or diminishing the
speed of the feed-wheel.

In Fig. 44 is represented Kuhn's grain-drill, in
which the change of speed in the feeding-device is
altered by a system of cone-gearing shown in Fig.
45. The lower gear-wheel may be adjusted to
mesh into such of the cone-gears as is required in
accordance with the amount of seed to be deposited.
The mode in which the grain is fcd by a positive
mechanical movement is exhibited in Figs. 46 to 49.
Fig. 46 shows a fecd- wheel, Fig. 47 a sectional
view of wheel and cap, and Figs. 48 and 49 the de-
livery of the grain. In Fig. 50 is represented a
potato-planting machine. The cut potatoes are
placed in the hopper shown. Secured upon the
axle is a cast-iron disk, around the periphery of
which & number of holes are made in order that
the cups may be fastened thereon, at any points
or at any distances apart. As this disk revolves,
the cups, which are turned rearward, enter the
hopper from beneath, passing through an orifice
protected by bristles, which scrve to prevent the
escape of the sced. The cups thus become filled As they are carried on out of the hopper by
the disk, they pass through a box, also shown larger at one side. The sides of this attachment are

48,

&

fitted with bristles, which, while offering no resistance to the passage of the cup, retain the seed in
the same as it is reversed by the rotation of the disk. As soon, however, as cach cup emerges from
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between the bristles, ita contents drop out—directly, however, into the drill made by the opcning
plough. Wings in rear of the latter, as the machine advances, replace the soil in the furrow, com-
pleting the planting. The knives in the cutter divide

the seed into pieces of uniform size, and thus the con- 50.

stant filling of the cups is rendered more certain.

Figs. 51 and 52 represent an apparatus for cutting
potatoes before planting. They are placed in the tubes
shown on the table, across which a strap passes, thence
over s pulley, and finally is attached to a treadle. On
the upper side of the strap are bolted horizontal
blades (see enlarged view, Fig. 52), which carry one or
more vertical cutters on the portions contained within
the peripheries of the tubes. These tubes, it will be
seen, are slotted in order to allow all the blades to be
drawn through them, an operation effected through the
strap and treadle already referred to. By increasing
the number of vertical cutters in any tube, the number
of pieces into which the potato is divided is of course
sugmented. The system of knives is connected by bars underneath the table, secured to vertical
arms extending down through slots in the same. .

In operation, after the potatoes are deposited, one in each tube, pressure upon the treadle carries
the knives through them; and thus divided, they fall through
apertures beneath the tubes, upon an inclined plane, and into
any vessel placed for their reception.

8. Implements for the Cultivation of the Plant.

Cultivators.—The name cultivator has been applied to a class
of implements which is adapted to perform the various agricult-
ural operations necessary to the cultivation of the crop. Prop-
erly speaking, the term should imply that its duties commence
after the crop is above the ground; but, unfortunately, it has
been applied to machines employed in preparing the ground for
the reception of seed, which, so to speak, trench upon the duty of
the harrow. The ordinary duty of the cultivator, however, is to
loosen the earth, destroy weeds, and in some cases to gather the
surface earth and leave it around the growing plants or crop.
It follows, then, that to admit of the use of the cultivator, the
crop must be sown or planted in drills or rows. Cultivators are
made in various forms to suit the duty required. When they
operate betwecn two rows they are termed single, and when
between three rows, double cultivators. Those which provide
a scat for the driver are termed sulky-cultivators, while those
not 8o provided are simply * cultivators,” and are usually distin-
guished by an additional term indicating the kind of crop they
are intended to cultivate. Thus we have *corn-cultivators,”
¢ cotton-cultivators,” etc. Double cultivators are arranged so
that the outside teeth may be adjusted in width to suit the
width of the rows of the crop. In Fig. 53 is shown a hand-
cultivator, the two outside rows of teeth being adjustable in
width to suit the width of the crop-rows by means of the slotted
agays in the rear, which are held by the set screw shown.

Ja Fig. 54 is represented a cultivator having a gauge-wheel
adjustable upon the draught-beam, and also a roller. By these
devices the depth at which the implement works in the ground is
adjusted. The cultivator shown in Fig. 55 has iron side-beams
) 80 curved that, as they are expanded or contracted by loosening
the iron keys that confine the teeth in their places, the latter are moved forward or back to a point
that will again cause them to work parallel with the centre-beam, and at equal distances from the

There is also one pair of moulds calculated to work in the rear, in form like small ploughs, throw-
ing the earth in opposite directions, and fitting alike both side-beams; they may be placed to throw
the earth to or from the centre, or rows of vegetables,
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The cultivator shown in Fig. 56 is adapted to loosen the surface of the soil and destroy weeds.
The draught-rod is connected to the centre of the beam to render the operation of the machine steady,

and facilitate the regulation of the depth to which the teeth enter the soil. Fig. 57 is a cultivator
and hiller. The soil loosened by the teeth is thrown against the plants by a rear-share. The width of
the hiller and of the teeth is adjustable to suit the
duty. Fig. 58 represents an improved wheel-culti-
vator operating between rows of corn. Theshovel-
frame is pivoted to the axle, and the handlesare at-
tached on each side the ploughs, when not in op-
eration are suspended from the hooks shown. For
ploughing out between narrow rows the ridging
or double-mould plough represented in Fig. 59 is
used. It is also employed for opening drills to
plant potatoes. Fig. 60 is a double-mould plough
or cultivator for sugar<cane. The mould-boards are
made to expand to suit the width of the rows.
The double share cuts off a surface-slice of the
soil, and the wings or mould - boards throw the
same up to the canc-plants. Fig. 61 is a four-fur-
row plough of English construction, designed for
steam-cultivation, and the notable feature in it is the admirably simple means provided for adjusting
the widths of the furrows. The implement has the rigid frame which is so essential in steam culti-
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vating implements, while the alteration of the width of the furrows is effected by means of wedges,
which throw the ploughs at different angles to the frames. The employment of wedges in this way
does away with the necessity for bolts or screws, and makes a thoroughly rigid fastening, while at the
same time every facility is afforded for adjusting the width of furrow very quickly.

61,
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Fiz. 62 is a type of the cultivators similar in construction to the double-mould-board plough. The
object is to throw the earth on each side, the wings 4 Bat the sides being provided to alter the
width of the mould to suit that of the cross-rows. The
piece C is also removable, so that part of the earth
may, if desired, fall between the moulds instead of being
delivered at the sides.

4. Implements for gathering Crope.

Mowers.—The essential parts of a mower are suitable
driving - wheels upon which it travels, and from which
motion is transmitted to the cutting apparatus; a main
frame supporting the mechanical movements; the cutting
apparatus consisting of a finger or cutter bar and a recip-
rocating scythe ; levers or handles by means of which the
driver can put the machine in or out of gear, and lift the
cutting apperatus to pass abstructions; jointed or flexible connections between the finger-bar and
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frame, allowing the cutting apparatus to conform to the undulations of the surface of the ground in-
dependently of the main frame, and admitting of the folding over of the cutting apparatus on to the
frame when traveling on the road so as to stow it out of the way in a compact shape; appliances at
each end of the finger-bar for regulating the height of the stubble, and mechanical means of throw-
ing the mechanism operating the cutter-bar in or out of motion. The diameter of the driving-whecls
(4, Fig. 63) is usually about 80 inches. Hence it follows that one revolution of the wheel carries the
machine forward 94.28 inches. The scythe sections project forward 2 inches, so that they must have
a sufficient number of vibrations, which (multiplied by the 2 inches) will cut over all the ground trav-
ersed. Now, as the machine represented has 51.6 vibrations to one revolution of the driving-wheel, the
cut made equals (51.6 multiplied by 2 equals 103.2, which less 94.28 equals) 8.92 inchcs more than the
actual distance traveled by the machine. These vibrations are obtained by multiplying-gear which
causc the shaft driving the scythe (through the medium of a crank-disk and connecting-rod) to re-
volve the necessary number of revolutions faster than the wheels A.

In Fig. 63, A A4 are the wheels upon which the machine travels, the lugs or projections shown
upon the periphery of cach being provided for the purpose of enabling the wheels to take a firm
hold of the ground. This is necessary, because the reciprocating motion necessary to the cutting-
knives is obtained either by gear-wheels attached to the shaft upon which the wheels 4 4 revolve,
or by the said wheels themselves containing an internal gear-whecl. In either case the gear or tooth
wheel actuates the parts which operatc the cutter-scythe. Hence it follows that if the wheels 4 4
were to slide over the ground and not revolve, the operation of the scythe would cease, and the ma-

64.

chine would pass over the herbage without mowing it. The framework carrying the mechanical move-
ments necessary to the operation of the machine is carried by means of suitable bearings upon the
axle connecting the wheels 4 4, and upon this framework there is provided a seat for the operator.
The levers, or handles, by which the operator
6. throws the cutting-knives into or out of opera-
tion, or raises or lowers the cutting-device, are
convenient to the hand. The machine shown
in Figs. 63, 64, 65, and 66, is known as the
Buckeye mower, the driver's seat being re-
moved to show the arrangement of the mechan-
ical parts the more distinctly, The wheels A
A are not, in the mower under consideration,
fast upon the axle B, so that when the ma
chine is in transit to or from the field of opere
tions the wheels revolve independently, and are,
therefore, the only parts in motion. When,
however, the machine is in position ready to
operate they are connected to the axle B, in
the following manner: Fast to the axle B are
the ratchét-wheels C, and attached to the side
of cach of the wheels 4 A4 arc two pawls o
catches, each pivoted at one end, so that the
other end may cngage or disengage with the
teeth of the ratchet. To retain the pawl in fixed, engnged, or disengaged position there is provided
a spring which is shown at E. Another advantage of this arrangement is, that when the horses are
backing (in which operation they cannot exert much power), they are relieved of the duty of moving
the working-gear of the machine. i
To drive the shaft 7 (Fig. 63) two methods of gearing have been applied. In the first (Fig. 63)
the bevcl-gear D drives a pinion upon a short shaft having at its other end a pinion geared to the
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65 and 66) the bevel-wheel D gears direct to the pinion G.
Fast upon the axle B is the bevel-
gear wheel D (Fig. 66), which engages 66.
with the bevel-pinion G, the latter being
formed in one casting with the internal
gear H. This ar-
rangement is con-
structed in order
that, the bevel-gear
having 71 tecth, or
cogs, and the bev-
el-pinion having 12 __
teeth, the revolu-
tions of the latter ‘may be 5.91 to one
of the former; and the internal gear A
baving 48 cogs, and the spur-pinion hav-
ing 11 cogs, the revolutions of the lat-
ter are 4.36 times those of the former.
Cpon the shaft J, Fig. 63, at the end X,
isa crank-disk shown, carrying a crank-
pin which communicates reciprocating
motion to the rod which is pivoted at
that end of the scythe-bar, thus also im-
mng a reciprocating motion to the r

&i;.;n @ in Fig. 67, which figure is a plan view of the part & in Fig. 63. In the second method

. Thus it will be noted that the
multiplication of scythe reciprocations
over the wheel revolutions is obtained
in two places: first between the wheels [
Dand G, and next between the wheel A
and its pinjon.  All these wheels are cased in to prevent them from becoming clogged or entangled with

N N, Fig. 63, is the iron frame swung by bearings upon the axle g, and carrying the parts so
far described ; A is a wrought-iron hinge-bar connecting the cutting-device to the frame &, to which
it is hinged beneath ; while O is a brace attached rigidly to Jf, and hinged to the frame  at its other
end. The joints of the hinges by which both M and O respectively are attached to the frame V are
parallel one with the other and also with the shaft /, an arrangement which permits of the cutting-device
being raised and lowered without the intervention of a double or universal joint. It is obvious that
the cutting-device (as we have termed that part of the machine which consists of the finger-bar,
scythe-bar, and the attachments at each end thereof) must be lifted out of the way when it is re-
quired to pass over an obstruction, and for this purpose the lever Q and its attachments are provided.
Upon the draught-pole P is the ratchet casting shown in Fig. 68, and upon the projecting pin shown

2;

therein fits the hole shown in the lever Q, illustrated in Fig. 69 ; the catch R engages and disengages
G (by operating the latch S) with the teeth of the ratchet shown in Fig. 68. To the eye l:ﬁ)gwn
at T a chain is attached, the lower end of the chain being fast to the hinge-bar 3, in Fig. 63, so that,
by operating the lever @, the bar Af may be raised to the requisite heigﬁ-and detained there by the
atch R engaging with the ratchet.

We now come to the cutting-device, which consists essentially of a bar of iron, to which are fixed
the cutting-knives, and which is termed the scythe; a bar to which are fixed the stationary cutters,
and which is termed the finger-bar; a mechanical device at each end whereby to regulate the height
of the scythe from the ground, and means of permitting the scythe to lay in a plane parallel with the
surface of the ground.

In Fig. 70 is shown the scythe, the eye at 4 being that to which the rod X in Fig. 63 is attached,
80 as to impart the reciprocating motion ; and in Fig. 0.

71 (foreground) is shown the finger-bar, formed of
8 series of fingers attached to a bar. These fingers
serve a fourfold purpose. They are stationary, and %2 .0s olo olo ofo ojo ofo oo olo o
have a slot which forms a guide, wherein the scythe A
reciprocates, and is thus maintained in proper posi-
tion ; the finger-points passing in advance of the knives into the herbage hold the same while it is be-
ing cut, and they act as guards to protect the knives from becoming damaged by contact with stones
or other foreign substances, while at the same time they hold the lower or stationary knives.

The finger-bar and the scythe are held at each end by castings termed shoes, of which the one nearest
the bar &, in Fig. 63, is called the inside, and the one at the other end the outside shoe. To these
shoes are attached the devices which, when adjusted, keep the guard-fingers the desired height from

2
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the ground. This is accomplished on the inside shoe of the wheel W, shown in Fig. 68, which is ad-
justable for vertical height in a slot provided in the shoe. By raising the whecl W the vertical

height between the bottom of that wheel which runs upon the ground, and the guard-fingers, is dimin-
ished, and vice versa. The same result is attained on the outside shoe by adjusting the height of the
foot of the same from the finger-bar.

In the outside shoes are also carried the track-clearers shown in Fig. 71, at the end of the bar.
These cause the herbage, when mown, to fall clear of that uncut, thus leaving a clear space between the
two. In addition, however, the inside shoe performs another and an important duty, as follows : The
cutting-device requires to cant or tilt to suit the conformation of the land beneath the guard-fingers,
and it follows that the connection between this device and the bar must be such that while the former
can follow the above conformation it can yet be lifted bodily to pass an obstruction. These two ends
are attained as shown in Fig. 72, in which A is a scction of the shoe, B is the end of the finger-bar

- attached to the shoe, M is an edge-view of
g the bar M shown in Fig. 63, C is the chain
to raise the same, and G is a lug or gag.
Now, the distance allowed between the top
of the gag G and the underneath face of
the bar A is sufficient to permit the finger-
bar to lie at any angle nccessary to suit the
slope of the land ; but when it is intended
to raise the same to pass an obstruction,
the following action takes place: The
weight of the cutter-bar is in the direction
of the arrow D ; hence, when the bar Af is
raised (in the direction of the arrow E') by
the chain C, the outside shoc remains upon
the ground until the top of the gag G con-
tacts with the face of the bar M, whereupon the whole cutting-device raiscs up to a height deter-
mined by the distance the lever Af is moved.

The cutting-device or mowing-part of the machine is shown in Fig. 71. The scythe-knives operate
laterally on the finger-guards and above the lower knives. A cutting-edge is given to the knives held
in the fingers by beveling off the bottom-face cdge, while the cutting-edge for the upper or scythe
knives is formed by beveling off the top facc at the edges. For cutting grass or other green herb-
age, the edges of the knives are plain, but for cutting grain the knives are given a sickle-edge—that
is to say, the beveled face of the knife is serrated to form fine teeth. The sickle-edged knife will
not serve for grass-mowing, but is preferred for grain, because it retains its cutting-edge without grind-
ing, thus saving that labor.

en, however, the grain is to be cut sufficiently near the ground that the knives come into con-
tact with weeds or other green herbage, plain knives must be used, as sickle-knives would become
clogged. The cutting angle for ecythe scctions or knives is about 60°, and for sickle-edges about 40°

The variations in the construction of all mowing-machines consist of mechanical devices and move
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ments, designed to effect the objects herein described. In the machine here illustrated, the mowing
is performed in front of the driving-wheels 4 4, while in others it i3 performed in a line with the
atle B,and in yet others still farther to the rear of the side. In some cases, also, the frame N ¥,
Fig. 63, is made to adjust out of the line of draught, so that the points of the finger-guards may depress
toward or cant from the surface of the sward. In all mowing-machines the cutting-device is either
made to lift and stand vertical, or else to fold over to the frame of the mower, in order to be out of
the way during transportation from place to place.

IR
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In Fig. 73 is shown Wm. Anson Wood’s mower, in which an internal gear-wheel, provided upon the
main wheel, drives the cutter-bar.

Reapers or harvesting-machines are used for cutting grain-crops. They either deliver the grain to
one side in gavels ready to bind into sheaves, or elevate the gavels upon a platform where two opera-
tors bind them into sheaves by hand. An attachment is often provided whereby the machine suc-
cessfully performs the binding of the sheaves automatically with wire before delivering them.

The essential parts of a reaper are: the cutting arrangement, similar in design to that of mowing-
machines (except that in many cases sickle-knives in place of plain knives are used); sweep or table
rakes to convey the grain to and from the machine ; and mechanical means to regulate the delivery of
the gavels, so that the size of the same shall be sufficient for binding even in spots or places upon the
land where the crop is very light. Many of these machines are constructed so that the various devices
for raking, sweeping, gathering, or delivering, may be detached, leaving the machine a simple mower.

The term *“ Harvester ” originated in the 5Vestem States, and was applied to distinguish machines
which bound the grain from those which simply delivered it in gavels. In Figs. 74 and 75 is shown
the Champion mower and reaper, with the names of the various parts marked thereon. The reaping
part of the machine consists of the device above the large shoe, which is for operating the rake-arms
and the wooden framework, and its attachments whereon and whereby the grain is gathered and de-
livered in gavels. The chain-wheel is fast to the upright spindle, to which the rake-arms are pivoted
or hinged, and is driven by a chain passing around another chain-wheel attached to the main axle

4.
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of the machine. To the rake-arms are attached rollers running upon an inclined pathway termed a
cam. The plane of this pathway is arranged so as to lower the rakearm to, and lift it from, the

6.

table, to rake the grain on to and off from the table—the rake-guide being provided to prevent the
rake from contact with the finger-bar.

The rake-arms may be permitted to sweep a gavel of grain from the table at each descent, or may
be made to carry the grain on to the table, and allow it to remain there until sufficient is accumulated
to form a gavel, when the rake may be allowed to sweep it off. The arrangement by means of which
this is accomplished is the switch shown in Fig. 75, operated by means of the treadle-crank and trip-
chain shown in Fig. 74. The switch acts to raise the roller-path, lifting the rake-arm and rake before
it has time to rake the gavel from the table. When, however, sufficient grain has accumulated to

=

form a proper-sized gavel, the switch moves out of the way, and the rake sweeps the gavel from the
table ; and in this manner the size of the delivered gavel can be regulated by the operator.
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Mr. Jobn Coleman, an English judge at the Centennial Exhibition, says, referring to this class of
machines, in his report to the English Government: “A word or two as to table-rakes may not be out
of place, sceing that this form of reaperis unknown in England. The ordinary sweep-rake is replaced
by a jointed rake, which travels in a given orbit on the table or platform, being driven by universal-
joint-and-bevel gearings, the direction of travel being regulated by a cam screened from the grain by
a shield. The advantages claimed for this invention are reduction of draught and superior form of the
grain for binding. The rake, when uncontrolled, works continuously but can be arrested at any
point by a leverage from the driver’s foot. This is a desirable feature, allowing of uniform sheaves
for a variable crop. The disadvantages appear to be that, as the rake compresses at the corner of
the table, there is some risk of shedding when over-ripe; also, that the compact nature of the sheaf
interferes with the drying influence of sun and wind, 8o important when grain is cut in a green con-
dition ; and, lastly, the table-rake is not suitable for very heavy crops, especially if the straw is long.”

In Fig. 76 is shown the Buckeye mower and reaper, with dropping attachment. In machines of
this class a revolving reel instead of sweep-rakes is employed, and the gavels are dropped in the rear
of the machine. The duty of the reel is to press the grain to the knives, and hold it while being cut
by the scythe. The dropper, as the slotted frame behind the cutter-bar is called, is raised at an angle
to collect the grain, and is lowered by hand to deposit the gavel.

The Walter A. Wood binder makes a bundle or sheaf to every ten feet, if allowed to work auto-
matically. The binder can be removed from the machine, and the grain bound by hand upon tables
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sttached for the purpose. The amount of duty claimed for a Walter A. Wood harvester with binding
attachment is, with fair grain on fair ground, from ten to fifteen acres per day.

In Figs. 77 and 78 is shown the
McCormick harvester with self-bind-
ing attachment, the latter showing the
binding attachment detached.

The details of the McCormick sheaf-
binder are represented in Figs. 79-86.

The binding apparatus is fixed at
the side of the reaping machinery.
The grain as cut is delivered by an
endless band to the elevators, shown
in Fig. 79, by which it is raised and
delivered under the guard on to the
platform. Fig. 79 also shows the
general form of the binding-arms
and their position before inclosing a
sheaf. The standard carrying the
binding-arm has a reciprocating move-
ment imparted to it, by which it is
moved from the position shown in
Fig. 19 to the various other positions
shown successively in Figs. 80, 81, 82,
ete. To put the machine into work, the
wire from the upper spool is thread-
ed into the main arm, as shown, and
Jointed to the wire from the lower spool brought up from under the twister, as shown in the upper
part of Fig. 85. The main arm may now be supposed to have moved to the position shown in Fig.
81, and is about to descend through the slot in the platform, and to take the position shown in Fig.
82, at which poeition the thumb ;—eeen also in other figures—has moved and passed the other part




22 AGRICULTURAL MACHINERY,

of the wire, or that from the upper spool, in between the teeth of the twister, 8o that the two parts
of the wire are between oppoite teeth in the twister. The standard now begins to return to the

\AMTAN 4 conteears wing l

position shown in Fig. 79, and in its rectilinear movement the teeth of two wheels shown in Fig.
86 engage in a rack by which they are revolved, and in their revolution they move the two stcel
wheels which form the twister and the cutter, a differential movement being given to them by the
difference in the number of teeth in the main wheels, 8o that the twister-tecth gradually overlap after
several revolutions by one revolution of the main wheels. , As seen in Fig. 82, the sheaf is inclosed,
both parts of the wire are in the twister-teeth, and the latter now begin to revolve,

Fig. 83 shows the position after the first twist, and Fig. 84 shows the twist completed, and the
wire cut off, the wheels having assumed the position shown in Fig. 86, and the standard having
nearly returned to the position of Fig. 79. Fig. 80 shows the position of both arms after the sheaf
is bound, but before it is released. Each sive sheaf passes the last one off the platform.
Now, it will have been seen that the wire has been joined by twisting both above and below the
twister, so that, though cut off in one place, the wire is by th® join continuous from lower to upper
spool, as seen in Fig. 84, When the arm begins to rise again, the lower wire, as seen in Fig. 79, is
pulled to the position seen in the lower part of Fig. 85, and as the arm still rises, the wire is
pulled in between the twister-teeth, as shown by the light-dotted lines. Now it becomes necessary
to get the wire to the position shown in the dark-dotted lines, or to that shown in Fig. 81, and to
effect this the twister-wheels receive a half-revolution, obtained by the meeting of a projecting arm
and two studs on the main cog-wheels, during the latter part of the return-movement of the stand-
ard, which it will be seen carries all this mechanism. The projecting arm thus gives the wheels a
push farther round. The wire is now in the position shown in Figs. 79, 81, and 85, and the whole
is ready to recommence the binding operation.
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The following is a summary of the dynamometer tests of sheaf-binders made at the Royal Agri-
cultural Society in August, 1877:

Name of Exhibitor in Order of Trial.
C. H. McCormick. Walter A. Wood. D. M. Osborne & Co. | Averages,
Width with lay.. 56 in. 50 In. 55.2 in.
of cat, with 7, 52 in, 61 in. 62 in
55 1n £6.5 in. 68.6 in.
8 in 6 in. 7in,
85 Ib. 1B 1b. 851b
25 b, 25 b, 87.5
464 468 486
47 460 418
461.5 64 2 61
i 8. 98.61b. 8.851b.
Nesa draaght (In Ibs.), perinch width of cut, 9.081b. 7.54 b, 6.15b.
e drsught (i 154 pet el wideh of e, 8.581b. 8.451b. 7.81b. 8.98
Mean speed in miles per Bowr. .1 oe e ool 3.15 8.00 8.22 8.12
o e ot o0 per boar.........-- 51t 6in, an, 5t 6in.
No. of sheaves €at......uv.eeeeerinnenens 1 21 L
Total welght of sheaves.................... 265 1b. 871 M. 250 Lass
Mean welight of each sheaf................ 15.6 17.1 -olie
Foot-pounds of work per Ib. of corn cut, or
height to which corn must be raised to re| -% 428.6 420.7 468
resent work done in cutting and binding it.

Lawn-Movers.—The use of these machines is indicated by the name. The essential parts of the
apparatus, a representative of which is shown in Fig. 87, consist in the wheels and frame, the rotary
cutters, and a stationary knife below, and multiplying gearing for transmitting motion from the
wheels to the cutters. The construction is such that, when the machine travels in one dircction, the

catters are operated, and when moved in the other they are not. The machine is made in various
sizes to adapt it for hand-use, or to enable it to be drawn by a horse.

Potato-Digger.—One form of this apparatus is illustrated in Fig. 88. On the under and near
side of the centre plough A is an adjustable bar of steel, having sharp-edged wings, and fastened to
this throughout its whole length, which is more than the full breadth of the furrow, are a number of
looped and branched chains, two feet or more in length, which drag on the bottom‘of the furrow,
breaking up and stirring the earth that falls upon and through them, and bringing the potatoes to
the surface. This chain-bar may be placed higher or lower, as may be desired. A coulter, blunt-
pointed and round-edged, is attached to the beam, and opens the hills at the right-hand side, clearing
away the bines, and placing them over to the left of the plough, which follows, turning the hills up.
The two rods B C are sufficiently high to permit the carth to pass between them, while they cause
the weeds to pass to one side. Thc wheels D D steady the implement, and also serve as gauge-
wheels to regulate the depth to which the plough enters the soil.

Hagy-tedders are used to turn the hay as it lies on the meadow, in order to dry it preparatory to
stacking. In the tedder illustrated in Fig. 89 the main wheels contain a gear-wheel driving, through
the medium of pinions, cranked shafts carrying forks. Each fork is connected at its centre and at
its end to a crank upon the upper, and one upon the lower, shaft. The upper shaft is operated by
gears connected with the lower one. The whole framework carrying the forks and gearing swings
upon the bearing, supporting it on the axle, The draught-frame is secured to the latter by separate
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bearings ; hence to alter the distance at which the forks approach the surface it is necessary only to
change the position of the fork-carrying frame with relation to the draught-frame. This is accom-

89,

plished by the lever shown above the driver’s seat. The motion of the forks is closely similar to
that performed by hand in tossing the hay. English machines usually have two separately-rotating

90.

frames carrying forks, each fork occupying
one-half of the width between the wheels.
The direction of motion of the forks may
be reversed, so that, after the hay has been
strewed in the usual way, it may be thrown
backward. A machine of this class is shown
in Fig. 90.

Fig. 91 represents an American hay-ted-
der having revolving forks. The fork-shaft
is revolved by multiplying gear from the
wheel-axle. It is furnished with sixteen
forks, attached to a light reel in such a man-
ner that they revolve rapidly, with a rotary,
continuous, and uniform motion. It never
clogs, may be easily backed, and readily

passes over ordinary obstructions, without any attention on the part of the driver.
Hay-tedders €hould be used on the meadow about three times a day, which will enable the farmer

9L




AGRICULTURAL MACHINERY. 25

to cut his crop in the morning, and draw it in the same day ; giving him, also, more uniformly dried
and better hay.

Horse hay-rakes gather the hay preparatory to its removal from the meadows, That repre-
sented in Fig. 92 may be used without lifting the rake or stopping the horse. It has a double row
of teeth, pointing each way, which are brought alternately into use as the rake makes a semi-revolu-
tion at each forming windrow, in its onward progress, They are kept flat upon the ground by the
pressure of the square frame on their points, beneath the handles; but, as soon as a load of hay
bas collected, the hindles are slightly raised, throwing this frame backward off the points, and rais-
ing thern enough for the forward row to catch the earth. The continued motion of the horse causes
the teeth to rise and revolve, throwing the backward teeth foremost, over the windrow. In this
way each set of teeth is alternately brought into operation.

An improved form of rake is represented in Fig. 93. It is arranged with a sulky, so that the
operator can ride. The spring-teeth gather the hay and retain it until the driver, by pulling the
vertical lever, lifts the teeth and discharges it. The horizontal bars projecting through the teeth
keep the hay from rising with them, thus insuring its complete discharge. Fig. 94 shows another
form of spring-tooth rake, the teeth of which are made of stiff, elastic wire, on the points of which

93.

the rake runs ; they bend in passing an obstruction, and spring back into their place again. The
rake is unloaded by simply lifting by the lower handles, the upper ones being intended for holding
and guiding ; the rake is light, and about one-half the weight sustained by the horse.

Hay-sweeps are essentially large, stout, coarse rakes, with teeth projecting both ways, like those
of a common revolver ; a horse is attached to each end, and a boy rides each horse. A horse passes
along each side of the windrow, and the two thus draw this rake after them, scooping up the hay as
they go. When 500 1bs, or more are collected, they draw it at once to the stack or barn, and the
horses turning about at each end, causing the gates to make half a circle, draw the teeth backward

96,
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from the heap of hay, and go empty for another load—the teeth on opposite sides being thus used
alternately. In Fig. 95 the apparatus is shown separate, and in Fig, 96 in operation,

7. 98
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Hay-loading machines lift the hay upon vehicles. The Douglas machine, shown in Fig. 9
of a frame hinged to the rear of the wagon, and suspended by chains, by which it can be 1
lowered at will. Upon the hinged frame stands an upright frame, carrying rollers at its to'
tom. Around the rollers pass leather belts, armed with steel spurs, which pick up the }
wagon passes over it. The lower rollers are rotated by chain-gear from the rear axle of the

orse hay-forks are also used to facilitate the loading and unloading of hay. Fig. 98 sh

ding’s fork, in which a hinge-joint is placed at the connection of the head and handle, so t

moment, by a jerk on the cord which passes through a bore in the handle, the fork is dro

the load allowed to fall on the stack or wagon, as shown in the lower figure. Another for
adapted for lifting hay into

9. 100. dows, etc., is represented in |

which the mode of operation
shown.

A double hay-fork is repre
Fig. 100, and another in Fig. !
consists of two three-pronged
nected by & hinge. Fig. 102
simple clamp for attaching tt
a beam, It is raised and lowe
double ropes passing over two
leys and the one on the elev
horse moving twice as fast as 1

raised.

For pitching hay, or any
which hangs well together,
forks work most rapidly, but they are obviously not suited for short straw.

Walker's harpoon is a straight bar of metal, appearing almost as simple as a crowbar
Its point is driven into the hay as far as desired, when a movement at the handle is ms

turns up the point at right an-

101 gles (Fig. 104), enabling it to 1
lift a large quantity of hay. /
A modification has spurs,
which are thrown out on op-
posite sides. The combined
fork and knife invented by
Kniffen and Harrington is an
excellent hay-knife when fold-
ed, as show

“an efficier

opened, as

At a trial

York, this

load of h:

pounds, ov i ,

!

minutes.

Fig. 107 represents a hay-
stacker, which first eclevates
the hay, and then swings it
around over the stack, dropping it where desired. The horizontal motion of the
crane is effected as follows: Two ropes are attached to the whippletree; one, a
strong one, to elevate the hay, running on the pulleys at B, C, and D ; and the
other, a smaller one, passing the swivel-pulley at 4, on the end of the lever B, ex-
tending from the foot of the upright shaft. This cord then passes up and over a
pulley above the weight E. The weight is about four pounds, and is attached to
the end of the smaller cord. At the same time that the horse, in drawing, elec-
vates the fork with its load of bay, the weight E is raised until it strikes the pulley, when t
of the horsc becomes applicd to the end of the level B, causing it to revolve, and swing the
the stack. As the horse backs, the weight drops again to the ground, taking up the sl
from under the horse’s feet, and the weight of the fork causes the arm of the derrick t
back over the load. The intended height for raising the hay, before swinging, is regu
lengthening or shortening the smaller cord, as the arm will not revolve until the weight st
pulleyl under the head-block. c

5. Implements for ring Crops.

Tkrml;zling-M&Chigz:l"hrz;hingpaand cleaning machine. Thrashing and separating
Thrashing and winnowing machine. All the above terms are applied to the same class of im
The operation of simply thrashing is rarely resorted to, since the additional parts necessary to
the winnowing add but very little to the cost, while increasing vastly the utility of the machi
term cleaning, as applicd to thrashing machines, is synonymous with the term winnowing.
separating, however, is applied to such processes as separate the grain from the straw, and
other purifying and assorting as cannot be performed by the simplest process of winnowing.
processes which separate the grain into divisions of equal gravity are separating process
those intended simply to remove matter foreign to the grain itself are termed cleaning p
The first and simplest processes of cleaning and separating only arc performed in the t

A
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machine—the further cleaning, polishing, and separating processes being done by the miller. See
MiLLs,

104, 108. 103, 108. 107

In Fig. 108 is represented a sectional view of an excellent thrashing and cleaning machine, the de-
sign of Minard Harder, of Cobleskill, New York. In this machine the grain is fed into the machine as
denoted by the arrow marked 1, the thrashing operation being performed conjointly by the roller A
and the concave; thence it passes to the separator C, which allows the loose grain to fall through, while
the straw passes along, finding exit as denoted by the arrow 2. The grain and chaff passing through the

108

109,

separator fall into a trough and thence to three sieves marked respectively D, E, and F. G is a re-
volving fan which forces a current of air between the sieves, the grain falling through while the chaff
and dust are carried away with the air-current produced by the fan. The revolving cylinder 4 is pro-
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vided with a series of spikes arranged spirally in rows around its circumference. The cx
bar standing parallel with the axis of the cylinder 4, and contains stationary spikes, and
sage of the straw through these spikes the thrashing is performed. The spikes beat the
loosening the grain therefrom. The rotary motion of the cylinder 4 throws the grain a1
the separator C, and to maintain an even feed of the same to the separator the beater X i
consisting of a revolving shaft carrying three wings. This serves also to prevent the grain
being thrown by the cylinder 4 too far forward upon the separator C. In the rear of thi
feeder, and equalizer, as it may be more properly termed, is hinged a light board mark:
duty is to force the straw lightly down, and prevent its being thrown too far forward by
The separating device is shown in Fig. 109, in which & L K X K are perforated boar
each of which are situated the blades ¢. These perforated boards and the blades are opera
cally, the motion of the boards being in a direction opposite to that of the blades ¢, the 1
slightly vertical as well as lateral, so that during the reciprccating movement the blades ri
through the separator-boards, When the motion of the blades is toward the arrow 2, in F
blades lift, thus carrying the straw toward that end of the machine. The blades 7 ar
upon their upper edges, but are serrated with teeth similar to saw-teeth, the front of the t
the rear of the machine so as to hold the straw on the one stroke, and allow it to pass ov
ing back of the teeth during the backward motion. In addition to this, the upper edge of
has a wave-like form, and the highest part of one blade is opposite laterally to the lowest
next one, so that they impart to the straw a combined zigzag, vertical, and horizontal mov
ard the arrow marked 2, affording ample disturbance to the straw to insure the falling o
therefrom. The double crank denoted by L is employed to operate the rod A, which is atta
separator, and also the rod AV attached to the trough O. The separator and the trough are
by links. By suitable construction, while a reciprocating movement is given to the separatc
an horizontal plane, the blades are made to reccive, in addition to this horizontal movement,
ously with the separator, a vertical movement (up and down) at nearly right angles in rclat
separator. The grain after falling through the separator to the reciprocating trough O i
reason of the motion of the trough and its own gravity to the end £, and thence falls to th
board Q. Upon the end of the board Q is a row of forks f, whose duty is to prevent f.
stances from falling in a body upon the first sieve D, which is termed the chaffing-sieve.
sieve E carries the operation of cleaning still further. The sieve D is coarsest, and has
meshes of the same size for all kinds of grain, while the mesh of the middle sieve is var
size and shape of its mesh to suit the grain. For buckwheat and barley a square mes
wheat, rye, and oats, a mesh longer than it is wide, are employed. The lower screen F has
than the others, in order to separate seeds and small grain. The cleaned grain falls from
into the grain-spout, and the screenings into the screening-drawer at V| while the chaff and
out with the air-current as shown by the arrow 8. The capacity of this machine, as deterr
test in Auburn, New York, in 1866, is 250 bundles of wheat-straw, producing 11 bushe
clean wheat, thrashed in 40 minutes,

In Figs. 110 and 111 are rcpresented an English thrashing-machine. Fig. 110 is a side
showing the framing, stiffened around the edges, and at intervals in the length, by plates

110.

shows the arrangement of the pulleys for driving the drum, shakers, fan, etc. The other v
a longitudinal section through the centre of the machine, and shows clearly the arrangement
shakers, shoes, barley-awners, and fan. The engravings explain the arrangement of the
thoroughly, and we need not, therefore, attempt any detailed description, but confine ourselv
special features of this machine, other than the iron framework mentioned above, The drun
is of stecl, and the rings placed upon it are slotted out, as shown in Fig. 111, to receive a m
iron bars, to which the beater-plates are attached, this arrangement being found preferable

ducing wood beneath the beaters. The concave at the back of the drum is entirely of wrou
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The shakers consist of four boxes, the straw-platforms being arranged as shown. They are actuated
by two crank-shafts, one at each end, connected with the shakers by brackets. The cranks are pro-
vided with long bearings, and a collar at each end, over which the top bearing-block overlaps, to keep
out the dirt, The reciprocating dressing-shoes are hung on spring rods, as shown, and are worked by
a crank-shaft similar to those for the shakers. The whole of the blast employed in the machine is
taken from one fan, shown in Fig. 111, one part being taken under the riddle of the main dressing-
shoe, and the other thrown upward to act on the corn as it passes from the cleaner to the screen.

111,

The elevators are entirely within the machine, and lift the grain from the reservoir. It will be noted
that the main difference between the English and American machines consists in that, in the former,
revolving flails are employed instead of a spiked roller and concave. In England, however, the straw
is used for thatching barns and stacks, so that it is desirable that it should leave the machine un-
broken. This object is better served with the revolving flails than with the spiked rollers.

Figs. 112 to 114 represent Berdsell’s improved machine for thrashing and hulling clover., The

13,

thrashing-cylinder D has four rows of wedge-shaped teeth set spirally on its surface, as shown in Fig.
112, which take the clover-stalks from the seed-board .4, and carry them up as indicated by the arrow

under the concave J, which is provided with three rows of teeth, As the teeth in the concave are
only half as far apart as the teeth in the cylinder, the latter are so arranged as to pass alternately
through the spaces between the teeth in the concave.
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The vibrating-board £ conducts the thrashed clover on to the upper bolt B, which is made of thin
boards, perforated with holes one and one-eighth inch in diameter; and in the same frame is a screen

B, with holes three-fourths of an inch in diameter. When the screen moves toward the thrashing-
cylinder, it descends and slips forward under the straw, and rises as it moves back, carrying the straw

from the thrashing-cylinder, and it passes off at the end of the screen, while the bolls and seed pass
through the screen on the table 7. A belt of slats, b b, carries the bolls and seed off of the table
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T on to the inclined feed-board P, which conducts them on to the hulling-cylinder L. The shaft of
this cylinder may be provided with a pulley or gear to turn it and operate the machine, as the pulley
1 on this shaft is connected by belt to pulley 2 on the thrashing-cylinder. The cylinder L is covered with
iron roughened like a rasp, and case-hardened. It is provided with a concave of iron, having a rasp-
surface similar to that of the cylinder Z, and the bolls and seed fed to the cylinder off the board P
are carried up as indicated by the arrow, and over between the cylinder and concave which separates
the bolls from the seed, both falling to the board Af'. They are then carried by the belt of slats, b b,
to the screens of woven wire Q @, to the shoe O, which screens and separates the hulls from the
seed, the latter passing through the screens, while the hulls pass off at the end of the screen.

The case F' around the fan compels the blast to pass between the end of the board Af and the
screen, so as to pass among the seed ; and the blast also passes between the screens and under the
lower screen, thus mingling with the falling seed. The screens B traverse so fast that they slip forward
under the straw as they descend, and, as they rise and move back, they lift the straw and carry it
back. This operation being continued, the straw passes off at the rear end of the screens.

A bran-separator is illustrated in Figs. 115 to 117. Fig. 115 is a sectional view, and Fig. 117 a sec-
tional plan, with the top parts removed, in order more plainly to show the parts represented in Fig.
116. A is the shaft: B, the cylinder; C, the inner revolving shell; and D, the outer or stationary
thell. The cylinder is made by framing staves of the form and in the position represented at 1, 2,
3, etc., Fig. 117, into corresponding cast-heads ; the staves thus forming the longitudinal and work-
ing surface, and which may be covered with any kind of material that will make it rough and durable,
Air is let into the cylinder at the lower end, through holes around the centre, and spaces between the
staves emit it to carry the flour and other stuffs through the several qualities of wire-cloth with which
the inner surface of the revolving shell is covered. The cylinder is driven by a belt and pulleys, as
is represented at the bottom of Fig. 116. The inner surface of the revolving shell is covered with
the above-named wire-cloth. Thus,.the space between the top and the beveled dividing ring E, Fig,
118, is covered with a quality that will let through little else but pure flour, which falls, and by the
dividing ring is conducted into an endless trough I/ attached to the inner and sheet-iron or zinc-lined
surface of the stationary shell, and by the sweepers F,
attached to the revolving shell, is brought around and
discharged at the spout . The space between the di-
viding rings £ and A is covered with a quality that will
discharge an inferior quality to the above, which falls, as
above, into the endless trough J, and by the sweepers A
is brought around and disc%arged at the spout Z. The
space between the dividing rings A and Af is covered
with a quality that will take out the fine particles of the
bran, called dusting, which falls, as above, into the end-
less trough N, and by the swecpers O ia discharged at
the spout P. The space between the dividing ring Af
and the bottom is covered with a quality that will sepa-
rate the shorts from the bran, the shorts falling to the
bottom, or into the endless trough R, and by the sweepers
8 is discharged at the spout 7 the bran passing down
the inside of the revolving shell, and by the arms U of
its cast-head is swept around to and discharged at the spout V. The revolving shell is driven by a
combination of gear-wheels.

Fanning-mills or winnowing-machines clean coffee, grain, etc., from chaff, dirt, and other light impuri-
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ties. The apparatus shown in Fig. 118 is designed for hand-use. Multiplying gear is placed be-
tween the crank-handle and bar shown. The sieves are vibrated by means of a crank disk-rod and bell-
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crank., The grain is fed in at the top, and passes through the sieves, the uppermost of which is coarse,
while the lower ones are of varying degrees of fineness, the object being to distribute the fanning
duty, by arresting the motion of the grain, so that the coarser impuritics pass out between the up-
per and the finer ones between the lower sieves.

8. Miscell Agricultural Impl ts.—Of these there is a large number variously adapted to
special uses. As a representative ofa very important class, we introduce Fig. 119, which is a ditcher,
designed by ex-Governor Randolph, of New Jersey. In this ‘machine the flange-wheel A cuts the
ground upon each side ready for the cutter O to slice out the soil, which is elevated and delivered
at the side of the machine at Z. The screw-gearing serves to regulate the depth, etc., of the trench.
This machine has dug a ditch 1,000 fect long, 2 feet deep, and 5 inches wide, in one hour, the soil
being heavy muck and blue clay.

120,

Feed-cutters are employed to cut feed for cattle. Fig. 120 is an apparatus having a simple lever
carrying a knife. To the end of the trough is attached a stationaryblade. The fodder is fed through
the trough'by hand between the knives. Fig. 121 shows a geared stalk and straw cutter, having
self-feeding spiked rollers. It has two revolving knives and a fixed knife. The apparatus shown in
Fig. 122 has spiral knives, above which is a roller composed of disks of raw-hide closcly compressed
upon a mandrel. Between the roller and knives the material passes. Fig. 123 represents a machine

124.

for mixing corn and cobs for feed. It is driven by power, the operation being performed by the re-
volving hooked teeth. The speed should be about 600 revolutions per minute. Fig. 124 is a machine
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for cutting vegetables for fodder. The cutting-wheel is made of cast-iron, through which are inserted
threc knives similar to plane-irons ; these cut the vegetables into thin slices with great rapidity, and
the cross-knives operate to cut and break them into irregular pieces of convenient form and size for
cattle or shecp.

Corn-shellers remove the grain of Indian-corn or maize from the cob. The general principle fol-
lowed is that of scratching off the corn by means of short spike projections upon a cylindrical or
flac surface. The operation of the apparatus shown in Fig. 125 is evident. In the machine shown
in Fig. 126 the spiked teeth are arranged radially upon a rotating disk, the cobs being fed singly, and
presented lengthwise to the face of the disk.

Cider-Mills.—These usually consist of a grinding-mill and a press, for crushing apples and ex-
pressing the juice. The apples are placed in the hopper, as shown, and the pulp, after grinding, is
placed in the press (Fig. 127).

Incubators.—The essential elements involved in hatching eggs by artificial means are that the eggs
shall be kept for 21 days at a temperaturc of about 102° Fahr., and that in no case shall that tem-
perature fall below 100° or rise above 106°, while the eggs should be carefully turned over once in
every 24 hours.

127,
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In Fig. 128 is shown a simple form of this apparatus known as Corbett’s incubator, which con-
sists of a cylindrical wooden box, in which are placed two sicves containing the eggs. During the
process of hatching, the box is buried to its upper edge in horse-manure, which must, however, be the
product of grain-fed (not grass-fed) horses, and must not be over two months old. The ventilator
shown at the top is opened to reduce the temperature as desired. After the eggs are hatched the
chicks are removed to what is termed the “ artificial mother,” shown in Fig. 129. This is a box
exactly the same as the incubator, but provided with an horizontal disk, covered on the underside with
a picce of sheep-skin from a long-wool sheep, and arranged to be moved up and down by a screw.
The manure is heaped partly around the box, to provide the needed warmth; the door is let down for
a pathway in and out for the chicks (see Fig. 129), and in this they are placed as soon as ready to be
removed from the incubator. After having been fed a few times, the chicks will learn to come out
from beneath the wool to feed when the platform is tapped.

Cow-Milker.—An apparatus for milking cows is shown in Fig. 130. It consists of a glass receiver,
baving a cover which may be closed air-tight. Through this cover extend four rubber tubes, which ter-
minate in metal tubes attached to the teats. Air is ex- ‘
haasted from the receiver by the pump shown, and the
milk thus drawn down. The device may be suspended by
the hooks on a strap over the cow’s back. J. R.

AIR-COMPRESSORS. Machines for compressing air,
which ia afterward to be used in suitable engines as a
motor, or through its expansion as & means of reducing
the temperature of adjacent bodies, or as a blast for
forges, etc. The machines performing the last-men-
tioned duty are known as blowing engines and blowers, |
The name “blower” is more commonly applied to ro-
tary machines, either force, blast, or fan, and *blow-
ing engine” to piston apparatus. The former, having
a wide range of uses, are separately treated under BLow-
izs. For mechanical applications of eompressed air,
see Brakes, Caissons, Diving, ForNpaTioNs, HAMMER,
Locouotive, RAILROAD, REFRIGERATING MACHINERY, and
TersGrarn. For theoretical considerations, see SteaM.

Apparatus for compressing air includes, first, a mo-
tor ; second, & machine wherein the air is compressed.
Compressors may be classified as follows: 1. With re-
gard to air-pressure generated. Low-pressure com-
pressors are those in which air is compressed to a

b
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pressure not exceeding 2 absolute atmospheres—that is to say, to less than one effective atmosphere.
Medium-pressure compressors are those in which the pressure attained is compressed between 2 and
4 absolute atmospheres, or between 1 and 3 effective atmospheres. High-pressure compressors are
those in which the air is compressed to between 4 and 8 absolute atmospheres—that is to say, below
2 effective atmospheres.  Very high-pressure compressors are those in which the air is compressed to
pressures above 8 absolute atmospheres,

2. With regard to volume furnished at a given pressure, each one of the foregoing classes may be
divided into low-duty and high-duty machines. Each of these subdivisions may be again divided into
piston-compressors, the primitive type of which is the blast-machine of blast-furnaces, in which the air
contained in a cylinder is brought to the desired pressure by means of a piston which gradually
decreases the volume of the cylinder to that which corresponds to the pressure desired ; and compres-
sors without dpiatom, the primitive type of which is the trompe or water-bellows of Catalan forges, and
which includes all other machines not coming under the piston-compressor class.

In piston-compressors the piston may act on the air either directly or by the intermediary of water,
which serves as packing. Hydraulic piston-compressors, as the last-mentioned class may be termed,
may be again divided in accordance with the means used for cooling the air and the cylinder. As
each class above mentioned will be considercd in turn, for the convenience of the reader the various
groupings are recapitulated as follows in their proper connection :

I. Low-PresSuRE COMPRESSORS.
A. Low-duty Machines.
B. High-duty Machines.
1. nghausting and compressing apparatus for sugar-works.
2. Blowing-engines for blast-furnaces, which include (a) walking-beam engines, () horizontal
engines, (c) vertical engines.
8. Compressing and exhausting machines for pneumatic telegraphs.
C. Com, withowt Pistons, which include—
1. Water-machines. 2. Steam-machines.

II. MEDIUM-PRESSURE COMPRESSORS,
A, Low-duty Machines.
1. Forcing-pumps, for diving-apparatus,
2. Compressors for compressed-air wells,
8. Compressors for pneumatic foundations and caissons.
B. High-duty Machines.
181 1. Blast-engines for Bessemer converters.

ITI. H1GH-PRESSURE COMPRESSORS. -
A. Low-duty Machines.

1. Piston-compressors acting directly on the air to be
comp X

2. Hydraulic piston-compressors,

B. High-duty Machines.

1. Compressors in which there is no refrigeration.

2. Compressors in which the refrigeratory apparatus is
purely exterior, and is a water-cnvelope, or a jacket
in which there is water in circulation.

8. Compressors in which refrigeration is effected by
water maintained on the piston.

4. Compressors wherein refrigeration is received by
water introduced at the periphery of the compress-
ing piston.

5. Compressors wherein refrigeration is effected by in-
jection of water in the compressory cylinder.

6. Compreseors wherein refrigeration is effected by in-
jection of water in spray in the compressing cylin-
der, and by circulation of water in a jacket about
the same, and also within the piston.

7. Hydraulic piston-compressors.

8. Impact compressors.

IV. Very HiGH-PRESSURE COMPRESSORS,
A. Low-duty Machines.
1. Compressors having pistons acting directly on the
air to be compressed.
2. Hydraulic piston-compressors.
B. High-duty machines subdivided in the same manner.

I. Low-Pressvre Coupressors. A. Low-duty Appara-

tus.—This class includes hand and forge bellows; also,

forcing-pumps for supplying air to respiratory apparatus used by firemen, etc. The Fayal pump,
Fig. 131, consists of a lenther bellows, fixed between heads, in which are inlet and delivery valves.
In the centre of the bellows is a piston of wood, connected by a split connecting-rod with the crank-
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shaft and wheel. The air is driven into a sheet-iron reservoir in the lower portion of the machine,
which communicates with the delivery-valve, and by a lateral tube with the air-conduit. This appa-
ratus furnishes air under pressure of from 11.7 to 15.6 inches of water, and this excess of pressure
of from .04 to .03 atmosphere is sufficient to supply fresh air td five or six miners with their lamps
at a distance of some 300 feet from the compressor.

R Highduwly Apparatus. 1. Machines for Sugar-Works.—Fig. 132 represents the blowing and
eshausting machine used in the large German sugar-works for injecting carbonic acid into the
defeating apparatus, The air-cylinder is in line with the steam-cylinder, the piston-rods being
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connected and guided as shown. The diameter of the air-piston varies according to the power
of the machine from 17.5 to 81.2 inches, the stroke generally being equal to the diameter. The
revolutions vary from 35 to 60 per minute. The valve-mechanism is clearly shown in the en-

graving.
. 2.%&;»:@: Blowing- Engines.—(a) Walking-beam Machines. Fig. 133 shows the dispo-
sition of the machine used at Ebbw Vale, Wales. This engine, owing to its size, is probably the
most powerful of its class extant. The dimensions are as follows : Motor, diameter of steam-piston, 71.5
inches; stroke, 142.7 inches ; length of walking-beam, 35 feet 7 inches; fly-wheel, diameter, 30 feet 7
inches; weight, 85 tons ; air-cylinder, diameter of piston, 142.7 inches; area of same, 112 square feet
88square inches ; stroke, 142.7 inches ; volume of cylinder, 1,358 cubic feet 818 cubic inches; revolutions
per minute, 16 ; velocity of piston per second, 6 feet 4 inches; theoretic volume generated per minute,
43,496 cubic feet ; absolute pressure of blast, 1.8 atmosphere ; volume of air theoretically furnished
34 this pressure, 38,458 cubic feet. (b) Horizontal Machines. Fig. 134 represents the blowing-engine
 Georgs-Marien Hiitte, near Osnabriick. The steam-piston has two rods, one attached to the con-
tecting.rod of the crank-shaft and fly-wheel,
the other communicating with the air-pump 183.
piston. The principal dimensions, etc., are
us follows: Absolute air-pressure, 1.33 at-
mosphere; volume of air furnished at this
g:st;re. 15,421 cubic geet. Mt')ltor: Diam- i\ Sy Aammmmm—
rof steam-piston, 4 feet 4 inches ; stroke, [ —
85 inches, cut-off at % stroke. Diameter of
fly-wheel, 30 feet 4 inches. Weight, 28
Normal steam pressure, 4.5 atmos-
pheres, Aircylinder: Diameter of piston,
9 feet; stroke, 85 inches ; useful volume of
Cylinder, 487 cubic feet; revolutions per
Ininnte, 21 ; theoretic volume generated per
mﬂﬂ% 201'516 cubic feet. As will be seen .
Ig. 135, the air-valves are disposed on emm L
thecylinderheads. 'The inlet-valves, seven
In umber, are placed in three vertical lines
in the upper half of the heads, and are of
iron, with leather packing. Thcir mode of
Support by articulated rods is clearly shown.
The total opening is .19 the piston-surface.
Thedelivery.valves, 16 in number, are placed
1nsix vertical lines, and are formed of leaves
of rubber fixed at one side. Their total
opening is 156 that of the piston-surface. The piston is hollowed. (¢) Vertical Blowing-Engines,
Fig. 138 represents a type of compressor employed in many localities in Pennsylvania. The inlet-
Talves are placed in the extremities of the cylinders, and are provided with springs so as to insure
thelr rapid closing. The delivery-valves are of leather. The cylinder is surrounded by an annular
tamber. The dimensions, etc., are as follows: Absolute air-pressure, 1.8 atmosphere. Volume of
Arr at the pressure, 11,804 cubic feet. Motor: Diameter of steam-piston, 48 inches ; stroke, 47.1
inches; two fiy-wheels of 20 feet 4 inches diameter, Air-cylinder: Diameter of piston, 83 inches;
stroke, 46.8 inches ; useful volume of cylinder, 151 cubic fect; revolutions per minute, 50; volume
generated per minute, 15,345 cubic feet.
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8. Compressors for Pnewmatic Telegraphs.—These machines are used in large cities for producing
the pressure or vacuum for impelling packets through underground systems of pneumatic tubes (see

188.

Preumatic Telegraphy, in TeLEGRAPH). Fig. 137 represents the machine used in the Post-Office, Lon-
don, England. The walking-beam is connected with two compressing cylinders, also to steam-cylin-
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ders built on the compound system, and to the fly-wheel. The absolute pressure of the compressed
air is 1.7 atmosphere, and the corresponding volume of air furnished is 588 cubic feet when cylin-
ders are single-acting ; when double-acting, twice this total. The dimensions are as follows: Motor:
Diameter of small piston, 16.7 inches ; large piston, 24.9 inches; stroke of small piston, 48.7 inches ;
of piston, 65.1 inches. Cut-off at } stroke; condensing; steam-pressure, 75 lbs. Air-cylin-
ders: Diameter of air-piston, 84.7 inches; stroke, 86.5 inches; useful volume of cylinder, 20 cubic
feet 22 cubic inches ; revolutions per minute, 25; volume generated per minute, one cylinder, 998
cabic feet ; two cylinders, 1,996 cubic feet. The cylinders are made as shown in Fig. 187, so as to be
both exhausting and compressing, or either exhausting or compressing. To this cnd the valves
are placed in chambers on each side of the cylinder, as shown. The inlet.valves are on the left,
the delivery-valves on the right. The two upper ones communicate with the atmosphere; the lower
pair communicate, one with the receiver to be exhausted, the other with the compressed-air reservoir.
It will readily be seen how, by suitable adjustment of these valves, the apparatus may be made to
act in the different ways above described. The total valve openings aggregate air-area .0087 that of
the piston-surface.

C. Compressors without Pistons. 1. Water- Apparatus.—Of this variety they are two types, that in
which the compression is produced only by the progressive reduction of the volume occupied by the
air in & reservoir in which water is admitted ; and that in which the compression is produced by the
entninment of the air by means of a liquid vein escaping under a given pressure. The first may be
termed: (1.) Simple Displacement Apparatus. Machines of this description are used in some of the
poeumatic-dispatch stations of Paris. An example is given in Fig. 138. The machine consists of a
water-reservoir 5 feet 2 inches in diameter,

12 feet 2 inches in length, and 64.7 cubic 188,

feet in capacity, and two air-chambers, 208
cubic feet volume. One tube connects the
reservoir with the city water-mains, anoth-

er serves for emptying the reservoir, and !

a third on the upper portion of the latter

communicates with the air-chambers. The @ @

sirchambers are connected as shown, and

from one a tube leads directly to the = A .

pueumatic conduit. If the three recep-
tacles be filled with air, and placed in
communication with one another, but shut
off from the pncumatic pipe, water enter-
ing the reservoir at a pressure of about
35 feet drives out the air, and compresses it in the two chambers. When the reservoir is filled, the
air is reduced from a volume of 663 cubic feet to one of 416 cubic feet, and the pressure amounts to
1.59 absolute atmosphere. (2.) Entrainment Apparatus. To this class belongs the well-known
water-bellows or trompe of the Catalan forges. An improved device on the same principle has been
invented by M. Romilly, and is illustrated in Fig. 1389. This apparatus is formed of a conical tube
6, having a valve S, which prevents the air escaping from the reservoir to which the tube is attached.
Water is led in the compressing reservoir through an ajutage O, in the form of a liquid vein at a given
pressure which entrains air with it, and so effects compression of the latter in the reservoir V.
The reservoir is 282.4 cubic feet in capacity, and M. Romilly has determined that with water at 35
feet pressure a quantity of air can be introduced equal to .465 of the volume of the water employed
naising the air-pressure to 1.6 atmosphere. . . .

2. Sleam Apparatus. Injectors. (See also same general heading.)—Mr. Siemens has investigated
the application of the steam-injector to the propulsion of gases, and he has constructed an injector
which, with steam at 45 1bs, pressure, produces a vacuum of 23.7 inches of mercury. Fig. 140 is

140.

a section of the apparatus. The injection-pipe is slightly conical in form, maintaining the conver-
gences of the concentric afr and steam jets toward the axis of the tube on a length compressed be-
tween twelve and twenty times the breadth of the annular air-induction aperture. T.he ohject of this
convergence is to secure complete mingling of steam and air. Mr. Siemens has applied this apparatus
to the production of a vacuum in 21,369 feet of pneumatic-dispatch tubes in London. Three injectors
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maintained in pipes of the above length and 2.9 inches in diameter a vacuum of 9.8 inches of mercury,
with steam at a pressure of 29 lbs. per square inch, and a consumption of coal of about 56 1bs. per hour.

141,

{)assing through the valve into the compressor at each aspiration.

The same apparatus has been used for blast in
the Siemens furnace and in sugar-works. It
cannot be practically employed as a rule to ef-
fect compressions over 25.5 inches of mercury.

8. Apparatus has been produced wherein
compressed air itself has entrained the sur-
rounding atmosphere. Experiment on this sub-
ject has not resulted in the invention of any
practicable machine based thereon.

II. Mep1uM-PRESSURE COMPRESSORS. A. Low-
duty Apparatus—1. Fig. 141 represents a com-
pressor of the Sommeiller type designed for
low duty. The piston-plunger moves in an
horizontal pump-body, while the valves are
placed in a vertical chamber connecting with
the pump-cylinder. This column is filled with
water, 8o that when the piston is at the end
of its stroke the water covers the valve above.
As at each impulsion a portion of the water is
entrained by the compressed air, there is placed
around the chamber a water-jacket into which
a stream of water constantly enters, the liquid
The dimensions, etc., are as fol-

ows: Absolute pressure of air, .5 atmosphere; volume of air furnished per minute, 278 cubic feet.

Motor of any type: Compressor single-acting;
diameter of compressing piston, 5.8 inches;
stroke, same ; useful volume of cylinder, 91 cu-
bic feet; revolutions per minute, 15 ; theoretic
volume generated by the piston at this velocity,
1,403 cubic feet.

2. Compressors for supplying Air under
Pressure in Wells—Fig. 142 is a double-acting
compressor used in sinking wells near Liége,
Belgium. It is driven by a vertical engine, as
shown. The aspiration-valves are fixed on the
upper half of each head of the air-cylinder and
open directly into the atmosphere. The com-
pressing valves open into a chamber communica-
ting with the lower section of each cylinder-
head. This chamber is connected by a tube with
the well. The following are the dimensions,
etc.: Absolute air-pressure, 8 atmospheres ; vol-

1
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ume of air furnished at this pressure, 12 cubic feet. Motor: Diameter of piston, 14.9 inches; stroke,
27.6 inches; normal steam-pressure,52.5 1bs. Air-cylinder: Diameter of piston, 23.6 inches; stroke,

143,

same; useful volume of cylinder, 6 cubic fcet; revolutions per minute, 80; theoretic volume gene-

rated per minute, 35.5 cubic feet.
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8. Compressors for Bridge-Foundations.—These are mainly employed for forcing air into bridge-
caissons. The disposition of the Cail compressor used at Kehl Bridge is the plan for Fig. 143. The rods
of the cylinders are connected. The compressing cylinder is at the base of an iron box, so that the
intermediate space between its outer periphery and the box may be filled with water. In this box also
are the aspiration and compression valves. The dimensions, etc., are as follows: Absolute air-pres-
gure, 8.5 atmospheres ; volume furnished at this pressure, 60 cubic
feet. Motor: Diameter of piston, 12.5 inches; stroke, 23.6 inches; 144
fly-wheel, 6.5 feet in diameter ; steam-pressure, 75 lbs. Compression
cylinder : Diameter of piston, 15.7 inches ; stroke, 23.8 inches; use-
ful volume of cylinder, 4,661 cubic inches ; revolutions per minute,
40; theoretic volume generated per minute, 218 cubic feet. p

The caissons of the East River Bridge, New York City, were sup- u
plied with compressed air by six steam-engines driving two single- :
acting compressors, with cylinders 14.9 inches in diameter by 13.7
inches stroke. See Caissoxs.

B. High-duty Machines. Engine for Bessemer Converters.—Fig.
144 represents an engine of this class, employed in Pittsburg. The
cylinders are disposed vertically, the air-cylinder being uppermost
and inverted. Around this cylinder is a water-jacket, and the valves
are placed in the ends, which, divided by a diametrical partition,
constitute inlet and delivery chambers. The valves are formed of
very light disks of vulcanized India-rubber, supported by disks of
brass. They move on bronze seats inserted in the cylinder-ends, and
are held thereon by spheral springs. The dimensions, etc., are as
follows : Absolute air-pressure, 2.66 atmospheres; volume of air
furnished at this pressure, 2,889 cubic feet. Motor: Diameter of
piston, 41 inches; stroke, 47 inches, Air-cylinder: Diameter of
piston, 53.4 inches; stroke, 47 inches; useful volume of cylinder,
63.7 cubic feet ; revolutions per minute, 50 ; theoretic volume of air
delivered per minute, 6,356 cubic feet.

IIL Hice-PrEsscre ComprEssors.—Machines of this class are by
far the most numerous, Air employed as & means of transmission of power over long distances is
compressed to a pressure of from 4 to 8 atmospheres, in order to enable it to overcome friction of
pipes, etc., and to reach the apparatus of which it is the motor with effective working energy.

1L

. A Low-duty Apparatus.—1. Under this heading may be classed the compressors used for supply-
ing air as motive-power for rock-drills, where but small volume is required. The general construction
of the Bm-leigh compressor is shown in Fig. 145. There are two vertical inverted air-cylinders, the
pistons of which are moved by cranks, on a shaft which carries at one extremity the fly-wheel, and
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at the other the crank which is connected with a direct-acting inverted engine mounted on the
same support. The delivery-valves are placed in a chamber which connects the upper parts of the
two cylinders. They are cooled bya stream of water, regulated to quantity by a suitable valve. The
machine may be said to furnish 85.83 cubic feet of air, at 4 atmospheres and at 90 revolutions per
minute. This is one of the most successful compressors for supplying power to drills yet constructed.
2. Hydraulic Piston-Compressors.—The compressor used in the mines of Perscberg, Sweden (Fig.
146), is connected with and actuated by the pumping-engine. It consists of two vertical cylinders
connected by a cast-iron bed below, and carrying a valve-box above. In one of the cylinders is the
piston which, surrounded by water, causes the liquid at each stroke to rise in onec vessel and descend
in the other. In order to facilitate the descent of the piston, a cross-head is attached to the piston-
rod from the arms—bars extend

: down on each side and below

7P T the apparatus. These bars sus-

e 7. tain a counterweight which equi-

y// g librates the water in the second

N H;* cylinder. Simple flap-valves of
!TI _-.': f'. leather backed with metal are

' 7 iy employed. The inlet-valves are

) — ,/// 7 Z ', counterweighted. The dimen-
'/ sions and data are as follows:

S B2 9 Absolute air-pressure, 2.5 atmos-

(°) =i 4  pheres; volume of air furnished

at this pressure, 82.1 cubic feet.
Compressor (double-acting): Di-
{4 ameter of piston, 15.6 inches;
[ stroke, 85.8 inches; useful vol-
" ume of cylinder, 10 cubic fecet;
number of double strokes per
i/- minute, 4; theoretic volume de-
i - livered at this velocity, 80 cubic
0 feet.
‘s B. High-duty Apparatus—To
fi  this class belong the permancent
[ machines for distributing air-
Bl . pressure as motive-power to nu-
{/  merous points.
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b ! 1.” Compressors with no Re-
V% T i/  frigeration~When no means
%/ " of cooling is cmployed, compres-
%’/,, §/ . sors cannot be advantageously

used except for low pressures,
and at velocities so far reduced
that the heat developed by the
compression may be dissipated
as fast as generated. Itis rare-
ly that a pressure above 2 at-
mospheres can be reached, work-
ing at high speed, as dry air
compressed to this degree at-
tains a temperature of 165°
Fabr. ; or 8 atmospheres work-
ing at low velocity as the final
temperature of air compressed
under this pressure exceeds 266°
Fahr, The Sachs compressor
(Fig. 147) is an cxample. In
this case the motor (at Vieille
Montagne) is an 8-horse-power
hydraulic whecl. The useful
effort applied to the compressor
is 6-horse power, the remainder
being otherwise utilized. The
piston acts in its horizontal cylinder directly on the air. The three inlet-valves at one end of the
cylinder open into the atmosphere ; the three delivery-valves in the other end opcn into chambers
which communicate with a cast-iron tube placed parallel to the cylinder. On this is a safety-valve
and the connection for the air-conduit. Dimensions and data: Absolute air-pressure, 8 atmos-
pheres; volume of air furnished at this pressure, 47 cubic feet. Air-cylinder. Diameter of piston,
9.7 inches ; stroke, 35.8 inches ; useful volume of cylinder, 2,730 cubic inches ; revolutions per minute,
45 ; theoretic volume delivered per minute, 143 cubic feet. As compression is not carried to a high
degree, the heat generated causes no difficulty.

2, é’omprmors cooled by Waler-Envelope—In the majority of compressors the refrigeration is
accomplished by jacketing the cylinder and causing a circulation of water in the annular epace
between. Failure of this means is mostly due to the fact that the air remains dry, and in this
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condition the compression causes a development of heat which increases rapidly with the pressure.
This beat is incompletely absorbed by the water because of the high velocity with which the air
traverses the cylinder, and the consequence is that piston-packing and valves speedily deteriorate.
These machines are most advantageously employed for pressures between 8 and 4 atmospheres.
One of the most successful compressors of this class is that constructed by Mr. Sturgeon, in Eng-
land, the disposition of which is shown in Fig. 148. The air-cylinder is attached to one side of a

148, 149,
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bollow bed or receiver, and is worked by a steam-engine
attached to the other side through a crank-shaft carrying a
fly-wheel at each end. To these fly-wheels the crank-pins are
attached at right angles to ecach other, so that the piston of
the steam-engine may be at the middle of its stroke and the
best point of its power, when the piston of the air-engine is
approaching the end of its stroke, where it meets the great-
est resistance from the compression of the air. The valve-
boses of the air-cylinder (Fig. 149) serve as covers, and are
bolted to the receiver. The inlet-valves are at the centre of
the boxes. The construction is such that, as the piston begins
to recede, the rod carries the valve with it until its progress
is checked by a stop, it then being full open, and the rod, continuing its movement through the valve,
holds the latter open until the end of the stroke. On the commencement of the return-stroke the
valve is at once closed in the same manner. The delivery-valves consist of a number of small valves
distributed over the surface of the cylinder-cover or valve-hox, and affording a large area of outlet
opposite the direction of movement of the piston. The following data relate to one of these com-
pressors exhibited at the Manchester (England) Exhibition of 1874: Absolute air-pressure, 3 atmos-
pheres; volume of air furnished at this pressure, 35 cubic feet. Motor: Diameter of piston, 11.7
inches; stroke, same ; diameter of fly-wheels, 8 feet 10 inches. Compressor (double-acting) : Diameter
of piston, 10.4 inches ; stroke, 11.7 inches; useful volume of cylinder, 1,087 cubic inches; revolu-
tions per minute (average), 145—these have been carried as high as 440 ; theoretic volume deliv-
ered per minute, 174 cubic feet.

3. Compressors refrigerated by Layer of Water on the Piston.—This mode of cooling is much more
efficacious than a simple outside water circulation, because the inner
periphery of the cylinder which i3 in contact with the heated air is kept 150,
wet, a8 a quantity of water passes around the piston which may be suf-
ficient to saturate the air with watery vapor during its compression. In
this state, air may be compressed to 7.5 atmosphercs without its tempera-
tare exceeding 194° Fahr. The portable compressor of MM. Saultier
and Lemonnier, a section of which is given in Fig. 150, belongs to this
class. It is a small, strong machine, built of sufficiently light weight to
be carried bya mule. The cylinders, of which there are two, are open
sbove. A thin stream of water passes to a circular channel in the
upper part of the cylinders, by which it is distributed around their
inner portion to the pistons, through the inlet-valves, in which it enters
into the space in which the air is compressed, so that it comes in direct
contact with the air. There are three valves in each cylinder: two
inlets in the piston, and one delivery at the cylinder-bottom. They
are simply bronze cups on seats of the same metal, provided with suit-
able spriags, and guided by stems, dimensions, data, etc. Absolute air-
pressure, 5 atmospheres ; volume of air furnished at this pressure by
both cylinders, 5 cubic feet 269 cubic inches. Motor of 10-horse power,
any form. Compressor : Diameter of pistons, 9.3 inches ; stroke, 11.7
inches; useful volume of cylinders, 479 cubic feet; revolutions per
minute, 27 ; theoretic volume delivered by the pistons at this velocity,
26 culéc feet.

4. Compressors refrigerated by Water introduced at the Peri )
the Compfcruing Pﬁ—ln 1872 Messrs, Benjamin Roy &,g(.)c.:‘{vl{o'
built the first air-compressing machines for the St. Gothard Tunnel,
adopted a system of construction which involved a hollow compressing piston, receiving by its rod
water under pressure which it distributed uniformly over the piston by means of a channel at the
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middle. This disposition is analogous to the water-layer on the piston in the preceding class of ma-
chines, but it is considered preferable because it is applicable to double-acting, to horizontal, and
to fast-running compressors, since the piston is no longer formed of two independent portions, of
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which one (the liquid packing) may be disadvantageously affected by high velocities. In Fig. 151
Is given a section of the air-cylinder and pump of a compressor of this type, made for mining
purposes by the French Compagnie de I'Horme. The piston is hollow, and has on its periphery
five channels, of which one communicates by apertures with its interior, and serves as an escape for
the water. The others receive the metal packing-rings. In rear of the piston is a hollow rod which
is screwed in the piston-rod, and which, passing through the rear cylinder-head, connects with a
pump. The latter is composed of two small barrels and a spring accurulator. The pistons consist
of two solid rods connected by a cross-piece and a sleeve to the prolonged hollow piston-rod. These
plungers pump the water from a reservoir into the accumulator chamber, whence it is forced through
the piston-rod and out through the piston, as already described. The water then escapes into a reser-
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voir, in which is an automatic valve,
which opens when a certain level is
reached, and allows the water to pass
into the receptacle, from which it is
pumped. Dimensions and data: Abso-
lute air-pressure, 6 atmospheres ; volume
of air furnished at this pressure by two
cylinders, 142 cubic feet. Motor, two
direct-acting horizontal cylinders. Di-
ameter of pistons, 19.5 inches ; stroke,
81.2 inches. Variable cut-off. Conden-
sing. Fly-whecls, 11 feet 5 inches in
diameter, Two double-acting air-com-
presging cylinders. Diameter of pistons,
15.8 inches ; stroke, 81.2 inches; useful
volume of cylinders, 3,547 cubic feet ;
revolutions per minute, 60. Volume de-
livered at this velocity, one cylinder, 423
cubic feet ; two cylinders, 844 cubic feet.

8. Compressors refrigerated by Injec-
tion of Water in the Cylinder.—This sys-
tem is better than the foregoing, because
the air becomes more perfectly saturated
with watery vapor. The compressing
cylinder of the Windhausen machine (sce
REFRIGERATING MACHINERY) is of this
class, and is represented in Fig. 152. The
cylinder has a double envelope in which
cold water circulates. In order to aug-
ment the surface exposed to the action
of the water, grooves are made close
together on the outside of the interior
shell. Four valves, placed in each end
of the cylinder, are coutained in the
covers, which form chambers, and are
connected by horizontal tubes, whence
lcad the air-ducts. The two inlet-valves
placed at the upper part of the cover
are guided by stems which carry small

pistons moving in closed cylinders, in which the air forms an elastic cushion. A lever, actuated
by traverse-guides on the piston-rod, moves these stems so as completely to close the inlet-valves
when the piston reaches the end of its stroke. The two delivery-valves at the lower part of the
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cvlinder are composed each of a cylinder of bronze closed by a lightly concave bottom. This cylinder
travels in another closed cylinder in which the air-spring tends to maintain the valve upon its seat.
These valves are also guided by stems terminated by a projection with which a lever comes in contact
g0 as to lift the traverse guide of the piston at the end of each aspirating stroke. The cooling of
the air is directly effected in the cylinder by a jet of cold water which enters at the upper portion
of each end of the cylinder through an aperture made between the two inlet-valves. This injection
is produced by small pumps placed laterally at each end of the cylinder, the pistons of which are
actuated by the air compressed in the cylinder, so that the intensity of the jet increases with the
degree of compression of the air. Dimensions and data: Absolute air-pressure, 5 atmospheres ; vol-
ume of air per minute furnished at this pressure, 871 cubic feet. Motor, single horizontal cylinder
communicating with compressor ; compressor horizontal, double-acting. Diameter of piston, 43.6 inch-
es; stroke, 41 inches; useful volume of cylinder, 87.1 cubic feet ; revolutions per minute, 25; theo-
retic vcolv:nmc at this velociti,t:i,sbtis.bl cubic feet.

6. rs refriger y Injection o 168,
Water in ;;n-m of S{r’jay into the Uyh{tder (Fié
153).—Four sets of compressing cylinders, three
in each group, and all belonging to this type,
are in use at Airolo, St. Gothard Tunnel. To
each group motive power is communicated from
gearing connected with the shaft of a turbine
wheel. There is a circulation of water in the
bead and around each cylinder, and also in the
piston and rod, besides an injection of spray at
eachend. The circulation around the body and
ends of the cylinders is obtained from small
pumps operated from the rod of the compress-
ing piston. This pump injects water into the
bollows in the cylinder-ends and into the annu-
lar space formed around the cylinder by a P N
sheet-iron envelope. The piston-rod, which is ; —_
of steel, iz bored through to receive a copper =
tube of smaller diameter. This tube i8 nearly
as long as the rod, and is connected to it at the
rear end by a screw-threaded bronze plug. ©
The mode of connection at the opposite ex-
tremity is clearly shown in the drawing. The
water injected by the pump passes through
this tube and returns by the annular space be-
tween the tube and piston-rod, as far as a dia-
phragm which is formed of a bronze ring fixed r

S SO s

on the rod just inside the piston, and which
compels the water to penetrate the latter, cool-
ing the two faces as indicated by the arrows,
This water then escapes by the rubber tube
attached to the rear end of the piston-rod. N
The water which enters at each end of the

eylinder does so through spouts so constructed

that two fine streams are emitted by each, and D
the two jets on escaping are caused to meet at )
nearly a right angle, so that the water becomes !
turned to spray by the impact. The quantity of Y

T
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water introduced is regulated 8o as to maintain .
the air completely saturated. Under these con- bl

ditions, even when circulation inside the piston .

18 not continuous, it has been found possible to maintain the temperature of the entire apparatus at
about 86° Fahr. Three valves are placed at each end of the cylinder, two inlet and one delivery.
The total area of the inlet-valves is .11, and of the delivery-valves .04, that of the piston-surface.
Dimensions and data : Absolute air-pressure, 8 atmospheres; volume of air furnished at this pressure
by the three compressors of a group, 236.9 cubic feet. Motor for each group turbine of 46.8 inches
diameter, under 528 feet head velocity, 390 turns per minute. Transmission by gearing in ratio of 1
to4.35. Triple compressors, double-acting. Diameter of pistons, 17.9 inches; stroke, 17.5 inches ;
useful volume of cylinders, 26.4 cubic feet; revolutions per minute, 90; theoretic volume delivered
at this velocity for each compressor, 475.2 cubic feet. Final temperature of air on leaving cylinders,
104°, It will be seen that the four groups of compressors employed produce at the above average
velocity of 90 revolutions 947,600 cubic fect of air at a pressure of 6 absolute atmospheres.

1. Hydraulic Piston-Compressors.—An example of this type is the improved Sommeiller com-
pressor used in the tunneliniof Mont Cenis, as shown in Fig. 164. The two cylinders of ecach com-
pressor are isolated, and each has its own piston, only one of the faces of which (that in contact with
the water, and which, by the intermediation of the latter, acts on the air) is concealed, while the other
is easily accessible in the pump-body in which it moves. The piston is very long, so that it guides
§tself. The valves consist of four circular leaves of leather with metallic backing, resting on an
inclined bronze seat. These are disposed, two by two, along the vertical column of the compressor,
as shown in the engraving. The upper ones are the inlet-valves, and take air from a cylindrical iron
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envelope which communicates with the atmosphere. The lower valves open into a w
serve for the introduction of water to replace that entrained by the compressed air,

154.

valve is of bronze, and conical. Dimensions and data: Absolute air-pressure, 7 :
volume of air furnished at this pressure by the two compressors connected to a sin
wheel, 68.4 cubic feet. Motor, hydraulic wheel, 216 inches in diameter, and 168.8 inchs
discharging 35.3 cubic feet of water per sccond, under a head of 216 inches. Dircct
tion. Compressor: Piston-diameter, 23.4 inches ; stroke, 58.5 inches; useful volume
14.9 feet ; number of turns per minute, 8 ; theorctic volume of air delivered at this ve
cubic feet. Final temperature of air on leaving compressors, 104° Fahr.,

8. Shock-Compressors.—These machines are not used industrially, on account of thei
They are really nothing but hydraulic rams of large size. They were used for a tinic
Cenis Tunnel, but were removed to give place to piston-compreseors.

IV. Very Hica-PrEssure CoMPRESSORS.—Compressors belonging under this division a1
employed for indus-

185 trial purposes. They . 156.
z are utilized for com-
(¢) 9, @ @ { pressing air toa great

degree in small reser-
voirs, such as are car-
ried by divers, when |
the latter take with !
them their own air-
supply, instead of de-
pending on pumps at
the surface. They are
also used for com-
@ pressing gases in cyl-
inders which are de-

livered to consumers,
for the oxyhydrogen
light, etc.; also for
filling the air-reservoirs of compressed-air locomotives and of tor-
pedoes, and for forcing air into gaseous waters,

A. Low-duty Apparatus.—M. Rouquayrol’s pump (Fig. 155) is
adapted to filling reservoirs of air for divers, of a capacity of some-
thing less than a cubic foot, with air under 40 atmospheres’ press-
ure. The apparatus is composed of two pump-bodies of unequal
diameter. The first has large diameter and long stroke ; the second,
a much smaller diameter, and a stroke reduced, so that the volume
dclivered by the piston of the large body may be five times greater
than that delivered by the small piston. The air compressed by the
large piston is forced into a small reservoir forming the upper por-
tion of the pump-body ; and it is in this reservoir that the small pis-
ton carries the pressure from 5 atmospheres to 25. With an appa-
ratus of four such differential bodies, a pressurc of 100 atmospheres
may be obtained by man-power. The valves have water-joints, and
all the connections arc made with great accuracy.

B. High-duty Apparatus. 1. Direct-action Machines.—The Hurcourt compressor (Fig.
in Paris for compressing gas, at a pressure of 11 atmospheres, into cylinders holding 247
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each. The apparatus consists of two single-acting pumps, disposed on each side of a pyramidal
support, which carries at its summit a shaft with cranks at right angles, and a belt-pulley be-
tween the two standards. The cylinder is of cast-iron, with no exterior envelope, and no means
of refrigeration. At the base is a tube, in which is the conical inlet-valve. Opening into the
piston is a conical valve which communicates by three openings leading through the rod, and
just above the piston-packing, with the annular space between rod and cylinder. The piston,
on descending, compresses the gas contained in the pump-body, until a pressure is reached
rufficient to cnable the gas to lift the valve in the piston and pass into the annular space
abose. On the up-stroke of the pump the gas is again compressed, and at the same time a new
supply is drawn in through the valve in the cylinder-bottom. Dimensions and data: Absolute air-
pressure, 11 atmospheres ; volume of compressed gas furnished at this pressure by the two pumps,
2939.7 cubic feet. Motor, horizontal non-condensing engine—no steam expansion—connects with
6 compressors by belting. Diameter of piston, 13.26 inches; stroke, 24.9 inches ; steam-pressure,
6 atmospheres ; revolutions per minute, 70. Compressor: Diamcter of piston, 7.02 inches; stroke,
23.4 inches; useful volume of cylinder, 538.8 cubic feet; revolutions per minute, 30; theoretic
volume generated at this velocity by each compressor, 32,337.6 cubic feet.

2. Hydraulic Piston-Compressors.—The machines under this class are but two: one, a very old
apparatus, not used at present; in the second, in which the air is compressed to 25 atmospheres, the
refrigeration is accomplished by injection, and the compression effected in'two unequal cylinders. This
machine has not been subjected to sufficient practical tests to admit any authentic data being presented.

Swnmary.—In the construction of air-compressors, the present tendency is to use metal through-
out. For piston-packing, rings or segments in cast-iron or bronze arc cmployed ; for stuffing boxes,
soft alloys, and for valves in machines for distributing power, plates of steel, resting in bronze seats,
either with or without springs, are recommended. With regard to dimensions, starting with the vol-
ume of compressed air to be furnished per minute under a given pressure, the uscful volume to be
given to the compressor is first to be calculated, keeping in view the fact that the compressing piston,
if on the hydraulic system, should not travel faster than 15 revolutions per minute ; or, if direct-act-
ing, not more than 60 revolutions. The useful volume determined, the stroke of the piston is fixed so
that the velocity per second shall not exceed 29.25 inches for hydraulic piston-compressors, or 58
inches for direct-acting compressors. If the diameter is too large, two cylinders are employed.

Results of Tests.—From the records of a large number of experimental investigations, the followin
results are selected: 1. Apparatus without piston—1. Machines acting by simple displacement o:
water: useful effect, 6 to 40 per cent.—Experiments of MM. Romilly and Worms (Annales des
Mines). 2. Entrainment apparatus: useful effect, 41.50 per cent.—Same experimenters. II. Hy-
draulic piston apparatus—Sommeiller compressor improved : useful effect, 84 per cent.—Daxhelet’s ex-
periments (Revue Universelle des Mines). 1II. Apparatus with piston acting directly on air—London
Pneumatic Telegraph compressor : useful effect, 87 per cent.—Tested by constructor (Engineering,
1874). Schacht compressors, Saarbriick mines: air compressed to 4 atmospheres, 80 per cent. In
power utilizable at driven shaft of compressor, with expansion of one-half, about 40 per cent.; at 3
atmospheres, 84} per cent. ; at 1 atmosphere, 91 per cent.—Hasslacher's experiments (Annales des
Mines 2 , vol. xvii.). Ryhope Colliery compressor: average useful effect, 66 per cent.—Tay-
lor’s experiments ( Transactions of North of England Institute of Mining and Mechanical Engincers,
vol xxi.). As a rule, it may be stated that the uscful effect of the most improved compressors is 80
per cent. at average rate of travel.

DistriBoTION OF CoMPRESSED AIR.  T'ubing.—Tubes are usually of cast or wrought iron, the former
being preferable for larre diameters, and the latter for those below 8.9 to 5.7 inches.  Wrought-iron has
the advantage of lightness and flexibility. Tubes of rivcted sheet-iron are sometimes used for trans-
mitting blast to furnaces. Copper tubing is employcd where flexible joints and sections of peculiar
shape are needed. Lead tube is of little value, and rubber tubes are used for flexible connections.
The latter are usually lined with wire-spiral, and covered with canvas. Diameter of Tubing.—The
following table shows the losses of pressure in millimetres of mercury which occur in conduits 1,000
metres in length, and of diameters increasing from .1 to .35 metre, velocity of air from 1 to 6 metres:

Velocity of the air| LOSSES OF PRESSURK IN MILLIMETRES OF NERCURY OBSERVED IN CONDUITS OF|
at opening of con- 1,000 METRES IN LENGTH AND OF INTERIOR DIAMETERS OF
duits, in metres,|
per second. «1 metre. .15 metre. «2 metre. «35 metre. .3 metre. +35 metre.
1 (] 4 8 8 2 2
2 26 18 . 18 11 9 8
] 63 42 81 25 21 18
4 103 12" b4 41 36 81
5 167 12 64, 67 56 48
[] 283 156 117 94 18 67

The results of practice at the tunnels of Mont Cenis and St. Gothard, Saarbriick mines, and elsewhere
in Europe, show the following diameters of pipes to be advisable : For principal conduits, cast-iron,
from 5.8 to 9.7 inches; for secondary conduits (generally drawn tubing), 2.9 to 5.8 inches; for extreme
branches (always drawn tubing), 1.9 to 2.9 inches; for flexible connections (rubber), 0.9 to 1.9 inch.

Reservoirs.—Under ordinary conditions, the capacity of the reservoir should represent 10 or 15
times the consumption of air in cubic feet per minute when the air is used variably, as in rock-
drills; in cases of regular employment, 4 or b times the consumption per minute may be taken as the
;le. lln a large number of instances, reservoirs ranging from 706 to 2,824 cubic feet have been found

smple size,

Duty of Air-Motors.—In many English mines experiments have been conducted with a view to
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determining the fraction of absolute work theoretically transmitted by air delivered, whi
driven by said air, return in the form of effective work. This work has always rcprese:
per cent. of the absolute work, which corresponds to the consumption of compressed
Gothard Tunnel, M. Rebourt, by direct experiment upon compressed-air locomotives, def
the relation of tractile work to the theoretic work of air expended was comprised bet
.60. If, instead of seeking a ratio between the effective work and the theoretic work cor
air expended, we determine the same between the first and the work expended to con
80 as to obtain the total useful effect of the entire system, or, in other words, for the fra:
expended by primary motor which is returned from the shaft of the compressed-air engin
is found to be between 20 and 25 per cent. at high pressure, or 85 and 40 per cent. at lo

Works for Reference—The foregoing article is translated and abridged from L’Ai
by A. Pernolet (Paris, 1876), to which the reader is referred for complete discussion of
For a full list of all the authorities on compressed air, reference may be had to * Tunn:
sive Compounds, and Rock-Drills,” by H. S. Drinker, E. M. (New York, 1878).

AIR-CHAMBER. See Puurs.

AIR-ENGINE. See Enaings, AIR.

AIR-ESCAPE. A simple and ingenious contrivance for letting off the air from wate:
range of water-pipes be led over a rising ground, it will be found that air will collect i
parts and obstruct the progress of the water, to remedy which inconvenience the air-
ployed. A hollow vessel is attached to the upper part of the pipe, in the top of which v
fixed a ball cock, adjusted in such a way that, when any air collects in the pipe, it wil
the vessel, and, by displacing the water, cause the ball to descend, and thus open the co
air is allowed to escape. No water, however, can escape, for, when that fluid rises in the
a certain height, the ball rises and shuts the cock; new air then collects, displaces the -
the ball, the cock is opened, and it again escapes.

AIR-GUN. A machine in which highly-compressed air is substituted for gunpowder
ball, which will be projected forward with greater or less velocity, according to the stat
sation and the weight of the body proj . .

It consists of a lock, stock, barrel, ramrod, etc., of about the size and weight of a com:
piece. Under the lock at b is screwed a hollow copper ball ¢, perfectly air-tight. This
charged with condensed air, by means of the syringe B, previous to its being applied to t
Being charged and screwed on as above stated, if a bullet bc rammed down in the ba
trigger a be pulled, the pin in 4 will, by the spring-work in the lock, forcibly strike out :
and thence, by pushing it suddenly, a valve within it will let out a portion of the condense
rushing through the aperture in the lock, will act forcibly against the ball, impelling it to

of 60 or 70 yards,

157, the air be strongly
At every discharge o
of the air escapes f1
therefore, by re-cock
another discharge o
which may be repeat
ber of times proport
size of the ball. T
copper ball is cond:
syringe B in the fol
ner: The ball is sc
close on the top of
at the end of the |
rod a is a stout r
which passes the r
this rod the feet sho
set; then the hand
applied to the two
fixed on the side o
of the syringe, when
the barrel B steac
down on the rod «
will become charged with condensed air, and the progress of condensation may be estin
increasing difficulty in forcing down the syringe. At the end of the rod k is usually a
that the rod may serve as a key for attaching
the ball to either the gun or syringe. In the 158.
inside of the ball is fixed a valve and spring,
which gives way to the admission of the air,
but upon its emission comes close up to the
orifice, shutting out the external air. The pis-
ton-rod works air-tight by a collar of leather on
it, in the barrel B ; it is therefore obvious that,
when the barrel is drawn up, the air will rush
in at the hole 2 ; when it is pushed down, it
will have no other way to pass from the press-
ure of the piston but into the ball ¢ at the top. The barrel being drawn up, the opei
peated, until the condensation is so great as to resist the action of the piston.
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In Gifford's air-gun, Fig. 158, the barrel is in communication with the inside of the trigger-box,
in the interior of which is a valve-piston, consisting of a steel rod carrying a ring fitted with a caou-
tchoae disk for closing communication. Air enters the barrel by a bell-shaped chamber. By pressing
strongly on the extremity of the rod, the disk is compressed and closes the reservoir-orifice. By sud-
denly releasing the piston-valve, the elasticity of the rubber, combined with the pressure of the air,
causes the sudden opening of the reservoir-orifice, and emits a blast of air to the rear of the projec-
tile. The air is compressed into a reservoir beneath the barrel by means of a piston working longi-
tudinally in a valved interior tube.

AIR-PIPES. An invention for clearing the holds of ships and other close places of their foul air.
The contrivance is simply this: A long tube, open at both ends, is placed with one end opening into an
apartment to be ventilated, and the other out of it. The air in the outer end of the tube is rarefied
by heat, and the dense air from the hold comes in to supply the partial vacuum, the escape of the
foul air in the hold being supplied by fresh air introduced through an opening above: and this pro-
cess is carried on until the air becomes everywhere equally elastic.

AIR-PUMP. The air-pump is an instrument by which a vacuum can be produced in a given
space, or rather by which air can be greatly rarefied, for an absolute vacuum cannot be produced by
its means. Fig. 159 represents a simple form of this machine. Through the centre of the brass
plate there is drilled an orifice 4, from which orifice there is led a pipe 4 B, forming a communication
between the receiver R and the interior of the cylinder B P ¥V, which communication may be opened
or closed by means of a stopcock at @. The cylinder or barrel B P V is furnished with a piston B P
accurately fitted to the cylinder, but capable of free motion up and down, which motion is effected
by means of a piston-rod D C, which moves through a stuffed or air-tight collar at D. The bottom
of the cylinder or barrel is furnishod with a valve ¥ opening outward. This cylinder communicates
vith another B X’ P V', constructed and furnished in a similar
manner ; and the two piston-rods are provided with racks C C 159,
at the top, the teeth of which are acted upon by those of a
wheel placed between them, as may be seen in the flgure,
Let us now attend to the mode of action. Suppose the stop-
cock at (F open, and the pistons as they are in the figure.
The piston B P being at the top, & free communication is
formed between the receiver R and the first cylinder, and the
piston being pushed down past the orifice at B, the air con-
tained in the cylinder or barrel will be forced into less space
or compressed, and, of course, its elastic force increased. In
consequence of this increased elasticity, the valve at V will
be opened and the air expelled. When the piston is lifted,
this valve will be shut by the pressure of the atmospheric
air without; thus a portion of the air which was contained
in the receiver, communication-pipe, and barrel, has been
expelled, and that which remains will consequently be less
dense ; another stroke of the piston will diminish the density
still more ; and this process may be continued until the den-
sity be 8o diminished that, when compressed by the descent
of the piston to the bottom of the barrel, its elastic force is
only sufficient to open the valve V. It will be easily seen
that the exhaustion of the air in the receiver depends on the )
elasticity of the air; for when the piston descends and expels the air contained within the barrel,
which it will do completely if it go to the bottom, and then, in returning, the valve V" being shut, a
vacuum will be formed in the barrel until the piston in its ascent
passes the orifice B, when the air within the receiver will expand
and fill the whole cavity. The operation of the second barrel and
piston is precisely similar to that of the first, so that when the one
is understood, the other requires no explanation.

The degree of exhaustion will depend upon the workmanship of
the pump, the number of strokes of the piston, and the relative
capacities of the receiver and barrels; but perhaps in no case can
the vacuum in the recciver be made perfect. For the purpose of
determining the degree of exhaustion, a mercurial gauge is em-
ployed, which acts on a similar principle with the common barom-
eter. A glass tube £ F rests in a basin of mercury F, and its up-
per orifice opens into the brass plate $.S. When the exhaustion of
the receiver has commenced, the pressure of the air in the receiver
must be less than that of the atmosphere without. Wherefore,
since the air in the receiver presses the mercury down the tube,
and the atmosphere pressing on the mercury in the basin forces it
up the tube, with the greater force the mercury will rise in the
tube, and it will rise the higher according to the diffcrence of the
density, and consequently elastic force, of the air in the receiver, -
and that of the atmosphere.

Two examples of the latest improved air-pumps are given here-
with. Fig. 160 is the free-piston air-pump of M. J. A. Deleuil.
The peculiarity of the machine is that the piston works out of contact with the barrel of the pump,
and, of course, without friction. The film of air between piston and cylinder-wall forms & kind of
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lubricating cushion. The piston is driven by an epicycloidal combination operated
fly-wheel, and is guided by its rod, as shown. There are two valves at each end of th
161 opening inward, the other outward. The outward-cpening ve
g municate with the same tube, which is secured and united wi

at both extremitics. At the middle point of this tube a
from it may be connected with a condensing apparatus ; =o
may be used for condensation as well as rarefaction. Whe
ordinary purposes of an air-pump this branch is open to t
On the other side, the two inward-opening valves are simil
o and the branch tube on that side establishes communication w
to be exhausted. The valves arc opened and shut mechanic
ton itself in a manner not shown in the figure. For this put
| drical rods are introduced passing through the piston, and
5 end to cnd of the cylinder, but capable of a slight longitud
as the piston changes its direction. This movement opens
end, and simultaneously closes the corresponding one at the
but this change having been effected, the rod remains statior
‘Al sliding on it in continuing its movement. With a machii
having a cylinder 4} inches in diameter, a 20-gallon recci
hausted down to & pressurc of less than half an inch of 1

minutes.
) Fig. 161 represents an air-pump devised by M. de las Marisi
J be cheaply constructed. Two rescrvoirs A A counterpoise ¢

are supported by the pulley B. They communicate with two
C by means of the glass tubes D, and of the India-rubber 1
are filled with mercury, which, when one of the reservoirs is lif
the balloon and drives the air out of it through the capillary
is soldered to the top, at the same time that the other resc
3 > lower than 29.64 inches, causes the mercury to quit the othe
\ . forming a barometric vacuum. The balloons communicate w
\

o by the glass tubes /, which plunge to within 0.39 inch of the
balloons. They are automatically closcd as soon as the mere
the balloons to drive out the air, and opened as soon as it ret
/1 avacuum. The air cannot reénter the balloons by the tubes
been once driven out, because, in order to escape by the orifice
to pass through a slight layer of mercury contained in the curved tube J; and when
formed in the balloons, the atmospheric pressure causes the mercury to mount ujp
tubes, and thus prevents the return of air. In order to reccive the air or gas containc
all that is to be done is to place the required recipient in communication with the
degrec of vacuum produced is indicated by the barometer X, which communicates witl
tube L. The return of the air is effected through the tube Af, which communicates o1
the plate, and on the other plunges into the mercury contained in the bent tube A

Bunsen's Air-Pump is represented in Fig. 162, Falling water is employed to carry
air with it, and in this way a steady exhaustion is produced. The device consists of a
D in which a narrower tube reaches downward to &, connected at
the top by a well-fitting cork 4, Water is carried in by a side 162,
branch C, connected by means of an India-rubber tube B, closed by
a spring H, with a tube 4 drawing water from a reservoir. The
current of this water going down in the tube D around the inner
tube draws the air from 7’and S and from any vessel connceted
with S, To increase the effect, the wide tube D is connected below
with a lead tube F" which reaches 20 or 30 fcet down ; so that this
long descending column of water acts like a powerful continuous
piston. .

AIR-SHIP. A vessel adapted to the navigation of the air. The ;
subject will be considered under the two heads of Balloons and Fly-
ing-Machines.

The Balloon is a bag or hollow vessel of light impermeable mate-
rial, which, when filled with a gas lighter than air, ascends. The
theoretical considerations governing this result are as follows :

1. If a body is wholly immersed in any fluid, it will be pressed
upward by a force equal to the weight of & volume of the fluid
cqual to the volume of the body.

2. If the upward pressurc is less than the weight of the body,
the latter will have a tendency to fall, under the action of a force
equal to the diffcrence between the body’s weight and the weight
of an equal volume of the fluid.

3. If the upward pressure is equal to the weight of the body,
the body will have no tendency cither to fall or rise.

4. If the upward pressure is greater than the body’s weight, the body will have .
rise, due to a force equal to the difference between the weight of a volume of fluid eq
ume of the body, and the weight of the body. These principles are a concise statement
of a balloon’s action. If we have a body whose weight per cubic foot is less than th
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cabic foot of air, the body will rise with a force equal to the difference between the body’s weight
and the weight of an equal volume of air. For instance, if a balloon is filled with hydrogen, the air
will exert a lifting force of about 175 of a pound for each cubic foot in the volume of the balloon, so
that, if the weight of the balloon and car is less than this lifting force, the balloon will ascend. If
common illuminating gas is used in the balloon, the lifting force will be about one-twenty-fifth of a
pound for each cubic foot of the balloon’s volume. The weight of the material in a balloon varies
greatly, of course, according to the construction, some balloons only weighing, with the nctwork, about
one-twentieth of a pound per square foot of surface, or even less, and others weighing as much as
onecighth of a pound per square foot of surface. The ordinary shape of a balloon approximates
closely to that of a sphere, which it is commonly assumed to be in making calculations.

These rules may be applied in examples in order to exhibit the calculations involved in the design-
ing of a balloon. A balloon has a diameter of 40 feet ; the weight of the material and netting is onc-
eighth of a pound per square foot of surface; the weight of the car and contents is 600 lbs.; and
the gus wlf;ich, distends the balloon is subject to an upward pressure of one-twenty-fifth of a pound
per cubic foot.

The volume of the balloon is 38,510 cubic feet, 8o that the upward pressure due to the air is about
1,340 Ibs. The surface of the balloon is 5,026.5 feet, so that the weight of material and netting
is about 628 Ibs., to which must be added the weight of the car, making a downward pressure of
1,228 1bs.; hence the unbalanced upward pressure, which causes the balloon to ascend, is about
1121bs. It will now be evident that the lifting force of a balloon is entirely due to the air, and
is impeded, instead of being assisted, by the gas ; so that it would be better, if it were practicable, to
make a balloon with a vacuum in the interior. It must be remembered that, as a balloon ascends
above the earth’s surface, the air in which it is immersed grows continually less dense, so that the
lifting force becomes less and less, unless the volume of the balloon is increased. Thus, at about
18,000 feet elevation, the air is only about half as dense as at the sea-level ; at 86,000 fect elevation,
$as dense, and so on. Hence balloons are rarely filled at the surface.

In making the estimate for a balloon, one can generally ascertain the weight of the car and con-
tents, the difference of weight of a cubic foot of air and of the gas to be employed (which may be
alled the buoyant effort), and the weight of the balloon with its ropes and network per square foot
of surface. It is then required to find the diameter of a balloon which will have a tendency to rise
vith a given force. The calculation by which this is determined is somewhat complex, but it will be
found explained at length below, an example being added for the purpose of further illustration.
The following quantities must first be ascertained : 1. The buoyant effort, or difference between the
weight of a cubic foot of air and of gas. 2. The weight, which includes the weight of everythin,
except the material of the balloon and the netting, together with the lifting force. 8. The superficia
weight, or weight of the material and netting, per square foot of the balloon’s surface.

The operations for finding the required diameter are as follows: (a) Divide twice the superficial
weight by the buoyant effort. (5) Divide 8 times the cube of the superficial weight by the cube of
the buoyant effort. (c) Divide 0.95493 times the weight by the buoyant effort. (d) Multiply
15.27888 times the cube of the superficial weight by the weight, and divide the product by the fourth
power of the buoyant effort. (e) Divide 0.91188 times the square of the weight by the square of
buoyant effort. () Add together the quantities obtained by rules (d) and (¢), and take the square
root of the sum. (g) Add together the quantities obtained by rules (b), (c), and (f), and take the
cube root of the sum. (AP Add together the quantities obtained by rules (6) and (c), subtract the
quantity obtained by rule ( /), and take the cube root of the difference. (i) Add together the quan-
tities obtained by rules (@), (), and (k). The sum will be the diameter required.

_Example : Tt is required to find the necessary diameter of a balloon, the following data being
given:

The weight of the car and contents is 475 lbs,, of the valve 25 lbs, and the air is to exerta
lifting force of 100 Ibs. The gas in the balloon is to be such that the difference between its
weight and that of a cubic foot of air shall be 0.04 Ib. The weight of the material and netting
is to be 0.12 1b. per square foot of balloon-surface.

Pursuing the same steps as indicated in the preceding rules, we find: 1. The buoyant effort
=004 Ib. 2. The weight =475 + 25 + 100 =600 lbs. 3. The superficial weight =0.12 b,
(@) 2x0.124+0.04 = 6. () 8x0.001728 + 0.000084 = 216. (c) 0.95493 x 600 -+ 0.04 = 14,324,
(d) 15.27888 x 0.001728 -+ 0,00000256 = 6,187,046, (c) 0.91188 x 360,000 + 0.0016 = 205,178,000,
(/) ¥(205,173,000 + 6,187,946) = 14,538. (9) * ¢/ (216 + 14,324 + 14,538) = 80.75. (k) 3 y (218
+ 14,32¢—14,638) = 1.26. (i) 6 + 80.75 + 1.26 = 38.01 fect, required diameter.

As there are many who like to know the reasons for a result, we have added the method by which
the rules are obtained, which can readily be verified by thosec who are familiar with algebra. Let
8 = buoyant effort, W = weight, and a = superficial weight.

The balloon is to have sufficient volume that the upward pressure of the air, which is the volume
of the balloon multiplied by the buoyant effort, shall be equal to the weight, increased by the product
of the superficial weight and the surface of the balloon. Assuming that the balloon is in the form of
a sphere, this condition is expressed by the following equation, calling z the diameter of the balloon :

3
05236 xbx 23 = W + 8.1416 xax 2z’. From which we deduce: z =¥+ [8%+ 0'954:3“’ +

(15.27888 al W+ 0.91188 W ’) }] t + '_8£ +' 0.95493 W _ (15.2788 a*W + 0.91188 W ') -}] t
[ [ b b b b
the same value as was given in the foregoing rules.

It will be evident, by inspecting the equation of condition, that the same method can be applied to
any form of balloon whose volume and surface can be expressed algebraically.

4
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In Fig. 163 is represented M. Dupuy de L&mes’s great balloon, remarkable alike for its peculiar con-
struction and from the fact that it has been found possible to cause it to move slowly in a desired
direction by means of the screw-propeller. The balloon consists of white silk taffeta lined with India-
rubber, and again with nainsook. To the last a varnish is applied.

In order that the plane of the movement shall be more directly under the control of the aéronaut,
the following dimensions bave been adopted : Length, 118 feet 6 inches; diameter at centre, 48 feet
8 inches ; area through the centre, 1,862 square feet ; volume, 121,988 cubic feet; height from top
of balloon to keel of car, 95 feet ; distance between screw-shaft and major axis of balloon, 67.1 feet.
The rudder is a triangular sail of 1614 square feet arca, and is manipulated by cords from the car. In
Fig. 168, 4 is the balloon; B the car, with D network ; a a, taffeta covering ; b, collar attaching
the upper netting to the covering of the balloon ; d d, silken ropes suspending the car; e e, balance-
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ropes for the car; 8, small internal balloon, with line of intersection with the balloon ; E, gaff-sail or
rudder; H, pendent tubes for securing a constant degree of inflation. These are filled with hydrogen,
which gas alone is used in the balloon, and hung down for a distance of 25 feet. As the gas expands
it forces itself down these tubes, while its own pressure in the tube reacts upon the main body of the
‘gas in the balloon, preserving such an excess of interior pressure as prevents the shape of the outer
covering being altered by the wind. The small internal balloon 8, or ballonet, still further serves to
maintain a constant surface. As the gas escapes through diminution of pressure in the primary bal-
loon, it becomes filled with air. At J are the ‘cords regulating the valves S; 7' is the tube for filling
the dallonet with air; M is a crank for working the screw Q; ! are stays for strengthening the
screw. Experiment with this air-ship has given results in remarkable accordance with the inventor’s
calculations. Eight men, rotating the screw at 25 revolutions per minute, caused the aérostat to
travel at the rate of 52.5 fcet per second. This speed was augmented to 55.8 feet per second with
27.5 rotations. The ballonet was found to maintain the exterior surface ; no rocking motion was im-
parted by persons in the car, and it was reported that the head of the aérostat was readily kept in any
desired direction at an angle to the wind, by the labor of 8 men upon the screw-crank.

It having been shown, by the experiments of M. Paul Bert and others, that animal life may be ex-
tinguished in a too rarefied atmosphere, on account of the insufficient supply of oxygen, attempts have
been made to reach exceedingly high altitudes by carrying a supply of oxygen gas, which the aéronauts
inhaled when the atmosphere became unbearable. The last effort in this direction was that of MM.
Sivel, Spinelli, and Tissandier, in 1875. At 23,000 feet the a&ronauts, despite the oxygen, relapsed
into a kind of stupor, and it is supposed that, in partial delirium, one of them cut away the oxygen-
bags, with other objects, in his intense desirc to mount upward. MM. Spinelli and Sivel were suffo-
cated, and the third revived from his ineensibility after the balloon had sunk to a lower altitude. The
maximum height attained, shown by the barometers, was 27,500 feet. Previously, and without the
aid of oxygen, Coxwell and Glaisher reachcd an altitude estimated at 87,000 feet.

Two automatic devices for adjusting the elevation of a balloon, and for giving warning of a descent,
are illustrated in Figs. 164 and 165. The ballast-regulator, Fig. 164, is a bladder A4 inflated with air
before ascending, and placed between two boards, one of which is fixed upright and the other hinged
thereto. A rubber spring keeps the movable piece up against the bladder, and by suitable connection
the moving-board is attached to the handle of a water-barrel, 80 as to turn a stream on or off in
accordance with its motion. When the bladder swells, as the balloon rises into an atmosphere of
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greater tenuity, the handle of the spigot is moved so as to diminish gradually or check the escape of
water; while the descent of the balloon causes the contraction of the bladder and the opening
of the spigot. This device was intended to relieve the aéronaut from the necessity of watchfulness
during a brief period, so that he might sleep. The second apparatus, Fig. 165, is an ordinary barom-
eter-tube, into which are led wires from a battery. The ends of the wires are connected by an insu-
lated substance, and are adjusted at any desired mark on the barometer corresponding to a given alti-
tude, and above the mercury. Should the balloon descend, the mercury rises, touches the wires,
establishes the electric circuit, and a bell is sounded. Mr. Donaldson, the inventor of these devices,
also succeedéd in directing the course of his balloon, in some measure, by large kites lowered into
currents of air of favorable direction. He also found that low-flying balloons were preferable to
balloons at high elevations for purposes of traveling. By so adjusting his ballast that his air-ship
floated at about four feet above the ground, he was able to impel himself by a pole, and by vigorous
pushes on the same to cause his balloon to leap over low houses, trees, etc.

In Fig. 168 are represented Sivel's sounding balloons, for recognizing the presence of currents of air
sbove or below the main aérostat. A rod 80 feet in length was projected from the car, and held in
equilibriuvm by the upper balloon, which was 19 feet
in diameter, and which was filled with gas. This
was attached to a rope 3,000 feet long, and allowed
to ascend that distance above the car. The other
small balloon was filled with air, and, being attached
to s line of similar length, fell far below. After
many experiments and no small amoant of costly
investigation, the A&ronautical Society of Great
Britain, so long presided over by the Duke of Ar-
gyll, has pronounced decisively against the balloon
as incapable of being made useful for the purpose
of locomotion, except in the way of waftage; and
in a report (1876), the secretary of the Society de-
clares that the sole improvement of which the bal-
loon is capable is the invention of some means to
secure its ascent and descent without the expendi-
ture of gas or ballast.

Suppose we have, for example, a balloon so
weighted that it would float on the discharge of
35 Ibs. of ballast, or on recciving an additional
thousand cubic feet of gas. It is plain that, if
some mechanical means (say a screw acting verti-
eally) were added, capable of exerting a lifting force
of 35 Iba. more than its own weight—a light 2-horse-
power engine would drive it—the voyager would
be able to rise without discharging ballast, or sink
without discharging gas, and so be able to avoid
obetacles while drifting over the surface, or to rise
abore adverse currents to such as might be more fa-
vorable.

But, for the purposes of real adrial navigation,
soch drifting is wholly inadequate. The work to be
accomplished is not the floating of a relatively light
body in more or less favorable air-currents, but the
propulsion of a heavy body with a force sufficient to
overcome all aérial resistance, and with velocity
enough to make the inevitable driftage relatively
unimportant. This hasnot yet been achieved, though
the - efforts toward it have shown some very encouraging results, Certain experiments made at the
expense of the Aéronautical Society, to determine the exact lifting pressure of air-currents against
a plane inclined at different angles, obtained results which are especially promising. The plane used
was a steel plate a foot square, and the substitute for wind or the resistance, occasioned by the pas-
sage of a body at high speed through the air, was the blast of a powerful fan-blower. Placed at
right angles to this blast, the pressure on the plate was 3} lbs., indicating a wind-velocity of
about 23 miles an hour. Inclined at an angle of 15° the plate received a direct pressure of
only one-third of a pound, while the lifting pressure amounted to 1} 1b. In other words, a plane
of 1 syuare foot, held at an angle of 15° against a current of air having the velocity of 25 miles an
hour, will carry four times as much weight as it meets resistance. A less angle than 15° could not
be tried, owing to some obstruction to the action of the apparatus. The experiments showed, how-
ever, that the ratio of the lift to the thrust greatly increased as the inclination of the plane dimin-
ished, and also that the lifting power of the current, per square foot of plane, increased with the
extension of the sustaining surface, probably on the same principle that makes a large sail on a ship
80 mueh more efficient than an equal area of small sails.

Regarding the power required to lift a weight in the air by means of vertical screws, in a “ Report
on the English Aéronautical Exhibition of 1868,” by Mr. Wenham, the following paragraph appears:
“The Society has brought out the remarkable fact that a 1-horse-power engine can be made to
weigh only 13 lbs., thus showing the possibility of obtaining flight by the repudiated system of verti-
cal screws, even with the enormous expenditure of power thiat this plan is known to require.” In
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order to ascertain what actual lifting power could be obtained with planes moving in horizontal
orbits, Mr. Moy constructed new aéro-plane wheels, 12 feet in diameter, with 12 planes to each
wheel, the whole presenting 160 square feet of surface, driven by a steam-engine weighing 80 lbs.
By placing the whole acting surface on these two wheels, an interesting experiment was carried out.
It wes palpable, however, that, from the conditions of the actual trial, the full lifting power due to

166 A,

the surface, angle, and velocity could not be hoped for. These revolving planes were traveling all

the time in one circle. They had not the advantage of obtaining an abutment upon a previously

undisturbed body of air. The experiment was in an inclosed part of the building. A great part of

its power was expended in drawing downward a body of air. The whole weight of the machine was

186 Ibs, Levers were attached to the spindle of the adro-plane wheels, which .were weighted to take

off all over 120 lbs. This latter weight

168 was raised from the floor as much as 6

inches under one aéro-plane and 2 inches

under the other, this inequality being due
to one wing-plane having broken.

The engine, therefore, was proved capa-
ble of raising itself, and 40 1bs. additional
weight, under great disadvantages. The
revolutions of these two 12-feet aéro-
planes were 67 per minute,

The largest and probably the most per-
fect balloon which has been made is that
designed by M. Henri Giffard, and exhib-
ited by him in the City of Paris during the
continuance of the French International
Exposition of 1878. The following is a
summary of some of the principal figures
connected with this interesting aérostat:
—Dimensions: Diameter of the spherical
envelope, 118 feet 1 inch; height above
the ground when at its moorings, 180 feet
6 inches; capacity of envelope, 882,915
cubic feet. Weights: Material of the bal-
loon with its two valves, 6 tons 3 cwt.;
netting, 8 tons 5 cwt.; ropes attached to
the nets, rings, pulleys, etc., 8 tons 12
cwt.; car and its appurtenances, 1 ton 11
cwt.; total weight of materials, 13 tons
11 cwt. Weight of cable supported by
the balloon, 2 tons 9 cwt.; fifty passen-
gers and two aéronauts, 8 tons ; ballast,
grapnels, etc., 8 tons; total weight lifted,
22 tons.

The shape of this balloon, Fig. 166 a,
is perfectly spherical, the object of thus
departing from the usual pear-shaped form
being to obtain a greater capacity with the same weight of material, and hence greater lifting
power. The sphere is constructed of 104 gores, each measuring 8 feet 6 inches at its widest
part. The material is a compound fabric composed of layers: 1, muslin; 2, pure India-rubber;
8, linen canvas; 4, pure India-rubber; 5, canvas; 6, vulcanized rubber; 7, muslin, The surface
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is covered with a mixture of boiled linseed-oil and litharge, and afterward with a coat of white
paint. The method of making the seams is as follows: The edges of two gores having been
sewn together by two undulating lines of stitches, a strip of material consisting of a thickness of
vulcanized India-rubber between two layers of muslin is laid over the outside of the seam, being
made to adhere by a coat of India-rubber varnish previously applied; and the inside of the seam is
covered in the same way with a strip of muslin saturated with the same solution of India-rubber.
No knots are used in the netting, seizings being applied at the intersection of the ropes, and the
junctions covered with goat-leather. The car, Fig. 166 B, is suspended by 16 cords from a strong
steel ring 4, of small diameter, and this ring is in its turn suspended at a distance of about 4 feet
from a second and larger ring B, which is hollow, and is constructed of steel plates having an ex-
ternal diameter of &5 feet 8 inches. The upper ring is attached by 16 ropcs to as many sheave-
blocks C. Through each of these blocks passes a smaller rope carrying a smaller block at each end.
Consequently, there are 64 of these latter blocks supporting the weight of the car, and communica-
ting the lifting strain of the balloon to the cable by which it is attached to the ground. At D are the
moving ropes. The valve consists of a metallic disk 214 inches in diameter, which is maintained in
close contact with a seat of vulcanized rubber by a series of spiral springs fixed above it. 1t is ar-
ranged in the centre of a large circle of a similar material to that of which the balloon is con-
structed, but somewhat thicker, and is held between two flanges of wood 8 fcet in diameter, which
are held together by screws. In and closing the neck of the balloon is a second valve, which con-
sists of a circular metallic plate 81§ inches in diameter, which is kept pressed against its seat by a
set of very delicate springs, 8o that upon the slightest increase of pressure within the balloon the
valve opens, and a quantity of gas proportional to the excess escapes. The car consists of an orna-
mental annular balcony, 19 feet 8 inches in external diameter, the floor being 8 feet 8 inches wide.

In Fiz. 166 a is given an elevation of M. Giffard’s balloon, showing it as arranged in the court
of the Tuileries, Paris. A4 is the balloon; B, the car suspended over the conical pit with the em-
barking bridge in position. At C is the winding machinery to which the retaining cable of the
balloon is brought. This cable is nearly 3,000 feet long, weighs over 2} tons, and is tapered from
a diameter of 3.35 inches at its upper end to 2.56 inches at its lower extremity. At its point of
connection with the aérostat the cable is secured to a dynamometer, by which the strain on the cable
and the lifting power of the balloon are determined. The small balloon marked D represents an
ordinary aérostat of 35,000 cubic feet capacity, capable of carrying 8 or 4 persons. (See Engineer-
ing, xxvi., 658.)

Mr. C. F. Ritchel has devised an agrial machine wherein is employed a balloon 25 feet in length
and 13 in diameter, weighing 66 1bs., and charged with hydrogen gas. Broad worsted bands extend
over that and down to a rod of brass tubing, from which the machine is suspended by slender cords.
The after portion of the machine is at the basc a parallelogram of rods, from which rise, lengthwise,
curved rods, drawn near together at the top. All these rods are of mandrel-drawn brass, light and
very strong. Above the apex of this form rises a cog-edged steel wheel, with double handles so
geared to a four-bladed fan moving horizontally directly bencath, that the operator can give the fan
2,000 revolutions per minute. The extreme diameter of this revolving fan is 24 inches. The blades
are set like those of the screw of a propeller. Just behind the wheel is a very small geat, upon which
the operator perches. His feet rest upon two light treadles above and in front of the fan. From
the front of this form spring other rods, carrying at their extremity a vertically-working revolving
fan, 22 inches in diameter. It is 8o geared to the main fan that it may be operated or not, at the
pleasure of the driver, and can be made to turn from one side to the other, 8o as to deflect the course
of the machine in the air. This fan makes 2,800 revolutions per minute when the other is making
2,000. The total weight of the apparatus is 114 lbs. For particulars of trial of this machine, which
seemingly worked quite satisfactorily in still air, see Scientific American, xxxviii., 405.

Tax FLYING MacHINE.—Human muscular power being proportionately very much inferior to that
of the bird, it follows that no contrivance of the nature of wings can be successfully operated by the
uaided strength of a man's muscles. Eithér some motor must be employed to drive the lifting
mechanism, or an auxiliary balloon, as already pointed out, must be uscd. In view of the fact that
a kite is sustained in the air by the pressure of the wind againet it, provided the direction of the
wind is oblique to its surface, some authorities consider the moving plane to be the simplest mech-
anism that can be devised for the flying-machine, in connection with two propeller-wheels, turning in
opposite directions, so as to keep the machine in an upright position. The best angle of inclination
of the fixed plane—that is, the angle in which the least amount of surface is required—is 54° 10
with a horizontal line; but the power required for motion in this case is very great. By reducing
the angle between the fixed surface and a horizontal line, the power required for propulsion is dimin-
ished ; but it is necessary to give the machine a much higher velocity, in order that it may be sus-
tained in the air; or, if the original velocity is retained, the arca of fixed surface must be largely
increased, which will, of course, add to the weight. It must be remembered also that the machine
will not be sustained unless it is in motion, so that it cannot rise from the ground, but must be
Iaunched from an elevation. M. Bruignac considers that, by attaching balloons to flying-machines,
they can be propelled by the aid of less power than in the case where a sustaining plane surface is
uwed. The best form of balloon, according to M. Bruignac, is that of a horizontal cylinder with coni-
cal ends, the slant height of the cones being equal to the diameters of their bases. It is found by
experiment that, if three bodies having the same cross-section are moved through the air at the same
velocity, having the forms respectively of a circular plane, a sphere, a cone with slant height equal
to diameter of bases, the resistances to motion in the two latter cases will be (calling the resistance
of the plane R) for the sphere g, and for the cone % .

The moet favorable form of aérial machine, according te M Bruignac, is a combination of a balloon
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with a sustaining plane. By his calculations, it appears that the most advantageous design, for &
speed of 20 miles an hour in a calm, must not weigh, with engines, navigators, fuel, stores, etc., more
than 2,200 lbs., and must have the following dimensions: There must be a balloon, filled with hydro-
gen, 22 feet in diameter and 94 feet long, together with a sustaining plane 94 feet long and 16 feet
wide ; and an engine capable of exerting from 6 to 7 horse power. This is equivalent to saying that
the problem is impossible with our present means of construction, and would seem to settle the matter
conclusively, unless it can be shown that a more favorable plan than the best one discussed by M.
Bruignac can be designed. It is pretty evident that, if a machine is not practicable even in theory,
there is little hope of its actual success.

Dr. F. A. P. Barnard has published a paper, entitled “ Aérial Navigation” (1875), in which M.
Bruignac's investigations are reviewed. Dr. Barnard offers the following suggestion : * If it is possible
to lift a given weight into the air and make it move in any desired direction, it is certainly easier to
do the same with a part of that weight. Let the inventor, then, attach his lifting apparatus to some
vehicle on 1and—as, for instance, & railroad-train—and, by sustaining some of the weight, make it move
more easily ; let him remove the locomotive, and put in its place his aérial propeller. If this works
well, there is some hope of actually gcttiug into the air; but should it fail, it would seem advisable
for him to abandon his experiments.’

The reader is referred to the * Patent-Office Reports of the United States ” for descriptions of hun-
dreds of devices whereby it has been hoped to solve the problem of aérial navigation. The quest
has a singular fascination, but it has ruined thousands, and teems with examples of misdirected
energy and genius. In conclusion, it may be added that the problems to be solved before aérial
navigation takes its place among human achievements are consequently these two: the invention of
an apparatus to accomplish the work of the bird’s wings and tail, and an engine capable of develop-
ing great power with comparatively little weight of machinery and fuel. For the purpose of naviga-
tion, the flying-ship must be, however, like the bird, heavy in comparison with air, that it may not be
at the mercy of every gust of wind; and it must be strong enough to withstand the pressure of
strong gales, or, what is equivalent, the resistance due to rapid motion. Hence it is evident that,
whatever it may be, the successful air-ship will not be and will not contain & gas-bag. For the prac-
tical navigation of the air, the balloon is and will ever be a delusion and a snare; and the general
recognition of this truth by intelligent workers in this ficld is one of the most encouraging features
of modern aéronautics.

It is quite possible that adrial rafts, supported by balloons, may sometimes be useful in regions
favored with winds which blow steadily in a fixed direction for months at a time; but in ordinary
climates they cannot but be as useless for commercial purposes as log-rafts in a sca everywhere as
vexed by conflicting currents as Hell Gate was in its worst days. A self-propelling vessel supported
by a balloon would be little, if any, better. No balloon light enough to sustain such a vessel could
begin to withstand the pressure it would meet in stcmming or crossing the current of a moderate
wind, or in being driven through still air at the rate of 20 or 80 miles an hour; and unless it can
do this, and much more, it is out of the question for practical navigation.

Works of Reference.—\ very large and complete list of works on aéronautics will be found in
¢ Aérial Navigation,” a fragmentary volume written by Charles B. Mansfield in 1851, and published
in London and New York in 1877. The rules and thcoretical discussion in this article are by Mr. R.
H. Buel, in Scientific American, vol. xxii., 64. See also vol. xxix. of same journal,

AJUTAGE. A tube fitted to the mouth of a vessel for the purpose of modifying the discharge of wa-
ter. If cylindrical or conical, it considerably increases the efflux of water. In the former case, when
the length of the ajutage does not exceed four times its diameter, the increase is in the proportion of
1.83to 1. With an ajutage composed of two conic frustrums on a horizontal axis, the bases open-
ing respectively into the vessel and into the atmosphere, the length of the outer frustrum being three
times that of the inner one, and the opening into the vessel being seven-eighths the size of the deliv-
ery-opening, the proportion of 3 to 2 has been obtained.

ALARMS. Machines for giving warning of danger or.calling attention. For boiler-alarms, for
indicating low water or an over-high pressure of steam in steam-generators, sce BorLkrs, For marine-
alarms, including fog-whistles, etc., see LiaaTHOUSE and Buoys.

Fire-Alarms, as a rule, depend for their operation upon the increased temperature of the air in the
vicinity of the fire, or upon the burning away of certain connecting-cords which arc stretched in
exposed situations. Of the first of these, the simplest form is a gun loaded with blank cartridge
and suspended near the ceiling. The increased heat determines the explosion. Of the second, a
simple arrangement is a weight hung by a cord. When the cord hurns, the weight falls, the crash
giving the alarm. Another device consists of a series of tubes which proceed from each floor to a
central office. The occurrence of fire in the edifice produces a blast of air (due to its expansion)
from the tubes. In another invention the increased heat of the apartment causes expansion of a
body of mercury, and brings it in contact with a wire of a metal which readily amalgamates. The
wire then breaks with the strain, and releases a clock-work, which sounds a bell and opens a cock,
allowing the cscape of an extinguishing agent. Another device involves a thermostatic arrangement,
by which a closing of an electric circuit is made when the metal expands with the heat. The ther-
mostat is a column of mercury which ascends in a tube and makes the electric connection, or a plate
or coil of two metals on the principle of the chronometer-balance, or it is an clongating-rod. The
connection made, an armature in the telegraphic wire circuit is attracted by its magnet, and releases a
clock-work alarm. The Tunnicliffe alarm is a small cylindrical metal barrel, attached by a screw to
any part of the room. It is loaded with a small charge of powder, and provided with a fuse con-
taining a chemical mixture, which ignites whenever the surrounding atmosphere is heated to 200°
Fahr. The explosion follows, making a loud noise, and, if desired, a small plug is ejected so as to
strike and release a detent in a clock-work, which sounds a bell. Fig. 167 represents a fire-alarm
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+which, when acted upon by heat, causes a bell to ring, and which may be ordinarily employed in licu

of the common press-button as a means of sounding electric bells for calls. To the two metal col-
umns to which the battery-wires are fastened are attached two thin elastic plates of metal tipped
with steel. Their tendency, when heated, is to curve inward, come in contact, and establish electrio
communication, thus sounding a gong elsewhere situated. Between the plates is a rod supported by
s spring. When the rod is pulled down, a metal part on its end touches both plates, and the current
passes. The plates, when the rod is held up by its spring, are separated by a piece of insulating
material on the rod. This device is very sensitive, and may be adjusted
by moving one of the plates by the screw shown on the side.

Earthquake-Alarms have been made, based on the supposition or dis-
covery that a few seconds previous to an earthquake the magnet tempo-
rarily loses its power. To an armature is attached a weight, so that,
upon the magnet becoming paralyzed, the weight drops, and, striking a
bell, gives the alarm.

Gas-Alarms are employed to give warning of fire-damps in mines,
and also of dangerous leakage of illuminating gas. Chuard’s device con-
sists of a light metallic stem, surmounted by & thin glass globe filled with
atmospheric air. On the lower end of the stem is a ball which gives the
device buoyancy, and also a weight, 8o that the apparatus is maintained
in vertical position in a vessel of distilled water. The weight is gradu-
ated so that the normal condition of the air causes the finger to indicate
zero on the scale. When the surrounding air becomes mixed with hydro-
gen, the relative weight of the glass globe is changed, and, its contained
air being heavier than the surrounding atmosphere, it sinks, and thus
moves a pointer on a scale. At a certain point on the latter is a mark
indicating that the mingled air and gas has become dangerously explo-
sive, and when the pointer reaches this mark it comes in contact with a
magnet, by which a lever is moved and an alarm sounded. Several other
devices founded upon endosmotic action have been proposed. A bladder
of air is placed in a position exposed to the action of escaping hydrogen,
and, by the absorption of gas, its form or specific weight becomes changed,
and by this means a mechanical device for sounding an alarm is actu-
ated. Another gas-alarm for mines or rooms consists of a galvanic battery with a bell, and a glass
tube filled with chloride of palladium. This metallic salt is extremely sensitive to the presence of
carbonic-acid gas, a small quantity of which at once throws down some of the metal from the solu-
tion, and this precipitate, collecting in the bottom of a tube, at once establishes a connection in a
current of electricity, and an electric bell is sounded.

Ansells Fire-Damp Alarm consists of a small tube bent in the form of a U, one of the branches of
which ends in a funnel closed by porous earthenware. The tube contains mercury, and, in ordinary
circumstances, when the apparatus, full of air, is placed in pure air, the surfaces of mercury in the two
branches are on the same level. But this is not the case when the air is vitiated by proto-carbonate
of Bydrogen. This gas will filter through the earthen partition, penetrate into the funnel, increase
the pressure, and make the column of mercury rise in one branch of the bent tube 8o as to cause a
contact between two platinum wires which terminate in the two poles of an electric battery. The
current is thus established, and, if an electric bell is placed in the circuit, a signal will be given, which
can be conveyed to any distance.

Aill-Hopper Alarms are attachments to grinding-mills to indicate that the hopper is nearly empty
of grist. Mills have been burned by sparks and heat generated by the stones when running empty ;
and there are numerous devices for giving timely notice of the fact, and also for stopping the ma-
chinery thereupon. In one apparatus of this kind, which may serve as an example, a bell is so ar-
ranged within the hopper that, when surrounded by the grain, it is held stationary, but when uncovered
is caused to ring by the tremulous motion of the hopper. The grain rests upon a float hinged near
the bottom of the hopper. When the grain is about expended, the float is raised by a weighted lever,
and the spout of an upper hopper is opened to supply the lower one with grain.

Money- Drawer Alarma are devices which strike a bell when the till-drawer is opened. A cleat on
the lower portion of the drawer engages a latch, and rings the bell when the drawer is opened or

A Pocket-Alarm is shaped like a watch, and has a chain attached to the hook at its upper end.
In case a pickpocket attempts to take the chain, his pulling on the same turns a spring-wheel and
moves a hammer in the apparatus which sounds a bell. Another device is designed to be attached
to the watch, and also to the chain. On the latter being jerked, a spring hammer inside the apparatus
is freed, and a percussion-cap is struck and exploded.

Clock-Alarms usually consist of a bell or wire coil and hammer, which is set in motion by a recoil
escapement. Devices are provided so that whatever fizure on a small movable dial is made to come
to a small pointer set as a tail to the hour-hand, the alarm is let off at that hour, and operates until
the spring which actuates it runs down. Alarms are also arranged in connection with the mechanism
of watches, to sound at certain fixed times,

Bilge- Water Alarms are used on ships to indicate an excessive depth of water in the hold, and a
possible leak. Ome form has a rectangular box, placed vertically near the bottom of the vessel. As
the water rises in the box a float therein is lifted, and the rod of the latter connects with clock-work,
80 that the same may be released and allowed to sound a bell when the float reaches a certain height.
A dial is provided in connection with the rod, so as to indicate the height of the float at all times.
In another form a tube is bent to conformi to the transverse sectional shape of the vessel, and is pro-
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vided with a whistle at cach end. At the lowest midship portion the bilge-water is admitted at a
gauzecovered opening. When a considerable amount of water bas collected in the pipe, the rolling
of the vessel causes the water to expel the air in the tube through the whistles, which thus sound an
alarm. A form of leak-alarm is represented in Fig. 168. The water rising in the hold elevates the
float, permitting the spring-drum to revolve and wind up the chain. This rings the alarm-bell, and
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moves the index, which signifies the depth. As the water falls the float rewinds the spring. An ice-
berg-alarm is a thermometrical device. .

rglar-Alarms are devices to be attached or connected with doors or windows, so as to give
warning of the attempted entrance of an intruder. Fig. 1869 shows one of the numerous forms of
the application of the electric circuit and apparatus to the above purpose. Copper wires running
through the house connect with a battery, and have circuit connections attached to the doors or win-
dows, so that, when one of the latter is opened, the armature is released from the magnets and causes
a bell to strike, and also ignites a fluid-lamp or candle, or turns on the gas, left burning low. The
circuit being completed by the motion of the door or window, the magnet B attracts the armature C,
and sets free a detent, so that a weight runs an alarm-hammer, while the match-puller reciprocates
and lights the lamp or gas. Portable burglar-alarms are constructed in the form of wedge-shaped
cases having clock-work and a gong inside. These are placed on the floor, 8o that the door of a room,
on being opened, strikes the device and moves a detent, which allows the clock-work to run down and
sound the bell.

Alarm-Funnels arc used to indicate that liquid in a barrel has risen to a certain point. The fun-
nel being placed over the bung-hole of the barrel, the rising liquid raises the float, which detaches
the button from its stop and rings the alarm-bell.

A Hot-Bearing Alarm, for giving warning of an overheated journal, is illustrated in Fig. 170. Itisthe
invention of Mr. S, Alley. The alarm is given by a tappet fixed to the revolving-shaft striking against the
clapper of a bell. This bell, as will be seen from the engraving, Fig. 170, is hung from the end of a
lever which is supported in a raised position by resting on a knife-edge formed at the side of a hollow
spindle which rests on the top of a hollow fusible plug A, inserted in a casting which can be screwed
into the top of the bearing. The plug .4 is made of hard lubricant, and, on its melting, the hollow
plunger on the spindle ¢ falls, thus lowering the bell so that its clapper is acted upon by & wooden
striker fixed to the revolving-shaft. When the plunger ¢ falls the
glass globe containing oil falls with it, until the collar a of its
mounting comes into contact with the tubular part b of the main
casting. This arrests the further fall of the globe, and the plunger
¢, continuing to fall, parts the conical joint shown, and allows any
oil that may be in the glass globe to fall at once through the holes
d on to the bearing.

ALCARAZA. A vessel of porous earthenware, used for cooling
the contained liquid by evaporation from the exterior surface—popu-
larly called a “ water-monkey.” The vessel is usually enveloped in
:i light cord net, and, after being filled, is suspended in a draught of

r.

ALLOYS. Antimony Alloys.—All the antimony-metal of com-
merce may he considered an alloy. It is never pure, but contains
iron in all instances. Antimony and tin, in equal parts, form a
moderately-hard, brittle, but very brilliant alloy, not soon tarnished,
and frequently emaployed for small speculums in telescopes. Of all the metals, antimony combines
most readily with potassium and sodium. Thesc alloys are obtained by smelting the carbonaccous
compounds of these metals or their oxides mixed with carbon. The presence of other metals, such as
copper and silver, does not diminish the affinity of these metals for antimony. The alloy thus formed
of the alkaline metals is not easily evaporated by a strong heat. 80 parts of lead and 20 of anti-
mony form type-metal ; to this, commonly, 5 or 6 parts of bismuth are added. Tin 80 parts, antimony
20, is music-metal ; it is also composed of 62.8 tin, 8 antimony, 26 copper, and 3.2 iron. Plate-pew-
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ter also contains from 5 to 7 per cent. of antimony ; 89 tin, 7 antimony, 2 copper, 2 iron, is one of
these compositions. Britannia-metal contains frequently an equal amount of antimony. Qucen’s-
metal is 75 tin, 8 antimony, 8 bismuth, and 9 lead. Crude antimony is employed for purifying gold.

Aluminum Alloys.—The only aluminum alloys which have acquired importance in the arts are the
so-called aluminum bronzes. According to M. Morin, very homogeneous alloys are obtained with
copper, and 5, 74, and 10 per cent. of aluminum. The alloys with 5 and 10 per cent. of aluminum
are both of a golden color, while that with 74 per cent. has a grecnish tint. Even so small an addi-
tion as 1 per cent. of aluminum to copper considerably increases its ductility and fusibility, and im-
parts to it the property of completely filling the mould, making a dense casting free from all air-
bubbles. At the same time the copper becomes more resistant of chemical reagents, increases in
harduess without losing in malleability, and unites in itself the most valuable qualities of bronze and
brase. A copper alloy with 2 per cent. of aluminum is said to be used in the studio of Christofle, in
Paris, for works of art. 1t works well under the chisel and graver.

The true aluminum bronzes are alloys containing 90 to 95 per cent. of copper with 10 to & per cent.
of aluminum. The direct mixture, by first fusion, of 10 parts of aluminum and 90 of copper, gives
a brittle alloy, which, however, increases in strength and tenacity by several successive fusions ef-
fected in crucibles. The aluminum bronze is homogeneous, and possesses sufficient expansion to fill
the remotest parts of the mould. It affords sharp castings that can be worked more readily than
stee. Aluminum bronze may be forged at a dull-red heat, and hammered until cooled off without
presenting any flaws or cracks. Like copper, it is rendered milder and more ductile by being plunged
into cold water when hot. The bronze polishes beautifully and possesses great strength—according
to Anderson's experiments, an average of 75,6184 lbs. per square inch, The resistance to compres-
sion is feeble. From the experiments of Colonel Strange on the relative rigidity of brass, ordinary,
and aluminum bronze, it appears that the last named is 40 times as rigid as brass, and 3 times as
rigid as ordinary bronze. .

Other experiments have shown that aluminum bronze does not expand or contract as much as
ordinary bronze, or brass; that under the tool it produces long and resisting chips, does not clog the
file, engraves nicely, etc., and it is easily rolled into sheets ; that in the melted state it expands very
much, and is fit for the sharpest castings; but that, as it cools off rapidly, it is subject to shrinkage,
and hence to cracks when the articles are bulky, thus requiring numerous runners and & heavy feed-
ing head ; and lastly, that, although not entirely unoxidizable, it is not so readily tarnished by con-
tact with the air as polished brass, iron, steel, etc. Dr. Biedermann speaks very highly of this metal:
“In the construction of physical, geodic, and astronomical instruments,” he says, ‘it is far prefer-
able to all other metals. In jewelry, and articles of art and luxury, it is employed in large quantities,
Many kinds of house-utensils are made of it, and it is also adapted to journal and axle boxes. Gun
and pistol barrels, as well as rifled cannon, have been made of it, and have done excellent service.”
It has been highly recommended for type-metal—type made of it lasting, it is affirmed, fully 50 times
as long as those from common metal type. It has been employed for the bed of perforating machines
for perforating postage-stamps, and for the main-springs of watches (90 copper and § aluminum),
being very hard and elastic, not magnetic, and less liable to rust than steel. Its price, however,
ranging, according to its percentage of aluminum, is probably the greatest impediment to its com-
mon use,

Aluminum alloys with many other metals have been made, but none of them have acquired a
permanent value in the arts. They may be passed over with the brief remark that aluminum contain-
ing 4 per cent. of silver is employed for the beams of fine balances, for which it is peculiarly fitted
from its comparative lightness and stability; and that the addition of a small percentage of aluminum
to steel is claimed to impart special virtues to the latter—a claim which, however, has not yet been
well established.

Arsenic Alloys.—Arsenic promotes the union of those metals which without its assistance do not
unite. It has this effect on zinc and lead, iron and lead, and iron and aluminum. Like antimony, it
bas a remarkable tendency to cause metals to crystallize, but its alloys are not so brittle as those of
antimony. In producing a high degree of fluidity, it admits of the melting of metals at a low heat,
and enables them to contract in small compass. All metals combine easily with arsenic, and the
slloys, with the exception of silver, are readily decomposed by continued heat. It requires caution in
operating upon the arsenic alloys of alkaline metals, as they decompose rapidly in damp air, and
evolve arseniureted hydrogen, a virulent poison. Alloys of copper and arsenic are commonly known
as white copper or tombac. Arsenic is added to lead in the proportion of two or three thousandths
in the manufacture of shot, the effect being to help the solidification, and to cause the metal to pour
more readily. The alloys of arsenic are gencrally known as arsenides, and are rather “ unions ” than
true alloys of metals.
mf:m::lz Alloys.—Bismuth is scarcely used alone, but it is employed for imparting fusibility to

ya, thus:

8 bismuth, 5 lead, 3 tin, constitute Newton’s fusible alloy, which melts at 212° F.

2 bismuth, 1 lead, 1 tin, Rose’s fusible alloy, which melts at 201° F.

5 bismnuth, 3 lead, 2 tin, when combined, melt at 199°.

8 bismuth, 5 lead, 4 tin, 1 type-metal, constitute the fusible alloy used on the Continent for pro-
ducing the beautiful casts of the French medals, by the cliché process. The metals should be re-
peatedly melted, and poured into drops until they are well mixed. Mr. Charles V. Walker substituted
antimony for the type-metal, and strongly recommends this latter in preference to the first-named
fusible alloy. Sec ¢ Electrotype Manipulation,” part ii., pp. 9-11, where the clické process is described.

1 bismuth and 2 tin make the alloy Mr. Cowper found to be the most suitable for rose-engine and
eccentric-turned patterns, to be printed from after the manner of letter-press. He rccommends the
thin plates to be cast upon a cold surface of metal or stone, upon which a piece of smooth paper is
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placed, and then a metal ring; the alloy should neither burr nor crumble ; if proper, it turns soft

and silky ; when too crystalline, more tin should be added.

? g:;':lﬁ::: : :::g: g ::g: }eonstltute pewterer’s soft-solders.

All these alloys must be cooled quickly, to avoid the separation of the bismuth ; they are rendered
more fusible by a small addition of mercury.

Cadmium Alloys are little used in the arts, The ready volatilization of the metal has been the
chief drawback to their formation and study. 78 parts of cadmium to 22 parts mercury is sometimes
used for filling teeth, 750 parts gold, 166 silver, and 84 cadmium, is an alloy for jewelers®
ulae. Cadmium 2, tin 2, lead 1, and bismuth 8, melts at 150° F., and is known as Wood’s fusible
alloy.

Chromium Alloys.—These are usually combinations of the metal with iron or steel. Iron 68.60 and
chromium 81.40 is fibrous, silvery, and very brittle. Alloys of steel and chromium can be polished
and damascened. The addition of from 1 to 2 per cent. of chromium tends to harden and slightly
increase the tenacity and ductility of cast-stcel. Chromeisen, however, has been used to replace
Spiegeleisen in steel-making, and the result has been a very soft steci. This is remarkable, owing
to the known hardness of chromium. The alloy, on being analyzed, yielded metallic iron 96.40 per
cent. ; metallic chromium, 2.30 per cent.; lime, silica, 1.30, and carbon traces. Chromium alloys
have been made with tin and copper, but have no utilizations.

Cobalt Alloys.—Cobalt with antimony forms an iron-gray alloy; with iron, a very hard alloy; with
gold, it is yellow and fragile; with platinum, fusible. Cobalt amalgam resembles silver. Alloys of
this metal have been made with lead and tin, but have no especial intercst.

Copper Alloys.—Copper unites easily with most other metals, and forms the basis of a large num-
ber of important alloys. Of these the principal are those made of copper and zinc, or the brasses,
and those of copper and tin, known as bronze, gun and bell metal.

Copper, when alloyed with nearly half its weight of lead, forms an inferior alloy, resembling gun-
metal in color, but very much softer and cheaper, lead being only about one-fourth the value of tin,
and used in much larger proportion. This inferior alloy is called pot-metal, and also cock-metal,
because it is used for large vessels and measures, for the large taps or cocks for brewers, dyers, and
distillers, and those of smaller kinds for household use.

Generally the copper is ouly alloyed with one of the metals—zinc, tin, or lead; occasionally with
two, and sometimes with the three in various proportions. In many cases the new metals are care-
fully weighed, according to the qualities desired in the alloy, but random mixtures more frequently
occur, from the ordinary practice of filling the crucible in great part with various pieces of old metal,
of unknown proportions, and adding a certain quantity of new metal to bring it up to the color and
bardness required. This is not done solely from motives of economy, but also from an impression
which appears to be very generally entertained, that such mixtures are more homogeneous than those
composed entircly of new metals, fused together for the first time.

The remarks we have to offer on these copper alloys will be arranged in the tabular form, in four
groups; and, to make them as practical as possible, they will be stated in the terms commonly used
in the brass-foundery. Thus, when the founder is asked the usual proportions of yellow brass, he will
say, 6 to 8 oz. of zinc (to every pound of copper being implied). In speaking of gun-metal, he would
not say it had one-ninth, or 11 per cent., of tin, but simnply that it was 14, 2, or 24 oz. (of tin), as the
case might be ; so that the quantity and kind of the alloy, or the addition to the pound of copper, is
usually alone named.

Alloys of Copper and Zinc only.—The marginal numbers denote the ounces of zinc added to every
pound of copper.

§ to § oz. Castings are seldom made of pure copper, as, under ordinary circumstances, it does not
cast soundly ; about half an ounce of zinc is usually added, frequently in the shapc of 4 oz. of
brass to every pound of copper; and by others, 4 oz. of brass are added to every 2 or 8 lbs.
of copper.

1to 1} oz. Gilding-metal, for common jewelry. It is made by mixing 4 parts of copper with 1 of
calamine brass; or sometimes 1 1b. of copper with 6 oz. of brass, The sheet gilding-metal
will be found to match pretty well in color with the cast gun-metal, which latter does not
admit of being rolled; they may be therefore used together when required.

8 oz. Red sheet-brass, made at Hegermiihl, or 5} parts copper, 1 zine. (Ure.)

8 t0 4 0z. Bath-metal, pinchbeck, Mannheim gold, similor, and alloys bearing various names, and re-
sembling inferior jeweler's gold greatly alloyed with copper, are of about this proportion ;
some of them contain a little tin; now, however, they are scarcely used.

6 oz. Brass, that bears soldering well.

6 oz. Bristol brass is said to be of this proportion.

8 oz. Ordinary brass, the general proportion ; less fit for soldering than 6 oz, it being more fusible.

8 oz. Emerson’s patent brass was of this proportion, and so is, generally, the ingot brass, made by
simple fusion of the two metals.

9 oz. This proportion is the one extreme of Muntz's patent sheathing. See 10§.

10§ oz. Muntz's metal, or 40 zinc and 60 copper. * Any proportions,” says the patentee, “ between
the extremes 50 zinc and 50 copper, and 37 zinc, 63 copper, will roll and work at the red-
heat ;" but the first-named proportion, or 40 zinc to 60 copper, is preferred.

The metal is cast into ingots, heated to a red heat, and rolled and worked at that heat into
ships’ bolts and other fastenings and sheathing.

12 oz. Spelter-solder for copper and iron is sometimes made in this proportion; for brass-work the
metals are generally mixed in equal parts. Sece 16 oz.

12 oz, Pale-yellow metal, fit for dipping in acids, is often made in this proportion.
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16 0z Soft spelter-solder, suitable for ordinary brass-work, is made of equal parts of copper and
zinc. About 14 lbs. of each are melted together and poured into an ingot-mould with cross-
ribs, which indents it into little squares of about 2 lbs. weight ; much of the zinc is lost.
These lumps are afterward heated nearly to redness upon a charcoal fire, and are broken up,
one at a time, with great rapidity, on an anvil or in an iron pestle and mortar. The heat is
a critical point ; if too great, the solder is beaten into & cake or coarse lumps, and becomes
tarnished ; when the heat is proper, it is nicely granulated, and remains of a bright-yellow
color ; it is afterward passed through a sieve. Of course, the ultimate proportion is less
than 186 oz. of zinc.

16 0z. Equal parts is the one extreme of Muntz's patent sheathing. See 10§.

164 oz Hamilton and Parker’s patent mosaic gold, which is dark-colored when first cast, but on
dipping assumes a beautiful golden tint. “When cooled and broken,” say the patentees, “all
yellowness must cease, and the tinge vary from reddish-fawn or salmon color to a light purple
or lilac, and from that to whiteness.” The proportions are stated as from 52 to 58 zinc to
50 of copper, or 164 to 17 oz. to the pound.

82 oz, or 2 zinc to 1 copper. A bluish-white brittle alloy, very brilliant, and so crystalline that it
may be pounded cold in a pestle and mortar.

128 oz, or 2 oz. of copper to every pound of zinc. A hard crystalline metal, differing but little from
zinc, but more tenacious ; it has becn used for laps or polishing-disks.

Remarks on the Alloys of C and Zinc.—These metals seem to mix in all proportions.

The addition of zinc continually increases the fusibility, but, from the extremely volatile nature of
zinc, these alloys cannot be arrived at with very strict regard to proportion.

The red color of copper slides into that of yellow brass at about 4 to § oz to thc pound, and
remains little altered unto about 8 or 10 oz.; after this it becomes whiter, and when 82 oz, of zinc
lre’ added to 16 of copper, the mixture has the brilliant silvery color of speculum metal, but with
a bluish tint.

These alloys, from about 8 to 16 oz to the pound of copper, are extensively used for dipping,
as in an enormous variety of furniture-work ; in all cases the metal is annealed before the application
of the scouring or cleaning processes, and of the acids, bronzes, and lacquers subsequently used.

The alloys with zinc retain their malleability and ductility well, unto about 8 or ten oz. to the
pound ; after this the crystalline character slowly begins to prevail. The alloy of 2 zinc and 1 cop-
per, before named, may be crumbled in a mortar when cold.

The ordinary range of good yellow brass, that files and turns well, is from about 4} to 9 oz to
the pound. With additional zinc, it is harder and more crystalline ; with less, more tenacious, and it
hangs to the file like copper ; the range is wide, and small differences are not perceived.

Alloys of Copper and Tin only.—The marginal numbers denote the ounces of tin added to every

poand of copper.
Ancient Copper and Tin Alloys.

4 oz Ancient bronge nails, flexible, or 20 copper, 1 tin. (Ure.) by Wilk
According to Pliny, as quoted by Wilkinson.
;! :: ioef‘;“l:ron:e, :;09 ;’: ; to 1 Ancient weapons and tools, by various analyses, or 8 to 15 per
%} oz Hard !',“ ro! rTtol cent. tin ; medals from 8 to 12 per cent. tin, with 2 parts
= ronze, o : zinc added to each 100, for improving the bronze color, ( Ure.)
6 t0 8 oz .Ancient mirrors.

Modern Copper and Tin Alloys.

1 oz Soft gun-metal, that bears drifting, or stretching from a perforation.
1} oz A little harder alloy, fit for mathematical instruments ; or 12 copperand 1 very pure grain

tin,

14 oz. 8till harder, fit for wheels to be cut with teeth.

14 to 2 0z. Brass ordnance, or 8 to 12 per cent. tin ; but the general proportion is one-ninth part
of tin.

2 oz. Hard bearings for machinery.

2} oz Very hard bearings for machinery. By Muschenbroek’s tables it appears that the proportion
1 tin and 6 copper is the most tenacious alloy ; it is too brittle for general use, and contains
2} oz. to the pound of copper.

3 oz. Soft musical bells.

2} oz Chinese gongs and cymbals, or 20 per cent. tin.

4 oz. House-bells.

44 oz Large bells.

50z.  Largest bells.

7t to 8} oz Speculum metal. Somectimes 1 oz. of brass is added to every pound, as the means
of introducing a trifling quantity of zinc; at other times small proportions of silver are added ;
the employment of arsenic was strongly advocated by the Rev. John Edwards. Lord Oxman-
town, now the Earl of Rosse, says: “Tin and copper, the materials employed by Newton in the
first reflecting telescope, are preferable to any other with which I am acquainted ; the best
proportions being 4 atoms of copper to 1 of tin (Turner’s numbers); in fact, 126.4 parts of
copper to 58.9 of tin.”

33 oz of tin to 11b. of copper make the alloy called by the pewterers * temper,” which is added in
small quantities to tin for some kinds of pewter, called  tin and temper,” in which the copper is fre-
quently much less than 1 per cent.

Remarks on the Alloys of Copper and Tin only.—These metals seem to mix in all proportions.
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The addition of tin continually increases the fusibility, although, when it is added cold, it is apt to
make the copper pasty, or even to set it in a solid lump in the crucible.

The red color of the copper is not greatly impaired in those proportions used by the engineer,
namely, up to about 2 oz. to the pound ; it becomes grayish-white at 6, the limit suitable for bells,
and quite white-at about 8, the speculum metal; after this the alloy becomes of a bluish cast.

The tin alloy is scarcely malleable at 2 oz., and soon becomes very hard, brittle, and sonorous ; and
when it has ceased to serve for producing sound, it is employed for reflecting light.

The tough, tenacious character of copper under the tools rapidly gives way ; alloys of 1} cut easily,
2} assume about the maximum hardness without being crystalline ; after this they yield to the file by
crumbling in fragments rather than by ordinary abrasion in shreds, until the tin very greatly predomi-
nates, as in the pewters. When the alloys become the more flexible, soft, malleable, and ductile, the
less copper they contain.

Alloys of Copper and Lead on’y.—The marginal numbers denote the ounces of lead added to every
pound of copper.

2 0z. A red-colored and ductile alloy.

4 oz. Less red and ductile; neither of these is 8o much used as the following, as the object is to em-
ploy as much lead as possible.

6 oz. Ordinary pot-metal, called dry pot-metal, as this quantity of lead will be taken up without sep-
arating on cooling; this is brittle when warmed.

7 oz. This alloy is rather short, or disposed to break.

8 oz. Inferior pot-metal, called wet pot-metal, as the lead partly oozes out in cooling, especially when
the new metals are mixed; it is thercfore always usual to fill the crucible in part with old
metal, and to add new for the remainder. This alloy is very brittle when slightly warmed.
More lead can scarcely be used, as it separates on cooling.

Remarks on the Alloys of Copper and Lead only.—These metals mix in all proportions until the lead
amounts to nearly half; after this they separate in cooling.

The addition of lead greatly increases the fusibility.

The red color of the copper is soon deadened by the lead; at about 4 oz. to the pound the work
hlt:,s a bluish leaden hue when first turned, but changes in an hour or so to that of a dull gun-metal
character.

When the lead does not exceed about 4 oz. the mixture is tolerably malleable, but with more lead
it soon becomes very brittle and rotten ; the alloy is greatly inferior to gun-metal, and is principally
used on account of the cheapness of the mixture, and the facility with which it is turned and filed.

Alloys of Copper, Zine, Tin, and Lead, ctc.—This group refers principally to gun-metal alloys, to which
more or less zinc is added by many engineers; the quantity of tin in every pound of the alloy, which
is expressed by the marginal numbers, principally determines the hardness.

Kecller's statues at Versailles are found, as the mean of four analyses, to consist of

L) T 91.40, or about 14§ oz.
2inC.. ..ottt i it e 5.58 “ 1 «
/3 T 1.70 “ $¢
Lead......coiviiiiiiiiiiiiiiiiiiiiinnenes 1.87 ¢ $+“

In 100 parts or the 16 oz.

14 to 2} oz. tin to 1 lb. copper used for bronze medals, or 8 to 15 per cent. tin, with the addition of
2 parts in each 100 of zinc, to improve the color.

The modern so-called bronze medals of our mint are of pure copper, and are afterward
bronzed superficially.

1} oz. tin, 4 oz. zine, to 16 0z. copper. Pumps and works requiring great tenacity.

2 (

ﬁ oz.‘fm, 2 oz. l:‘rass, }g « For wheels to be cut into teeth.

2 “ o1 o« 16 “ For turning-work.

2t “ 13 “ 16 “ For nuts of coarse threads, and bearings.

The engineer who uses these five alloys recommends melting the copper alone; the small
quantity of brass is then melted in another crucible, and the tin in a ladle ; the two latter are
added to the copper when it has been removed from the furnace; the whole are stirred together
and poured into the moulds without being run into ingots. The real quantity of tin to every
pound of copper is about one-eighth ounce less than the numbers stated, owing to the addition
of the brass, which increases the proportion of copper.

13 oz. tin, 1} oz. zinc, to 1 1b. of copper. This alloy, which is a tough, yellow, brassy gun-metal, is
used for general purposes by a celebrated engineer; it is made by mixing 1} lb. tin, 1§ Ib.
zine, and 10 1bs. of copper. The alloy is first run into ingots.

2} oz. tin, 4 oz. zine, to 1 lb. of copper, used for bearings to sustain great weights.

2} oz. tin, 2} oz. zine, to 1 1b. of copper, were mixed by the late Sir F. Chantry, and a razor was made
from the alloy ; it proved ncarly as hard as tempered steel, and exceedingly destructive to new
files, and none others would touch it.

1 oz. tin, 2 oz. zinc, 16 oz. brass. DBest hard white metal for buttons.

§ oz. tin, 14 oz. zinc, 16 oz. brass, Common ditto. (Phillips’s Dictionary.)

10 lbs. tin, 6 1bs. copper, 4 lbs. brass, constitute white solder. The copper and brass are first melted
together, the tin is added, and the whole stirred and poured through birch twigs into water to
granulate it; it is afterward dried and pulverized cold in an iron pestle and mortar. This
white solder was introduced as a substitute for silver solder in making gilt buttons. Another
button-solder consists of 10 parts copper, 8 of brass, and 12 of spelter or zinc.
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Remarks on Alloys of Copper, Zinc, Tin, Lead, ete.— Ordinary Yellow Brass (copper and zinc) is ren-
dered very sensibly harder, so as not to require to be hammered, by a small addition of tin, say one-
quarter or one-half oz to the pound. On the other hand, by the addition of one-quarter to one-half
oz of lead, it becomes more malleable and casta more sharply. Brass becomes a little whiter for the
tin, and redder for the lead. The addition of nickel to copper and zinc constitutes the so-called Ger-
man silver.

Gun-Metal (copper and tin) very commonly receives a small addition of zinc; this makes the alloy
mix better, and to lean to the character of brass by increasing the malleability without materially re-
ducing the hardness. The standard measures for the Exchequer were made of a tough alloy of this
kind. The zine, which is sometimes added in the form of brass, also improves the color of the alloy,
both in the recent and bronzed states. Lead, in small quantity, improves the ductility of gun-metal,
but at the expense of its hardness and color ; it is seldom added. Nickel has been proposed as an
sddition to gun-metal by Mr. Donkin, and antimony by Dr. Ure.

Some important experiments in regard to the strength of gun-metal, as affected by heat and as
compared with the strength of some other metals under like conditions, have been made by the Brit-
ish Admiralty (see “ Engineering,” vol. xxiv., No. 614). Five rods 1 inch in diameter were made re-
spectively of the following compositions: No. 1—copper, 87.75 ; tin, 9.75; zinc, 2.5. No. 2—copper,
91; tin, 7; zinc, 2. No. 3—copper, 85 ; tin, 5; zinc, 10. No. 4—copper, 83 ; tin, 2; zinc, 15. No. §
—copper, 92.5 ; tin, 5; zinc, 2.5. These were gradually heated in an oil-bath up to 500° Fahr. It
sppears that all the varieties of gun-metal suffer a gradual but not serious loss of strength and duc-
tility up to a certain temperature, at which, within a few degrees, a great change takes place; the
strength falls to about one-half the original, and the ductility is wholly gone. At temperatures above
this point, up to 500°, there is little, if any, further loss of strength. The precise temperature at
which this great change and loss of strength takes place, although uniform in the specimens cast from
the same pot, varies ahout 100° in the same composition cast at different temperatures, or with some
varying conditions in the foundery process. The precise temperature at which the change took place
in No. 1 series was ascertained to be about 870°, while in another bar of similar composition the change
occurred at a little over 250°. The possibility of such a change taking place at a temperature so low
in the best gun-metal, used for the more important parts of machinery and boiler-mountings, is serious.

Phosphor-bronze, the only metal in the series which, from its strength and hardness, could be used
a8 a substitute, was less affected by temperature, and at 500° retains more than two-thirds of its
strength and one-third its ductility.

llllolled Muntz metal and copper are satisfactory up to 500°, and may be used as securing bolts
with safety.

Pot-3Metal (copper and lead) is improved by the addition of tin, and the three metals will mix in
almost any proportions. When the tin predomirates, the alloy 8o much the more nearly approaches
the condition of gun-metal. Zinc may be added to pot-metal in very small quantity, but when the
zinc becomes a considerable amount, the copper takes up the zinc, forming a kind of brass, and
leaves the lead at liberty, and which, in great measure, separates in cooling. Zinc and lead are
also very indisposed to mix alone, although a little arsenic assists their union by *“killing” the
lead, as in shot-metal. Antimony also facilitates the combination of pot-metal; 7 lead, 1 anti-
mony, and 16 copper, mixed perfectly well the first fusion, and the alloy was decidedly harder than
4 lead and 16 copper, and apparently a better metal. “Lead and antimony, though in small quan-
tity, have a remarkable effect in diminishing the elasticity and sonorousness of the copper alloys.” .

Prof. R. H. Thurston has ducted a very extended series of investigations into the properties
of certain copper alloys, and has deduced the following principal results :

Copper-Zine Alloys.—The experiments upon copper-zinc were begun by casting one serics of 21 bars,
each 28 inches in length and 1 inch square in section, and then a second scries of 20 bars of similar
size. In the first scries the proportions of zinc and copper differed regularly for each bar, to the ex-
tent of 5 per cent., bar 1 containing 5 per cent. of zinc, bar 2, 10 per cent., and so on up to 100 per
eent. of pure zinc. In the second series the first bar contained 2} per cent. and the last 97} per cent.
of zinc, the relative differences being the same.

By examination of the color of these various alloys it appears that they may be divided into three
clearly-marked classes, viz.: the yellow alloys, which excludes all those containing less than 55 per
cent. of zinc ; the silver-white and brilliant alloys, containing between 60 and 70 per cent. of zinc; and
the bluish-gray alloys, containing more than 75 per cent. of zinc. On applying tests for transverse
strength, it appears that the first class above noted may be separated into two divisions, one showing
considerably more strength than the other; in the first are included the bars containing from 17.99
to 33.50 zinc (and probably all the alloys from pure copper to the latter limit). These show a mod-
ulus of rupture (by which is meant a value proportional to the transverse strength of a bar, and which
is theoretically equivalent to 1§ times the load which would break a bar of 1 unit in length, breadth,
and depth, supported at both ends, and loaded in the middle) from 21,000 to 28,000, and are charac-
terized by great ductility and an earthy fracture. The second division includes alloys from 38.65
zince to 52.28 zinc inclusive, which show greater strength than the preceding. The point of maximum
strength is determined to be between 38.65 zinc and 44.94 zinc. The second class of alloys show
great weakness and lack of ductility. TlLe minimum strength was found in alloy of 65 per cent. zinc,
the modulus of rupture being but one-tenth of the maximum. Alloys of the third class showed much
greater strength than those of the second, but not equal to that of those of the first.

In tensile strength, alloys containing up to 50 per cent. zinc average 30,000 lbs. to the square
inch, and are classed as useful metals. 60, 65, and 70 per cent. zinc alloys are very weak, the highest
average being that of the 60 per cent. alloy, which is 8,727 Ibs. to the square inch. The remainder
of the 21, or third class, average from 18,065 to 5,400 Ibs. per square inch, pure zinc being the
weakest. The maximum strength is possessed by an alloy containing somewhat less than 44 per
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cent. of zinc, and the minimum tenacity is 1,774 lbs. per square inch in an alloy of 70 per cent.
zinc. In torsional tests the average results agreed with the foregoing. In compression the 55 per
cent. alloy showed a maximum of 121,000 lbs. to the square inch, pure zinc yielding at 22,000
Ibs. Tests conducted on the second series of alloys closely confirm the results already stated, and
need not be detailed.

It is well known that, no matter how accurately alloys may be compounded, chemical analysis of
the metal after casting often reveals a notably different composition. In analyzing the copper-zinc
alloys above noted, it was found that the only general difference between the components of the
original mixtures and those determined by analysis was that in almost every case a smaller percent-
age of zinc appeared, and a larger percentage of copper. The real decrease of zinc is believed to be
due to volatilization of the metal in melting and casting. The average loss was from 1 to 2 per cent.
ina bar. In several bars a considerable amount of liquation took place, and in general the upper

" end of the bar contained the highest percentage of copper.

The variation of specific gravity with change of composition follows a very definite law, decreasing
very regularly with the increase in percentage of zinc. None of the zinc-copper alloys have a greater
density than that of pure zinc, the only apparent exceptions being caused by the presence of pores
and other flaws.

Copper-Tin Alloys—In the experiments on the copper-tin alloys, bars of the same size as already
noted were first cast. Two series of alloys were prepared, the first numbering 30 compositions, be-
ginning with pure copper, and then varying in percentages of tin from 1.9 up to 99.44, and ending in
pure tin. The second series consisted of 20 bars ranging from 974 per cent. copper and 2} per cent.
tin to 97§ per cent. tin and 24 per cent. copper, with a regular difference of 5 per cent.

Alloys containing respectively 1.9, 3.73, 7.20, 10, 13.43, 20, and 23.68 per cent. tin were found to
have considerable strength; and all the rest of series 1 are stated to be practically useless where
strength i3 a requirement. The dividing-line between the strong and brittle alloys is precisely that
at which the color changes from golden-yellow to silver-white, viz., at a composition containing be-
tween 24 and 30 per cent. of tin. Alloys containing more than 24 per cent. of tin are comparatively
valueless. Tests by tension give results according with the foregoing. Generally it appears that the
tensile and compressive strengths of the alloys are in no way related to each other; that the torsion-
al strength is closely proportional to the tensile strength, and that the transverse strength may de-
pend in some degree upon the compressive strength ; but it is much more nearly related to the ten-
sile strength, as is shown by the general correspondence of the curve of the transverse with that of
the tensile strength. The maximum crushing strength was given by the 30 per cent. tin alloy, and
the minimum by pure tin.

The results of the tests for transverse strength on the second scries do not seem to corroborate the
theory given by some writers, that peculiar properties are possessed by the alloys which are com-
pounded of simple multiples of their atomic weights or chemical equivalents, and that these properties
are lost as the composition varies more or less from this definite constitution. It does appear that a
certain percentage composition gives a maximum strength, and another certain percentage a mini-
mum ; but neither of these compositions is represented by simple multiples of the atomic weights.
Besides, there appears to be a perfectly regular law of decrcase from the maximum to the minimum
strength, which does not seem to have any relation to the atomic proportions, but only to the percent-
age composition. On analyzing the copper-tin alloys, there appears to be a greater loss of tin than
of copper ig the bars which contain the greater percentage of copper, and a greater loss of copper
than of tin-in the bars which contain the largest percentage of tin; and that the bars which contain
about equal amounts of the two metals show a great tendency to liquation. In the alloys containing
less than 35 per cent. of tin by original mixture there is a greater loss of tin than of copper, with but
three exceptions. In the alloys containing more than 70 per cent. of tin there is a greater loss of
copper than of tin, with only one exception. In all of the alloys of these two classes the extreme
variation of a single mixture is 3.6 per cent., and generally it is less than 1 per cent. It further ap-
pears that the actual specific gravities of all the alloys containing less than 25 per cent. of tin does
not greatly vary from 8.95.

Japanese and Chinese Bronzes.—Magnificent objects of art produced from these alloys attracted
great attention at the Centennial Exposition of 1876.

The Japanese alloys are mostly uscd for ornamental castings, statues, musical instruments, and bells.
The name given to an alloy generally corresponds to the color produced by the treatment which the
objects have to undergo before they are finished ; thus some of the alloys are named green copper,
violet copper, black copper, etc. This color depends both upon the composition of the alloy and the
chemicals used in coloring the metal. There are many different means used to produce one and the
same color, and it so happens that almost every manufacturer uses particular compositions of his
own ; generally it is only the proportions that differ, but sometimes even the constituent elements are
different, although the alloy is called by the same name.

The * green copper” (Sci-Do) is composed of copper and lead, or copper, lead, and tin; the Sen-
toku-do, of copper, lead, and spelter, and similar to the old Corinthian alloy, is said to have been
first produced by a large conflagration which took place in China during the earlier part of the
fiftcenth century. The black alloy called U-do, of copper, lead, and tin ; the brass, of copper and
spelter, sometimes with a slight addition of lead, as, for instance, in Yechiu, one of the chief places
of production of ornamental castings, inlaid with gold and silver; the purple alloy is composed of cop-
per and lead ; the so-called Gin-shibu-ichi is generally composed of 4 parts of copper or alloy and 6
parts of silver. Another peculiar composition is the Shakudo, copper with a small percentage (2 to
6 per cent.) of gold, which produces a beautiful dark-blue color, and is mostly used for articles formed
by hammering, or for repoussé work, generally inlaid with gold and silver, and producing designs
somewhat similar to the so-called * Niello ” work.
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A very beautiful production is Mokume, a word meaning “veins of the wood.” Pieces of this
metal are produced by overlaying and soldering together a certain number of plates of alloys of
silver, red copper, and a blue alloy. These are hammered, kneaded, resoldered, and the hollow spaces
filled up with new metal. Finally, when stretched out in a thin sheet, an exquisite marbled pattern
is produced. Messrs. Tiffany & Co., of New York City, have succeeded also in making this curious
combination in great beauty. M. Morin has analyzed various Japanese bronzes, and considers that
the patina of black bronzes forms part of the metal, and is not due to a varnish or a superficial
sulphurization, but results from the use of a bronze of rather complex nature, in which are 80 per
cent. of copper, 4 of tin, 10 of lead, 2 of zinc, and 4 of iron, gold, nickel, arsenic, and sulphur.
Some of the bronzes analyzed show a proportion of lead varying from 10 to 20 per cent. added at the
expense of the copper, and a quantity of 7 per cent. of tin. Moulded in very thin plates, this bronze
readily takes any form given to it, and is easily worked, the pafina appearing of itself when the fin-
ished work of art is subjected, in a muffle-furnace, to the action of a very high temperature. Un-
fortunately, these bronzes are very brittle. Fine imitations of Japanese bronzes are made in France
by peculiar chemical treatment of metallic surfaces.

r- Bronze.—By the addition of a small percentage of phosphorus to bronze alloy, the qualities
of the latter become more and more changed, the grain or fracture becomes finer, the color brighter,
the elasticity and resistance to strain and compression increase considerably, and when melted it
attains great fluidity. Messrs. Montefiore and Kiinzel have experimented with alloys of copper and
nickel, and with manganese—binary alloys ; also with ternary—bronzes of copper, tin, and manga-
pese, with copper, tin, and nickel, as well as with iron alloyed with copper and tin. The manganese
alloys they concluded to be entirely useless, as also those of nickel and of iron. They obtained great
tensile strength and hardness with some of these compositions, but their ready oxidability at high
temperatures made the qualities of the castings uncertain and impracticable.

The action of phosphorus is twofold : 1. It eliminates the oxides, as stated above; and, 2. It makes
the tin capable of adopting a crystalline structure ; and a8 two crystalline metals form a much more

eous alloy than two metals of which one is not crystalline, phosphor-bronze must necessa-
rily be more homogeneous than ordinary bronze. Homogeneity and absence of oxygen increase the
elasticity and absolute resistance of the alloy. Another great advantage of phosphor-bronze is that
its bardness can be regulated by varying the proportion of phosphorus, which, in ordinary bronze,
is done by increasing the proportion of tin, whereby the danger of segregation in the casting is
greatly augmented. Ordinary bronze, after one or two smeltings, becomes thick-flowing and putty-
like, while phosphor-bronze remains perfectly liquid until the moment it sets—solidifies; if, there-
fore, it is cast just before the ‘setting” takes place, no segregation is possible. Combinations
of phosphorus with copper, with tin, or with other metals, have long been known by chemists, but
Dr. Kiinzel was the first to employ the same for the purposcs above stated. A number of phosphor-
bronze alloys are now manufactured, varying in composition to suit the objects for which they are
intended. The scope of their applications is of course very great. The harder alloys are used for
casting bells, tools for gunpowder mills, etc. ; other somewhat softer alloys are used for engineering

and the still softer for rolling, drawing, and embossing, etc.

The following tables will show the results of tests made by Mr. Kirkaldy with various phosphor-

bronze alloys :

A series of interesting experiments with phosphor-bronze were made in Berlin by the Royal
Academy of Industry, in order to ascertain the qualities and capacities of the metal while under
beavy strain, and its resistance to often repeated strains. The first bar of phosphor-bronze was tried
under a constant strain of 10 tons per square inch, and resisted 408,230 pulls; a bar of ordinary
bronze broke even before the strain of 10 tons per square inch had been attained. A second bar
of phosphor-bronze was tricd under a strain of 12} tons per square inch, and withstood 147,850
pulls; and a third bar, under 7} tons strain, broke only after 3,100,000 pulls. On the bending-
wachine, phosphor-bronze, while under 9 tons strnin per square inch, remained unbroken aftcr
4,000,000 bends, while ordinary bronze broke after 150,000 bends. Major Majendie tested phosphor-
bronze as to its liability to emit sparks when subject to friction, and attained very satisfactory results.
A grindstone of 9 inches diameter was made to revolve very rapidly, so that any point on the grinding-
face would describe a distance of 2,000 fect per minute; the metal was then pressed against the
revolving stone, and the results proved that the harder descriptions of phosphor-bronze emit sparks
less readily than the softer samples, and much less readily than ordinary gun-metal or copper.
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For frictional purposes a special alloy is made by fusing phosphor-bronze in certain proportions,
together with another soft alloy of different degree of fusibility, 8o as to produce by cooling the
given alloys. The shell is then formed of a very tough and hard phosphor-bronze, and the interior
of aforesaid eoft alloy. The bearing-surface may then be considered to consist of a large number
of small bearings of soft metal, inclosed in castings of metal almost as hard as the arbor itself.
The microscope reveals this disposition very plainly; and if one of these bearings be carefully sub-
mitted to heat, 8o as to cause the soft fusible metal to run off, the rest will remain in the form
of a spongy mass. Bearings, slides, eccentrics, etc., of this peculiar alloy are now very largely -in
use, and the practical results show that it wears more than five times as long as gun-metal.

Phosphor-bronze is readily rolled or beaten out into sheets. In Russia it has been used as a
material for cartridge sheathing, and specimens have stood 120 trials without tearing. Sheects of
the alloy stand the action of sea-water much better than copper. In a comparative experiment
made at Blankenberg, lasting over a period of six months, between the best English copper and
phosphor-bronze, the following results were arrived at :

THICKNESS OF THE SHEETS Welght before  Weight after
= 0.236 Inches. lmmersion. | Immersion. Low of Weight.
i

b, b, 1b, Por cent.

4.4 2.2 22 8.015

88.9 86.2 2.7 8.100

69.5 63.75 0.75 1.128

114.8 112.97 1.88 1.195

The loss in weight, therefore, due to the oxidizing action of sea-water during the six months’
trial, averaged for the English copper 3.058 per cent., while that of the phosphor-bronze was but 1.158
per cent., or about one-third. Several Governments have experimented on the use of the alloy for
making cannons. Without any exception, the results showed a much greater resisting power than
that possessed by ordinary bronze.*

Gold Alloys.—Gold in the pure or fine state is not employed in bulk for many purposes in the
arts, as it is then too soft to be durable. The gold foil used by dentists for stopping decayed teeth is
perhaps as nearly pure as the metal can be obtained : it contains about 6 grains of alloy in the pound
troy, or the one-thousandth part. Every superficial inch of this gold foil or leaf weighs three-fourths
of a grain, and is 42 times as thick as the leaf used for gilding.

The wire for gold lace, prepared by the refiners for gold-lace manufacturers, requires equally fine
gold, as, when alloyed, it does not so well retain its brilliancy. The gold, in the proportion of about
100 grains to the pound troy of silver, or of 140 grains for double-gilt wire, is beaten into sheets as
thin as paper; it is then burnished upon a stout red-hot silver bar, the surface of which has been
scraped perfectly clean. When extended by drawing, the gold still bearing the same relation as to
quantity, namely, the 57th part of the weight, becomes of only one-third the thickness of ordinary
gold-leaf used for gilding. In water-gilding, fine gold is amalgamated with mercury and washed over -
the gilding metal ‘z"copper and tin); the mercury attaches itsclf to the metal, and, when evaporated
by heat, it leaves the gold behind in the dead or frosted state: it is brightened with the burnisher.
By the eclectrotype process, a still thinner covering of pure gold may be deposited on silver, steel, and
other metals. Mr. Dent has introduced this method of protecting the stecl pendulum-springs of ma-
rine chronometers and other time-pieces from rust.

Fine gold is also used for soldering chemical vessels made of platinum.

Gold leaf, for gilding, contains from 8 to 12 grains of alloy to the ounce, but generally 6 grains.
The gold used by respectable dentists for plates is nearly pure, but necessarily contains about 6
grains of copper in the ounce troy, or one-cightieth part. Others use gold containing upward of one-
third of alloy: the copper is then very injurious,

With Copper, gold forms a ductile alloy of a deeper color, harder and more fusible than pure gold.
This alloy, in the proportion of 11 of gold to 1 of copper, constitutes standard gold ; its density is
17.157, being a little below the mean, so that the metals slightly expand on combining. One troy
pound of this alloy is coined into 4633 sovereigns, or 20 troy pounds into 934} sovereigns. The
pound was formerly coined into 44} guineas. The standard gold of France consists of 9 parts of
gold and 1 of copper. (Brande, 979.)

For Gold Plate the French have three different standards: 92 parts gold, 8 copper; also 84 gold,
16 copper; and 75 gold, 25 copper.

In England, the purity of gold is expressed by the terms 22, 18, 16 carats, etc. The pound troy is
supposed to be divided into 24 parts, and the gold, if it could be obtained perfectly pure, might be
called 24 carats fine.

The “ Old ‘Standard Gold,” or that of the present currency, is called fine, there being 22 parts of
pure gold to 2 of copper.

The * New Standard,” for watch-cases, ctc., is 18 carats of fine gold and 6 of alloy. No gold of
inferior quality to 18 carats, or the “ New Standard,” can reccive the Hall mark; and gold of lower
quality is generally described by its commercial value, as 60 or 40 shilling gold, ete.

The alloy may be entirely silver, which will give a green color, or entirely copper for a red color;
but the copper and silver are more usually mixed in the one alloy, according to the taste and judg-
ment of the jeweler.

.

® Abridged from a lecture delivered by Mr. A. Dick before the Soclety of Arts, 1877.



ALLOYS. 65

The following alloys of gold are transcribed from the memoranda of the proportions employed by
s practical jeweler of considerable experience : *

Firt Group.—Different kinds of gold that are finished by polishing, burnishing, etc., without neces-
sarily requiring to be colored.

The gold of 22 carats fine, or the “ Old Standard,” is so little used, on account of its expense and
greater softness, that it has been purposely omitted.
18 carats, or New Standard gold, of yellow tint:® | 60s. gold of yellow tint, or the fine gold of the

15 dwt. O grs. gold. jewelers—16 carats nearly:
2 dwt. 18 grs. silver. 1 oz. 0 dwt. gold.
4 2 dwt. 6 grs. copper. 7 dwt. silver.
—_— 5 dwt. copper.
20 dwt. O grs. —_—
_ 1 oz. 12 dwt.
18 carats, or New Standard gold, of red tint : # —_
15 dwt. O grs. gold. 60s. gold of red tint, or 16 carats:
1 dwt. 18 grs. silver. 1 oz. 0 dwt. gold.
3 dwt. 6 grs. copper. 2 dwt. silver,
—_— 8 dwt. copper.
20 dwt. O grs,

1 oz. 10 dwt.

16 carats, or spring-gold. This, when drawn or —
rolled very hard, makes springs little inferior | 40s. gold, or the old-fashioned jewelers’ gold,

to those of steel : about 11 carats fine ; no longer used :
10z 16 dwt gold, or 1.12 1 oz. 0 dwt. gold.
6 dwt. silver, — .4 12 dwt. silver.
12 dwt. copper, — .12 12 dwt. copper.
—— — . ————
2 oz 14 dwt. 2.8 2 oz. 4 dwt

Second Group.—Colored golds: these all require to be submitted to the process of wet-colorin,
which will be explained. They are used in much smaller quantities, and require to be very y

Pproportioned.
Full red gold: Green gold :
5 dwt. gold. 5 dwt. O grs. gold.
5 dwt. copper. 21 grs. silver.
10 dwt. 5 dwt. 21 grs.
Red gold: Gray gold (platinum is also called gray gold by
10 dwt. gold. jewelers) :
1 dwt. silver. 8 dwt. 15 grs. gold.
4 dwt. copper. 1 dwt. 9 grs. silver.
15 dwt. 5 dwt. O grs.
Bloe gold, scarcely used : Antique gold, of a fine greenish-yellow color:
5 dwt. gold. 18 dwt. 9grs.gold, or 18. 9
5 dwt, steel filings. 21 grs. silver, — 1.8
- 18 grs. copper, — .13
10 dwt. —_— —_
20dwt. Ogrs. 20. 0

Third Group.—Gold solders: these are generally made from gold of the same quality and value as
they are intended for, with a small addition of silver and copper, thus :

Solder for 22-carat gold : Solder for 60s. gold : *
1 dwt. O gra. of 22-carat gold. 1dwt. 0 grs. of 60s. gold.
2 grs. silver 10 gra, silver.
1 gr. copper. 8 grs. copper.
1dwt. 3 grs, 1 dwt. 18 grs.
Solder for 18-carat gold : Solder for 40s. gold ; but middling silver solder is
1 dwt. 0 grs. of 18-carat gold. more generally used:
2 grs. silver. 1 dwt. fine gold.
1 gr. copper. 1 dwt. silver.
—_— 2 dwt. copper.
1 dwt. 8 gra.
4 dwt.

® When it is pot otherwise expressed, it will be understood all these alloys are made with fine gold, fine silver, and
fine copper, obtained direct from the refiners. And to insure the lhndnrgold passing the test of the Hall, 8 or 4
rains additional of gold are usually added to every ounce,
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Dr. Hermstadt’s imitation of gold, which is stated not only to resemble gold in color, but also in
specific gravity and ductility, consists of 16 parts of platinum, 7 parts of copper, and 1 of zine, put
in a crucible, covered with charcoal powder, and melted into a mass,

Gold alloyed with platinum is also rather elastic, but the platinum whitens the alloy more rapidly
than silver.

When 12 parts manganese and 88 parta %old are melted together, an alloy is produced having a
pale yellowish-gray color, with considerable lustre and hardness, and little ductility. Its fracture is
granular and spongy. It is less easily fusible than gold, and the manganese may be completely sep-
arated by roasting.

Iron and gold have a strong affinity for each other, and the latter may be united in all proportions
with steel or cast-iron. Gold may be used for soldering iron. An alloy with 8 per cent. of iron is of
a pale yellowish-gray color, very ductile and tenacious, and harder than gold. With from 15 to 20
per cent. of iron, the alloy is gray, and will take a very beautiful polish. It is used in jewelry under
the name of gray gold. When 75 to 80 per cent. of iron is alloyed with gold, it has the color of sil-
ver, and is 8o hard as to be applicable to the purposes of cutting-instruments,

Cobalt readily unites with gold, and forms alloys of a dull yellow color, which are brittle when the
proportion of cobalt is one-gixtieth.

Nickel and gold have a brass-yellow color, and are also brittle.

Copper has s great affinity for gold, and combines in all proportions. It heightens the color of
gold and increases its hardness, while its ductility is somewhat impaired. The maximum hardness is
attained with one-eighteenth copper. These alloys, being more fusible than gold, are used for solder-

this metal.

in%’he alloy called jewelers’ gold should contain at least 74.6 of gold. In France, according to Ber-
thier, it varies from 92 to 25 per cent. In Great Britain, 18 carats, or 76 per cent., is the standard
for jewclers’ gold, although the proportion of this metal is rarely so much. In Sweden it is 76.6 per
cent., it being there, as in most parts of Europe, regulated by law. In the United States the standard
of gold is not subjected to any legal provision, except in regard to coin, which must contain 9 parts
gold to 1 alloy, of which alloy at least one-hdlf must be silver. In Great Britain the coin consists
of 11 parts gold and 1 copper ; and in France, 10 parts of gold and 1 part of copper.

In order to deepen the color of gold alloyed with silver, artists have a mode of alloying a small por-
tion of copper with the surface only, which is done in the following manner: 1 oz of yellow wax is
melted, and there is added to it a mixture of 2 oz. calcined alum, 12 oz. red chalk, 2 oz verdigris, and
2 oz. peroxide of copper (copper scales). The four last named must be ground to an impalpable
powder, completely mixed with the melted wax, and moulded into sticks for use. After the surface
of the gold is well rubbed over with these sticks, the article must be exposed to heat sufficient to
burn off the wax entirely. It is then burnished, and washed with a liquor composed of one pint of
water to 2 oz. ashes produced by calcining argal or crude tartar, 2 oz. common salt, and 4 oz. sulphur.

Antimony unites easily with gold, and produces alloys of a color more or less pale, according to the
proportions used. They are brittle, and have a dull, granular fracture. The presence of a very
minute proportion of antimony destroys the ductility of gold. It was from this faculty to render
brittle, which antimony exerts over all the other metals, that the earlier chemists gave it the title of
regulus, or little king. To its sulphuret was given the name of lupus metallorum, because, in the puri-
fication of gold, its feeble affinity allowed it to yield the sulphur to the inferior metals, while itself
combined with the gold. The sulphuret is still used for the same purpose.

Tin forms, with gold, compounds more fusible than the latter; they are ductile when cold, but
crumble at a red heat, if the proportion of tin be as much as one-thirty-seventh. With one-twelfth
tin the alloy is of a pale-yellow color, but slightly ductile, and has an earthy fracture.

Zince, in small proportion, renders gold brittle; even its vapors sensibly produce this effect on gold
in fusion. With one-tenth zinc the alloy is very brittle, and has the color of brass. With one-half
zinc it is white, very hard, and takes a high polish. Hellat asserts that an alloy of 7 parts zinc and 1
part of gold is entirely volatilized in a furnace.

Bismuth forms, with gold, brittle alloys of a brassy color. The vapor of bismuth is also sufficient to
diminish the ductility of gold.

Lead forms alloys with gold which are brittle in every proportion. It requires but 1 part of lead
in 500,000 of gold to alter sensibly its ductility. An alloy consisting of 1 part lead and 12 parts
gold is extremely brittle, and has a dull granular fracture similar to that of porcelain.

Silver and gold may be united by rapid fusion in all proportions; but if the fused mass be very
slowly cooled, part of the silver, in combination with a small proportion of gold, separates and floats
upon the surface, leaving beneath an alloy of 5 parts gold and 1 part silver. The alloys of these
metals are more fusible than gold, and have a greenish tinge; even 5 per cent. of silver produces a
decided change of color. The proportions used for the green gold of the jewelers are 70.8 of gold
and 29.2 of silver. These alloys are very ductile, and are harder, more elastic, and more sonorous
than either of the metals themselves. The maximum hardness is attained when the proportion of
silver is one-third.

Platinum may be united with gold in all proportions ; but, to produce an alloy completely homo-
geneous, it should be exposed to a very high temperature, so as to effect a perfect fusion. These al-
loys are ductile and elastic. 'When they contain from 7 to 10 per cent. of platinum the color is dull
yellow, like tarnished silver. With one-fifth it exactly resembles platinum; with one-seventeenth
platinum it is in appearance not distinguishable from gold.

Platinum and silver together combine with gold in all proportions, forming double alloys which are
ductile, and possess more stiffness and elasticity than alloys of gold and silver only. Platinum is
:zmetimes introduced into an alloy of silver, gold, and copper, called doré, and it is not easy to detect

e fraud.
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Polladium and gold form alloys with less ductility than that of the pure metals. They have a gran-
ular structure, and vary in color from white to gray. With equal parts it is nearly white, and a very
small proportion lessens the color of gold.

Rhodium and gold form alloys, according to Del Rio, which are brittle, unless the proportion of the
former be very small, when it bardens the gold without impairing its ductility. With one-seventh
rhodium the color is unaltered—a striking difference between its effects and those of platinum and
palladium upon gold.

Iridium, in being alloyed with gold, but slightly affects it color, and produces ductile alloys.

Oemium also forms ductile alloys with gold. .

Arseniurets of gold (as alloys of arsenic with gold are termed) may be formed by exposing heated
gold to the vapor of arsenic. The gold absorbs a very small proportion, but retains it with so strong
:it:lﬁnit’ that it cannot be entirely separated even at a very high temperature. This alloy is

e.

Tellurium may be combined with gold artificially, by treating the latter in solution with tellureted

hhydmgm g‘&ld.“e native combinations of these metals found in Transylvania will be noticed among
ores of go .

Mercury and gold form alloys called amalgams. They may be formed by immersing or agitating
gold in mercury, which dissolves it even at common temperatures; but the combination is hastened
bybeat An alloy saturated with gold, and compressed in chamois skin, is white, and at first soft,
bat soon becomes solid. It crystallizes in four-sided prisms, and contains 2 parts of gold and 1 of
mercary, When sufficiently soft to be kneaded between the fingers, it contains 6 or 7 parts mercury
and 1 of gold. Amalgams are used in gilding.

Indism Alloys.—Iridium is usually mingled with platinum, the alloys of which see.

Fron Alloys.—Iron and Copper.—Direct union difficult, but an apparently homogeneous alloy can
be obtained by the simultaneous reduction of the oxides of iron and copper. 0.0286 per cent. of cop-
per diminishes the tenacity of malleable iron; 0.5 per cent. of copper in wrought-iron or steel renders
it red-short; 2 per cent. makes steel brittle.

Fron and Zinc yield, when heated together, a crystalline friable alloy of no value. So-called gal-
vanized iron is iron covered with a thin alloy of iron and zinc. The iron is immersed in dilute sul-
phuric acid to clear off rust, and is passed through a bath of molten zinc covered with sal ammoni.

Aich Metal is copper 80 per cent., zinc 38 to 44, and iron 5 to 8 per cent. It is very ductile.

. 8erro Metal is a similar alloy, containing copper 80, zinc 84 to 44, malleable iron 2 to 4, and tin

2

Iron arnd Tin, when heated together, combine in various proportions, producing alloys varying from
gray to white in color, with a granular crystalline fracture, somewhat brittle, and harder than tin.
When a clean surface of sheet-iron is immersed in a bath of molten tin, a firm adherent coating of a
highly stanniferous alloy is deposited on the surface, the plate so prepared constituting the ordinary
tin-plate.

Iron and Titanium.—By the treatment of titaniferous iron ores in the blast-furnace, pig-iron has
been obtained containing upward of 1 per cent. of titanium, either alloyed or disseminated through
the iron; but the malleable iron or steel produced therefrom affords no evidence of its presence.

Iron and Manganese.—The necessity of an alloy rich in manganese for the success of the Bessemer
steel process has given rise to ferro-manganese, which is obtained by reducing peroxide of manga-
bese, charcoal, and granulated scrap or cast iron in graphite crucibles. Carbonate of manganese
and oxide of iron, with excess of charcoal in the specially-prepared bed of the Siemens furnace, re-
rult in a fusible alloy of carbon, iron, and manganese. See Manganese Alloys.

Iron and Tungsten.—Tungsten may be mixed with iron by fusion in all proportions, and the larger
the quantity of tungsten, the harder and more difficult to melt is the compound. Like carbon, it ap-
pears to diminish the ductility of iron both when hot and cold, but especially when cold. It is then pos-
sible, by melting together tungsten and iron, to obtain a stecl much harder than one with carbon
alone, without the danger of incurring at the same time an excessive fragility when cold, or difficulties
of working when hot. For uses which require a special degree of hardncss, a stecl rich in tungsten,
called “special steel,” is frequently employed. Thus a fine Shefficld steel for lathe tools, according
to an analysis made by Baron Barnekow in the laboratory of the Stockholm School of Mines, con-
tained 9.3 per cent. of tungsten and 0.7 per cent. of silicium, with only 0.6 per cent. of carbon. ~This
steel, which 18 used, without being tempered, for turning cylinders cast of hard iron, is of sufficient
bardness to scratch glass, and yet it is not fragile, for great difficulty is experienced in breaking a
{-inch square bar. Prof. Heeren has also found, in a special stecl of Mushet's, 8.3 per cent. of tungsten
ad 1.73 per cent. of manganese ; this steel seems by its properties to be analogous to that mentioned
above. In another special steel from Iowell, Sheffield, 2.863 per cent. of tungsten and 1.15 per cent.
of carbon were found.

Tungsten is added for obtaining not only a steel of great hardness, but one of modcrate hardness
combined with a great softness and high ductile capacity. Thus, a steel which would seem to be suit-
able for the tubes of cast-iron cannons gave, on analysis by Tamm : Carbon, 0.52 per cent. ; silicium,
0.04 per cent. ; tungsten, 0.3 per cent. ; phosphorus, 0.04 per cent. ; sulphur, 0.005 per cent. Tested
by Styffe, it showed a strength of 774 tons per square inch, with a ratio of the section of rupture to
the original section represented by 0.54. The mean lengthening after rupture was 13 per cent., with.
oat taking into account the striction, or reduction of area due to tension, produced by the rupture, and
which extended itself over about three-fourths of an inch.

Iron end Lead.—No good alloy known.

Fron and Nickel—The alloys of iron and nickel ave whiter than iron, are magnetic, capable of re-
ceiving a high polish, and are not 8o easily affected by air or moisture as iron alone. A natural alloy
of iron and nickel occurs in meteoric massea.
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Jron and Cobalt produce alloys similar to those of nickel. The effect of the cobalt is to render the
iron red-short.

Iron and Silver do not alloy well together. The alloy seems homogeneous when fluid, but the silver
separates after cooling. Silver tends to render malleable iron red-short.

Iron with Gold and Platinum.—These metals alloy well together, small quantities of iron added to
gold increasing its hardness. With platinum and steel an alloy may be obtained that is fusible at a
temperature considerably below that required to melt steel ; and, with 1 per cent. of platinum, steel
yields a tenacious and fine-grained product.

Lead Alloys.—Lead is alloyed with antimony in the manufacture of type-metal; see Antimony
Alloys. Combined with arsenic, it is employed for shot-making; see .Arsenic Alloys. Lead in very
small proportions suffices to impair the ductility of copper both at ordinary temperatures and at a
red heat. For pewter, solders, etc., see Tin Aloys ; also SoLpERING. Lead enters into fusible alloys,
for which see Bismuth Alloys. The alloys of lead and silver separate when slowly cooled from fusion.
Practical application of this quality is afforded in the Patinson process for the separation or con-
centration of silver, in the treatment of argentiferous lead.

Manganese Alloys.—See Iron and Manganese, under fron Alloys. Manganese bronze is formed by
the addition of from 1 to 2 per cent. of manganese to the proper proportions of copper and zinc, for
the making of either bronze or brass. It is very homogeneous and close-grained, even a good-sized
ingot broken through presenting a fracture as fine and close-grained as a piece of steel ; the metal
also possesses increased strength, toughness, and hardness, which latter quality can be increased very
considerably. In color it resembles good gun-metal, but is of a rather brighter and more golden hue.
It can be forged at a red heat and rolled into rods or sheets, and drawn into wire and tubes,

It is about equal in tensile strength and elongation to wrought-iron of average good quality, while
its elastic limit is rather higher ; for scarcely any wrought-iron will exceed 10 or 11 tons. A num-
ber of forged specimens which have been tested considerably exceed the very best wrought-iron both
in tensile strength and ultimate elongation, and are fully equal to mild qualities of steel.

Mercury Amalgams.—The bodies resulting from the union of mercury with another metal are called
amalgams. They include amalgams of mercury and tin, for silvering of mirrors; of mercury with
gold and tin, employed in gilding; and with tin, gold, and silver, used in dentistry. 80 parts of mer-
cury to 1 part sodium forms a compound liquid at moderate heat, but at the ordinary temperature
yields a granular, tolerably hard solid, which may be filed into a powder; while with 1 per cent. of
sodium it is viscid, and consists of a solid and liquid portion. This amalgam is employed as a
medium for effecting the amalgamation of iron, platinum, etc. ; it is also used to facilitate the amal-
gamation of gold and silver. An amalgam of zinc with 20 per cent. mercury is used for coating the
rubbers of electrical machines.

Molybdenum Alloys.—Berthier states that an alloy of tin 83, molybdenum 7 (or 17?), is as white,
ductile, and tenacious, as tin, and may be laminated into thin sheets. An alloy of molybdenum with
lead whitens the color of the lead, if the proportion of molybdenum is not over one-twentieth ; above
that, lead becomes harder and darker.

Platinum Alloys.—The alloy of platinum, iridium, and rhodium, is harder and withstands a higher
heat than pure platinum, and for that reason is better adapted for making crucibles. Alloys of
platinum and iridium have a greater density in proportion to the amount of iridium present. With
90 per cent. of platinum and 10 of iridium, the density is 21.6; it rcaches 22.88 if the iridium forms
95 per cent, of the whole.

Rhodium Alloys.—According to Messrs, Scott and Faraday, alloys of steel holding from 1 to 2 per
cent. of rhodium present very great tenacity united to such hardness, that the cutting-instruments made
with these alloys could bear a tempering-heat 30° Fahr. above that of the best Indian wootz, although
the tempering-point of the latter is 40° above that of the best English cast-steel. Equal parts of steel
and rhodium yield a fusible alloy well adapted for the manufacture of metallic mirrors.

Nickel Alloys.—Nickel is principally used together with copper and zinc, in alloys that are rendered
the harder and whiter the more nickel they contain; they are known under the names of albata,
British plate, electrum, German silver, pakfong, teutanag, etc. The proportions differ much, accord-
ing to price ; thus the

Commoncst are 3 to 4 parts nickel, 20 copper, and 16 zinc.
Best are 5 to 6 parts nickel, 20 copper, and 8 to 10 zinc.

About two-thirds of this metal is used for articles resembling plated goods, and some of which are
also plated (see Silver); the remainder is employed for harness, furniture, drawing and mathematical
instruments, spectacles, the tongues for accordions, and numerous other small works.

The White Copper of the Chinese, which is the same as the German silver of the present day, is
composed, according to the analysis of Dr. Fyfe, of

31.6 parts of nickel, 40.4 of copper, 25.4 of zine, and 2.6 of iron.
17.48 « “  53.39 “ 13.0 “ Frick's Imitative Silver.

The white copper manufactured at Sutil, in the duchy of Saxe-Hildburghausen, is said by Kefer-
stein to consist of copper, 88.000; nickel, 8.753 ; sulphur, with a little antimony, 0.7560; silex, clay,
and iron, 1.75. The iron is considered to be accidentally introduced into these several alloys, along
with the nickel, and a minute quantity is not prejudicial.

Iron and steel have been alloyed with nickel; the former (the same as the meteoric iron, which
always contains nickel) is little disposed to rust, whereas the alloy of steel with nickel is worse in
that respect than steel not alloyed.

Palladium Alloys.—These are all harder than the pure metal. With silver it forms a very tongh
malleable alloy, fit for the graduations of mathematical instruments, and for dental surgery, for
which it is much used by the French. With silver and copper, palladium makes a very springy alloy,
used for the points of pencil-cases, inoculating lancets, tooth-picks, or any purpose where elasticity
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and the property of not tarnishing are required ; thus alloyed, it takes a high polish. Pure palladium
is not fusible at ordinary temperatures, but at a high temperature it agglutinates so as to be after-
ward malleable and ductile.

Palladium and silver combine in almost all proportions, making alloys which have been used for
scales on philosophical instruments.

Silver Alloys—English standard silver consists of 113% pure silver and 4 copper, or 11.10 silver
and 0.90 copper. A pound of troy, therefore, is composed of 11 oz. 2dwts. pure silver and 18 dwts. of
copper. Its density is 10.8 ; its calculated density is 10.5, so that the metals dilate a little on com-
bining. The French silver coin i3 constituted of 9 silver and 1 copper. (Brande.) The French
billon coin is 1 silver and 4 copper. (Kelly.) .

“For silver plate, the French proportions are 9} parts silver,  copper; and for trinkets, 8 parts
dlver, 2 copper.”

Silver solders are made in the following proportions :

Hardest silver solder: 4 parts fine silver and 1 part copper. This is difficult to fuse, but is occa-
sionally employed for figures.

Hard silver solder : 3 parts sterling silver and 1 part brass wire, which is added when the silver is
melted, to avoid wasting the zinc.

Boft silver solder, for general use: 2 parts fine silver and 1 part brass wire. By some few, three-
fourths part of arsenic is added, to render the solder more fusible and white, but it becomes less
malleable. The arsenic must be introduced at the last moment, with care to avoid its fumes.

Silver is also soldered with tin solder (2 tin, 1 lead), and with pure tin.

Silver and mercury are used in the plastic metallic stopping for teeth.

When heated in a muffle, the alloys of silver and copper are superficially oxidized, presenting various
colored films on the surface. Thus, pure silver with 50 parts of copper per 1,000 silver becomes dull
gravish-white ; with 100 parts of copper per 1,000, it assumes a dull grayish-white color with black
ﬁhﬁo along the edges ; while with 120 to 140 parts copper the alloy becomes gray, and almost black.
It the copper reaches 160 parts per 1,000, the alloy becomes entirely black. Doppler’s reflector-
wetal bas & bluish-white color, and contains 4 parts of silver to 1 of zinc.

Tin Alloys.—Tin imparts bardness, whiteness, and fusibility to many alloys, and is the basis of
different solders, pewters, Britannia metal, and other important alloys, all of which have a low power
of conducting heat.

Pewter is principally tin; mostly lead is the only addition, at other times copper, but antimony,
1ine, etc., are used with the above, as will be separately adverted to. The exact proportions are un-
koown even to those engaged in the manufacture of pewter, as it is found to be the better mixed
when it contains a considerable portion of old metal, to which new metal is added by trial.

Generally, however, pewter consists of lead 80 and tin 20 parts, to which other metals are often
added. Some pewters, when cast, are black, shining, and soft ; when turned, dull and bluish, Other
pewters only contain one-fifth or one-sixth of lead ; these, when cast, are white, without gloss, and
hard ; such are pronounced very good metal, and are but little darker than tin. The French Legisla-
ture sanctions the employment of 18 per cent. of lead with 82 of tin, as quite harmless in vessels for
wine and vinegar.

The finest pewter, frequently called “tin and temper,” consists mostly of tin, with a very little cop-
per, which makes it hard and somewhat sonorous, but the pewter becomes brown-colored when the
copper is in excess. The copper is melted, and twice its weight of tin is added to it, and from about
:ne-half to 7 lbs. of this alloy, or the * temper,” are added to cvery block of tin weighing from 860 to

90 Iba,

Antimony is said to harden tin and to preserve a more silvery color, but is little used in pewter.
Zinc is employed to cleanse the metal, rather than as an ingredient. Some stir the fluid pewter with a
thin strip, half zinc and balf tin; others allow a small lump of zinc to float on the surface of the
fluid metal while they ‘are casting, to lessen the oxidation.

Coarse plumbers’ solder contains lead 2 to tin 1 part; common solder is formed of equal parts of
the two metals and fine solder has 2 parts of tin to 1 of lead.

Zine Alloys.—The principal zinc alloys have already been referred to in connection with the alloys
of copper, tin, and lcad, which see. In alloys where zinc is a component part, it is best to melt the
zinc in a separate vessel, to pour the molten copper, etc., into the casting-ladle, and, after having cov-
ered the latter with a brasque, to let the zinc into the copper through an opening made in the brasque.
When melted, zine is quickly oxidized by air ; and if the temperature is raised above that of fusion, it
will volatilize rapidly, and its vapors will burn, producing a flaring white light and fumes.

Works for Reference.—‘‘A Treatise on Metallurgy,” Overman, 1866; *The Practical Brass and
Iron Founder’s Guide,” Larkin, 1867 ; “ Nouveau Manuel complet des Alliages Métalliques,” Hervé,
Paris, Librairie Encyclopédique de Roret (no date); * Das Kupfer und scine Legirungen, mit beson-
derer Beriicksichtigung ihrer Anwendung in der Technik,” Bischoff, Berlin, 1865; “The Brass
Founders Manual,” Graham, 1868; “Guide Pratique des Alliages Métalliques,” Guettier, Paris,
1865; same in English, “Metallic Alloys,” 1872; * Useful Metals and their Alloys,” Scoffern,

and others, London, 1866; “ The Physical Conditions involved in the Construction of Artil-
lers,” Robert Mallet, 1856; “ A Manual of Metallurgy,” Greenwood, 1875; article ““ Alloys” in
Knight’s % American Mechanical Dictionary,” 1874 ; “ A Practical Treatise on Casting and Founding,”
Spretson, 1878; “ Wrinkles and Recipes,” Benjamin, 1878. Sée also *Report of Committee on
Metallic Alloys,” U. S. Board appointed to test iron, steel, and other metals, Washington, Govern-
ment Printing Office, 1878. . L.

For special alloys, see as follows: * Fusible at specified Temperatures,” Ecdlectic Engineerin
Magazine, 1869, p. 172; “Cu 60; Zn 40, very malleable,” Mem. Am. Academy, New Series, Vol.
viil.; “ Phosphorized and other Bronzes for Artillery,” Engineer, Feb, 28, 1872, p. 127; * Rules for
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Making and Melting Alloys,” Jowr. Applied Chem., Oct., 1878, p. 158; * Melting Points, Lead and
Tin Alloys,” fron Age, March 27, 1873, p. 1, also Engincer, Sept. 4, 1874 ; * White Metal for
Machinery,” Edlectic Eng. Mag., June, 1873, p. 670 ; * Deposition of Alloys,” fron Age, Dec., 1874;
¢ Malleable Brass,” Am. Record of Science, &c., 1874, p. 510; *“ Alloy of Silver and Copper,” Proc.
Roy. Soc., May 27, 1875, p. 423; “ Alloy of Lead and Tin Foil,” fron Age, Aug. 26, 1875, p. 3;
“Chrome Iron,” Chemical News, Sept. 10, 1875, p. 136; * Chromeisen and Others,” Eng. and
Mining Jowr., Dec. 25, 1875, p. 627; * Alloy for Journal-Boxes,” Mines, Metals, and Arts, Feb. 3,
1876, p. 182; “ Alloy for Bearings,” 9th Rep. Am. R. R. Master Mechanics’ Assoc’n, 1876, p. 20;
“ Alloy of Bronze and Spiegeleiscn,” Sci. .American Supplement, Dec. 2, 1876, p. 713; * Parson’s
Alloy,” Sei. Amer., Dec. 9, 1876, p. 367; * Muntz’s Metal,” Jrorn A4ge, Dec. 14, 1876, p. 7; “ Alloys,”
by W. G. Wertheim, Comples Rendus, 1843, vol. xxi., p. 998; “Tin and Phosphorus in Copper,” Sci.
Amer. Sup., March 24, 1877, p. 1017; “ Copper Alloys,” Sci. Amer., Aug. 4, 1877, p. 65 ; *“Nickel
Alloys,” Metallurg. Review, Feb., 1878, p. 602; “How to improve Alloys,” Sci. Amer. Sup., March
80, 1878, p. 1855 ; “Estimation of Manganese, Lead, Copper, Zinc, and Nickel, and their Alloys,” Sei.
Amer. Sup., Oct. 26, 1878, p. 2343; “Gallium and Aluminum Alloys,” Sci. Amer. Sup., Aug. 8,
1878, p. 2153.

AMALGAMATING MACHINERY. Amalgamation is the process of extracting gold and silver
from the gangues in which they occur in Nature by combining them with mercury. The ores are
crushed, and then washed through different machines in which mercury is placed. This seizcs upon
the little particles of the metals that come in contact with it, and brings them together into one
mass, from which the earthy matters are all washed away. Any greasy substance prescnt almost
wholly prevents this effect, the grease adhering in & film upon the surface of the mercury, and thus
rendering impracticable the close contact nccessary for their union. The amsalgam is from time to
time taken out of the washing-machines, squeezed through cloth or dressed deerskin, the liquid por-
tion replaced, and the solid distilled in an apparatus suitable for saving the mercury, which is then
ready for use upon another lot of ore.

AMALGAMATION oF SiLvER.—The various processes are as follows: The patio process, the hot
process, the estufa process, the barrel process, and the pan process. In the patio process, the materials
necessary for the reduction of the silver are magistral (a soluble sulphate of copper produced from cop-
fer pyrites), common salt, and mercury. The ore is ground to powder and mixed with water to a mud.

t is then placed in walled reccivers called “lameros,” where it parts with a portion of its water,
and accumulates until it becomes sufficient to form a “torta.” This is then spread out to the thick-
ness of about a foot and tramped by animals, magistral and salt being afterward added, and finally

the mercury. Repeated treading

171 follows, until the mercury has ab-

sorbed all the silver, when the

mass is washed by agitation ina

series of tanks in which are rap-

idly-revolving stirrers. The rate

of motion of these is gradually re-

duced, and the metallic or heavier

particles sink. The earthy por-

tions in suspension are drawn

off, and the amalgam and heavier

mineral particles are separated by

subsequent washing. A portion

of the mercury is then strained

out, and the remaining amalgam

is formed into bricks and retorted.

The hot process is chiefly em-

ployed in South America on a

peculiar class of ores, containing

a large proportion of native silver

ore, in which that metal occurs in

the form of chloride, iodide, or

bromide. The ore is stamped and

washed, and the richer portion

condensed. The latter is placed

in & cazo, or copper-bottomed ves-

sel, over a furnace; water is added

to make it into & paste, and sub-

- sequently the salt and mercury

are introduced. The operation

completed, the liquid matter is

removed and added to the ingre-

dients of a “torta,” while the solid

z portions are stored in wooden cis-

terng, and are subsequently washed

and treated as described under the
patio process,

In the estufa process, the ground ore is amalgamated as described by patio amalgamation until
the process is about half completed. It is then removed into a chamber termed an estufa (stove),
which has under it a fireplace 6 or 8 feet in length, so connected by side-flues with chimneys

e - ——
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as to elevate the temperature of the room containing the ore. Here it is exposed to a gentle heat,
and allowed to remain two or three days, when it is again removed, and the reduction completed by
the ordinary method of patio amalgamation.

In the barrel process, the ores are dried in a kiln, dry-stamped, screened, and roasted in reverbera-
tory furnaces, salt and carbonate of soda being added. The roasted ore is then screened and placed
with iron fragments, mercury, and water in revolving barrels. The amalgam is strained through a
canvas bag to remove a portion of the quicksilver, and is distilled in circular retorts.

The pan process dispenses with the roasting incident to the barrel process, and with the frequent

ipulations and loss of time incident to the patio process. A large number of pans and amalga-
mators have been devised, all, however, being similar in their action. The grinding in all is effected
between two opposing plates of iron, and the chief differences between them consist in the modifica-
tion of the form of these plates and the extent of their surface. They all combine the qualities of
s mill with the capacity to hold a certain amount of ore-pulp, for it is not simply grinding that is
required ; the operation of amalgamation and chemical reduction of the ores is connected with it.
Inasmuch as the constant grinding would soon cut through the thin bottoms of the pans if unpro-
tected, and destroy the mullers, false bottoms or dies are cast for the pans, and face-plates (shoesg
of hard white iron for the mullers. These are so made as to be easily taken out, and are renewe
when worn out. In general, the pans are not intended to receive and grind coarse materials, though
in some of them ore as large as kernels of corn, or even larger, can be ground to a fine powder with-
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out much injury to the pan. In practice it is the
battery-pulp and sand which are fed, and this is
O‘gmenlly done in charges (t{: ‘“batches”), ‘theh weight

which depends u the capacity of the pan.
They are first gronn%?n and then, with the addition of quicksilver, and at a lower rate of epeed,
the amalgamation is effected. The charge is then drawn off into a larger pan, fitted with stirrers,
called the separator. In this the pulp is much diluted with water, and the quicksilver and amalgam
fall to the bottom and are collected. |

Pane.—The principal pans and amalgamators may be grouped in two chief divisions: 1. Those
with flat bottoms ; 2. Those with curved or conoidal bottome.

The Wheeler pan, Fig. 171, is made with a flat bottom, to which the dies are secured by dovetailed
tongues and sockets. The shoes are attached to the muller-plate in similar way. The muller is car-
tied by a vertical shaft passing up through the cone in the middle of the pan, and is raised up for
the purpose of cleaning the pan by a screw cut on the shaft. The regulation of the distance of the
shoe and die from one another in working is accomplished by a hand-wheel at the side of the pan,
which through a lever raises or lowers the steel block into which the toe of the upright shaft steps.
Bevel-gearing transmits the motion of the vertical shaft from the horizontal shaft, which has a pulley
on its outer end.

The Horn pan, Fig. 172, has, like the Wheeler, a flat bottom. The body of the' pan is set direct:g
upon the plate which serves both as foundation and as steam-bottom, and the joint is made wi
cement. The shoes and dies are secured by dovetailed tongues and sockets. A groove runs around
the pan, outside the circumference of the muller, which is traversed by a scraper, fastened to the
wuller. The gutter around the cone is also scraped in the same way. The muller is hung loose
upon the driver, which is carried by the vertical shaft, and is regulated as to height by the screw at
the top, the point of which rests upon the top of the shaft. A yoke is fastened to the bottom of
the pan, which serves for a foot-step, and also carries the bearing for the horizontal-motion shaft.

The Patton pan, Fig. 173, is a combination of the two pans above described. The steam-bottom
is fastened beneath, s in the Wheeler pan; and the yoke, which in the Horn pan serves for s foot-
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step, and also carries the bearing for the horizontal shaft, is here dispensed with, the foot-step and
shaft-bearing being set upon the wooden framing of the mill which carries the pans. The manner of
hanging the muller loose upon the driver, which is carried by a vertical shaft and regulated in height

114,
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by a screw at the top, is the same as in the Horn
pan; and the attachment of the dies to the bottom,
and of the shoes to the muller, by means of dove-
tailed tongues and sockets, is the same as in both
the Wheeler and the Horn pans; but in the Patton
pan the sides are of wood. The curved flanges shown

175,

extending inward from the upper part of the side are intended to effect a circulation of the pulp.
The combination pan, Fig. 174, is the Patton pan with the Wheeler foot-step, its chief feature being
& cast-iron ring set in the pan to protect the wooden sides. This ring can be replaced when worn.

176.
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The Knox pan, Fig. 175, is of cast-iron, and has
a false bottom with projecting vertical rim at the
periphery to form a hollow annular space under-
neath for the introduction of steam. There is
also a radial groove in the false bottom for the
accumulation of quicksilver and amalgam, oon-
necting with the lower discharge-hole situated op-
posite the driving-shaft. The centre of the yoke
d, attached to the muller m, is keyed to a vertical
wrought-iron shaft s, guided by a cast-iron hollow
cone in the middle of the pan. The muller m is
a flat cast-iron ring, attached to which are four
arms at right angles to one another, and to these
the cast-iron shocs a are bolted through slits e.
Between the muller and shoe a wooden shoe r,
of the exact shape of the iron one, is introduced
to prevent the settling of the unground pulp in
the latter, the upper face of the wooden shoe
reaching above the surface of the pulp.

The Agitator.—The battery-slimes, after being
amalgamated in the pan and the amalgam col-
lected in the settler, are run to a third receptacle
resembling the pan and settler, but of larger di-
mensions and with different working apparatus.
Some kinds of amalgam, such as those containing
copper or antimony, are friable, and on account

of their fineness cannot be recovered from the pulp while it is thick. It is, therefore, run into a
sircular tank or tub in which wooden stirrers revolve, a copious stream of water running constantly
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in at the top. Here the pulp is thoroughly beaten up and thinned, and while the lighter parts flow
off with the current, the amalgam and floured mercury fall to the bottom and collect there. This
is always both poorer and less pure than that from the settler.

Fig. 176 shows one of H. J. Booth & Company’s agitators. It is formed of a round tub, the bot-
tom and sides of which are made of wood. In the centre a hollow cast-iron cone is bolted, through
which rises the shaft, driven by a cog-wheel below. A cast-iron cap or carrier rests on the top of the
shaft, and from this project iron arms, in which are fastened the wooden stirrers, hanging vertically
and reaching down nearly to the bottom of the tub.

The Settler —The work of the settler, Fig. 177, in the system of amalgamation, is to separate the
minute particles of mercury and amalgam from the pulp through which they are distributed. It
resembles a pan in some respects,
being made up of a circular box, in 7.
which revolves a central axis carry-
ing arms, and to these arms are fixed
shoes. These iron shoes, however, do
not come in contact with the bottom
of the settler, a8 no grinding action is —
desired. They are faced with wooden T
rubbers, which keep the heavier parts
of the pulp thoroughly stirred up,
while the revolving arms perform a
similar service for the lighter portions q
floating above. The pulp is thinned \
by a stream of water during the ope-
ration, for which reason the settler
bas a larger capacity than the pan.
It is formed of a conoidal iron cast-
ing, in the hollow axis of which works
the upright to which the revolving
arms are fastened. The sides of the
settler are of wood, but sometimes
sheetiron is used instead. Holes
stopped by plugs are pierced in the
sides at different levels, through which
the thinned pulp can be gradually
drawn off. On one side is bolted an
iron quicksilver bowl, communicatin, WA MM
with a radial gutter cast in the irog
bottom. The rotary part of the apparatus consists of the central shaft before mentioned, which
carties on its lower end a beveled cog-wheel, and at its upper end an arrangement for adjusting the
height of the wooden rubbers, 8o as to lower them as they gradually wear away. This arrangement
consists in & decp collar embracing the vertical part of the conoidal iron bottom of the scttler, and

118 hung upon the shaft by a screw furnished with a hand-wheel
¢ s maraluing awma ama ase=iad out from this collar.

1e silver retort is as well adapted
silver amalgam, when the quan-
ler it desirable. The silver retort
monly made 12 inches in diame-
mouth having lugs to catch the
The whole retort is set on cast-
he fire-grate under it. The neck
the back wall, and connects with
the condenser. The condensed
quicksilver filters through a bag
fastened on the end of the pipe,

and is reccived into a tray.
AMALGAMATION OF GoLp.—
Two distinct systems of gold
amalgamation are in use in Cali-
fornia, namely, amalgamation in
the battery, and amalgamation
in special appliances after the
gold has been previously crushed. In amalgamating in the battery, the latter is often provided with
amalgamated copper plates extending the whole length of the box, one on the feed side and the other
on the discharge, and each having an inclination of from 40° to 45° toward the stampers, When
these are not employed, spaces for the accumulation of amalgam are allowed between the dics and
sides of the box, and vertical iron bars are placed inside the gratings, between which the hard amal-
gam is found to collect. The copper plates are covered with mercury, and the latter is also sprinkled
into the boxes by the feeder. One ounce of gold requires for its collection about an ounce of mercury.

When the rock is crushed without the introduction of silver into the mill, the sand and water
issuing from the latter are conducted over blankets spread on the bottoms and lining the sides of
shallow troughs and sluices inclined at an angle of from 3° to 4° with the horizon. Beyond these
blankets there are in most cases riffles or amalgamated copper plateg, which are again followed by
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some contrivance for collecting the pyrites remaining in the tailings. At the further extremity of
this system of appliances there is sometimes a long tail-sluice for the purpose of arresting any auri-
ferous material which may have cscaped being caught by the other arrangements.

The blanket washings are introduced into a box in front of the amalgamators, one of which, the
invention of Mr. M. A. Atwood, i8 represented in Fig. 179. This consists of two hollow cylindrical
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troughs ¢ ¢, of wood or iron, which are filled with pure quicksilver. Over these the blanket wash.
ings are directed. The gold, being specifically heavier than the quicksilver, will sink to the bot-
tom, with the exception of that part which is attached to the quartz or sulphuret, and is conse-
quently buoyed up. The floating skimmings are agitated by wooden cylinders ¢, suspended par-
allel to and over the centre lines of the trough, and provided with radial arms of iron,the ends
of which are slightly curved. These arms are set along the cylinders in 12 longitudinal rows,
containing alternately 8 and 9 arms, those of each row being set opposite the spaces in the next.
They are not allowed to dip into the quicksilver, but almost touch. These cylinders make 60 revo-
lutions per minute.

The Rubber.—The sands, after passing from the amalgamators, may be discharged into Eureka
rubbers, in which the particles of gold are intended to be further cleaned and brightened by rubbing
and detached from the sands, while they have an opportunity at the same time to be caught on the
amalgamated copper plates of the rubber. The Eureka rubber, Fig. 180, consists of a rectangular
cast-iron box, 7 inches deep and 4 feet 8 inches square, provided with a false bottom of cast-iron
dies or plates, on which cast-iron shoes, fastened to & wooden frame, receive a rectilinear motion by

rods connected with an eccentric. The wooden shoe-boards are covered
180. with amalgamated copper plate,

In the Forster and Firmin system of amalgamation the pulverized
ore containing free gold or silver is fed from the hopper, shown in
Fig. 181, with a horizontal tube 4. While in the act of falling it
is impinged upon by a stream of mercury, which escapes from the re-

ceptacle B through the inner pipe shown. The flow is broken up and carried forward by steam
or air pressure, after the manner of the well-known principle of the sand-blast. The horizontal
tube connects with a vertical tube C, upon which the ore and the atomized mercury are together
forcibly projected, grain by grain, in a continuous stream, and fall by their own gravity into the
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washer or receiver D. It is claimed that an almost unlimited quantity of ore may be treated
by this process, as the attendants have only to feed the hoppers and remove the deposit. The
inventors state that * with only a three-inch tube from three to five tons of ore can be treated
per bour.” In conmection with this amalgamator an improved washer, shown in detail in Fig.
181,is used. This consists of a vessel having a conical bottom, in which rollers £, and also with
scrapers or mullers F, are placed. The feed-water is injected through the shaft or near the
bottom of the vessel, and the upward current carries off the waste ore, while the amalgam and
surplus mercury collect in the dead-water space in the conical bottom, whence they are drawn off
through the discharge cock. .

Use of Sodium Amalgam.—The extraction of gold by amalgamation has hitherto been often at-
tended with difficulties, occasioned by the presence of compounds of sulphur, arsenic, antimony, bis-
math, or tellurium in the ores, which by covering the gold with a thin film of tarnish prevents its
entering into combination with mercury. The use of sodium amalgam, discovered by Dr. Henry
Wurtz of New York, is said not only to facilitate amalgamation under such circumstances, but also
to prevent the * sickening ” of mercury, which is apt to take place in the presence of certain chemi-
cal compounds (among otbers, sulphate of iron). It is also claimed that by its use the “flouring” of
mercury when ground with compounds containing sulphur, arsenic, tellurium, etc., may to a great extent
be avoided. See Phillips’s “ Mining and Metallurgy of Gold and Silver,” London, 1887, p. 220.

HMiscellaneous Machines.—A large number of special contrivances for separating and amalgamati
purposes have been patented, none of which have come into very extended use. Many of them wil
be found f’n,:lly illustrated and described in the article * gamator” in Knight's ¢ Mechanical

ary.

ANCHOR. A heavy curved instrument, used for retaining ships in a required position. The forms
of anchors, and the materials of which they are made, are various. In many parts of the East Indics
the lower part of the anchor is formed of a cross of a very strong and heavy kind of wood, the extrem-
ities of which are made pointed. About the middle of each arm of the croes is inserted a long bar of
the same wood, the upper ends of which converge toa point, and are secured either by ropes or an iron
boop, and the space between the bars is filled up with stones, to make the anchors sink more deeply and
readily. In Spain, and in the South Seas, anchors are sometimes formed of copper, but generally in

they are made of forged iron. Anchors may he divided into two classes : mooring anchors and
ships’ anchors. Mooring anchors are those which are laid down for a permanency in docks and harbors,
and are considerably heavier than ships’ anchors, from which they differ in form, baving sometimes but
one arm, and sometimes, instead of arms, having at the extremity a heavy circular mass of iron and
Do stock : these latter are called mushroom-anchors. The general form of ships’ anchors is shown in
the annexed figure. There is a long bar of iron g, called the shank, from the lower extremity of which
branch two curved arms b b in opposite
directions, and forming an angle of 60°
each with the shank. Upon each arm,
toward the end, is laid a thick tri .
lar piece of iron ¢ ¢, termed the fi
In the upper end of the shank is an eye,
through which passes a ring d, to which
the cable is attached. The stock eeis
composed of two strong beams of wood,
embracing the shank, or an iron rod
passing through the shank. The stock
stands at right angles to the plane of
the arms, and serves to guide the an-
chor in its descent, 80 as to cause one of the flukes to enter the ground. Ships are generally provided
with three large anchors, named the best bower, the small, and the sheet anchor; a smaller anchor,
termed the stream-anchor ; and another, still smaller, named the kedge, which latter has generally an
iron stock passing through an eye in the shank, sccured thereto by a key, or forclock, which admits
of ita being readily displaced : its principal use is in changing the position of a ship in barbor, and in
an operation termed kedging. From the great mass of iron in large anchors (some weighing from
3to 4 tons), the perfect forging of them becomes a matter of much difficulty ; as, from the great
beat necessary to weld such masses, the iron is liable to become “burnt,” as it is termed. The
strength of anchors is tested by means of the hydrostatic press. The proof-strains are as follows :

Welght of Ancher fa Cwi. Strain, Tons. [ Weight of Anchor in Cwt. Strain, Tons.
100 67 40 83
20 63 80 28
80 58 20 20
70 53 10 13
60 48 5 1
50 . 42 1 8

The following proportions may be used in designing anchors: Length of shank, 100; of cach arm
from crown to bill, 40 ; of stock, 100; radius for describing outside curve of arms, 85; angle of face
of palm with shank, 57°. With such proportions the angle of the shank with the ground is 24°, and
that of blade 75°. In devising a new anchor, the danger of the ship’s grounding upon it is a most
i t consideration. As a rule, the stocks of anchors weighing more than 60 cwt. are of wood.

The following is a table of the approximate values of the properties essential to a good anchor:
Strength, 45; holding, 80 ; quick holding, 15; canting, 15; facility of sweeping, 10; facility of stow-
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ing, 10; exemption from fouling, 10; fishing, 10; facility of transportation in boats, §; quick trip-
ping, 5: total, 160. .

The largest anchor now in existence was made for the Great Eastern. It weighs 8 tons exclusive
of the stock, and the length of its shank is 20 feet 6 inches. It is somewhat different in form from
ordinary anchors, the flukes being split so that the sea-bottom may be more readily pierced. The
weight of the largest anchors for vessels of 1,000 tons or less bears usually the proportion of about
.0025 the tonnage.

The form of anchor most commonly used in place of that represented in Fig. 182 is Trotman’s,
which is an improvement embodying some minor modifications on Porter's anchor, shown in Fig. 183.

Hawkins's anchor, 4 to E, Fig. 184, has its shank a
forked to form two loops b and ¢, in each of which is
an eye. Between the loops is an iron block d, having
a circular aperture to receive the arms, and a square
aperture at right angles to the former, into which is
screwed a stout bar of iron e, termed a toggle, project-
ing equally on cach side of the crown-piece; on the
end of the crown-picce, opposite to that in which is
inserted the toggle, is a ring f for the buoy-rope. The
arms g A are formed in one piece, and, before the palms
¢ ¢ are attached, one end of the arms must be passed
through the eyes in the loops of the shanks and through
the eye of the crown-piece ; the palms are thén to be put on, and must both lie in the same plane;
after which the arms are to be curved in the same plane with the palms. The crown-piece is firmly
keyed to the arms, and the toggle must be of such a length and form as to make it bear firmly against
the forepart of the fork in the shank, so as to prevent the crown-piece and arms from turning round
upon it, and to retain them at an angle of 50° with the shank. When the anchor is let go, one end
of the toggle will come in contact with the ground, which puts the flukes in a position to enter; and
when the strain is upon the cable, that end of the toggle which is upward comes in contact with the

throat of the shank, and sets the anchor in the holding position, which is shown in perspective at C.
The advantage of this mode of constructing anchors is, that both arms take the ground, and there-
fore the weight of metal may be diminished and yet an equal, if not a greater, effect be obtained;
also, as there is no stock, and no projecting upper fluke, there islittle risk of fowling, as it is termed—
that is, of the cable entwining round the arms.

An anchor upon a similar principle, but of a somewhat different construction, was invented by Mr.
Boames, a front and a side elevation of which are given in Figs. 185 and 186 respectively. In this
anchor there is but one fluke a, which is T-shaped, and works on a pivot in a triangular frame, com-
posed of the two sides b and ¢, forged in one piece, and a stay d, which serves as a stock; f f are
loops, or eyes, for the reception of the chains that unite the ring g, to which the cable is to be fast-
cned.  For general purposes, this anchor is perhaps preferable to the former, it being free from the
objection we made to that one, as it admits of detaching the arm, which renders it more convenient
to stow away; also, as the shank is formed in two parts, instead of one of equal area, they are more
easily forged soundly, and consequently less liable to breakage.

The peculiarity of the anchor proposed by W. Rogers consists in its having a hollow shank, formed
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out of 6 bars of iron, of such thickness as to insure the forging of them perfectly sound for an-
chors of the largest dimensions. In Fig. 187, 4 represents a side-view of the anchor, and B a plan
of the stock. The two principal pieces a a are bent 80 as to form a part of the arms or flukes; the
other four are formed into a hollow tube b4 (as shown in section at C) for a centre-piece, and
the whole are firmly welded together at both ends of the shank. The intermediate parts are secured
by strong hoops i 1, 8o that every piece must bear its proportion of the entire strain. In place of
the usual ring, there is a bolt and shackle ¢, employed alone when the anchor is to be used with
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¢hain cables ; but when hempen cables are to be used, a ring d is connected to the shackle ¢ by an
sdditional shackle and bolt e. The anchor-stock f may be formed either of a single piece, or of two
pieces hooped together, and is secured in its place as followe: The bolt and shackle ¢ being with-
drawn, the small end of the shank is passed through the eye of the stock f (which is defended by an
iron plate g on each side) ; the collar 4 is then put over, and the stock is keyed up against the hoop
i by the forelock key & passing through a hole in the shank.

Williams's anchor, Fig. 188, has three flukes hinged to a block at the lower end of the shank, and
90 set that two of them may penetrate the ground simultaneously, while the third falls down upon
the shank to prevent the fouling of the cable. The flukes are hinged to separate blocks, and are
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188 4.

120° apart. Fig. 188 4 represents Morgan’s anchor, the arms of which are separately pivoted to the
shank, and are connected by a curved bar passing through the latter. When one fluke has hold on
the ground, its arm rests against and is supported by the crown-piece, while the other arm falls down
upon the shank. Fouling is thus prevented, and the arms through the curved bar reinforce one an-
other. Marshall’s anchor, Fig. 188 B, has straight arms, moving separately on a pivot passing through
the crown. The arms are barbed, and oscillation is checked by cusps on the thick portion of the
crown, which hold the arms at a given inclination to the shank. Latham’s anchor, Fig. 189, has its
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shank 4 B in two pieces, between which plays a middle fluke attached to an arm C, which has two
other flukes on its ends. When the anchor is let go, the flukes make about a quarter of a revolution,
lying in the position shown when they enter the ground. The shoulder on the crown-piece comes
against the shank, and restrains the oscillation of the arms in either direction. This anchor may be
very compactly stowed by bringing the arms parallel with the shank.

Two simple forms of anchor are represented in Figs. 190 and 190 4. Both are in use by fishermen
the world over. In Fig. 190 4 two stout pieces of wood are lashed or framed together crosswise;
from the extremities rise wooden or iron rods, which inclose a large stone; the rods meet above,

190 A,

190B.

and an eye is added for the attachment of the cable. Fig. 190 is simply a forked piece of wood, the
long arm serving as a shank, the short one, which is barbed and shod with iron, asa single fluke.
Sea-anchors are used by vessels when off soundings to prevent drifting, and to keep the ship’s head to
wind or sea. They are used during bad weather, and often enable vessels to ride out storms in which
their safety might otherwise be endangered. The sea-anchor represcnted in Fig. 190 B consists of
three spars lashed in the form of a triangle. Canvas is attached to the spars and backed by a strong
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rope-netting. A kedge suspended from the base of the triangle, keeps it in vertical position, and
three hawsers are attached to the angles and also to the ship’s cable. The anchorin Fig. 190 c ismade
of two stout iron bars pivoted together at their middle and spread apart at right angles to each other.
A rope i8 carried from end to end, and canvas and netting are spread on the frame thus formed. A
buoy is fastened to the end of one of the bars, and prevents the sinking of the contrivance, while.
showing its position. The bars of which this anchor is formed may be folded parallel, thus admit-
ting of the compact stowage of the device when not in use.

Tyzack’s anchor is represented in Figs. 191 and 192. A4 is the shank made in two parts secured
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to each other by the pins Ha K D. The arm with its fluke B is fitted with a T head % g, which
bears on the pin X, as shown. Two pins F* Fare fixed in the head, and act instcad of the single
pin . The anchor has only one arm, which is reversible, and so arranged that, whichever way the
anchor falls, it finds itself at once in a position to bite. The other chief advantages claimed are:
that the anchor cannot foul when holding, having no projection above the shank ; that it is very snug

for handling ; occupies a minimum space in stowing; can be readily taken to pieces; and pos-

sestes unusual strength, being made without a single weld. This anchor has been experimented
with to test its biting and holding power, by dragging it over some rough ground by meansof a
powerful steam winch, when it was found that, immediately the steam winch caused the anchor to
move, the arm at once penetrated the ground and buried itself immovably. An anchorof this type,
véﬁng 6 tons 8 cwt. 5 qrs. exclusive of stock, has been subjected to the following strains, viz.:
In the first instance to the Admiralty test, 9 tons 1 cwt. 1 gr. ; then to 13, 17, 21, 25, 26 ; and finally
to 32 tons, at which strain—250 per cent. overproof—it was broken to destruction.

Anchor-trippers are devioces for tripping or letting go an anchor, either after it is catted and fished
or while it is hanging from the cat-falls. We give illustrations of five devices for tripping the
anchor under the first-mentioned circumstances. In Holmes’s tripper, Fig. 193, a short chain is at-
tached to the r::? of the anchor, and a large link on the end of said chain passes over a pin. The
Iatter has a spiral thread which works in a nut in the bearing, 8o that, when the pin is turned, it re-
cedes, and 8o frees the link. The shank-painter is similarly secured to a like device, and both pins
must therefore be turned simultaneously to drop the anchor. In Heitman’s tripper, Fig. 194, the
anchor is suspended by shank-painter and ring-stopper. One end of each chain is fast to the vessel,
while the rings at the other ends rest upon pivoted latch-picces. These last are supported upon a
bar, which is rotated by a lever to give simultaneous discngagement of the latches. In Gibson’s
tripper, Fig. 195, the fluke of the anchor rests on a block .4, which is pivoted in a notch of the
gunwale. A bar B attached to said
block is held by a shackle-bar C, when
the latter is in its upper position.
By sliding the shackle in its staple
the bar is released, and the block 4
is thus free to turn under the weight
of the anchor. Duncan’s device, Fig.
1986, is for dropping the anchor from
the cat-falls. The ring of theanchor
is held in a clutch substituted for the
usual cat-hook, which is automatical-
ly opened by the chains and levers
shown as the tackle is slackened. In
Stacy’s device, Fig. 197, the hook is
canted by a rope made fast to an eye
in its rear portion, as the fall is paid
out. As the hook upsets, the anchor,
of course, slides off. In both Bur-
ton’s and Spence’s inventions the prin-
ciple is the same. It consists in sup-
porting the end of what is termed the
standing part of the cat-head stopper
and shank-painter by bolts turning
upon pivots, and retained in a proper
position by a catch, which being with-
drawn, the bolt turns upon its pivot
and the stopper slips off; by which
means all risk of jamming the turns
of the stopper (as in the common method of letting go the running end) is avoided, the danger to the
men on the forecastle is done away, and the anchor can be let go at & moment’s warning.

The arrangements in each of these inventions being the same, whether applied to cat-head stoppers
or shank-painters, we shall therefore show one invention as applied to cat-head stoppers, and the
other to shank-painters. Figs. 198 and 199 show Capt. Burton’s method of letting go a cat-head
sopper. a is the cat-head; b ¢ a bolt, turning upon a pivot d; the end ¢ forms an oblique plane,
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and is held down by the clamp e turning upon a pivot f, the clamp being secured by a hasp g and
pin A, The standing end of the stopper, having an eye formed in it, passes over the end b of the
bolt b ¢; the other’end of the stopper passes through the ring of the anchor and over the thumb-
cleat £, and is made fast round the timber-head . When it is required to let go the anchor, a hand-
spike is inserted between the thumb-cleat %, so a8 to nip the clamp ¢, and the hasp g is cast off;
then, upon withdrawing the handspike, the bolt, being no longer held by the clamp e, turns upon
it.fs pivot ¢{ by the weight of the anchor on the stopper, and the eye of the stopper slips off the end
of the bolt.

Figs. 200 and 200 A represent Mr. Spence’s invention for letting go a shank-painter. Fig. 200 is an
clevation, and Fig. 200 4 the plan. a is a cast-iron carriage, bolted through the ship’s side, and sup-
porting the hook d by a pin or pivot at b; d ea lever turning upon a centre f, the end d being
formed into a hook, which clasps the upper end of the bolt 5, tie lever being retained in the posi-
tion shown in the plan by a pin g; A is part of a chain forming the standing part of the shank-
painter, and supported by the bolt . To the other end of the chain is spliced the running part of
the shank-painter, which passes round the shank of the anchor, and is made fast to a timber-head.
When it is required to let go the shank-painter, an iron bar is inserted into the end ¢ of the lever

198, 199,

d e, which is made hollow for the purpose, and, the pin g being withdrawn, the lever is turned round
its centre until the bolt is released from the hook d, when it falls, and the chain-end of the shank-
painter slips off. ’

See also BringE, and LigTHOUSES ; for those used in other structures, see Docks, and PiLes axp
Screw MooriNGs. '

Works, etc., relating to Anchors.—Cotsell (G.), “ Treatise on Ships’ Anchors,” 1856 ; * Parliament-
ary Reports on Anchors, 1860-1864 ;” * Rapporta de la Commission du Ministére de la Marine sur
I'Exposition de 1867,” Paris, 1868 ; Lace's * Seamanship,” 5th edition, 1873.

ANEMOMETER. An instrument for measuring the force of the wind. Attention was first given
to this subject by Dr. Croune in 1667, and instruments were contrived by him and by Wolfius and
others in the last century. These have all given place to recent inventions of more perfect construc-
tion. The first attempts were to measure the force of the wind by its pressure upon a vertical plane,
kept in position by a spring or by a weight suspended by a cord wound around a conical spiral axis,
which weight the wind would raise more or less according to the degree of pressure on the vertical
plane. A bag of air opening into a glass tube which was shaped like the letter U, and contained a
fluid which by compression of the bag was forced down one leg and up the other, was another con-
trivance for the same purpose. Another form of it was to dispense with the bag and turn ore ex-
tremity of the tube against the wind, expanding it to a funnel shape, so that the wind might blow
directly into it and press upon the surface of the fluid. The tube was drawn out to a small diameter
in the curve at the bottom, 8o as to check the sudden fluctuations caused by irregular blasts of wind.
By means of this simple instrument, Dr. Lind, who invented it, ascertained the force of the wind at
different velocitics by the height of the column of water raised by it. A gentle breeze, moving at
the rate of ncarly 4 miles an hour, raises a column of water one-fortieth of an inch, which is equiva-
lent to a pressure of 2} ounces upon a square foot. A high wind moving 82} miles per hour raises
the column 1 inch, with a pressure of ncarly 5} Ibs. on the square foot. A column of 38 inches in-
dicates a pressure of 15} lbs., and a velocity excceding 56} miles an hour. At 9 inches the wind is
a violent hurricane moving 97} miles an hour, and exerting a pressure on the square foot of
463 lbs. The atmospheric pressure being a little over 2,000 lbs, on the square foot, or equal
to a column of water 33 feet high, the greatest force exerted by the wind is feeble in comparison
with this,

A more complicated apparatus was invented by Dr. Whewell, and another by Mr. Osler, both of
which have been used in England at the meteorological observatories and government institutions,
Both are self-registering, and determine the force of the wind by the number of revolutions of a
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windmill fly, the axis of which by perpetual screws and toothed wheels is connected with the register-
ing pencil. In Whewell’s instrument the windmill with its wheels and vane is on a horizontal plate,
which revolves on the top of a vertical cylinder. The pencil is attached to a little block of wood or
nnt, through which passes a screw from the horizontal plate above to a circular rim below the cylin-
der, all which revolves around the cylinder as the wind changes. A straight rod also goes through
the pencil-block or nut, up and down which it slides as the screw turns. According as the wind
blows gently or strongly, this screw turns slowly or fast, and carries the pencil down the cylinder at
a proportional rate. Its point reaches the surface of the cylinder and marks upon it its position;
and a3 the frame turns with the change of direction of the wind, the course of the wind is registered
upan the face of the cylinder. For this purpose it is divided by vertical lines into 16 or 82 equal
parts corresponding to the points of the compass. This instrument is deficient in not recording the
time during which each wind blows, nor the times of its charges, nor its force at any particular
moment. It merely gives the order of the changes of the wind, and the entire quantity that
blows from each point. This is known by the vertical length of the pencil-mark in each
ii:l;ian of the cylinders corresponding to the courses, It is defective also by the friction of its
inery.

Oiler’s instrument, constructed on similar principles, is more complicated than Whewell's, Its
register is divided by lines into spaces, which represent the 24 hours of the day, and in these spaces
pendils inscribe lines, one of which indicates the direction, another the pressure of the wind, and a
third, connected with a rain-gauge, the quantity of rain which has fallen at every hour. The register
moves along by clockwork under the pencils, and at the meteorological observatory at Greenwich a
new one is employed every day. In the Royal Exchange in London one of these instruments is in
e with a register made to last a week, By the lines inscribed on the register the integral or quan-
tity of the wind can be calculated that has blown to each point of the compass during the.periods
of the observations ; and thence the resultant, or average effect of all the winds.

The instrument now in use in the United States office for weather reports is Robinson’s anemome-
ter, Fig. 201, which consists of four horizontal arms
ndiating from a central point, at which is a ver-
tical axis of revolution. A hollow hemispherical cup
is attached to each arm in such manner that, when
the wind i3 pressing upon the concave side of a cup
on one arm, the cup on the opposite arm presents its
convex gide toward the wind. The wind exerts more o
pressure on the concave side than on the convex, and
bence causes the arms to revolve. The rate of revo-
lution per minute gives the velocity of the wind.
Each instrument has to be tested by placing it upon S~
2 moving body on a calm day. In this way it is
essily found what the number of revolutions is which
the instrument will give for any velocity; it is then placed upon a high building, and its axis
attached to a recording apparatus similar to that described above.

Biram’s anemometer is an instrument for measuring and registering the quantities of air which
dirculate through the passages of mines. It was invented in consequence of the recommendation of
8 committee appointed by the British House of Commons, that the use of such an instrument should
be adopted as a precaution against the explosions in coal-mines. It is a disk of a foot diameter,
made to revolve when placed in a current of air, and furnished with registering wheels like those
upon & gas-meter. Any want of attention on the part of those having charge of supplying the re-
quired carrent of fresh air is thus readily detected.
d‘:!‘:\;ix“nded treatise on this subject will be found under the same heading in Spon’s “ Dictionary

neering.”

ANIMAL STRENGTH. Of all the first movers of machinery, the force derived from the strength
of man or other animals was first used, and at present, in a multitude of cases, is still the most
convenient. As horses were formerly employed for the same purposes that water-wheels, wind-
mills, and steam-engines now are, it has become usual to calculate the effect of these machines
;! equivalent to so many horses ; and animal strength becomes thus a sort of measure of mechanical

oree.

When an animal is at rest, and exerts its strength against any obstacle, then the force of the animal
is greatest; or the animal, when standing still, will support the greatest load. If the animal begins to
move, then it cannot support so great a load, because a part of its strength must be employed to effect
the motion ; and the greater the speed with which the animal moves, the less will be the force exerted
on the obstacle, or the less will be the load which it is able to carry, for the greater will be the portion
of its strength directed to the movement of its own body; and there will be a speed with which the
_mimlll can move and carry no load, but where the whole of his strength is employed in keeping up
ita velocity.

Itis cl&ynr that, in the first and last of these cases, the useful effect of the animal is nothing, in a
mechanical point of view. There must, however, be a certain relation between the load and speed of
the animal, in which the useful effect is a maximum. It has been found that the mechanical effect
of any animal at work during a given time is greatest when the animal moves with one-third of the
greatest velocity with which it can move unloaded, and the load which it bears is four-ninths of that
which it can only move. . {

Man and Animal Power compared—The following table, from Haswell’s “Engineers’ and Me-
chanics’ Pocket-Book,” shows the amount of labor produced by animal power under different cir-
cumstances ;

201.

e

6
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Weight Raised,| Horse-Pow
Power, Velsodty lP" Foot per for uivu-
MANNER OF APPLICATION. Minute. Period.
Lbs. Foet. Lte. No.
10 Hours PER Dav.
Man throwing earth with shovel a height of 5 feet.......... . (] 13 480 8.7
Man wheeling a loaded barrow up an inclined plane, height one-
twelfth of length 182 4 4,950 90
Man raising and giu-hlng
distance of 13 feet. [] 2 R10 14.7
Man pushing and drawing alternately in a vertical direction. .. 18 24 1,950 8.5
Man trmsrortlng weight upon a barrow und returning unloaded. 182 1 1920 144
Man walking uponalevel................... Ceeeseeneeniennis 148 ] 42,900 80
Horse drawing a four-wheeled carriage at a walk 154 8 21,520 504
Horse with load on back at walk...............ooveiiiinn.. 264 8% 59,400 1050
Horse transporting a loaded wagon and returning unloaded ats
2 L S 1,640 2 184.600 8360
Horse drawing a loaded wagon at awalk..........cco0iveunen. 1,540 k7 3 846,500 6300
8 Houmrs Pxr Dar.
Man ascending a slight elevation unloaded.................... 148 ) 4,290
Man walking and pushing or drawing in a horizontal direction. 26 2 8,120 45.3
Man turning 8 CrADK. .ooveeetenierieren.nrnrenneernneennnans 18 24 2,790 89
Man upon a tread-mill 140 + 4,200 60.9
Man rowing....o.vviiiiiiiiiiiiiiiie e, 26 ) 1,500 118
Horse upon a revolving platform at a walk. .. 100 8 16,000 260.8
Ox, same conditions 182 2 15,840 229.5
Mule, * * . ] 11,880 172.2
Ass, L 82 28 6,250 76.5
7 Hours PER Dar.
Man walking with a load on his back.......covvevnrenennanns. 88 2% 18,200 167.9
6 Hours rxr Dav.
Man transporting a weight upon his back and returning un-
loodef.’ .......... fg'lit' ...... s back g s Ilgh ¥ ievation. 140 13 14,700 160.3
Man transporting & we! upon up a sl clevation,
and returning unloaded, po ........... p .................. 140 .2 1,650 19
Man raising a weight by the hands............ccovueenns ereene 44 + 1,820 14.4
4% Hours pEr Day.
Horse upon a revolving platform at a trot.......... [ 66 [ 3 26,730 218.7
Horse drawing an unloaded four-wheeled carriage at a trot.. .. 97 k¢ 3 43,195 358.5
Horse drawing a loaded four-wheeled carriage at a trot........ 170 9% 884,950 2741

Human Strength—The mean effect of the power of a man unaided by a machine working to the
best practicable advantage, is the raising of 70 lbs, 1 foot high in a second, or 10 hours per day.
The maximum power of a strong man exerted for 24 minutes equals 18,000 lbs, raised 1 foot in a
minute. A man can travel without a load on level ground during 84 hours per day, at the rate of 3.7
miles per hour, or 31} miles per day. Trained pedestrians have, however, greatly exceeded this:
100 miles has been walked in 20 hours, 87 minutes, and 45 seconds ; 1,000 miles in 1,000 consecutive
hours (this by a young woman); and 520 miles in 6 days. Among other exceptional feats of strength
which may be mentioned, are the swimming of the English Channel from Dover to Calais—distance,
23 miles in a straight line, but amounting in the accomplishment to 50 miles—by Matthew Webb, in 21
hours and 45 minutes. Agnes Beckwith, a young girl, swam 5 miles in 1 hour and 9 minutes. 18
feet 7 inches has been leaped at a standing jump. 14 miles has been skated in 3 minutes and 6 sec-
onds. A man has lifted 8,300 lbs. in harness, and 1,230 lbs. by the hands alone. A dumb-bell
weighing 201 1bs, has been raised with one hand. One-quarter of a mile has been run in 48} sec-
onds. Cases of this kind indicate exceptional powers of endurance, and usually abnormal develop-
ment of certain muscles. Such extreme stress on the physical powers is apt to be injurious. Dr. B.
F. Richardson, in discussing the subject, says that physical overculture produces aneurism of the
aorta, wearing out of the heart, and also an undue muscular development of that organ: and he fur-
ther asserts that  there is not a professional athlete in England of the age of 85, who has been 10
years at his calling, who is not disabled.”

An investigation has been made (1877) by Dr. Burcq, of Paris, in the Ecole de la Faisanderie, a
gymnasium where are drilled the soldiers who are destined to be the gymnastic instructors of the
French army. No better set of men could be selected for examination, for the reason that each in-
dividual is virtually intended hereafter to serve as a model for others, and therefore his physical cult-
ure is brought to the best possible state. Dr. Burcq continued his investigations with the utmost care
and minuteness for six months, during which period the progress of over a thousand men was closely
watched and criticised. As a general result, he states that gymnastic exercises—1. Increase the mus-
cular forces up to 25 and even up to 38 per cent., at the same time tending to equilibrate them in
the two halves of the body; 2. Increase the pulmonary capacity at least one-sixth; 3. Increase the
weight of men up to 15 per cent., while, on the other hand, diminishing the volume. This augmenta-
tion exclusively benefits the muscular system, as is demonstrated by its elevated dynamometric value.
And Dr. Burcq further observes that, during the first half of the six months’ course at the school,
the increase of force was most markedly noted.
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To Dr. Burceq’s studies upon this body of trained gymnasts may be added those of M. Eugdne Paz,
who for a long period has been observing the results which methodical physical exercise produces in
certain invalids, and in a large number of people of various callings, notably artists, literary and busi-
pess men, and others, whose muscles are normally less voluminous than those of the picked soldiers
at the Faisanderie School. By means of a variety of ingenious mechanical apparatus, and by a course
of investigation wholly different from that of Dr. Burcq, M. Paz reaches precisely the same results,
He notes especially the increase in weight and decrease of volume of the body, above referred to, and
alzo the augmentation of pulmonary capacity. Three operatic singers, who were rigorously trained for
1 year, attained & maximum lung-power corresponding exactly to an increase of one-sixth. It fol-
lows, therefore, that Dr. Burcq's results may be considered in the light of a general law.

F. E. Nipher has determined, after a series of investigations upon variation of muscular strength,
that the coefficient of muscular power per squarc centimetre of section of muscle is a quality which
varies greatly with different muscles, and with the same muscle at different times; or, the work which
a muscle can perform depends not only upon its size, but also upon its quality. Muscles which are
seldom called into action have not the same contracting power as those which are daily used.

Brute Strength.—The following table shows the amount of labor a horse of average strength is
capable of performing at different velocities on canals, railroads, and turnpikes:

USEFUL EFFECT FOR 1 DAY,
PRR | DURATION OF DRAWN 1 MILE.
HOUR. WORK. U — ——
On a Canal. On a Railroad. ‘ Un a Turopike. |
Miles. Hours, Tons. Tons. l Tons.
2% 1.5 520 115 14
3 8 243 92 12
4 4.5 102 2 9
5 2.9 52 .14 1.2
[ 2 80 6
1 1.5 19 41 5.1
8 1.123 12.8 36 4.5
10 5 6.6 25.8 8.6

The actual lcbor performed by horses may be greater, but it is apt to injure them. The ordinary
work of a horse may be stated at 22,500 lbs., raised 1 foot in a minute for 8 hours per day. See Has-
well’s “ Engineers and Mechanics’ Pocket-Book,” 32d edition, 1876. For relative cost of horse-labor
on street-railroads as compared with that of road-locomotives, see Locomorive.

ANNEALING. The gradual cooling of metal or glass after the same have been highly heated, in
order to render the object less brittle. See TEMPERING, etc., and GLass,

ANTI-FRICTION COMPOUNDS. See FrICTION AND LUBRICANTS.

AXNVIL. See ForgE, and CARTRIDGE.

AQUEDUCT. A conduit for the conveyance of water, principally for the supply of cities for do-
mestie purposes, or for irrigation of tracts of land, or for extending the water-way of canals over riv-
ers and valleys. In the following article only aqueducts of the firat class are treated ; the others are
referred to respectively under CaNaLs and IrmrigatioN. The means employed for transporting the
water are pipes and masonry conduits, As regards the relative merits of the two, where the dimen-
tions which would be necessary for pipes are considerable, an aqueduct of masonry is preferred. The
limit at which the cost of the two is equal varies very much, according to the iocality, facilities of
transport, and the materials and labor available. No fixed rule can therefore be given ; but it may be
:t;d' (subject to correction) that, under 24 inches, pipes are almost always cheaper than masonry

uits.

The following are some of the chief ancient structures of this kind : The Aqueduct of Spoleto, con-
structed in 741 by Theodoric, King of the Goths, to communicate with the town of Spoleto, is situated
aa the summit of a mountain. It is one of the handsomest structures of the kind, and remains entire
to the present day. In crossing the river De la Morgia, the channel-way is supported upon two
tiers of Gothic arches, the lower containing 10 grand arches, and the upper 80. The length of this
arcade is 800 feet, the breadth 44, and the height 420. The Aqueduct of Caserta, built in 1753 by
Charles IIL of Naples, is also an expensive and gigantic structure ; onc of its arcades consisting of
three tiers of arches, 1,724 feet long and 190 feet in height. In France, that which conducts the
waters of St.-Clément and Du Boulidou to Montpellier is perhaps the most beautiful. It was built
under the superintendence of M. Pitot, and required 13 years for its completion. The principal
arcade is 90 feet high, and consists of two tiers, the lowest containing 90 and the upper 210 arches,
That of Arcueil deserves next to be noticed. It was originally built by the Emperor Julian, a. p. 360,
to bring water to Paris, and supplied the palace and hot-baths, but was destroyed by the Normans.
After it had been in disuse for 800 years, it was rebuilt in 1634 ; again repaired in 1757 ; and fresh
fums have lately been devoted to the same purpose by the city of Paris. The arcade over the valley
of Arcucil, consisting of 25 arches, is 72 feet high and 1,200 fcet long. The Aqueduct of Lisbon, com-
pleted in 1738, is about three leazues in length, and in some parts of its course has been excavated
through hills ; but near the city it is carried over a deep valley, for a length of 2,400 feet, by scveral
bold arches, the largest of which has a height of 250 feet and a span of 115 feet.

A portion of one of the main bridges of the Aqueduct of Antioch is represented in the annexed
engraving. This bridge was 700 feet long and 200 feet high. Though solidly built, it is yet the
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rudest example of Roman work, and contrasts strangely with the bridge of the Aqueduct of Nimes,
or Pont du Gard, across which the waters of the river Hure were led. This bridge spanncd the valley
of the river Gard by a triple row of arches, the first six having a span of 60 feet each; above these

were 12 gimilar ones; while the upper row was composed of 36 smaller arches, arranged as in the
illustration, the whole forming one of the finest examples of Roman architecture.

Aqueduct Data.—The following table, abridged from Fanning’s “ Treatise on Water-Work Engi-
neering,” gives the principal data respecting several well-known masonry conduits :

Table showing Dimensions, etc., of Aqueducts.

Velocity of

Depth of Daily Dellvery at Total Dall;
LOCALITY. Width. Height. Voater, }‘.l:;n l;r given depth. o .’

Foet. Fest. Feet. Feet. U. S. Gals. U. S. Gals.

Cochitnate, Boston..........ccoueeeve 5. 6.838 6.333 1. 16395980 16,500,000
Croton, New York.. .. 7.417 £.458 6.0~8 2.218 X 100,000,000
‘Washington Aq., D. 9. 9. 8.465 100,000,000
Brooklyn, L. I.. 10. §.667 5.00 70.000,000
Budbury, Bostol 9. 7.667 5.8 70,000,000
Baltimoro...... 9. 9. P 170.000,000
Loch Katrine, Glasgow 8. 8. 6.5 60,000,000
Canal Isabel 1., Madrid. 7.0522 9.184 | ... 52,000,000
Vienna.....cocovvuiiiieniannn. 5.667 6. F T N e ISy
Vanne, Parts.... 6.6 6.6 5.00 283,500,000
Dhuls, % ... ... ...l 2.3 8.5 | ..... 5,500,000
Pont du Gard, Nimes ........... .. 4. 8.33 e
Pont Pyla, Lyons .......ccovevvennens 1.538 ceee 1.888 | ..o | eeeeeeien ] cieneaes

The Croton Aqueduct.—The following description of the Croton Aqueduct gives many of the de-
tails of aqueduct construction. This great work was begun in 1837 and completed in 1842, at a total
cost of $12,500,000. Its length from its source at Croton River to the reservoir in New York is
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404 miles, 33 miles of which distance it is built of stonc, brick, and cement, arched above and below.
It has a capacity for discharging about 100,000,000 gallons per day. The Croton River rises in Put-
nam County, New York. At the spot where the first dam is constructed the surface-water was about
38 feet lower than the elevation required as a head for the delivery of water into the city of New
York. The effect of the dam was to set back the water about six miles, forming the reservoir, which
has an area of about 400 acres, now called Croton Lake. The available capacity of this reservoir,
down to the point where the water would cease to flow into the aqueduct, is estimated at 600,000,000
gallons ; in addition to which, the receiving-reservoir in the city is capable of containing 150,000,000
gallons more when full, which together afford a reserve-supply of 750,000,000 gallons in seasons of
extreme drought. In case of necessity, several large lakes in Putnam County may be turncd into the
river or aqueduct. The following table shows the various lengths and inclinations of the conduit :

LENGTHS AND INCLINATIONS. } Disances ta | Distances \ Fall in Foet. ’

l Feet,

From the dam to the meeting of the general inclination... ................ | 49490 26,180 2.9507 |
From here to Harlemn Rirer the general inclinatlon 0.021 per 100 or 1.1056 feet!

permile of 3280 feet. ... ... .. ittt iiiiiiiiiiiaie ee s aeaieee e 27.9816 147,479 80.9700
At the agueduct-bridge of Harlem River to the general inclination 2 foet are

sdded, the water being carried over in pipes by a siphon of 12 feet........ i 0.2750 1.450 2.8450
To Manhattan Valley, the general lncllns&m of 1.1088 feet per mile ......... 2.0140 10,635 2.2884
Across Manhattan Valley the water passes in a siphon of 109 feet head, for,

that reason 3 fect are added to the general inclination.... e 0.7917 4,180 8.7788
From here to the receiving-reservoir 9 inche per mile...... e 21727 11471 1.6295
From the influence-gate of this reservoir to its efluence-gate . 01720 908 0.0000
To the distributing-reservoir the water is carried in a siphon by pipes for‘

the entire QISLANCR.. ... eeienn ternriiiiiit e ieiieaie e eaieraaeaeean] 2.1760 11,489 4.0000
Distributing-re@ervolr . ... ..ooouuiiiii ittt ciiiee e teea et ‘l 0.0800 420 0.0000

| 405620 |............ . 47.9069

These 47.9069 feet form the fall at the bottom of the aqneduct ; at the head |

this bottom is 11.4633 feet below the surfuce of the lake, but only 8 20:0):

feet at the discharge in the receiving-reservolr, wkich gives 8.2688 feet' .. ...........cc0ovvuunnn. 8.2638

differemee, added to the fall at bottom; this makes the entire fall or the

sccurste differcnece between the surface of the Croton Lake and that of | —_—

the distribating-reservulr... ..........ciiit ciiiiiiiiiea e [emrerneenneenns e 51.1702

Construction of Agqueduct-Canal.—Where the masonry of the aqueduct is cut in level ground or
side-hills, a course of concrete 8 inches high is laid under the whole extent of masonry, under the
extrados of the inverted arch, as high as the shape of the extrados required. Where water-veins
were met, and in loose ground, or where the depressed ground made foundation-walls necessary, the
concrete bedding was put 12 inches high, as broad as the clear width of the aqueduct, but under the
side-walls only 6 inches. In both cases each of the side-walls was carried up 13 inches perpendicu-
larly, by which the spring-line of the inverted arch was reached ; after this the inverted arch was
turned one-half a brick 4 inches thick, the stone part of the side-walls carried up 4 feet high, and on
both sides plastered three-eizhths of an inch thick with hydraulic mortar. When these walls had
set, the inner facing, one-half a brick 4 inches thick, was carried up; at last the roofing-arch, 1 brick
8 inches thick ; then the spandril-backing, over which and the upper part of the extrados plaster of
three-cighths of an inch thickness was laid on and smoothed off with the trowel. Where suitable
stone was to be had near, the side-walls could be carried up; also the roofing-arch, which in this
case was turned 12 inches thick ; this, howcver, has been carried into execution in but few instances.
The courses of masonry were leveled off every 12 inches, and no stonc put in which reached through
the wall or raised over the course of 12 inches. Granite, or gneiss of the most sound quality, was used.

The hydraulic mortar at tunnels, and deep cuts in earth and rock, had the proportions of 1 part
cement to 3 sand ; upon foundation-walls, however, 1 part cement to 24 sand in volume ; the same pro-
portion for concrete. The sand for concrete, containing coarse and fine grains, was first mixed with
water, then there was added to it from 2 to 2} brokcn stone of the size of 1} inch, or the same
amount of coarse gravel, and worked till the mass became uniform, and the broken stone completely
covered and bedded in the mortar. Immediately after this preparation the concrete was laid and set-
tled with a stamper, till the surface had the appearance of an even floor. The courses were laid not
over 6 inches thick. For brick masonry the proportion of cement to sand was 1 to 2. The mortar for
vertical joints was put to the brick before laid, the brick forced into its bed in such a manner that
from horizontal and vertical joints the mortar is readily forced out like sausages; the superfluous
mortar was then taken off and the joints emoothed inmediately. Only bricks of superior quality were
admitted—No. 1 for the inverted arch and the facing, No. 2 for the roofing-arch.

Culverts.—In order to carry off rivers, crecks, and field-waters, underneath the aqueduct, culverts
were constructed at a suitable depth. Their fall or inclination was 1 in 20; and where the upper
end happened to be below the surface of the ground, generally the case at side-hills, a well was con-
structed, Figs. 207 and 210. The culvert, Figs. 210, 211, and 212, is one of the smallest dimensions,
with bottom and roof of stone slabs; that of Figs. 207, 208, and 209, is a large one; bottom and
roofing are of smooth, well-wrought stone; the side-walls only faced with it, while the backing of
this face-work is of rough masonry. In the body of the foundation-wall of the aqueduct an arch of
dry stone, without mortar, was rolled over the extrados of culvert, Fig. 209 ; after this the founda.
tion was carried farther up. The fall-well at the arched culverts is round in plan, Fig. 208.

The Gatevay.—From the effluence of the lake a tunnel is cut through solid rock 180 fcet in
length. It has no facing of masonry, and in dimensions is kept somewhat larger than the general
aqueduct, Fig. 203. The ground is uncommonly favorable for the construction of the gateway,
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offering rock-foundations throughout. As shown in Fig. 205, the channel of the aqueduct is widened,
and the water runs through an arch in the bulkhead a a, then passes the screen-frame, a set of
guard-zates, and a set of regulating-gates. The screen, formed of oak slabs 6 inches by 1, allowed
a quantity of fish to pass through the 1-inch spaces into the aqueduct. In order to prevent this, a
fine brass netting was put over the screen, through which only very small fish could pass; to prevent
which, other artificial preparations will be required. Below the wall with the regulating-gates, the
width of the water-way is reduced to the general width of the aqueduct by an ogee curve, in order to
let the water into the proper aqueduct without any loss of fall.

The guard-gates with their frames are of cast-iron. The regulating-gates with their frames are of
gun-metal, in order to obtain a superior tightness. The caps f £, Fig. 203, are secured upon the sad-
dles g g by bolts. In turning to the left the female screw, whereby the shover is raised, the saddles
with the caps press upon the base and are kept closer and closer upon their bed ; in screwing right,
however, they press upward. To prevent their loosening and lifting, the screw-bolts % n n are put in;
they reach down through two courses of stone, and there they are bent ; some of them are secured to
the caps of the screen-frame. In shutting the gates by turning to the right, the bolts » n secure the
caps f f to their places and prevent their lifting. The masonry in all parts of the gateway is of rough
gueiss in hydraulic mortar, faced with well-hammered stone ; the partitions between the gates are of
cut stone. To keep the gates and utensils secure, a stone house is erected over the gateway.

The line of the aqueduct follows the left bank of the Croton River for 5 miles, passes through sev-
eral tunnels cut through the rock, and crosses the valley of the Sing Sing Kill. Across the stream an
arch of 88 feet was required. The abutment-walls of this bridge are 20 feet thick, on solid rock-
foundation. The arch is constructed over a half-oval, 33 feet in height, 4 feet thick at the spring-
line and 3 feet at the keystone ; the granite and gneiss for it was cut with much accuracy, not allow-
ing the joints to be over three-sixteenths of an inch thick. The spandrils were carried up solid, slop-
ing upward, thence with hance-walls and alternating openings, till 8 inches over the highest point of
extrados : these openings were arched over with half a brick. Across those openings the hance-walls
were connected together by bond-stone. On the top of the small brick arches a rubble masonry of 6
inches in height was laid, and the whole leveled off ; on this the concrete course of 9 inches height to
the extrados of the inverted arch of aqueduct. As far as the clear width of the bridge-arch and its
sbatments extended, the construction of the aqueduct was so altered, that the side-walls were carried
up 5 feet high instead of 4, as in ordinary aqueduct, and the arch was turned over a segment of 7 feet
7 inches long, 2 feet 84 inches high. Bottom and side-walls were provided with a lining of cast-iron
worked in with the masonry, whercby the aqueduct was rendered absolutely water-tight above these
constructions. The same iron lining was applied also at the before-mentioned street-bridge. Be-
tween the attic-wall and the side-wall of the aqueduct spaces were left, covered over, above the
attic-wall, carried up in connection with the side-walls of the aqueduct, and covered with a coping-
stone, the whole then filled over with earth. The spaces serve not only for protection against frost
from without, but also for carrying off the water falling from the sky on the back-filling down
into the hollows. Upon the extrados of the bridge-arch the drainage-water runs over the tangental
surface of the spandril-backing into the dry foundation-wall. The surface over which the water
drains i3 well plastered with hydraulic mortar. The exterior masonry of both the bridges is of well-
hammered stone. Throughout the structure hydraulic mortar was used. For the distance of aque-
duct between the bridges and back of them to the side-hills the rock-bottom was prepared with steps,
and 2 foundation-wall of dry stone-masonry carried up. The exterior faces of some thickness into the
wall were laid in hydraulic mortar, and the joints pointed with the trowel.

From this point it is not necessary to trace the line in detail, and we therefore proceed at once to
the termination of the aqueduct on the continent. The vallcy of the Harlem River, at a point 33 miles
distant from the Croton Dam, slopes down gradually until it reaches the water’s edge. The tide-water
has here a width of 620 feet. The bank of the island, being of solid gneiss.rock, rises with a slope
of 35° to the height of the top of the aqueduct. The slope of this rock below water, as far as it
could be examined, is steeper, and disappears under a deposit of mud mixed with sand and bowlders.
It is supposed this rock has connection with that of the opposite shore. In the basin formed by its
depression below the strait is deposited a mass of white marble, upon which the gneiss and alluvium
of sand, mixed with pieces of rock and bowlders, are found, upon which mud consisting chiefly of
vegetahle matter is deposited.

The bridge on which the aqueduct is carried over the strait has 15 arches, 8 of which are 80 feet in
width by 100 feet in height above flood-tide, placed in the water, and upon both the shores 7 arches
of 50 feet rpan each; two abutments were founded on the gneiss-rock, three upon the marble, and
seven on piles. With this arrangement the conduit-water is carried across to the island in a siphon
of 12 feet depression.

In order to take the water out of the aqueduct and let it into the pipes, and, after passing over the
bridge, redischarge the same into the aqueduct, 2 gate-chambers, « and b, Fig. 217, are placed. Fig.
230 shows the ground-plan, Fig. 229 the longitudinal section, and Fig. 228 the cross-section of the in-
fluence gate-chamber (entrance into the siphon); C C is a basin, the bottom of which is level with the
deepest line of the intrados of the inverted arch ; d d are the gateways; e e the two pipes ; the influx
of the water can be regulated by the two cast-iron double gates K K ; fg A is a waste-wear, whereby
the waste-water, or the whole content of the aqueduct, may be let off ; If is the gateway, g the waste-
wear well, A the sewer. The construction of the latter for the first 30 feet in length is shown by Fig.
232 ; following the slope downward, it is funneled into the shape and construction of Fig. 231, which
leads to Harlem River. Fig. 228 is the section of gateway for the waste-wear ; Fig. 229 the elevation
of front with the gates / L. All the gates are of shape and construction as shown at Fig. 202. The
rod-caps of waste-wear are connected by the bolts m n, Fig. 228, with the consols n ; but the rod-caps
of the gateways by the bolts m n, which are kept down and -secured in the pier below by the cross-
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piece n. Over the entire structure a stone building is erected, arched with bricks, and covered with
3-inch graywacke slabs. The effluent-gate b, Fig. 217, at the island-extremity of the bridge, is of the
same arrangement in reversed order, but without wastc-wear; it reccives the water from the pipes
of the siphon, and discharges it again into the aqueduct. From the bridge the aqueduct passes
through Manhattan Valley and through Manhattan Hill tunnel, the longest of the whole line—worked
1,215 feet through rock. The receiving-reservoir, located in the middle of New York City, in Central

228,

Park, has a water-surface of 81 acres. Distribution of the water throughout the city is effected
through about 400 miles of cast-iron pipes, A storage-reservoir has been constructed at Boyd's Cor-
ners, on the west branch of the Croton, 23 miles from the Croton Dam. It has a water-surface of
279 acres, and a maximum depth at the dam of 57 feet.

Tug Aqueptcr ofF THE LocH KATRINE WaTer-Works, which conducts water into the city of Glasgow,
is 84 miles in length, has an inclination of 1 in 6,336, and is capable of passing 50,000,000 gallons daily.
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The valless of Duchray, Endrick, and Blane, ¢, f, &, Fig. 233, aggregating 8§ miles in length, are
crossed by cast-iron siphon-pipes 48 inches in diameter, with a mean fall of 1 in 1,000 between their
extremities, In Fig. 233, a 18 the river Clyde, b the city of Glasgow, ¢ Mugdock Reservoir, d Mugdock
Tungel, ¢ Blane Valley, £ Endrick Valley, g Duenmore Tunnel, 2 Duchray Valley, ¢ Loch Katrine Tun-
nel, and & Loch Katrine. The minor ravines of the first ten miles are crossed by bridges ; an exam-
ple is given of one made of wrought-iron tubes, Figs. 234 and 235, 8 feet broad and 6.5 feet high

inside. A cast-iron trough J of the same dimensions extends over portions of the valleys where the
ground is not much depressed. The tubes are supported by masonry piers 50 feet apart. The level
of the tube 7 is about 3 feet lower than that of the cast-iron trough J at each end, in order to
insure the tube being always filled with water, so as to maintain an equal temperature of the metal.
Discharge-valves are placed in the tubes, so that the water can always be run off in the valley
beneath. The tube also rests at the ends on an India-rubber bolster; and similar vertical bolsters
e wedged against the sides at the joint with the cast-iron trough. This leaves the tube free to con-
tract and expand longitudinally under change of temperature, without risk of leakage.

In the entire line of the aqueduct there are, in all, 25 important bridges of iron and stone,
and sbout 80 distinct tunnels, aggregating some 13 miles. The cast-iron siphon-pipes are car-
ried down and up the sides, and along the bottom of the three valleys. They have ordinary spigot
and socket joints, and are strengthened by projecting webs cast upon them. They are protected from
the effects of weather, and thus kept from injurious expansion and contraction, by a §-inch cover-
ing of felt enveloped in tarpaulin.

Taz WisHINGTON AQUEDUCT, which supplies the cities of Washington and Georgetown with water
from the Potomac River, 11 miles distant, consists for the greater part of its length of a masonry
conduit 9 feet in internal diameter. The total length of the aqueduct is 16} milcs, and it is capa-
ble of supplying 100,000,000 gallons per day. The most remarkable feature is the bridge over
Cabin John Creek, which is stone-arched, having a span of 220 feet. The arch is an arc of a
circle 134.28 feet in radius, and its rise is 57.26 feet. The channel through which the water passes
consists of a conduit of circular section 9 fect diameter inside, and 9 inches thick, imbedded in the
masonry, The bridge over Rock Creek may also be noted. The water is carried across this stream
(which divides the cities of Washington and Georgetown) by means of two arches of cast-iron pipes
of 3 feet 6 inches interior diameter, formed of sections with flanges firmly screwed to each other, and

Upon these is laid a bridge over which the street-cars pass, and which serves as a public
avenue of communication between the two citics. The span is 200 feet, and the rise 20 feet.

Tae Mabeip Aquepucr.—The aqueduct which supplies Madrid, Spain, with water from the river
Lozoya is 47 miles in length. The river gorge is crossed by a cut-stone dam 98 feet in height, its
wings sbutting upon the solid rock of the hill-sides. The transverse section of the water-way has an
area of 20 square feet. The discharge is 8,600,000 cubic feet of water daily, about four-fifths of
which is used for irrigating a tract of some 5,000 acres.

Pamts Aqurpucrs.—The water-supply of Paris, France, is derived from two great spring-water aque-
ducts. The springs of the Dhuis, in the Department of the Aisne, are situated at a level of 128.5
metres sbove the sea ; that of the reservoirs at Ménilmontant is 107.85 metres. The total fall of the
squeduct, which is 134 kilometres long, is therefore only 20.63 metres, and this is unequally dis-
tributed over the length. The cross-section is egg-shaped, 1.10 x 0.70, the masonry of ashlar being
only 20 centimetres thick, and the whole section is coated by a layer of Portland ccment 2 centimetres
thick. The intrados of the arch is similarly covered down to the springing. The water-supply ob-
tained amounts to about 5,500,000 gallons daily. The plan of the Ménilmontant rescrvoir is a large
semicircle of 188 metres diameter, joined to a rectangle 188 mectres by 42. The Vanne aqueduct,
which conducts water from the springs of the Vanne, in the Department of the Yonne, is calculated to
supply about 23,500,000 gallons daily. It has an average falling gradient of 0.13 per 1000. The
croes-section is circular, the diameter being 2.14 metres ; the masonry is 0.3 metre thick at the spring-
Ing, reduced to 0.20 metre at the crown and centre of invert, and is of ashlar masonry, laid on hy-

liclime mortar. The inner coat of cement extends 10 centimetres above the theoretical highest
watetline, and the extrados of the arch is also covered with cement. The total length of the aque-
duct is 137 kilometres 630 metres, of which 58.5 kiloraetres are in cutting, 35.5 kilometres in tunnels,
25.8 on arches, and 17.8 in inverted siphons. The length of tunnel and arching is therefore enor-
mous. The siphons consist of two cast-iron pipes 42 inches in diameter. The reservoir at Montrouge
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covers an area of about 94 statute acres, and consists of two stories, of which the lower one is 5.5
metres high, and has a capacity of 44,000,000 gallons, while the upper story is 3.10 metres high, and
has storage for 25,000,000 gallons more.

TrE ViraiNia Ciry (NEvaDpA) AQueEptuct.—The iron pipe which carries the water-supply to Virginia
City and Gold Hill, Nevada, from Marlette Lake, probably sustains the greatest natural water-pressure
in the world, namely, 1,720 feet, or 750 lbs., to the square inch. The most difficult part of the under-
taking begins at an elevation of 1,855 fect above the track of the Virginia and Truckee Railroad,
and, following by an easterly course the crest of the spur from which it starts, crosses the valley and

M 286
 liee sz
b q
&
R & )
N N N
\ N N
\ ) \\ N S W N
\\ > )

gradually ascends to its outlet end, making the entire length 87,100 feet. The average diameter of
the pipe is 11} inches, and its entire weight about 700 tons. The pressure gradually decreases as the
ground rises to the cast and west, and the iron decreases in thickness from five-sixteenths to one-six-
teenth of an inch toward both inlet and outlet. The inlet had a perpendicular elevation above the
outlet of 466 feet, which gives sufficient head to insure a supply of 2,350,000 gallons daily. Fig.
286 will convey an idea of the country over which this undertaking was carried out, as it shows a
profile of the pipe. Fig. 237 A shows a lead joint in detail. One of these joints is made between
every two lengths of pipe of 26 feet
BIA #ro 2 inches in length cach. A4 is a
wrought-iron collar, alwayx one-six-
teenth of an inch thicker than the
thickness of iron in the respective
pipe, leaving a play of threc-cighths
of an inch between the inside of
the collar and the outside of the
pipe. B is the lead, which is run
in and calked up tight from both
sides threc-eighths of an inch thick.
A nipple of No. 9 iron is riveted in
one end of each pipe. Fig. 2378
shows the method of tightening
leaky joints. At A is the clasp, the
application of which for forcing
back the lead where it works out, on
account of the longitudinal expan-
sion and contraction of the pipes, is
clearly evident. Fig. 237c is the
elbow used for making short curves
in the line of the pipe around rocky
bluffs, etc. At B are angle-irons
riveted on the pipe on the outside of the curves, which by means of iron straps are connected yvith the
corresponding angle-iron on the next pipe. Fig. 287 p shows the mode of strapping togethgr pipes and.
elbows ; and Fig. 237 & is the self-acting air or vacuum valve used at cach hi.gh point on the line of pipe.
When the water is on, the valve a is kept wide open; the small valve c is shut, while the valve 4 is
closed by the pressure. If any air accumulates in the pipe, on_the elevation where this air-cock is
placed, it is occasionally blown off by opening the cock c. Should a break occur in the main line at
a point lower than the air-cock and within its district, the valve & falls down and admits the air into
the main pipe, 80 as to prevent a vacuum. Should the valve b get out of order, the valve a is shut,
and the other valve b taken off and repaired. After a break on the main line is repaired and the
water let on again, the valve 4 being down or open, the air rushes out at , its stem being weighted
by the weight d, so as only to close when the water begins to escape. See HrpravLic MINING,

Works for Reference.—* On the Loch Katrine Water-Works,” Gale, Proceedings Inst. M. E., 1864 ;
¢ Croton Aqueduct,” Tower, 1843 ; “ Water-Works, Ancient and Modern,” papers delivered before
Austrian Institute of Engineers and Architects, by E. H. D’Avigdor, December, 1875, January, 1876 ;
“Water-Supply of Cities and Towns,” Humber, London, 1876 ; “ A Treatise on Water-Supply Engi-
necring,” J. T. Fanning, New York, 1877.

ARCIIES.  Arches are of various rhapes, as pointed, elliptical, scgmental, ard circular. The outer
surface of the arch is called the ezfrados, or back of the arch ; the inner or concave surface the intrados,
or the soffit. The joints of all arches should be perpendicular to the surface of the soffits. The stones
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are called arch-sfones, or voussoirs. The first course on each side are termed springers, which rest on
the imposts or abutments. In case of a segmental arch, the course beneath the springers are called
shevbacks. The extreme width between springers is called the span of the arch, and the versed sine
of the curve of the soffit the rise of the arch. The highest portion of the arch is called the erown,
and the centre course of voussoirs the key-course. The side portions of arches between the springing
snd the crown are termed Aaunches, or flanks. All arches should be well sustained by backing on
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the baunches, called spandrel-backing. The line of intersection of arches cutting across each other
transversely ia called a groin. In Fig. 238, 4 is a scmicircular arch; B, segmental arch; C, ellip-
tical arch; D, threecentre arch; E, parabolic arch; F, pointed arch; G, straight arch; H, cam-
bered arch ; 7, groined arch; J, fluing arch; A, skew arch; L, trimmer arch; 4/, relieving arch;
X, inverted arch.
ARBOR. The axle or spindle of a wheel or pinion ; also the mandrel on which a circular object is
turned on the lathe.
ARCHIMEDEAN SCREW. This consists of a screw-blade turned around a solid axis, similar toa
winding staircase, and inclosed in a hollow cylin-
der. When placed in an inclined position with the 289.
lower end in the water, the latter is caught be-
tween the screw-blades, and, the cylinder being
tarned in the proper direction, the water will be
raised and discharged at the upper end. This
spparatus may be usefully employed in raising
water to a limited height (10 or 15 feet or less).
By its aid onc man may raise 40 gallons of water’
10 feet high in a minute—a larger amount of
work than can gencrally be done with hand-
pumps, owing to friction in the latter. Fig. 239.
ARCHITRAVE. In carpentry, borders fixed
around the opening of doorways or windows for
ormament, and also to conceal the joint between
frame and plastering. When the base of the architrave is not of equal thickness throughout, but
stepped back in the centre, it is said to be “ double-faced.” Architraves are generally built up of
parts glued together, tongued and grooved if large. They are also made by machinery in one piece.
ARMATURE. Sec MAGNET.

.




94 ARMING-PRESS. :

ARMING-PRESS. A machine used for embossing the back and sides of the cover of a book.

ARMOR. The problem for which a solution is sought in the cuirassing of ships of war, is, how
best to protect them against the effects of the shock of the enormous projectiles which, thrown with

an extraordinary energy from heavy guns of large calibre, will have to be resisted in future naval

vengagements, and against the convergent and simultaneous fire of other heavy guns but of smaller
calibres. Up to 1862, experiments which involved the testing of plates ranging from a quarter of an
inch to 8 inches in thickness, supported by various backings, yielded the following conclusions: 1.
Good tough wrought-iron of high elasticity, but not necessarily of the highest ultimate tensile strength,
is the best material foruse in iron defenses ; 2. Rolled iron, though not, perhaps, equal in resistance
to the Lest hammered iron, has such great advantages as to cost, if used in simple forms, as to justify
its use where lightness is not of extreme importance; 3. In plates or bars of ordinary dimensions, the
resistance to cannon-shot varies in a proportion approximating that of the squares of the thickness of
the bars or plates ; 4. Rigid backing is immensely superior to clastic backing, so far as the endurance
of the front facing is concerned, but the clastic backing deadens the effect of a blow upon any struct-
ure behind ; 5. The larger the masses and the fewer the joints, the stronger the structure, so long as
the limits of uniform and perfect manufacture are observed ; 6. Revolving iron shields are practi-
cable and safe; 7. The qualities necessary in an armor-plate are softness combined with toughness,
or better expressed by the word ductility. Apparently, the purer and better the iron is, the more this
quality is perceptible; any impurity or alloy appears to harden the metal and produce brittleness.
The presence of cither sulphur or phosphorus in the fuel is specially to be guarded against, as pro-
ductive of red-shortness and cold-shortness in the iron. The presence of more than 0.2 per cent. of
carbon in the armor-plates also appears highly prejudicial.

" In 1865 a scrics of experiments were made by the British Government, to determine the relative
penetrating effects of two shot on an iron plate, provided they strike with the same work or energy,
notwithstanding the one may be heavy with a low velocity, and the other light with a high velocity.
From these tests the following practical conclusions were drawn when the projectiles are fired direct :
An unbacked wrought-iron plate will be perforated with cqual facility by solid stecl shot of similar
form of head, and having the same diameter, provided they have the same vis viva on impact; and it
is immaterial whether this vis viva be the result of a heavy shot and low velocity, or a light shot and
high velocity within the usual limits of length, and so on, which occur in practice. Anunbacked iron
plate will be penctrated by solid steel shot of the same form of head but different diameters, provided
their striking vis viva varies as the diameter, nearly, that is, as the circumference of the shot ; and
the resistance of unbacked wrought-iron plates to absolute penetration by solid steel shot and equal
diameter varies a8 the square of their thickness ncarly. These experiments also proved that, al-
though, in the case of cast-iron, a light projectile moving with a high velocity will indent iron plates
to a greater depth than a heavier projectile with a low velocity but equal work, it is not as necessary
that there should be a high velocity when the projectiles arc of a hard material, such as steel and
chilled iron; and this result is much in favor of rified guns, by enabling them to prove effective with
comparatively moderate charges. If the plate is set at an angle, or the gun is fired obliquely at an up-
right plate, the shot has then a tendency to glance off and continue its motion in a new direction.
The force with which the shot acting obliquely will strike is to that with which it would strike if act-
ing directly as the sine of the angle of incidence is to unity. That is, the shot striking in a slanting
direction may be supposed to have opposed to it a plate of a thickness equal to the diagonal formed by
the line of direction. From the foregoing it may be demonstrated that a 4.5-inch unbacked plate, when
fired at direct, requires a force represented by 28 foot-tons per inch of shot's circumference to insure
penctration. When placed at an angle of 38° with the ground, the force required is increased to
3.9 foot-tons. An experiment of this nature, where solid steel shot of 70 lbs. weight and 6.34
inches in diameter were fired against a 4.5-inch plate, set at an angle of 52° with the vertical, showed
that a force of 52.7 foot-tons per inch of shot's circumference was not sufficient to insurc perfora-
tion, although the plates were cracked and opcned at the back.

Since the determination of these results, both the calibre of guns and the thickness of armor-
plates have greatly increased, and the latest trials—those of the 100-ton {m built for the Italian Gov-
ernment for use on the iron-clads Dandolo and Duilio—bring into remarkable relief the great superi-
ority of stecl as compared with iron plates, and at the same time yicld results which could not be
predicated upon those obtained with guns of smaller size.

The difficulties connected with the manufacture of iron plates of thicknesses greater than about
14 inches, and the consequent deterioration of the manufactured product, hdve hitherto led to a
preference being given to armor built up of two plates, the thicker of which placed outside has suffi-
cient strength to arrest, or nearly so, the heaviest projectiles at present forming the armaments of
European navies (that is to say, calibres from 10 to 14 inches). The inner skin of the ship is thus
protected by the sccond and thinner armor-plate, unless the shell should burst in the packing betwcen
the two plates, which would necessarily produce disastrous effects. The penetration of iron plates
. 14 inches in thickness requires an energy in the projectile of 230 foot-tons per inch of circumfer-

ence; and only the heaviest calibres have hitherto been able to effect this, imparting, as they do, a

striking energy of about this amount. So that, in the presence of 12-inch or 14-inch calibres, the
adoption of this form of armor has been entirely justified.

In the experiments conducted at Spezia against targets, the projectiles from the 100-ton gun de-
veloped a mean striking energy of 550 foot-tons, and those of the 18-ton and 25-ton guns an energy
of 170 foot-tons per inch of circumference. The outer iron plate of the compound target at Spezia
was 12 inches thick, to perforate which, according to Noble's formula, would require a somewhat less
force; and other trials with the 18-ton gun cntirely confirmed this theory, the projectiles pos-
sessing only the force actually required to picrce the outer plate; this force being thus absorbed,
the shots were of course stopped without producing any further destructive effects upon the target.
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The projectiles fired with an energy of 230 foot-tons per inch of circumference, fired separately as
well as simultaneously and converging, naturally produced effects very similar to those fired against
the heavy 22-inch iron and the steel plates.

Invariably, however, totally different effects were produced by the projectiles from the 100-ton
gun, which were fired, as has been already stated, with a velocity representing an average of 550
foot-tons per inch of circumference. The thickest iron plates forming the target should have been,
sccording to Noble, casily pierced by the projectile endowed with such a striking force, and they
were pierced completely. No reference need be made here to the compound target, which required
only 275 foot-tons per inch to penetrate it; while the shot from the 100-ton gun, possessing twofold
this force, had, as the experiments showed, a very large excess of power. On the other hand, the
untouched steel plate, and the sccond one that had been injured by previous rounds, both completely
etopped the projectiles from the 100-ton gun, and thus preserved the inner wall of the ship. The results
of these rounds, and especially of that one fired against a fragment of the target much smaller than
the original plate, and which, moreover, was only hanging to the backing, proves undoubtedly the
superior resisting power of stecl as compared with iron. Thus the same plate resisted one round
from a 9.8-inch calibre gun, with a striking force of projectile of 162 foot-tons per inch of circumfer-
ence ; two simultaneous rounds from the 9.8-inch and 11-inch gun, with a striking force of about 170
foottons for each projectile, and one round ffom the 100-ton gun. After sustaining these three
rounds, the backing was quite preserved without the skin of the ship sustaining serious injury. The
pointed end of the projectile striking the iron plate acted like a wedge, rolled the fibres of the iron
back laterally, and destroyed, by the vibration produced, the welding between the layers of iron
forming the plate—an effect very visible at the Spezia trials; the projectile thus opens a way for
itself through what can only be considered as a serics of plates in close juxtaposition, but with
only imperfect adherence.

Steel plates, which are constructed of a compact metal, are homogeneous, of an equal and con-
stant resistance in all directions, and present quite a different nature of resistance to the pointed head
of the projectile, which, striking a compact mass, cannot penetrate with the same facility, and, finding
no fibre it can throw back, it is broken up, and tends to act like a wedge. In consequence of the
rupture of the point, the shot is stopped, producing an effect which, it is true, damages the plate, but,
thanks to the uniform compactness of the metal of the plate, the penetrating effects of the projectile
are destroyed. Iron plates, even of enormous thickness, must remain powerless to resist such for-
midable assaults ; and it would therefore appear that steel alone is capable of opposing itself to
shocks of these tremendous magnitudes.

The targets referred to are shown in Figs. 240-243 the plates being mounted on framing repre-
senting that of the Duilio and the Dandolo. Figs. 240 and 241 are front elevations, showing the
two wrought-iron plates of Cammell and Marrel respectively. The plates were each 11 feet 6 inches
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long by 4 feet 7 inches deep, and 22 inches thick. In the target constructed of the steel plates of
Mesara. Schneider, the upper plate was 11 feet 6 inches and the lower one 10 feet 9 inches long, and
each 4 feet 7 inches deep by 22 inches thick. The backing consisted of two thicknesses of timber,
the front balks being arranged in horizontal layers and the rear vertically. The inner skin of each
target consisted of two 3-inch wrought-iron plates. Figs. 242 and 243 show sections through the cen-
tre of each plate. From these the methods of bolting through will be seen. A portion of the target,
shown in the elevation at Fig. 240, consisted of one of Marrel's 12-inch wrought-iron plates of the
same length and depth as before. Behind this was first a wood backing arranged horizontally, then
another of Marrel’s plates 10 inches thick, and then the vertical wood backing and skin. The lower
part of this target was made up of a face-plate of wrought-iron 8 inches thick, backed with vertical
timbers, behind which was a 14-inch chilled cast-iron plate, and to its rear the vertical timbers and
iron skin-plates. The remainder of this target had at the upper part a 12-inch wrought-iron face-
plate by Cammell, a thickness of horizontal timbering, and a 10-inch wrought-iron plate by the same
maker, the whole being backed as before. The lower portion was made up of an 8-inch wrought-iron
face-plate with a 14-inch cast-iron plate immediately behind it. The plates were backed with hori-
zontal and vertical timbers and two %-inch wrought-iron plates as before. Sections of the targets
shown in Fig, 241 are given in Fig. 242, and in cach case it will be scen that the targets are further



96 ARMOR.

backed by framing representing that of the ships, the deck-beams, however, being bent downward
toward the ground, and their ends being well strutted. Wrought-iron stringers were also introduced
in the timber backing.

It will be seen from the Spezia trials that steel may stop shot which would penetrate iron. At
the same time, steel is much more liable to be destroyed by splitting, and to snap its bolts. The state-
ment may be put in this way: The shot may be stopped by expending its work in fracturing steel
when it would penetrate iron, because the steel, by transmitting the shock through its mass, absorbs
it chiefly in making cracks in various directions, while soft iron does not transmit the blow, but
receives the whole work on the immediate locality of the point of impact, and so must yield more
easily. In order to keep intact the stecl protection when the plate becomes disintegrated grad-
ually under the blows of comparatively small shot, the adoption of an outside coating or binder of
wrought-iron plates of great width and extent has been proposed, into which the bolts would hold,
with massive steel plates behind it. It is claimed that much cracking and splitting of the steel
might then take place without serious displacement of fragments. Tests of plates constructed in
view of the foregoing have becn made, the general results of which show a decided advantage in
placing iron behind the steel. The “compound plates” tested by the Admiralty (Portsmouth, 1877)*
were of four types: 1. Cammell’s sub-carbonized plate of solid steel, containing but 13 per cent.
of carbon. This split, although the test (impact of 250-1b. Palliser shot from 12-ton 9-inch muzzle
loading rifle-gun at 30 fect range) was well withstood. 2. A combined iron and steel plate, composed
of steel (.64 per cent. carbon) 4 inches thick, backed by 5 inches of wrought-iron, was easily pene-
trated. 8. A sandwiched plate, composed of three-quarter inch of wrought-iron, 6} inches of steel,
and 1% inch of iron, likewise failed. 4. A plate of Whitworth compressed steel, in which hardened
steel screw-plugs were inserted, cracked under the impact, the plugs tending to produce this effect.
It may be added that the whole question of armor-plating is (1878) undergoing revolution, and that
no completely efficient system has ever yet been discovered. The problem, after all the enormous
outlay spent in attempts toward its solution, has virtually narrowed itself down to whether it were
better to adopt iron armor, which does not fissure, but allows the projectiles to penetrate; or steel
armor, which successfully resists the penetration of the shot, but is itself broken up.

The Modern T'ypes of Armored Vessels—The Inflexible, A4, Fig. 244. The protected portion of the
ship is confined to the citadel or battery, within whose walls are inclosed all the vital parts of the
vessel. The vessel measures 110 feet in length, 75 feet in breadth, and is armored to the depth
of 6 feet 5 inches below the water-line, and 9 feet 7 inches above it. The armored portion is
included between the two shaded vertical bands in the figure. The sides of the citadel consist of an
outer thickness of 12-inch armor-plating, strengthened by vertical angle-ivon guides 11 inches wide
and 3 fecet apart, the space between them being filled in with teak backing. DBehind these girders, in
the wake of the water-line, is another thickness of 12-inch armor, backed by horizontal girders 6
inches wide, and supported by a second thickness of teak backing. Inside this are two thicknesscs
of 1-inch plating, to which the horizontal girders are secured ; the whole of the armor-backing and
plating being supported by and bolted to transverse frames 2 feet apart, and composed of plates and
angle-irons, It will thus be scen that the total thickness of armor at the water-line strake is not less
than 24 inches. The armor-belt, however, is not of uniform strength throughout, but varies in
accordance with the importance of the protection required and the exposure to attack. Consequently,
while the armor at the water-level is 24 inches in two thicknesses of 12 inches cach, above the water-
line it is 20 inches in two thicknesses of 12 inches and 8 inches, and below the water-line it is
reduced to 16 inches in two thickness of 12 inches and 4 inches. The teak backing with which it is
supported also varies inversely as the thickness of the armor, being respectively 17 inches, 21
inches, and 25 inches in thickness, and forming, with the armor with which it is associated, a uni-
form wall 41 inches thick. The depth of armor below the load water-line is 6 feet 5 inches ; but as
the vessel will be sunk a foot on going into action, by letting water into its double bottom, the sides
will thus have armor protection to the depth of 7 fect 5 inches below the fighting-line. The outside
armor is fastened by bolts 4 inches in diameter, secured with nuts and clastic washers on the inside.
The shelf-plate on which the armor rests is formed of 3-inch steel plates, with angle-iron on the
outer edge & inches by 8} inches by ninc-tenths of an inch. The armor on the fore bulkhead of
the citadel is exactly the same in every respect as that on the sides, but the armor of the rcar bulk-
head is somewhat thinner, being of the respective gradations of 22, 18, and 14 inches, and forming,
with the teak backing, which is 16, 20, and 24 inches, a uniform thickness of 88 inches. It may also
be useful to mention that before and abaft the citadel the frames are formed of 7-inch and 4-inch
angle-irons, covered with y%-inch plates. The total weight of the armor, exclusive of deck, is 2,250
tons, and the total weight of armor, inclusive of deck, is 3,155 tons.

The most singular feature in the desizn of the ship is the situation of the turrets. All turrets
are placed on the middle line—an arrangement which, though advantageous in some respects, pos-
sesses this signal disadvantage, that in double-turreted monitors only onc-half of the guns can be
brought to bear on the enecmy—which rise up on either side of the ship en éckelon within the walls
of the citadel, the forward turret being on the port-side and the after turrct on the starboard-
side, while the superstructures are built up along a fore-and-aft line of the deck. By these means
the whole of the four guns can be discharged simultaneously at a ship right ahead or right astern,
or on either beam, or in pairs, toward any point of the compass. The walls of the turrets, which
last have an internal diameter of 28 feet, arc formed of a single thickness of 18 inches, with
backing of the same thickness, and an inncr plating of 1 inch in two equal thicknesses.

The Thundcrer, B, Fig. 244. Here the height of the side-armor above and below water is shown.
The position of the armored deck is indicated by the line along the upper edge of the sidc-armor.

* Engineering, xxxlv.,_ﬁzb.




The Dreadnought, C, Fig. 244. The citadel is 184 feet in length, and the height between-decks is 7
feet 6 inches. It is armored with solid plates 11 inches thick, except at the ends and abreast the
bases of the turrets, where the thickness is increased to 18 and 14 inches. The armor-belt, which is
carried entirely around the vessel, is 11 inches thick on the water-line, tapering to 8 inches at 5 feet
below water, where it stops. It also tapers above water, fore and aft of the citadel a8 well as toward
the ends. This armor-belt, fore and aft the fighting part of the ship, rises only 4 feet above water,
and is intended solely to protect the vital portion of the hull. The turret-deck is plated with two
courses of 14 and 1 inch iron respectively, and the main berth-deck below is also plated with the same
thickness of metal fore and aft of the citadel.

The turrets rise through the citadel-deck to a height of 12 fect from the base or revolving deck-
patform inclosed by the citadel. .The diameter of each turret inside of framing is 27 feet 4 inches,

7
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the depth of the framing being 10 inches. They are built up with two courses of plates and two
courses of teak, in the following manner: first, the shell or wall consists of two }-inch plates, bolted
together and riveted to the framing ; on the exterior of this shell is a teak backing 8 inches thick ; on
this backing armor-plates 7 inches thick are secured; next, teak backing 9 inches thick is fastened
on; finally, armor-plates outside of all, 7 inches thick—all securely bolted together. The plates were
rolled at Sheffield, and curved to tem[;;ates, drilled and prepared for their places.

The Alexandra, D, Fig. 244. The sills of the main-deck ports are 9 feet and those of the upper-deck
ports more than 17 feet above the water. The water-line is protected by a belt having a maximum
thickness of 12 inches, and it will be seen that the armor forward is carried down over the ram,
both to strengthen the latter, and to guard the vital parts of the ship from injury by a raking
fire from ahead, at times when waves or pitching action might expose the bow. The wmachinery,

es, etc., are similarly protected against a raking fire from abaft by an armed bulkhead 5
inches thick. The batteries are protected by armor ouly 8 inches thick below and 6 inches above;
the total weight of armor and backing is 2,850 tons.

The Téméraire, E, Fig. 244. This vessel carries her upper-deck armament in two fixed open-top tur-
rets, the forward one protected by 10-inch, the after one by 8-inch armor. Like all belted ships, the
Téméraire has weak places in her water-line; but amidships, over the most vital parts, she has
1l-inch armor (against 12-inch in the Alexandra), reduced very slightly above and below. At the
bow, to guard against exposure to raking fire in pitching, the armor is carricd down over the point
of the ram, and similar protection is gained for the magazines, etc., against raking fire from aft, by
an armored bulkhead across the hold (shown in the sketches); this is plated with 5-inch armor. The
deck at the level of the top of the belt outside the main-deck battery is 1} inch thick. The hull,
which has the usual double bottom, and is divided into very numerous water-tight compartments, is
built ¢n the well-known bracket-frame system, and it is sheathed externally with wood covered with
ginc. The weight of the armor and backing is about 2,300 tons, or nearly the same as in the Alex-
andra,

The Shannon, 7, Fig. 244. There are several interesting peculiarities in the construction of this
vessel. The guns which are to fight upon the broadside are on an open deck, and all without protec-
tion of armor. The armor is limited to a belt extending around the vessel at the water-line ; this
belt is not tapered toward the bow, as is usual, but ends abruptly 60 fect short of it, at an armored
bulkhead 9 inches thick, which extends across the vessel at this point, and descends 5 feet under
water. Forward of this bulkhead the armor takes the form of a submerged deck 5 feet below water,
running forward and sloping to 10 fcet at the stem. The plating of this deck is 3 inches thick. The
deck aft of this armor-bulkhead is of iron 1§ inch thick, covered by wood; the hatches passing
through it are protected by shell-proof gratings. The armor-bulkhead already referred to—that across
the bow of the vessel, 60 feet from the stem—rises to a height of 20 feet above the water-level to the
top of the forccastle ; and it here turns at the sides, extending aft and embracing the forecastle with
arms 26 feet long on both sides. It thus guards both decks against raking fires from ahead, and
creates an armored forecastle, open at the rear, and carrying two 18-ton bow-guns. Within this
armored forecastle are the instruments for communicating with the engine-room, the helm, and the
battery. In other respects the ship is unarmored.

The armor-belt referred to is 9 feet deep, 5 feet of which are under water and 4 feet above water.
It is put on in 12-foot lengths, and extends from 4 inches under the counter to 60 feet from the stem.
The thickness at the water-line is 9 inches, tapering below as well as above the water.

The Nelson and Northampton, G, Fig. 244. In these vessels the protecting armor consists of a belt
on the water-line of about 181 feet in length amidships ; this belt is 9 feet deep, 4 feet above water
and B feet under water. It is put on in two strakes; the upper plates are 9 inches thick on a 10-inch
backing of teak, and the lower plates are tapered to 6 inches thick, supported by a teak backing 13
inches thick. Extending across the ship at each end of this armor-belt there is an armor-bulkhead ;
it starts at the bottom of the armor-belt, 5 feet under water, and cxtends to the upper deck, having in
all a depth of 22 feet. Its thickness is 9 inches above water, tapering to 6 inches at the bottom.
Between the main and upper decks these bulkheads are shaped to form corner ports at the fore and
after ends of the battery. Between the armor-bulkheads, and at the upper level of the armor-belt,
the lower deck is formed throughout of 2-inch plates, by means of which protection is afforded to the
machinery, boilers, magazines, etc. A peculiar feature is the horizontal armor as here applied. For
about 57 fect at the fore-end there is an armor-deck. This deck is 2 inches thick, and it is 5 feet
under water at the junction with the armor-bulkhead, but inclines deeper toward the stem, and ter-
minates forward in the ram. There is likewise an horizontal armor-deck of the same thickness and
depth under water, extending from the after armored bulkhead to the stern. These submerged
armor-decks are intended to protect the lower part of the ship fore and aft of the armored bulkheads,
especially the stcering-iear}rovided for emergencies.

The Duquesne (French), H, Fig. 244. This vessel is a cruiser of the rapid type, and is designed for
17 knots per hour at sea. The frames, bulkheads, beams, and all interior parts, also masts, are com-
posed of steel ; but the outside plating of the hull is entirely of iron, and the bottom is sheathed with
2 layers of teak planks, in all 7 inches thick, and coppered, put on in a similar manner to the system
of the English, except that, to insulate the iron from the copper, thick layers of marine glue have
been placed between the iron hull and the teak planks, also hetween the teak and copper.

The Dandolo (Italian), 7, Fig. 244. There is a central armored citadel or compartment, 107 feet in
length and 58 feet in breadth, which descends to & feet 11 inches below the load water-line. It pro-
tects the machinery and boilers, the magazines and shell-rooms, and a portion of the machinery for
working the turrets and guns. Forward and aft of this citadel, the decks, which are 4 feet 9 inches
under water, are defended by horizontal armor. Over this citadel is built a second central armored
compartment, which incloses the bases of the turrets and the remaining portion of the mechanism
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employed in loading and working the guns. Lastly, above this second compartment rise the two tur-
rets. The turrets are placed at each end of the central armored citadel—not in an even line with
each other, but diagonally at opposite corners of it, with the centres at the distance of 7 feet 8 inches
from the longitudinal centre-line of the vessel, so that one turret is on the starboard side and the other
on the port side. The effect of this arrangement is to render possible the discharge of three guns
simultaneously in & direction parallel with the keel. Only the central portion of the ship and the
two turrets will be protected by vertical armor.

As regards the armor of the central portion of the vessel, the thickness at the water-line is 22
inches. The decks are protected by horizontal armor of iron and steel, the former being under the
latter. The armor of the turrets will be composed of solid plates 19 inches in thickness, resting upon

teak backing.
Admiral i’opoﬂ and Novgorod (Russian), Figs. 245 and 245 A: Circular iron-clads or Popoffkas
5. 245 a.

) \ —

These vessels are circular only in one sense; i e.,
their horizontal sections omly are circular, or, in
other words, they have circular water-lines. The
departure from a circle i3 a small extension or pro-
tuberance at the stern for the purpose of facilitat-
ing the arrangement and working of the rudder
and steering-apparatus. It follows as a conse-
quence from the circular form of water-line, that
all the radial sections are alike ; the bottom of the
vexel is an extended plane surface, which is con-
nected with the edge of the deck by a quadrant of
a small circle. ith this form of section great
displacement is obtained on moderate draught of
water. The deck of the circular ship is formed in
section with such curvature as to give in a ship of
100 feet in diameter a round-up of about 4 feet.

Types of Armor Plating—Laminated Armor.—In American iron-clads this type of armor has been
largely used. It consists of consecutive plates averaging 1 inch in thickness, but backed, as in some
of our monitors, by armor-stringers or plank-armor of small breadth and moderate thickness. Ex-
periments made by the English Admiralty proved this laminated armor to be far inferior to solid
armor in power of resistance, and that no amount of strengthening can compensate for the defects
of the system. The resistance of single armor-plates, shown by direct experiment for all thicknesses
up to 5} inches to vary as the square of the thickness, does not obtain for laminated armor. For
example, a 4-inch solid plate would be 16 times as strong as a l-inch plate, but would not be four
times as strong as four l-inch plates riveted together, although it would be much stronger than the
laminated structure. From actual experiment, it also appears that projectiles arrested by a 4-inch
solid plate easily penetrated 6 inches of laminated plates.

Plastic- Backed Armor.—It has already been noted that a rigid backing for armor is in all re-
spects preferable to an elastic one ; and this conclusion is substantiated by experiments upon a large
variety of types of armor, using a number of different substances as support. Millboard in thicknesses
of 13 inches, tissues of wire ropes 14 inches thick, India-rubber and pine, India-rubber and oak (1 inch
rubber and 20 inches oak, afterward 4 inches of rubber and same thickness of wood), have all been
tried, and have failed. A similar result was obtained with a target of four l-inch wrought-iron
plates, and four sheets of rubber 1 inch thick, backed by 20 inches of solid oak; and it was conclu-
tively settled, by comparative tests, that India.rubber serves no useful purpose in causing (as was
supposed might be the case) the shot to recoil. A large iron boiler 10 feet in diameter was packed
with wool at Shoeburyness, in 1864, and subjected to the shot of a 68-pounder and a 111-pounder
Armstrong gun at 100 yards range. The shot passed through 11 fect of wool, the iron’ caisson, and
baried themselves in 12 feet of solid earth. Five bales of hog-hair, backed by 4-inch plank, aggregating
s thickness of 3 feet 3} inches, have been easily pierced by a 88-pound rifle-shot. The advantages of
wood backing are not so much that it adds material strength or resistance to the armor-plate, but—
L It distributes the blow. 2. It is a soft cushion, to deaden the vibration and save the fastenings.
3. It catches the splinters. 4. It still holds the large disks, that may be broken out of a plate,
firmly enough to resist shells, A solid backing of wood of from 2 to 4} times the thickness of the
iron unquestionably adds to the resistance, and, when divided into a cellular form by iron edge.pieces
:; girders, as in the Chalmers target, offers great support, and prevents the distortion of the plates

buckling.

TRe A:ngor of American Iron-clads may be briefly summarized as follows: The original monitor
bad her hull protected by 5 layers of l-inch plate, diminishing first to 4 inches and then to 8 inches
fn thickness below the water-lire. Her turret was built of 8 layers of l-inch iron. The Passaic
class of monitors have armor of the same thickness as the first monitor, with 39 inches of wood
backing. The Canonicus class have 5 layers of 1-inch plates, supported by 2 armor-stringers let
into 27 inches of wood backing. Their turrets have 11 layers of 1-inch plates. The Miantonomoh
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and the Monadnock, which are wood-built, are protected much like the Canonicus. The Puritan
and the Dictator have 6 layers of l-inch plates on their sides, with 42 inches of wood backing.
Their turrets are 15 inches thick, made up of two drums, with scgments of wrought-iron hoops &
inches thick, placed between the drums, which are composed of layers of l-inch plates. In the
Kalamazoo class the total thickness of hull-armor is 6 inches, made up of 2 layers of 3-inch
plates, backed by 80 inches of oak, still further strengthened near the water-line with 8 armor-
stringers 8 inches square, lct into the backing, and only a few inches apart. This is by far the
most formidable armor carried by any of our monitors; and whilc there are in some places 14
inches of iron, there is no part of it nearly so strong as it would be with that thickness of solid plates.
The turrets of the Kalamazoo are 15 inches thick, like those of the Dictator, but none of them have
any backing or wood about them. The rapid diminution in thickness of armor on these vessels is a
serious defect, leaving no ground for comparison with corresponding English ships. The Dictator,
for instance, 2} feet below the water-line, has but two 1-inch plates, and at 8 feet only one. Though
generally unfit for cruisers, the monitors are well adapted to coast and barbor defense.

Works for Reference—*‘A Treatise on Ordnance and Armor,” A. L. Holley, 1865; *“Report of
Secretary of the Navy on Armored Vessels,” Washington, 1864 ; Capt. Noble’s  Report on the Pene-
tration, etc., of Armor-Plates,” 1876 ; ‘‘System of Naval Defenses,” Eads, 1868; ‘Our Iron-clad
Ships,” and “ Shipbuilding in Iron and Steel,” by E. J. Reed, London, 1869 ; * Reports of the Com-
mittee Appointed by the Lords Commissioners of the Admiralty to Examine the Designs upon
Ships-of-War which bave recently been Constructed,” London, 1872 ; “ La Marine cuirassée,” by M. P.
Disldre, Paris, 1873 ; and “ Reports of the Secretary of the Navy ”"—Report of Chief-Engineer J W.
King, U. S. N., on European Ships-of-War, etc., Senate Ex. Docs., No. 27, Washington, 1877 (from
which copious extracts are embodied in the foregoing).

ARMOR, SUBMARINE. See Divine.

ARRIS. The angle formed by the meeting of two surfaces not in the same plane. A piece of square
timber sawed diagonally is said to be cut arriswise. The term is applicd to tiles laid diagonally.

ARRIS-PIECES. The portions of a built mast between the hoops.

ARTESIAN WELL. See WELL-Boring.

ARTIFICIAL STONE. See CONCRETE.

ARTILLERY. Sece ORDNANCE.

ASBESTOS. A mineral fibre composed of silicate of magnesia, silicate of lime, and protoxide of
iron and manganese. Mineralogically, the name is given to the fibrous varieties of tremolite, actino-
lite, and other species of hornblende, excepting such as contain alumina, and also to the corresponding
mineral pyroxene. It exists in vast quantities in the United States, in various parts of Great Britain,
Hungary, Italy, Corsica, and the Tyrol. To various kinds of asbestos have been applied the names
“mountain leather,” * mountain cork,” *“ amianthus,” and * chrysolite,” and certain other minerals
having characteristics resembling those of asbestos are described as asbestoid, asbestiform, and as la-
mellar-fibrous. The chief characteristics of the mineral upon which its value depends are its inde-
structibility by fire and its insolubility (except for a few varieties) in acids; secondly, its peculiar
fibrous quality. The material is obtained from the mines, in forms ranging from bundles of soft,
silky fibres to hard blocks. The blocks may be broken up and sepearated into fibres, which, like those
naturally obtained in that state, are extremely flexible, admit of great extension in the direction of
their length without cracking, are greasy to the touch, and very strong. The fibre obtained in New
York and Vermont varies in length from 2 to 4 inches, and resembles unbleached flax when found
near the surface, but when taken at a great depth it is pure white.

One of the first applications of this mineral was the manufacture of incombustible cloth, the fabric
being woven of asbcstos and vegetable fibre. The latter was employed on account of the shortness
of the asbestos fibre. The vegetable substance was afterward burned out, leaving the incombustible
texture. Another early utilization was in lamp-wicks, for which purpose it is still used by the Green-
landers. Asbestos has also been woven into a fabric for shrouds. At the present time it has many
important utilizations, and as it is practically an almost undeveloped substance, others will doubt-
less eventually be discovered.

A paper is manufactured containing about one-third its weight of asbestos. It burns with a flame
leaving a white residue, which, if carefully handled, retains the shape of the sheet. Any writing in
common ink upon it remains legible even after the organic substance has been consumed. An asbes-
tos pastcboard is made in Italy which has withstood the heat in a furnace-fire indefinitely. Boxes
of this material arc now made to serve as fire-proof receptacles for valuable documents.

Asbestos cloth is worn by firemen in Paris for protective purposes. Hats and coats are made of
it, and with gloves of asbestos the wearer may handle a firebrand or frozen hose without danger of
burning or freezing the fingers. Moreover, the hose may be protected from the action of frost by
jacketing the couplings with asbestos cloth, or may itself be manufactured from that material. In
Siberia, purses and gloves are produced from the asbestos fabric. In Italy, lace has been made from
it. According to Sage, in China, sheets of paper 19.2 feet long, and entire webs of cloth, have been
prepared from the mineral. Such fabric (paradoxical as the statement appears) is washed by putting
it in fire, which burns out the foreign matters.

Besides being one of the most refractory substances, asbestos is probably one of the most perfect
non-conductors and insulating mediums known. Like all non-conductors, it takes protracted exposure
to heat to change its temperature; but, once hot, it in like manner tenaciously retains heat. This fact
prevents its being used successfully for fire-proof safes. It has been applied to the construction of
refrigerators, and a patent in the United States covers its utilization in a refrigerator-car. Asbestos
is also used as an insulating material in clectrical apparatus, as a means of absorbing illuminating oil
and preventing its distribution in case of fracture of the lamp, and, combined with mercury, fats,
soapstone, plumbago, and oils, as a lubricant. It is also utilized as a means of burning petroleum oil
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under steam-boilers, a thin layer of the mineral being placed on a suitable grate and soaked with the
oil, the vapor from which is ignited, producing an intense heat. So perfect is the non-conducting
nature of the asbestos, that a sheet of paper placed beneath the oil-soaked layer remained in the fur-
nace uninjured, despite the fierce heat above. It is also proposed to use asbestos as a lining for
blast-furnaces, particularly adapted for employment where the metals or ores contain sulphides, the
effects of which the mineral resists.

A New York manufacturer of roofing, etc., has patented a large number of applications of asbestos.
Combined with felt and other materials, he employs it for roofing purposes, where its incombustible
nature tends to prevent the possible conflagration of the roof by sparks from chimneys or from adja-
cent burning buildings. The same manufacturer has devised an asbestos concrete, asbestos-lined
bair-felt for boilers, and an especial cement, in which layers of asbestos are inserted for the same
pu He also uses the ground mineral as a body for oil-paint, and incloses the fine, short fibre
in hollow tubes of webbing to adapt it for use as packing.

The employment of asbestos as steam-packing is probably its most important mechanical applica-
tion. The credit of its suggmestion for this purpose is due to Mr. St. Jobn Vincent Way, C. E. Re-
ferring to the value of the material, in a paper read before the Institution of Engineers and Ship-
builders in Scotland, he says: “The packing used for piston and valve rods or spindles has three
prime elements of destruction to contend w'iltgir, namely, an elevated temperature, friction, and moist-
ure; and one of them only—namely, friction—has any appreciable effect on asbestos packing, when
the mineral is pure and properly prepared. No matter how high the temperature of the steam, how
rapid the stroke of the piston, or how great the steam pressure, the packing seems to be unaffected by
these conditions. In America, where the new packing was first used, some of it was taken from
the piston-rod stuffing-box of a locomotive-engine, after having been in another engine at constant
work for threc months, with steam at 130 lbs. pressure per square inch, and making an average daily
run of 100 miles, including Sundays; and, as can be seen by the sample shown, the fibre, with the
exception of being discolored by oil and iron, is just as flexible and tenacious as originally. After
having been once disintegrated, it appears impossible 8o to pack or mat the fibres together that they
are not easily separated by the fingers.”

Asbestos packing, according to Mr. P. L. Simmons, in whose work on “ Waste Products and Unde-
veloped Substances ” (London, 1876) a valuable paper on this subject appears, has been in use on the
Anglis, of the Anchor Line of transatlantic steamships, for 16 months, during which period the
vessel steamed over 98,000 miles. The chief advantages possessed by asbestos as packing seem to
be its freedom from the slow carbonization which occurs in hemp, and its retention of elasticity, thus
always keeping tight joints.

The utilization of asbestos in boats, boxes, wagon-bodies, and in railway cars, to prevent conflagra-
tion, has been suggested. A late plan for preparing the mineral includes its treatment by fluorine or
bydrofluoric-acid gas, to dissolve and eliminate the silex and other foreign substances in the crude
material, and thus to secure a pure and fibrous condition of the asbestos. Thus freed from grit, it is
proposed to reduce it to a flock, and then compress it into a rope of octagonal, square, or flat form,
snd with a dense and adhesive structure, either with or without strengthening-cords imbedded in the
surface, or, as the equivalent of such cords, a covering of canvas or muslin. Asbestos is an excellent
material for the chemist as a filter. Being a silicate, acids can be filtered through it which would
destroy ordinary filtering material. It is also used to dry air, by placing the asbestos loose in a tube-
like sponge, moistening it with sulphuric acid, and passing the air through in a gentle current.

An asbestos building-stone is composed of asbestos in fibre mixed with silicate of potash or soda,
and pressed in moulds. After the block is set it is saturated with chloride of calcium, and afterward
washed in water. Asbestos building-blocks have also been made of asbestos and plaster of Paris com-
bined with sawdust, coke-dust, or cinders, Asbestos mixed with earthy matter and applied to wire
gauze has been suggested for walls.

The following analysis of asbestos is given by Chenevis : Silica, 59 ; magnesia, 25 ; lime, 9; alumi-
m, 3; water, iron, ete., 4: total, 100.

ASSAYING. This art has for its object the determination of the metals in their ores and alloys.
The methods employed may be classed under two heads: 1. The “dry way,” or assaying proper.
2. The “wet way,” or analysis. The first includes all processes where the determinations are made by
the direct action of heat, the various operations being performed in furnaces. The second head em-
braces the estimation and separation of the
elements by the action of solvents, aided or 6.
unaided by heat, the use of furnaces not be-
ing essential ; and it does not, therefore, come
under consideration, save in speaking of the
methods employed for parting and refining gold
and silver used principally in the assay offices
and government mints.

L Tazaruest or OrEs.—The various opera-
tions which may take place in making the as-
sy of any ore are: 1. Preliminary testing of
the ore. 2. Preparation of the ore, sampling,
pulverizing, etc. 3. Weighing out the ore and
reagents. 4. Calcination and roasting. 5. Reduction and fusion. 6. Scorification and cupellation.
7. Inquartation and parting of the silver and gold bead. 8. Weighing beads or bullion.

1. The preliminary determination of the ore is effected either by the eye or the blowpipe, or else
by making up a charge of ore, if it be gold or silver, with litharge and soda, fusing the mixture in
a hot fire, and weighing the resulting button of lead. This determines what is called the “ reducing
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power ” of the ore, and enables the assayer to calculate with exactness the proper charge for the

regular assay.
2. Preparation of the Ore.—All ores must be pulverized and sampled before they can be assayed.
For this purpose, the following tools or apparatus will be found convenient :

2A47. 249,

1. Aniron mortar and pestle, and, if much ore is to be pulverized, a grinding plate and rubber, as
shown in Fig. 246. The plate is a flat iron casting 18 x 24 inches, and 1 inch thick, the surface used

being planed smooth. The rubber or grinder is a piece of cast-iron, 4 x 6 inches square, 1} inch
thick in the middle, and seven-eighths of an inch at the ends ; thus giving a slightly convex surface,



ASSAYING. 103

which should be true on the board at all points. To conduct the operation, place the left hand upon
the rubber, throwing the weight of the body upon it, grasp the handle with the right hand, and move

252,

Comi————

the iron rubber back and forth, depressing the handle when pushing for-
ward and raising it in drawing back.

2. A tin sampler, shown in Fig. 247. It consists of a series of troughs
armanged in a row and fastened together at equal distances by a tin strip
soldered on their ends. A shovelful of ore, emptied by a series of shakes
upon them, is just half caught by the troughs, the other half going through
the openings between. By repeating this operation, the size of the sam-
ple can be reduced to any extent desired.

8. A box with a sieve fitting into it, as represented in Fig. 248. The
gieve i & tin frame with gauze of any desired mesh soldered to it, and
fits tightly in the box. The advantage gained by its use is that in sift-
ing the pulverized ore there is no dust; the fine material, being passed
through the sieve, is kept from flying around. All of the sample should
be passed through the sieve. The size most convenient is 8 inches in di-
ameter, the box 2 inches deep, and the rim of the sieve 1} inch, fitting
about three-quarters of an inch into the box.

The ore is first broken into small pieces, and then cracked in the mor-
tar until it is reduced to a coarse sand, when it is transferred to the plate and rubbed down. If the
sample is a large one, the tin sampler is used to divide it after breaking down the lumps in the mortar.

4. The balance for weighing out ore for assay, and the buttons of the base metals, is shown in Fig.

254,

249. This balance should take 10 ounces in each pan, turn with one-twentieth of a grain, and be
provided with movable pans, level, and set-screws for adjusting. It is generally placed on a box,
with drawer for weights. For weighing reagents and fluxes, hanging scales will be found useful,
the pans made of horn, and supported by threads to a brass
beam. They should carry at least 10 onnces. and turn with 257.
one-half grain. The ore, litharge, 1
ducing agents, should be weighed
fluxes may be weighed approximatel;
closely, a3 more uniform results ar
or decimal system of weights will
i all cases, save perhaps in the ass
where a special system of weights, &t
will be found most convenient. Th
assay ton = 29.166 grammes. Its
a glance. 1 Ib. avoirdupois = 7,000
lton. 2,000 x 7,000 = 14,000,000
dupois. 480 troy grains =1 oz.
troy. 14,000,000 + 480 = 29,166
+ troy oz. in 2,000 lbs. avoirdu-
pois. There are 29,166 milli-
grammes in one assay ton (A. T.);
hence, 2,000 1bs. is to 1 A. T. as
1 oz troy is to 1 milligramme.
—Weigh an A. T. of
ore, and if on assay it yields one
milligramme of gold or silver, the
result reads 1 oz. troy in 2,000
‘Ibs. avoirdupois, without further
calcalation.
The ore to be weighed out is
spread upon glazed paper and
mixed with a bone or steel spatula,
and then sampled by taking a little from each part of the pile, until a sufficient quantity has been
transferred to the scale-pan for the assay.
3. Calcination and Roasting.—If the ore be damp, it must be calcined to dry it, and then weighed
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again; or if it be a sulphide, it must be roasted before charged in the crucible with the fluxes, ete.
In calcination the object is simply to drive off moisture, while in roasting the operation is conducted
in such a manner as to insure oxidation, and the elimination of sulphur, arsenic, antimony, etec. To
calcine a substance, it is not necessary that the air should have free access, or that the material
treated be stirred. For roasting, combustion must take place, and consequently the vessels employed
must be open and flat to allow the oxygen of the air to act freely. The ore must be stirred continu-
ally, and when easily fusible be mixed with some sub-

28, stance to prevent agglutination. Charcoal, graphite, or
. sand may be used for this purpose. The heat should

be low at first. Fig. 250 represents two sections of a

!
i
1

[ ] convenient furnace for calcining or roasting. The fire-
b t place is made shallow; and, as a high temperature is

:] A v 3 } not required, it may be made of red brick, or only lined
H = .if-'-*' with fire-brick, and the body of the furnace bound with
- 3 . M strap-iron. It should also have a cast-iron top-plate.

The grate-bars may be in one piece or separate, and
¢ draw out. The ash-pit should be provided with a door,
il which may be closed or opened in order to regulate the
draft. A hood of sheet-iron will also be found neces-
T sary in many cases, as the fumes given off in roasting
— L’ T to T are often injurious, It is an excellent plan to have
alimil the hood of galvanized iron to prevent rusting. The

chimney may be of brick, iron, or clay.

4. Reduction and Fusion.—In this operation the
ore is heated with fluxes and reducing agents in a
crucible or scorificr. Among the furnaces best adapt-
ed for this are those shown in Figs. 251 and 257.
Fig. 251 shows a crucible furnace for fusion with inclined cover, to facilitate the lifting in and
out of crucibles. Sometimes a crane is added for this purpose. The chimney ought to be of brick,
and the larger and higher it is, the stronger the draft. This may be regulated by a damper as well
as by the ash-pit door. The top should be of cast-iron, and the cover roll or slide easily. Fig. 252
shows a good form of tongs for lifting crucibles out of the furnace. They should be made with long
handles, and bent as shown in the illustration.

8. Scorification and Cupellation—Both of these operations may be classed as a combination of
fusion, roasting, and sublimation, the difference being that in the latter case (cupellation) the volatile
compounds formed are absorbed by the cupel, while in the former they form a slag. Fig. 2563 shows
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sections of a portable muffle furnace for scorification and cupellation. The same furnace may be
used for both operations, but generally it will be found convenient to have a larger muffie for soori-
fication and higher heat. The muffles are made of refractory clay, and in one piece, and should be
thoroughly dried before using. Figs. 254 and 255 show the best forms of tongs for this furnace.
In the scorification tongs, Fig. 254, the spring should not be too strong, and the horse-shoe should
just fit the ecorifier. The cupel tongs, Fig. 255, should be made of steel, and be about 2} feet long,
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with an easy spring. Ores rich enough to be scorified do not require to be roasted, but may be
assayed directly ; so that this method is preferable to the crucible assay, as it saves time. For
details of cupellation, see section II. of this article.

6. Inguartation and Parting—Under this head come the separation of alloys and the treatment of
the buttons from the gold and silver assay. Inquartation is the process of alloying gold with silver
to form a more soluble alloy, while parting is the scparation of the metals by solvents. Fig. 256
shows the glass vessel used for parting alloys of gold on a small scale. For a description of the
apparatus used where a quantity of bullion is to be parted, see scction II. The weighing of beads
and bullion must be conducted with the greatest care, and the balance adjusted both before and after
weighing. Before weighing, the bead or bullion.should be well cleaned with a small brush.

IL Tezarmest or ALLoys.*—The following is the method of parting, melting, and refining em-
ployed in the United States mints.. All deposits of bars and gold-dust received at the mint are re-
melted in the crucible of s smelting furnace, shown in section at a, Fig. 257. g is the grate, f the
foel, d the ash-pit, and e the flue. To toughen impure brittle deposits, borax is added, which com-
bines with the impurities, and on pouring appears on the surface of the bar as a slag, which is re-
moved and ground in a small Chili mill, shown in Fig. 2568. a is the revolving pan; b b are the
rollers, 17 inches diameter by 64 inches face. The pulverized slag is pan-washed, and any metallic
result is added to the bar. From the remelted gold bars chips are taken off of two diagonal corners
for assaying. For silver assays a small amount of metal is granulated by pouring it in water before
and after casting, a little being left in the crucible for this purpose. After every operation performed
on the metals, as well in melting and refining as in coining, they are weighed to determine the amount
of Joss by vaporization or abrasion.

The method of gold assaying at the mint is the dry or cupelling process. The cupel furnace used,
shown in Fig. 259 in different views, is made of cast-iron, lined with 2 inches of fire-brick, and measures
11 by 30 inches in the
clear, and 80 inches 261, 264, 268.
above the grate-bars. 1 baab
The fuel is charged at %
aa. bis the ‘fnte-bur,
¢ the ash-pit, d the muf-
fle (shown enlarged at
D, Fig. 260). The gold
is mixed with three
times its weight of sil-
ver and about 11 parts

of lead, and placed on
a cupel E, in the muffle
D, Fig. 260. The lead
forms with the impuri-
ties a slag which is ab-
sorbed by the bone-ash
cupel, the gold and sil-
ver alloy remaining in
the shape of a button
on cooling. The “but-
ton ™ is then flattened
oo an anvil, rolled into
a strip, and finally bent
into & spiral or 8 shape

7
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alled a “cornet;” this N

is placed in a vial (ma- X

trass), and the silver dis- (AN

solved out by nitricacid. ‘

The resulting pure gold )

is washed, dried in a - ——2

porous crucible (shown 262

at A, Fig. 260), and pY - :

weighed. lg'l'he weight N\ g _____ 1 g e
before and after assay- RO EREREI : \“/“ N
ing gives the proportion- I X

ate amount of gold in

the piece. About 80

pieces from one deposit

sre thus assayed at the

same time, and the mean

result taken as correct.
The humid assay is nearly always used for silver. Ten or more small pieces are placed in as many

vials, and dissolved by nitric acid ; after which the vials a a are set in the recesses d d d of the agi-

tator shown in Fig. 261, and a standard solution of sea-salt added. The vials are then corked, and

the covers b b fastened down by the screws g g. The agitator next receives, either by hand or ma-

chinery, a rapid vertical shaking motion, whereby the chlorine of the salt decompoges the nitrate of

* Contributed by Irving M. Beott.
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silver, and chloride of silver falls as a white precipitate. The quantity of the salt solution required
to precipitate all the silver from its nitrate determines the amount of silver in the vial. The precipi-
tation is considered complete when no more of a cloudy stratum can be detected over the liquid. The
. weight of silver precipi-
265. tated, compared to the
! weight before assaying,
1 gives the proportionate
amount in the piece, the
mean of which is taken

from all the assays.
Refining. — The as-
sayed gold and silver
deposits are melted to-
----- gether in the proportion
of one gold and two
silver, then granulated,
and sent to the refinery
department, where the
. mixture i8 treated with
nitric acid in porcelain
pots. The resulting sil-
ver solution is decanted
from the unaltered gold
into large vats, and by
adding a solution of sea-
salt chloride of silver is
formed, which is sepa-
rated from the liquor by
filtration. The silver is
then precipitated from
the chlorine with zinc
and sulphuric acid as a
grayish-black powder, which is dried, pressed, and sent to the melting-room, where it is fused with
borax and poured into cast-iron moulds, Fig. 262. The gold left in the pots is repeatedly treated
with nitric acid, to remove all traces of silver, washed, pressed, and cast into bars of the size and

shape of the moulds.

Ingoi-Mdli::f.—The refined metals are melted together with 100 parts of copper in 1,000, and cast
into ingot-moulds. These moulds, Fig. 263, consist of four cast-iron plates, two of which, a a, have
the shape of the mould cut out, the others, b b, acting as covers. The plates arc held together by
the dog g. Immediately after casting, the ingots solidify, and are removed from the moulds by

unscrewing the dog, and dropped into
cold water. Assays are made of the first
and last ingot of each melt, and, if found
to disagree sensibly with each other or
the Government standard, the whole lot
must be again melted and cast. The
tops of the ingots, being rough and un-
even, are cut off by the shears, a @, of
a topping machine, Fig. 264, in which &
is the crank-shaft, ¢ the connecting-rod,
e the gear and pinion, d d the pulleys,
and g the fly-wheel.

Treatment of Sweeps.—The slags, worn-
out crucibles, and sweepinge of the flues
are sent to the sweep-room, where they
are pulverized in a large Chili mill, Fig.
265, in which a is the revolving pan, and
b b are rollers of 36 inches diameter and
12 inches face. The pulp from the mill
passes through a bolting-screen, which
separates any integral metallic parts, and

thence into an amalgamator, where from 500 to 1,000 ounces of amalgam are collected per month.
The amalgamator tailings are run into settling-tanks, thence shoveled into wrought-iron pans, and
dried in a sweep-furnace, Fiz. 266, where a a are the pans, and b is the grate. After about three
hours’ drying the pulp is packed into barrels, then concentrated and reworked as often as it will pay.

Works for Reference—In the preceding pages the details of the processes for assaying many ores
and alloys have been necessarily omitted ; but the reader can obtain these by reference to the fol-
lowing works : “ Sulphurets, Treatment,” etc., Barstow, San Francisco, 1867 ; * Anleitung zur Berg-
und I?iittenminuischcn Probirkunst,” Th. Bodemann and Bruno Kerl, Clausthal, 1857 ; * Treatise on
the Assaying of Lead, Copper, Silver, Gold, and Mercury,” Th. Bodemann and Bruno Kerl (trans-
lated by W. A. Goodyear), New York, 1865; *“On Gold, Silver, and Iron,” T. M. Blossom, American
Chemist for 1870 ; “Practical Miners’ Guide,” J. Budge, London, 1866 ; * Assay of Gold and Silver
Wares,” A. Byland; “Metallurgische Probirkunst,” Bruno Kerl, Leipsic, 1866; ““ A Practical Treatise
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on Metallorgy,” Wilhelm Kerl (edited by William Crooks and Ernst Rohn"%); “The Assayers’ Guide,”
0. M. Lieber; * Manual of Practical Assaying,” John Mitchell (edited by William Crooks), New York,
1872; “ Manual of Practical Assaying,” John Mitchell, London, 1868 ; “Practical Assayer,” Oliver
North, London, 1874 ; * Practical Mineralogy, Assaying, and Mining,” Frederick Overman, Phila-
delphia, 1863; “ Notes on Assaying and Assay Schemes,” Ricketts, New York, 1878 ; * Hand-Book
for Miners, Metallurgists, and Assayers,” Julius Silversmith; ¢ Chemical Technology,” F. Knapp;
“Dictionary of Chemistry,” Henry Watt, London, 1866—'72; “The Mints and Assay Offices of
Burope,” Ricketts; Transactions of the American Institute of Mining Engineers, vol. iv. Besider
the above, almost all works on the chemistry of the metals treat more or less of the assay of the
same. See also the annual reports of the directors of English and United States mints, which con-
tain mach valuable information. ' P. e P. R.
. A small dam in an adit or mine, to check the passage of water.

AUGER. See BITS AND AUGKERS,

AWL A pointed instrument for piercing small holes, as in leather or wood. The brad-awl, 4,
Fig. 267, is the smallest boring tool. Its handle is the frustum of a cone tapering
downward. The steel part isnnio conical, but tapering upward; and the cutting edge 26T B
is the meeting of two basils, ground equally from each side. A hole is made by
placing the edge transverse to the fibres of the wood, and pushing the brad-awl into
the material, turning it to and fro by a reciprocatory motion. The core is not brought
out as by other boring instruments, but the wood is displaced and condensed around
the hole. The wire-worker's awl, B, Fig. 267, is less disposed to split the wood. It is
square and sharp on all four edges, and tapers off very gradually until near the point,
where the sides meet rather more abruptly.

AXE A cutting tool, usually of iron with a steel edge, used for hewing and chop-
ping wood. The butt of the tool is made from a good quality of rolled iron, the bars
of which are first cut into pieces of suitable length by heavy shears. The blanks are
then passed through rolls, and thus made to assume the form shown at 4, Fig. 268,

By s eimple machine the ends of the blank are brought together, or rather the blank

is folded s0 as to assume the form shown at B, Fig. 268, the indentations on the side *
coming together roughly to form the eye. The blank in this shape is heated in an
open furnace to a welding heat, and then, being placed under a trip-hammer, is forged

to an approximation of its final form. The separated ends are welded together, and
the eye is opened out, as shown at C. Meanwhile the steel edges or blades are being formed in the
shape represented at D. The part which is to form the keen edge is left thick, as shown at F,
while the portion to be inserted in the iron blank is made much thinner. The head or butt of the
axe being again heated, the portion to receive the steel edge is split by means of a hand-wedge.
Borax is introduced as a flux, and the edge is inserted, as shown at E. The tool is then brought
o 2 welding heat, and the weld of stecl and iron is made under a heavy trip-hammer. The form is
finally shaped and trued by hand-hammers. In the tempering process which follows, the axes are
hested to a low cherry-red and hardened in brine, the water being fully saturated with salt. The
temper is subsequently drawn to a pigeon-blue. The remaining operations are grinding on large
stones some 4 feet in diameter, polishing on emery-wheels, painting, and affixing the handle. The
method of testing axes at the factory of the Weed & Becker Manufacturing Company, of Cohoes, N.
Y., is simply to place several selected at random from a given number in the hands of an experienced
axeman, and to allow him to prove their cutting power on a tough and knotty hemlock stump.

The shapes of axes depend in some degree upon the kind of timber on which the tools are to be
Ged; but generally woodmen in various sections of the United States and in different parts of the
world have special predilections for particular forms, the reasons for such preference being merely
fanciful. From Fto K are various forms of axes used in the United States. F is the Kentucky
e, weight from 3 to 7 lbs.; & is the Georgia long-bit axe, same weight; A is the New Jersey axe,

268,
4 D M
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268 (continued).

LJ&KQ

weight from 8 to 5} lba.; J is the Michigan or wide-bit axe, same weight; J is the Western axe,
weight from 8 to 6 1bs.; K is the Yankee heavy-head axe, same weight. L represents the heaviest
form of Spanish axe, the cut being from 8 to 8} inches. M is a shingling hatchet or light hand-axe,
and & is a lath hatchet.

Pickaxes are made in the manner above described for ordinary axes, the difference in manipula-
tion being in the forging. O represents a mining pick, weighini from 38} to 6 lbs. P is a light
mattock ; @, a bush-hook for cutting underbrush and shrubbery; X, a cooper’s axe; S, a Dutch side-
axe; 7, a broad-axe; and U, a coachmaker’s axe.

All axes should be so constructed that either the centre of percussion or centre of gravity of the
moving mass may be directly over and in the plane of the cutting edge. When the edge is required
to throw chips, the plane passing through the-centre of percussion must also pass through the bevel,
and not through the cutting edge of the blade.

The adze is a hand-tool used by carpenters for chipping. It is formed with a thin arching blade,
and has its edge at right angles to the handle. The edge is beveled only on the inside, and the

269.

handle is easily removed when the tool is to be ground. It should be 8o constructed that the centre
of gyration of the moving mass is in the cutting edge. In Fig. 269, 4 represents the ordinary form
of carpenter’s adze; B is a small hand-adze; and C is the cooper’s adze.

AXLES. See RaiLway Cags.

BABBITT METAL. See ALLoYS.

BAC. 1. A scow or broad-beamed flat-boat, used for ferriage, usually navigated by a rope fast-
ened on each side of the stream. 2. A cistern with a perforated metallic bottom, used for straining
the hops from the beer previous to its entrance into the cooler.

BACK-LASH. The jar which arises when a part of the machinery which ought to receive motion
from another part suddenly falls back upon its driver. It is caused by wear or imperfect fitting.

BADIGEON. A ccment for filling holes or covering defectd in work. Sculpfors’—Plaster and
frecstone. Joiners—Sawdust and glue; whiting and glue; putty. Coopers’—Tallow and chalk.
Stone-Masons'—Wood-dust and lime slaked together, with stone-powder or sienna for color, and
mixed with alum-water to the consistence of paint.

BALANCE. An instrument intended to measure different amounts or masses of matter by the
determination of their weight, using as standards of comparison certain fixed units, as the gramme,
the pound, the ton, etc. The instrument is founded on the law that gravitation acts in a direct ratio
to the mass, and on the mechanical principle that when a solid body is suspended on one point, the
centre of gravity will place itself always perpendicularly under that point. If therefore a beam,
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¢ b, Fig. 270, is supported in the middle at ¢, and movable around this point, its centre of gravity, s,
will place itself under the point ¢ ; and if disturbed from that position, this centre will oscillate like a
ulum, and the beam will finally come to rest only with the centre of gravity in the perpendicular
passing through the point of support. It is evident that when the distances from a to ¢ and from &
to c are equal, the two sides of the beam equal, and the whole made of homogeneous material, the
borizontal position will be arrived at, and also when at a and & equal weights p p arc suspended.
The gravity of such scales and weights must be considered concentrated in the points of suspension
s and b, and their common centre of gravity will be cither in, under, or above the point of support,
sccording as the line a & uniting them passes through, under, or above the support c. But suppose
we place an additional weight » in one of the scales, then the common centre of gravity of the
weights in the scales will be shifted toward the side of that additional weight. Suppose it to be in
d, then the centre of gravity of the whole balance will be in the line d s, uniting the centre of grav-
ity d of the weights with that of the balance s ; if then it is somewhere at m, it is evident that the
balance can no longer maintain the horizontal position, but will only come to rest when m is under
¢ or the line ¢ m bas attained a perpendicular position. It is evident that the angle which the beam
in this case makes with a horizontal line is equal to the angle s c m. If the centre of gravity is in
the point of support, the balance is indifferent; that is, it will, when charged with equal weights,
remain at rest in any position. And if the centre of gravity is above the point of support, we have
s case of so-called unstable equilibrium; the balance will with equal ease tip over to the right or
left, and the beam can never be brought into the horizontal position. In either case the balance is
useless, and it follows from this that the centre of
grasity must be under the point of support, and 270.
the sensitiveness of the instrument depends to a
great extent on the distance between these two
points, This derived degree of sensitiveness varies
ﬂ the purposes for which balances are to be

The most delicate balances are those used for
physical and chemical investigation; and in order
%0 secure the greatest possible degree of sensitive-
ess the conditions are as follows: 1. The centre of
gravity of the beam must lie as near as possible
under the point of suspension; it is evident that on
when this centre of gravity s is raised, the point :

m will be raised also, and the angle s em will be-

come larger, which results in a greater deflection of

the beam in case there is no proper equilibrium,

Fine balances are provided with an upright rod

above their point of suspension, on which a small

weight may be screwed up or down, in order to

nise or lower the centre of gravity, and so to in-

crease or diminish the delicacy of the instrument.

In Fig. 270 this rod is represented below, which

is only admissible when no great degree of sensi-

tiveness is required, as in this case the centre of

gravity is lowered too much. 2. The beam should

be as long as compatible with strength. As the

distance ¢ d becomes greater in proportion to

the length of the arms, any difference in the two

weights with which the balance is charged will be

the more perceptible the longer the arms are. 3.

The beam should also be as light as compatible

with strength; the smaller the weight of the bal-

ance itself, the greater the influence of minute dif-

ferences in the load will be to shift the position of the point d from the centre. Therefore the
beams of chemical balances are made like an elongated frame, with large openings between, on the
same principle as the walking-beams of steam-engines are constructed. 4. The points of suspension
of the two scales must be such that the line uniting them passes exactly through the point of sup-
port; if this line passes under that point, the sensitiveness of the balance will diminish too much
when the load is increased. This takes place in any case to a small degree, as no beam is so per-
fectly inelastic that a slight flexion will not take place under the maximum load. 5. The distances
of the points of suspension of the scales @ and b from the centre ¢ should be perfectly equal; this
is best verified by changing the weights in the two scales, when, if the equilibrium remains un-
changed, their distances are equal. Some balances have screw arrangements to correct small differ-
ences in this respect.

In Fig. 271 a chemical balance is represented as used, in a glass case, which serves to protect it
not only from dust, but also against air-currents, which might prevent a truly sensitive balance from
ever coming to rest, and thus make correct weighings impossible. The turning-point of the beam, in
order to reduce the friction to the least amount, is a knife-edge or triangular prism of hardened steel
passing at right angles through the beam, and resting when in use upon polished plates of agate (one
each side of the beam), whigl are set exactly upon the same horizontal plane. This knife-edge is
polished, and brought to an angle of 80°. The points of suspension are also knifc-edges, one set
across each extremity of the beam. Great care is required that the line connecting them shall be
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precisely at right angles with the line passing through the centres of motion and of gravity. The
index or pointer is sometimes a long needle, its line passing through the centre, and extending either
above or below the beam, or it is a needle extended from each extremity of the beam. In either
case it vibrates with the motion of the beam over a graduated arc, and rests upon the zero point
when the beam is horizontal. The degrecs upon each side of the zero of the scale indicate, as the
needle oscillates past them, the intermediate point at which this will stop, thus rendering it unneces-
sary to wait its coming to rest. In order to save the knife-edges from wear, the beam is made, in
delicate balances, to rest when not in use upon a forked arm, and the pans upon the floor of the case
in which the instrument stands. The agate surfaces, being lifted by means of a cam or lever, raise
the beam off its supports and put it in action ; or the supports, by a similar contrivance, are let down
from tg:d beam, leaving it to rest upon the agate; the pans in the latter case must always remain
suspended.

However perfectly a balance may be made, there is always great care to be exercised in its use.
Errors are easily made in the estimation of the nice quantities it is used to determine. The sources
of some are avoided by a simple and ingenious method of weighing suggested by Borda. The body
to be weighed is exactly eounterpoi:zﬁ, and then taken out of the pan and replaced by known
weights, added till they produce the same effect. A false balance must by this method produce cor-
rect results. The weights employed for delicate balances are either troy grains, one of each of the
units, one of each of the tens, and the same of the hundreds and thousands, as also of the tenths,
bundredths, and thousandths of & grain; or they are the French gramme weights, with their decimal
parts. The latter are the most commonly used in chemical assays and analyses. The larger weights
are of brass, the smaller of platinum, and these are always handled by means of a pair of forceps.
The beam of the balance is, according to the method introduced by Berzelius, frequently marked by
divisional lines into tenths, and one of the small weights, as a tenth or hundredth of a grain, or a
milligramme, is bent into the form of a hook, so that it may be moved along the beam to any one of
these lines to bring the balance to exact equilibrium. By this arrangement the picking up and trying
one weight after another is avoided, and the proportional part of the weight used is that indicated by
the decimal number upon the beam at which it rests to produce equilibrium. The best materials for
a balance are those which combine strength with lightness, and are least liable to be affected by the
atmosphere and acid vapors. Brass, platinum, or steel is used for the beam; but probably aluminum
will prove to be better adapted for this purpose than either. The pans are commonly of platinum,
made very thin, and suspended by fine platinum wires. The support is a brass pillar secured to the
floor of the glass case in which the instrument is kept. Doors are provided in front and at the sides,
by which access is had to the instrument; but these are commonly kept closed, and are always shut
in delicate weighing, that the beam shall not be disturbed by currents of air. So delicate are the
best balances, that when lightly loaded and left to vibrate, they may be affected by the approach of
a person to one side of the glass case, the warmth radiated from the body causing the nearest arm of
the beam to be slightly expanded and clongated, so as to sensibly preponderate. The degree of
sensibility is estimated by the smallest weight in proportion to the load that will cause the beam to
be deflected from a horizontal line. It is said that a balance is in possession of Bowdoin College,
Maine, which, with a charge of 10 kilogrammes in each scale, is sensitive to one-tenth of a milli-
gramme. Becker & Sons of New York made the balance; and they make ordinary chemical bal-
ances which with one kilogramme in each scale are sensitive to one-tenth of a milligramme ; their
small balances now in use in the Assay Office, New York, show a difference in load of less than
one-hundredth part of a milligramme.

The torsion balance, invented by Coulomb to measure minute electrical forces, is still more delicate
than the best beam balance. It consists of a brass wire,
hung by one end and stretched by a light weight, carry-
ing at its lower end a horizontal needle. Any force ap-
plied to one end of this ncedle, tending to rotate it hori-
zontally, will be measured by the angle through which
it causes the ncedle to move; that is, by the torsion of
the wiro.

The steelyard, the Roman statera, is one of the forms
of the balance, the two arms being of unequal length,
the body to be weighed being suspended in a pan or
otherwise from the short arm, and the counterpoise,
which is a constant weight, being slid along the longer
arm until equilibrium is established. As this occurs
when the weight on one side multiplied by its distance
from the fulcrum is equal to the weight on the other mul-
tiplied by its distance from the fulcrum, and as on one
side the weight is constant, and on the other the distance
from the centre of motion is variable, the unknown weight
must be determined by the distance of the constant
weight from the centre. The Danish balance differs
from the common steelyard in having the counterpoise fixed at one end, and the fulcrum being
slid along the graduated beam. The graduation commences at a point near the counterpoise, at
which the beam with the pan suspended at the other end is in equilibrium, and the numbers increase
toward the pan. A balance called the bent lever is employed to some extent for purposes not re-
quiring extreme accuracy. The pan is attached to one end of the beam, and the other carries a con-
stant weight. From the bent form of the lever this weight is raised to a height varving with the
weight placed in the scale pan. A pointer attached to the constant weight and moving along a grad-
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usted arc indicates by the number at which it stops the weight of the body in the scale-pan. Its
indications are the least to be depended upon when the constant weight approaches to the horizontal
or vertical line passing through the centre of motion. The scales generally used in the United States
for weighing loaded wagons and canal-boats are modifications of the steelyard, wherein the weight
of these ponderous bodies is divided by means of levers, and a known fraction of it sustained by one
end of 2 beam, the other end of which is graduated for a moving weight. Modern modifications of
the steelyard contain a pan hung at the end of the arm to receive larger weights, while the sliding
weight is used only to balance the fractional parts,

The principle of platform scales, or weighing machines, is nearly if not quite the same in all scales
and balances. But the same principle is carried out in different forms. The old style of balance
wis only an even beam, The new style is a multiplying beam, or in most cases a set of multiplyin;
beams or levers. It will be secn from Fig. 271 A that when the lever K is suspended by the rod C,
the weight and lever resting on knife-edges D and F, by applying a certain weight to E, as shown at
4, it will pull down a certain amount at F, according to the difference between £ and D and E and
F. The weight being reduced at F, it is transferred to the second lever L at G. L being suspended
st H by the bolt J, the weight is again transmitted and reduced to Z. In this way it may be re-
duced to almost any given amount; for instance, A may weigh 500 lbs., and just balance B, which
only weighs 25 Ibs. ; or it may be reduced, as is the common practice in platform scales, so that 100
Ibs. at E will just balance 1 Ib. at 7, or in larger scales, such as are used for weighing wagons, it
is reduced to 1 1b. to 500, or 1 lb. at B when 500 Ibs. are applied at 4. This system of multiplying
levers is used in all platform scales, the principal difference being in the pattern, material, and work-
manship. Pipe and knee or right-angle levers are sometimes used in order to make the article
cheaper ; but they are also only multiplying levers.

Spring balances are popular instruments, and consist of a helix of wire inclosed in a cylinder. The
body to be weighed is suspended to a wire passing up through the centre of the helix and fastened
to the upper coil, which carries a pointer down a narrow slit in the cylinder, thus indicating the
weight on the graduated sides of the cylinder.

See Lever, under Starics. For assaying-balances, see AssaviNg. For balance-wheels, etc., in

see WarcH AND CLock MakING. See also ‘Science of Weighing, Measuring, and Stand-
ards,” Chisholm, 1877; “Chemical Manipulations,” Faraday, for construction and management of
delicate balances used in quantitative analyses. Illustrations of nearly all modern forms of balances
and scales are contained in a pamphlet issued by Messrs. Fairbanks & Co. of New York.

BALANCE-RYND. In mills, the iron bar stretching across the eye of the runner, and by which it
is poised on the top of the spindle.

BALEINE. Figs. 272 and 273. A movable scaffold employed in France to facilitate the tipping of
the wagons in railroad-embankments. It consists of two trussed beams, which are laid with rails along

272
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the top, one end resting on the ground at the battery-head of an embankment in course of formation ;
the other end of the baleine rests on a wheeled carriage or railway, the rails of which are taken up at

one end as the other progresses. When a car is tipped at the battery-head, its contents are discharged
between the rails, ang it is pushed to the other end of the baleine.

BALIZE. A frame of timber for a beacon or landmark.

BALLOON. See Arr-SHre.

BANDSAW. Sece Saws.

BANKER. 1. In bricklaying, a bench used in dressing bricks to peculiar shapes. On one end of
it is a gritstone called a rubbing-stone, and on other portions is room for operating upon the bricks
vith the #in saw, by which kerfs are made in the bricks to the depth to which they are to be hewn. 2.
l'nm::lpture, a modeler’s bench, supporting a platform which can be rotated to expose any side of the
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BAPTATERIUM. A bark-mill, or fulling-mill.

BARI. The portion of a roofing-slate showing the gauge, and on which the water falls.

BAROMETER. An instrument used for observing the pressure and elasticity, or variations in den-
sity, of the atmosphere. It is commonly employed for the purpose of determining approaching varia-
tions in the weather, and more scientifically for measuring altitudes. There are various modifications
of the barometer, as the diagonal, horizontal, marine, pendent, reduced, and wheel barometer; in all
of which the principle of construction is the same, the only difference being in its application.

The essential part of a barometer is a well-formed glass tube, closed at one end, perfectly clear and
free from flaws, 83 or 84 inches long, of equal bore, filled with pure mercury, and inverted, the open
end being inserted in a cup partly filled with the same metal, so that the mercury in the tube may be
supported by atmospheric pressure.

The vacant space between the top of the mercury and the top of the tube is called the Torricellian
vacuum, in honor of the inventor of the instrument.

On pouring mercury into the barometer-tube and inverting it, the air thus confined between the
mercury and the inner surface of the tube will escape into the Torricellian vacuum. In order to get
rid of this air, as well as moisture, the tube is first gently warmed, so as to dry it thoroughly. A
quantity of pure mercury is then poured in, so as to occupy 2 or 3 inches of the sealed end of the tube,
which is held over the fire until the mercury boils, taking care to turn the tube round upon its axis,
8o that the heat may be equally applied. After boiling for a minute or two, the open end is closed
by a cork to prevent the introduction of moist air, and the tube is then allowed to cool, in order that
the cooled mercury which is next to be poured in may not crack the tube. When a second portion of
mercury, about equal to the first, has been poured in, the part of the tube containing this new portion
is held over the fire until it boils. It is again removed from the fire and corked up as before. A
third portion of mercury is then introduced, and the heat again applied to that part of the tube con-
taining the last addition of metal; and in this way the tube is at length filled, with the exception of
a small portion from which the mercury has been expelled by the heat. This is filled up with mer-
cury, and the finger is now placed over the opened end 8o as carefully to exclude any sair; the tube is
then reversed into a cup of pure mercury ; as the column einks, it expels the last portion of mercury
which had not been boiled ; and as there is neither air nor aqueous vapor above the mercurial column,
its length exactly measures the atmospheric pressure. A film of air is always retained on the outside
of the tube, and also at its under edges, which film creeps by small portions at a time into the interior,
and rises up in innumerable bubbles into the vacuum, the film being constantly renewed by the descent
of more air between the outside of the tube and the mercury in the cup, and thus the outer air slowly
insinuates itself into the barometer. In this way the most carefully-constructed barometers have
become deteriorated in the course of years.

This irregular and uncertain deterioration of barometers was remedied by Prof. Daniell, by uniting
a ring of platinum with the open end of the barometer-tube, 80 as to bring it into contact with the
mercury, thus effectually preventing the ingress of air into the tube.

The same philosopher also invented a new mode of filling barometer-tubes, by pouring the mercury
into the tube while both are under the exhausted receiver of a good air-pump. The mercury is poured
through a long slender funnel extending to the bottom of the tube, and dipping into a small portion
of mercury previously introduced, and boiled. By this means all agitation is confined to the tube of
the funnel, and the tube left perfectly free of air. The mercury was afterward boiled tn vacuo.

The excellence of the barometer chiefly depends on the absence of all matter except mercury from
the tube, and its value may be tested by thrce indications: 1. By the brightness of the mercurial
column, and the absence of any flaw, speck, or dullness of surface; 2. By the barometric light, as it
is called, or flashes of electric light in the Torricellian vacuum, produced by the friction of the mer-
cury against the glass, when the column is made to oscillate through an inch or two in the dark; 3.
By a peculiar clicking sound, produced when the mercury is made to strike the top of the tube. If air
be present in the tube, it will form a cushion at the top, and prevent or greatly modify this click.

The sectional area of the tube is of no consequence ; as the atmosphere presses with the same in-
tensity upon the surface of the mercury in the cup, the column suspended in the tube will be of the
same height, whatever its internal diameter.

The height of the mercurial column must be measured from the surface of the mercury in the cis-
tern. When the atmospheric pressure increases and the mercury in the tube rises, a portion of the
metal is drawn out of the cistern into the tube, and the level of the mercury in the cistern is de-
pressed; so, on the contrary, when the atmospheric pressure diminishes, a quantity of mercury is
forced out of the tube into the cistern, and the level of the metal in the latter rises.

In some instruments the scale, accurately divided into inches and parts of inches, is made mov-
able, and terminates in an ivory point, which is brought down to the surface of the mercury. When
this point and its reflection appear to be in contact, the height indicated by the scale is correct. In
other forms of the barometer the mercury in the cistern is always maintained at the same level, for
which purpose the cistern is formed partly of leather, so that, by means of a screw at the bottom, the
surface of the mercury mayalways be adjusted to the neutral point before taking an observation. The
divisions of the scale usually begin at the 27th inch, and are continued to the 31st. But in instru-
ments intended to measure the height of mountains, or for accompanying balloons, the scale begins at
the 12th or 15th inch. Each inch is divided into 10 parts, and these are subdivided into 100ths by
means of a small sliding scale, called a vernier or nontus.

The barometer ought to be fixed in a truly vertical position, and, if possible, with a northern
aspect, in order that it be subject to as few changes of temperature as possible. It is usual, for the
sake of comparison, to reduce the observations to 32°, for which purpose tables for correction for
temperature are given in scientific works devoted to the subject of the barometer. The height of the
cistern of the barometer above the level of the sea, and, if possible, the difference of the height of the
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mercury with some standard, should be ascertained, in order that the observations made with it should
be comparative with others made in different parts of the country. Before taking an observation, the
instrument should be gently tapped, to prevent any adhesion of the mercury to the tube; the gauge
should be adjusted to the surface-line of the cistern, and the index of the vernier brought level with
the top of the mercury.

Various contrivances have been made for increasing the length of the scale, or for making it more
convenient for use. The most popular form is the common wheel-barometer, as it is called. In this
instrument the tube, instead of terminating at the bottom in a cistern, is recurved, so as to form an
inverted siphon. As a rise of the mercury in the longer or closed limb is equivalent to a fall in the
shorter limb, and vice versa, a float is placed on the surface of the mercury in the shorter limb, and is
connected with a string passing over a pulley, and very nearly balanced by another weight on the
other side of the pulley. An index-hand attached to the pullcy moves over the surface of a dial-
plate, graduated so as to indicate the oscillations of the mercurial column. With an increase of
atmospheric pressure the mercury in the longer tube rises, and that in the short tube is depressed,
together with the float, and this gives a small motion of revolution to the pulley, and also to the
attached index-hand. A fall in the longer column causes the mercury, with its float in the short limb,
to rise, and consequently moves the index-hand in the contrary direction.
k’l‘he murmd of heights was the first useful purpose to which the barometer was proposed to

app

Although the atmasphere may extend to the height of 45 miles, yet its lower half is so compressed
as to occupy only 3¢ miles, so greatly do the upper portions expand when relieved from pressure.

Hence, at the height of 34 miles, the elasticity of the atmosphere is one-half ; at 7 miles, one-fourth ;
at 10§ miles, one-eighth ; at 14 miles, one-sixteenth, etc.

Halley was induced, by ccrtain mathematical considerations, to fix upon the number 62,170 as
a constant multiplier, and the rule for the measurement of heights may be stated as follows:
Observe the height of the barometer at the earth’s surface, and then at the top of the moun-
tain, or other elevated station; take the logarithms of these numbers, and subtract the smaller
from the greater ; multiply the difference by 62,170, and the result is the height in English feet.
This process gives a very near approximation, especially in temperate climates.

But the progress of science soon rendered it evident that a correction for temperature was neces-
sary in barometrical measurements, and a formula has been contrived to meet most of the difficulties
of the question. The following rule will be found of easy application : Multiply the differcnce of
the logarithms of the two heights by the barometer by 63,946 ; the result is the elevation in English
feet. Then, in order to correct for temperature, take the mean of the temperature at the two cleva-
tions. If that be 89.68° Fahr., no correction is necessary; if above that quantity, add iy to the
whole height found for each degree above 69.68° ; if below, subtract the same quantity. For exam-
ple, Humboldt found that at the level of the sea, near the foot of Chimborazo, the barometer stood
at exactly 30 inches, while at the summit of the mountain it was only 14.85. The logarithm of 30 is
14771213, and the logarithm of 14.85 is 1.1717237 ; then subtracting

1.4771218
1.1717287

0.3053976

multiply this by 68,946, which produces 19,5689 for the elevation in feet.
If the mean temperature of the two stations be 69.68°, no correction is
necessary for temperature. This is a tolerably close approximation. The
most careful calculation has given 19,332 for the real height, and this was
probably estimated for a lower temperature.

A method has been given by Leslie for measuring heights without the
use of logarithms. His rule is as follows: Note the exact barometric press-
ure at the base and the summit of the elevation, and then make the follow-
ing proportion: As the sum of the two pressures is to their difference, so is
the constant number 52,000 feet to the answer required in feet. Suppose,
for example, the two pressures were 29.48 and 26.36 ; then

As 29.48 + 26.36 : 29.48 — 26.36 :: 52,000 feet : 2,905.4 fcet, the answer
required. :

This rule has been found applicable to the mean temperature of England |
for all heights under 5,000 feet. Yl

Another method of obtaining approximate differences of altitude is hy ’
8 comparison of the lemperatures of boiling water (which vary with the
pressure of the atmosphere). The apparatus is exceedingly simple, and the I
instrument not so liable to injury as the mercurial barometer, being much S
more portable, and easily replaced. Fig. 274: A4, common tin pot, 9 inches L
high by 2 in diameter. B, a sliding tube of tin, moved up and down in the
pot; the head of the tube is closed, but has a slit in it, C, to admit of a “~— ,/l
thermometer passing through a collar of cork, which shuts up the slit when
the thermometer is placed. D, thermometer, with so much of the scale as may be desirable. K,
boles for the escape of steam.

The boiling-point for the level of the sea should be correctly marked by a number of careful
obrervations, and the difference, if any, must be noted as an index error.

These thermometers are very useful in ascertaining heights where strict acouracy is not required,
and they have the advantage over mercurial barometers in being portable. In moderate elevations,

8
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the difference of one degree in the temperature at which water boils indicates a change of level of
about 500 feel, corresponding to a difference of 0.8 of an inch in & mercurial barometer.

A id Barometer.—The action of the aneroid depends on the pressure of the atmosphere on a
circular metallic box hermetically sealed, and having a slightly elastic top, the vacuum serving the
purpose of the column of mercury in the ordinary barometer. The construction of the aneroid is
illustrated in Figs. 275, 276, and 277. The vacuum-chamber is represented at 4 ; its top and bottom

276,

are formed of disks of thin circularly corrugated copper, held together by a circumferential strip of
plain metal, as shown in the detail, Fig. 277, which is a vertical section of the chamber detached.
A strong brass stud B is attached to the upper diaphragm of the chamber, having a slot on its end,
through which a small projecting pin C formed on the lever-plate A projects, the attachment being
effected by a pin passed transverscly through the slotted portion of the stud, immediately over the
pin C. The plate D, which acts as a lever in communicating the movements of the diaphragm, rests
upon two pillars E, carried by the supporting base-plate of the vacuum-chamber as fulcra. The
projecting lever-portion F conveys the movement by a joint at &, which is linked to a rocking-
spindle carrying the lever H, connected to the arbor of the index-needle by a fine chain which winds
upon it, like the mainspring chain of a watch upon the spring-box. In the interior of the vacuum-
chamber a single helix is fixed upon the base-plate, so as to abut against the lower surface of
the lever at Z, and thus preserve the two diaphragms of the chamber from actual contact.

To set the instrument to indicate the same scale as the mercurial barometer, the arrangement given
fullsize in Fig. 278 is adopted, to form the connection between the main lever and the index-arbor.
The link from the end of the main lever is joined to an eye at 4, on a stud formed upon the end of a
metal bow-piece B, the contrary end of which is attached to the lever H, before described. The whole
of these parts are carried by a nicely-adjusted rocking-spindle C, working on centres in the frame L.
The office of this contrivance is to afford a means of adjustment for the index-movement by the two
screws 3 N, one of which elevates or depresses the eye A4, while the other sets it in or out from the
centre of the rocking-spindle, to give more or less leverage, as may be required to suit the barometri-
cal scale. The connection between the index-arbor and the lever-apparatus being by a flexible chain,
its movement can act only in one direction in bringing round the index, and a fine hair-spring is at-
tached to give the return-movement.

The tube by which the exhaustion is effected is at 0. The process of exhausting, as specified by the
inventor in connection with the original plan, is as follows: A little solder is placed round the aper-
ture for the exhaust, in which a flat-headed pin is set, so open as to admit the air to pass. The dia-
phragm is compressed to its proper position by means of a board, and is then soldered to its box.
The whole is afterward placed under an air-pump receiver having an air-tight stuffing-box, through
which a rod carrying the heated soldering-iron is passed. When the vacuum is obtained, the solder-
ing-iron is pressed down, to melt the solder round the peg and close the opening.

A simple mode of adjusting the instrument by a standard harome-
ter is obtained by a screw-stud projecting through the back of the
instrument, in connection with the reacting-spring at /, the tension
of which may thus be varied to the extent required. By a simple
arrangement, the vacuum-case is itself made to afford its own
temperature-correction, without the addition of a particle of mechan-
ism. Previous to the exhaustion of the vacuum-chamber, the top
and bottom diaphragms are both perfectly horizontal ; but when ex-
hausted, they each take the curve shown in the section, Fig. 277, and
the dotted lines represented as running nearly even with the corru-
gated surfaces indicate the position they will assume when a portion
of gas is introduced to play the important part of a compensator for
the disturbance to which the index would be liable from changes of temperature. The expansion of
the contained gas, arising from the disturbing cause itself, counteracts the loss of elastic force pro-
duced by the same cause in the diaphragms and other parts of the machinery. The external atmos-
phere is continually endeavoring to press down the diaphragm, while the helix beneath the lever is
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a3 continually acting to keep it up. An increase in temperature expands the contained gas, which
thus diminishes the effect of the external atmospheric pressure, and corrects the disturbance arising
from the expansion of the various levers and connections, which would otherwise indicate upon the
dial a greater amount of movement than is actually due to the atmospheric change.

The following convenient rule for measuring altitudes by the aid of the aneroid barometer is from
the “ Hand-Book to South Africa:” Read the aneroid at A4, say 80.15; take it to B, read it there,
say 29.08; take it back to A, read it again, say 30.19. Then take the mean of the readings at A,
and find the difference between that and the reading at B; multiply the difference in hundredths by
9, and the result will be the difference of altitude in feet—thus:

30.15 + 30.19

2

Fig. 279 represents a registering barometer made by M. Redier, of Paris, which is constructed as
follows : In one branch of the ordinary siphon barometer is an ivory float F, on which is fastened a
very light steel pointer, on the apex of which is an horizontal needle 4. One end of the latter is made
in s small hook, or catch. Affixed to the supporting-frame of the instrument is clock-mechanism.
Ore train is terminated by a chronometer-escapement, and the other train by a light fly-wheel, which
turns with great rapidity. The two trains are calculated so that the velocity of the fly-wheel may
be double that of the escapement. A satellite gear unites these two movements, and on the axis of
the satellite is carried a wheel, which engages with a pinion on which is mounted the large four-
armed wheel shown. A chain from the latter moves the registering-pencil X in one or the other
direction, according as the wheel turns to the right or left. The axis of the large wheel has a pinion
which engages in a rack not shown, whereby the plate which carries the barometer is moved ; so that,
when the pencil is caused to travel, the barometer is also moved in a vertical direction. The needle
A toaches one of the wings of the fly-wheel with its hook-end. The escapement of the chronometer
tnin works constantly, and so tends to carry the large wheel from right to left, and to raise the
barometer upward. As the barometer is thus moved, however, the needle is disengaged from the
fy-wheel. The latter is then free to turn, and, as its velocity equals 2, that of the escapement being 1,
itdraws the large wheel from left to right, and causes the barometer to descend. The needle then
once more catches the fly-wheel.

When atmospheric pressure does not change, the pencil describes a right line; should it augment,
bowever, the mercury sinks in the barometer, the needle is carried down, and the hook engages still
further on the fly-wheel. It will then take longer for the escapement to cause the disengagement
of the fly.wheel. Consequently the large pulley turns in the same direction for a period proportional
to the change of pressure, and the mark left on the paper indicates this movement. If, on the other
band, the pressure diminishes, the fly-wheel is freed, and the separation between wheel and needle
will be greater in degree proportional to the diminution of pressure. A movement of the pencil to
the right, therefore, indicates a rise in the mercury; to the left, a fall.

The paper on which the indications are received is divided into spaces horizontally to represent

= 30.17; 80.17 — 29.08 = 1.09; then 109 x 9 = 981, height in feet.
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bours, and vertically to represent varying degrees 'of pressure. It is wrapped around a cylinder,
which is rotated by clock-work R over given distances, to correspond with the ruling of the paper.
The length of the latter may comprise indications for several days, on which the marking for a week
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is exhibited. The little hammer O is caused to strike gentle blows on the barometer-support, g0 as
to keep the mercury-column always free and lightly shaken.

A barometer in common use is provided with an index which turns round upon a dial, and points
to figures which indicate the height of the mercury, as also to words descriptive of the state of the
weather, as “ Cloudy,” * Fair,” etc. The index is made to move by means of a string, which passes
around its axle, and has at each end a weight attached, the larger one resting upon the surface of the
mercury in the shorter limb of a siphon barometer. Fig. 280.

The words *Change,” *Fair,” and “ Rain,” engraved on the plate of the barometer, are calculated
to mislead. In winter a fine bright day will succeed a stormy night, the mercury ranging as low as 29
inches, or opposite to “ Rain.” It is not so much the absolute height as the actual rising and falling
of the mercury which determine the kind of weather likely to follow.

The simplest form of barometer is that called the cistern barometer. A straight Torricellian tube
terminates at its foot in a cistern of mercury. By the rising and falling of the liquid in the tube,
the level of that in the cistern must change. The absolute height of the mercury is found by making
the scale fixed, and bringing the mercury to its zero-point by means of a scale which is made to press
against a flexible bag that forms the lower part of the cylinder, as represented in Fig. 281.

BARRAGE. Barrage is a French term, and signifies, in an engineering sense, the barring or dam-
ming of a river or other water-course by artificial means, for the purpose of forming reservoirs for the
supply of water to cities, canals, manufactories, etc. ; or, in order to facilitate navigation or irrigation
where the incline is too rapid, and the quantity of water, from that or other causes, would be in-
sufficient for those purposes, were it left to spread freely and waste over its normal bed.

We shall include, in this article, structures of the naturc of dams for the improvement of rivers
and harbors, such as breakwater, jetties, etc.

Barrages, or Dams.—When erected for purposes of water-power or water-supply, the object of a
dam is partly to make a store-reservoir, but principally to prolong a high top water-level from its
natural situation at a place some distance up the stream to a place where water is to be diverted
from the stream to drive machinery, or for some other purpose. When erected for purposes of navi.

«gation, the object of a dam or barrage is to produce a long reach or pond of deep and comparatively
still water, in a place where the river is naturally shallow and rapid. In planning a dam or barrage,
three things are to be considered : its line and position, its form of cross-section, and its construction.

I. Line and Position. It is best to avoid sharply-curved parts of a river-channel in choosing the
site of a dam, lest the rapid current which rushes down its face in times of flood should undermine
the concave bank. For the protection of the banks in any case, it is advisable so to form the dam
that the cascades from the lateral parts of the crest shall be directed from the banks and toward the
centre of the channel. This may be effected either by making the river slightly curved in plan, with
the concavity at the down-stream side, or by making it like a V in plan, with the angle pointing up-
stream. Another mode of protecting the banks is to make the crest of the dam slightly higher at
the ends than in the middle, so that the lateral parts of the cascade may be too feeble to do damage.

In order to diminish the height and extent of back-water during floods, the crest of the dam is often
made considerably longer than the breadth of the channel. This is effected either by making it cross
the channel obliquely, or by using the V-shape already described, the latter method being the best
for the stability of the banks. The practical advantage of such increased length is doubtful.

II. Form of Cross-Section. The back or up-stream side of a dam is usually steep, ranging from
vertical to a slope of about 1 to 1; the top is either level or slightly convex, and not less than about
2 or 3 feet broad. In designing the front or down-stream slope of a dam, the principal object is to
prevent the cascade that rushes over it from undermining its base. The commonest method is to use
a long flat slope of 3 to 1, 4 to 1, or & to 1, in order that the speed of the current may be diminished
by friction, and that it may strike the bottom of the channel very obliquely. A further protection is
given to the river-bed by continuing the front slope a short distance below the bottom of the channel,
and then curving it slightly upward. Another method is to make the front of the dam present a
steep or nearly vertical face, over which the water falls on a nearly level apron or pitching of timber
or stone. Probably the best method would be to form the front of the dam into a series of steps,
presenting steep faces and flat platforms alternatcly, the general inclination being about 8 to 1; thus
a great fall might be broken up into a series of small falls, each incapable of damaging the platform
which receives it.

IIL. Construction. Stone masonry well laid in hydraulic cement and framework of timber, or the
two in combination, are the materials usually employed in the construction of dams of great strength.
When dams for slack-water navigation are built upon streams which are subject to heavy freshets,
the selection of the site is very important. It is generally advisable to place them where the stream
is pretty wide, for the purpose of allowing a ready flow over the dam during high water. If built at
a narrow place, the restraint to the outlet would 8o increcase the hydraulic as well as the hydrostatic
pressure, that great expense would necessarily be incurred in making a structure sufficiently strong
and securely joining it to the banks, and in many cases the object could not be accomplished. In
constructing a dam it must be borne in mind that the pressure of water is in proportion to its depth,
but the circumstances not only vary with difference of location, but in the same location, in conse-
quence of changes which constantly take place in the current of the stream. Often during a freshet
the surface becames exceedingly rapid, so as to exert great force against the upper part of the dam,
and calculations based upon hydrostatic pressure alone would prove erroneous. The rule, therefore,
is to supplement mathematical calculations by a judgment as to the requirements necessary in each
particular case, and to make the structure strong cnough at every point to withstand whatever force
may be brought against it under any possible circamstances.

Fig. 282 represents a section of the dam across the Croton River, which supplies the city of New
York with water. The base of this work is composed mostly of cob, or crib-work of logs or timber,
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their intervals being filled in with stone, and the intervals between the piers of crib-work with con-
crete. The upper portion, and the apron, or down-stream face of the dam, are made of cut stone. A
secondary dam is constructed below, in order that the discharges or overflow of the water may fall
into back-water, and in that way check the force of the current. Fig. 283 shows the profile of the
river. At first a length of only 90 feet was given for the dam B, and this part was erected after the
profile of Fig. 288, with a construction similar to that of Fig. 282, extending then 6nly from a to b,
Fig. 288, occasion for which was given by the rock lying here affording a foundation ; the re-
mainder of the river profile to d was to be filled with an earth embankment. A considerable
freshet, however, carried away this embankment when partly completed, and it was resolved to extend
the stone dam 180 feet farther, to c. For the erection of this part, 4, Figs. 282 and 2883, the bottom
of the river was cleared from mud and bowlders, and the piers C and D, of 12-inch hemlock timber,
successively built up ; the walls were connected by ties, and filled with stone cloeely packed in ; the top

was covered with 6-inch plank of white pine, and treenailed ; upon this planking the timber-piers #
- and G were erected, but only F covered with plank. While erecting those piers, the space E was
filled with concrete, and the piers near the top connected with ties. Both these piers, together with
their filling of concrete, being the armature of the dam, served at the same time for a coffer-dam against
. the water above. Against G another timber pier was in like manner constructed, with but one tim-
ber wall ; in place of the other, anchors of round timber were laid in, and with the ties joggled to-
gether. The timber of these piers is of hemlock, 12 inches by 12, the ties of white oak, 7 inches thick
at the smaller end, framed with single dovetails 4 inches thick, Fig. 284, and fastened with 1-inch
treenails, which are placed 10 feet from centre tocentre. The pier-timbers, Figs. 285 and 286, are tree-
nailed 80 inches deep, with 2-inch treenails of white oak. These nails are sometimes put ncarer to-
gether, and the ties likewise. The planking is of white pine. When the timber piers had reached a
certain height, the piers X K, of four compartments, were put down, two of which, the nearest to low
water, were packed out with stone; the two others were filled with concrete, and formed the coffer-
dam against the water below the dam. The courses were of 12 by 12 inch hemlock; the ties of oak, 8
inches at the smaller end, and 6 feet apart from centre to centre; the treenails of the squared tim-
ber the same. The uppermost of them are made of elm and white oak, treenailed every 3 feet, 30
inches deep, 24 inches in diameter. The upper ties, Figs. 286 and 287, are of elm 12 inches equare;
to this course of ties a bed-timber of white elm is joggled and secured by iron screw-bolts, Fig.
286. Across these bed-timbers or caps an apron-planking of 6-inch elm is fastened by 13-inch
locust (robinia pseudo ia) treenails of 13 inches in length. Against the rear of this timber pier
the one marked L was erected ; against the back-water only, it has a regular timber wall, Fig. 285 ;
the ties are secured by anchors. A part of the apron-planking of this pier is laid horizontally in
connection with the apron of the pier K ; the remainder is put 8 feet lower, Fig. 282. After the
pit bad been laid dry by pumps, the ground and the space at f were filled in with concrete and
leveled off. On this bed the body of the dam was by degrees erected of hydraulic stone-masonry,
according to the bond, Fig. 282 @, and the courses of face-stone for the weir laid down. This face-
work is of granite, cut with such closeness as to allow the stone to be laid with a joint not exceeding
three-sixteenths of an inch. The masonry is laid in horizontal courses to 8 feet from the extrados
of the face-work, where it i8 in courses corresponding with the radii. In front of the lip of dam
below the head-water, a fore-embankment, Figs. 282, 288, 289, was formed of earth, and its upper
part secured with a dry stone-pavement 2 feet thick.

In the part of the dam first erected, B, Fig. 283, at b, and Fig. 289, at b, a waste-weir is con-
structed, in order to draw off the water of the lake from a greater depth; it consists of a well with
culverts having two sets of gates, all of which are protected with a small stone house, Figs. 283 and
289, at b, which can be reached by the bridge B, Figs. 283 and 288.

At a distance of 300 feet from the lip, a secondary dam, Figs. 288 and 289, is constructed ; it is
erected of round timber, filled up with dry stone. The object of this secondary dam is to divide the
head of water, and, by means of the water-basin formed by it, to break the body of water running
over the weir, and to keep the wood-work of the timber piers A and L under water. Near the left
shore a waste-weir is constructed in this dam, in order to let off the water from the basin when
required.

Wooden Dams are usually of crib-work, of either rough round logs with the bark on, or of hewn
timber—in either case about a foot through. These timbers are merely laid on top of each other,
forming in plan a series of rectangles, with sides of about 7 to 12 feet. They are not notched
together, but simply bolted by 1-inch square bolts (often ragged or jagged) about 2 to 2} feet long,
through every timber at every intersection.

The cribs are usually, but not always, filled with stone. In triangular dams, disposed as in Fig.
290, this stone filling is not so essential as in other forms, because the weight of the water, and of
the gravel backing, tends to hold the dam down to its base. Still, even in these, when the lower
timbers are not bolted to a rock bottom, or otherwise sccured in place, some stone may be necessary
to prevent the timbers from floating away while the work is unfinished and the gravel not yet depos-
ited behind it. On rock, the lowest timbers are often bolted to it, to prevent them from floating
away during construction ; and when the water is some feet deep, this requires coffer-dams,

Movable Barrage.—A movable barrage, established across a navigable river, comprises two essen-
tial parts, namely, the navigable way and the overfall (Fig. 291). The former is used for purposes
of narvigation when there is a sufficient natural draught of water in the river for ships to pass; the
movable lifts which serve to close the way arc then laid flat on their platform. The overfall serves
to maintain the level of the river at a detcrminate height when the barrage is in use; it likewice
serves as an outlet for the water while the lifts of the navigable way are being raised.

In addition to these two essential parts, there is generally also a lock, through which the naﬁg-
tion takes place when the barrage is closed (Fig. 201). When there is no lock adjoining, then the
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navigation can only be performed by removing the barrage and releasing the water at certain fixed

The sill, or platform, of a navigable way should be placed at a depth not less than that of the
bottom of the river above the weir. The sill of the overfall should be so raised that, having due
resard to economy and facility of comstruction, its section, added to that of the navigable way, shall
offer an outlet proportional to the quantity of water that flows down the river at its different peri-

ods. Moreover, it must be at such a height that it may give free passage to the waters of the river
while the lifts are being raised, without producing too heavy a fall from the upper to the lower basin.
These conditions are most important,

The establishment of a navigable way is a costly work; its breadth should, consequently, not be
greater than is absolutely necessary for the requirements of navigation. When the breadth of the

ML

river will not admit of the overfall being placed perpendicularly to its course, and in a line with the
;vig:ble way, it may be put obliquely ; in that case the angle of inclination must not be less than

The platform of the navigable way should be of sufficient width to receive all the various compo-
ents of the lifts, dams, etc., when the foundations are laid upon concrete.
. The lift of a navigable way is composed of three principal parts, viz.: 1. Of a framework of
tmber capable of moving upon an horizontal axis placed perpendicularly to the direction of the
current. When this framework is raised, it is sup-
ported by its axis, while its base rests against a sill
attached to the platform of the barrage. 2. Of a stay,
made of iron, and bearing the horizontal axis men-
tioned above. The lower part of the stay is termi-
nated by two spindles, working in sockets, that are
attached to the sill against which the foot of the lift
rests (Fig. 292), so that this stay is able to turn upon
its base, carrying with it, as it moves, the framework
of the lift. 8. Of a buttress of iron, the head of
which forms an articulation with that of the stay, its
foot resting against a cast-iron shoe firmly cemented in
the platform.
These three pieces are all that constitute the lift,
) and the whole arrangement presents very much the
appearance of a painter’s easel with a picture upon it.
This is the system that has been so successfully and ingeniously put into practice by M. Chanoine, at
the celebrated barrage of Conflans-sur-Seine, and at other places.
vaeeides the three principal components of a lift, above described, there remains yet one addition
some import :
. erpoise.—Upon referring to the several illustrations, it will be observed that that por-
tion of the lift which is above its axis of suspension, and which is called the “fly,” is wedge-shaped,
getting thinner toward the top; whereas that which is below the axis of suspension is uniform in its
which is equal to the thickest part of the fly. This is done in order to nearly balance the
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gate, giving the lower portion, however, a slight preponderance over the upper, which has a longer
radius. The moment of the weight of the timbers forming the lower part, called the “ breech,” is
about 110 feet out of water, and that of the timbers of the fly is nearly equal to it; but when the
brecch is entirely immersed, the moment of its weight is destroyed by the very fact of immersion;
80 that, in manceeuvring, the weight of the fly becomes an obstacle to the lowering of the breech.
To remedy this, it was necessary to append a counterpoise to the latter, composed of a mass of cast-
iron, movable, and held- and girded by three parallel iron bars (Figs. 293, 294) along which it may
slide, and weighing about 145 lbs. In order to give some idca how the system operates, let us sup-
pose a lift to be raised, and in position, and then obscrve by what means it is lowered. If the end
of the buttress, which is rounded, be drawn on one side from the ehoe, it is evident that, losing its
point of support, it will slide upon the platform in the direction of the pressure against the lift;

that the * stay” will necessarily follow the buttress, turning upon its bage; and that the gate itself,
in rotation, will follow the stay ; so that the two former will be stretched upon the platform in pro-
longation of one another, while the latter rests on the top of both, covering them.

The buttresses are made to slip from their respective shoes by means of an iron bar, placed
horizontally upon the platform, and furnished with
catches, so disposed at distances that they draw
aside the buttresses one by one in succession, and
in the order in which it is intended to lower the
lifts, This bar must be easy of management, and
arranged in such a manner that its action may not
be impeded by gravel, sand, or any foreign matter
carried down by the current. It is terminated at
one end by a rack worked by a vertical wheel, by
the aid of which its motion is imparted, and thence
transmitted from buttress to buttress. Upon be-
ing released from the shoe, the buttresses slip into
guiding-rails, or grooves, in which they slide till
they reach the bottom. We have already implied
that the lift proper is divided by its axis of rota-
tion into two distinct parts: the lower part it has
been agreed to call the “breech,” and the upper
the “fly.” It is necessary to bear in mind this
distinction. We will now describe the

Method of Raising the Lifts.—The base of the breech is provided with a stout iron handle. The
keeper, cntering & boat fitted for the purpose, seizes this handle with a hook; then, pulling, by
degrees the breech of the lift rises from the platform at the end of their course, the extremity of
the buttress comes and rests against the shoe, and the gate remaina suspended on its axis of rota-
tion, while the breech is upheld by the boatman’s hook. As soon as the hook is detached, if the
breech be a little heavier than the fly, or if it be slightly pushed, the gate immediately turns upon
its axis, and the breech rests against the sill of the weir.

This, in effect, is what takes place; but, in order to insure precision and regularity in the different
purtls, many other accessories are needed, the details of which our limits will not allow us to par-
ticularize.

BaRraGres vor Purproses or IRriGaTION.—It is only in Eastern countries that the opportunity occurs,
or the necessity exists, of carrying out irrigation-works on a gizantic scale. Native works in the
deltaic provinces on the great rivers of Southern India have been in successful operation for centu-
ries. The basis of these works has been in nearly every instance the damming of the rivers at the
apex of the delta by means of an anicut, or barrage, in such a manner as to raise the low-water
level to the extent required for irrigation by gravitation, but at the same time without appreciably
augmenting the heights of great floods.

One of the longest of the Indian barrages—that on the Godavery River, at Dowlaisweram—is
described as follows by Col. Baird Smith, R. E., in his well-known report on Indian irrigation :

“ The bed of the Godavery is throughout of pure sand, and in such soil are the whole of the foun-
dations laid. Commencing from the eastern or left bank, the first portion of the work is the Dowlais-
weram branch anicut, or dam. The total length of this is 4,872 feet, or 1,624 yards. The body of
the dam (Fig. 295) consists of a mass of masonry resting on front and rear rows of wells, each well
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being 6 feet in diameter, and sunk 6 feet below the level of the deep bed of the stream. The masonry
forming the body is composed: 1. Of a front curtain-wall running along the whole length, 7 feet
in height, 4 feet in thickness at the
base, with footings 1 foot broad on
each side to cover the tops of the
wells on which the curtain-wall
rests, and 8 feet thick at the sum-
mit. 2. Of an horizontal flooring
or waste-board, 19 fect in breadth
and 4 feet in thickness. 8. Of
s masonry counter-arched fall 28
feet in breadth and 4 feet thick, of which the curve is so slight that the form may be con-
sidered practically as that of an inclined planc. The waste-board and tail-slope arc protected
against the action of the stream by a covering of strongly-clamped cut stone over all. 4. Of a
rough stone apron in rear, formed of the most massive stones procurable, and extending about 70 or
80 feet down-stream. This protects the rear foundation against the erosive action of the stream
passing over the dam, and may be extended as circumstances may require. The body of the dam
rests merely on a raised interior embankment or core of the common river-sand, and no d)recautions
to strengthen this in any way have been considered nccessary. On the extreme left flank of the
dam is a series of works, consisting of a lock for the passage of craft, a head-sluice for an irriga-
tion-channel, and an under-sluice for purposes of scour and clearance from deposits.

“ The second branch of the river is called the Rallee branch, and is barred by an anicut or dam
2,862 feet, or 954 yards, in length.

In section (Fig. 296), this work

differs a little from that just de-

scribed. The general dimensions

of the bodies of both are similar;

but the front curtain-wall of the

Rallee dam, instead of resting on

s row of wells, is founded on a

mass of rough stone, and this mass extends under the waste-board or sill, and part of the curved
tail, thus replacing the core of river-sand characteristic of the Dowlaisweram branch anicut by one
of & more substantial kind. The rear foundations consist of a row of 6-foot wells as before ; and
the only difference in the rough stone rear apron is the insertion along its length of a retaining or
bonding bar of masonry 4 feet in breadth by 8 in depth. The left-flank revetments are similar,
though not quite so long as those formerly described. On the right flank is an under-sluice with 8
small vents of 6 feet each, and 2 large arches carrying a roadway for cross-communication.

“The length of the Muddoor branch dam, the third section of the great work, is 1,648 feet, or
516 yards. Its section is precisely the same as that of the Dowlaisweram dam; it has the same
front and rear foundations on wells, the same dimensions of the masonry-body, which rests on a like
core of river-sand without any intermixture of heavy material.

“The length of the Vegaishweram branch dam, the last of the series, is 2,584} feet, or 861}
yards. In section (Fig. 297) it
presents several small differences
from any of the others. Its height
at the sill i3 1 foot greater than
the other; the thickness of the
masonry of the body of the dam 6
inches, the breadth of the sill 8
inches, and that of the tail 9 inch-
s, more than the corresponding details for the other portions. The foundation and core of sand
within the body are like those of the Dowlaisweram and Muddoor dams, but the front curtain-wall
is protected by an apron of rough stone about 10 feet deep and 8 or 7 feet wide, carried along its
entire length. The rear rough stone apron is banded and strengthened at 20 fect from the termi-
pation of the masonry-tail by a bar of stone in mortar 6 feet wide by 24 feet deep. With these
differences in detail, the general arrangements are the same as in the other branches.

“Viewed as a whole, therefore, the Godavery anicut consists of a masonry-dam in separate por-
tions, the united length  of which is 11,866} feet, or 3,955} yards, being very nearly 2} miles of
river channel blocked up by a solid, substantial, well-protected mass of stone in lime cement, or
without it, according to position, having a total breadth of base equal to very nearly 180 feet, and

ight of crest or sill equal to 12 feet.”
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India Mémoires des Ponts et Chaussées, 1871, tome ii., 5th series ; *“ Mémoire sur un Nouveau Sys-
tme de Barrage,” Bonté, Mémoires des Ponts et Chaussées, 1876, tome xi., 5th series; * Construc-
tion of Mill-Dams,” Leffel, Springfield, 0., 1874 ; * High Masonry Dams,” McMaster, New York, 1876.
An excellent discussion of the different systems of hydraulic gates and movable dams will be found
in report of Chief of Engineers U. 8. A., 1874, part i., p. 415 ; see also report of Chief of Engineers
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for 1875, for barrage at Port & I’Anglais on the Seine, and for M. Girard’s automatic movable dam;
also see report for 1878, part i, p. 61, and part ii., p. 640; for barrage of the Nile, see ineering,
vol. xxi., p. 40, ef seq. ; also ‘* Construction of High Masonry Dam” (Croton), Engineering, vol. xx.,

. 175.

P BARREL-MAKING MACHINERY. The machines which are used in the manufacture of barrels
may be divided into three classes, namely: those employed for cutting and dressing siaves ; those
used for making the heads; and those adapted for finishing the barrel after portions of its parts
have been assembled. All of this machinery may also be grouped in two classes, according as the
work to be produced is a tight barrel or cask, such as is employed for containing liquids, or a slack
barrel for holding flour, sugar, cement, or other dry substances. The devices for making kegs and
small casks may also be separately classified, as in many respects their construction differs in mat-
ters of detail from that of barrel-machinery.

1. Stave-Machinery.—The principal manipulations of the stave are jointing, dressing, equalizing,
and sawing. In the jointing machine, the stave is tightly held in clamps, and by pressure on a foot-
treadle moved up to a disk, on the face of which are radially disposed knives which bevel off the
edges of the stave to the proper degree for fitting it into the cylindrical barrel. With this machine
a fan.blower is combined, so that all dust and shavings are rapidly removed as fast as produced.
When the stave is jointed, the relaxation of pressure on the treadle causes its release. A
ments are provided for tightly holding the work, and also for giving to the edge any desired bilge or
bevel. The machines employed for dressing sawed staves consist of a rotary cutting-head and a
carrying or revolving bed, with feed-rollers which compel a strong forward motion. The stave is
placed upon the bed and carried under the rollers, which are straight or convex to fit the shape of
the work. The rotary head and cutters are so made and ground that the stave is smoothly finished
and a uniform thickness given. For dressing rived and sawed staves of all thicknesses, a special
machine has been devised, which dresses both sides of the stave at the same time without cutting
the wood across the grain ; that is, it lcaves the staves winding and crooked as they were rived from

the block. This is accomplished by allowing the frame which supports the cutters to oscillate and
rock in all directions, so that the cutters adapt themselves to all the crooks and winds of the stave.

For sawing staves, the cylinder-saw machine represented in Fig. 298 is employed. This machine
cuts the stave, which is suitably clamped and fed forward, in circular form. The construction is
obvious from the engraving.

In order to saw the staves to uniform length, the stave-cqualizer is employed. The staves are
placed upon a conveyer consisting of two endless ropes, by which they are brought upon the periphe-
rics of two wheels on the same shaft, so that each stave rests across projections on the rim of the
wheels. As the wheels rotate, the ends of the stave are brought in contact with two circular saws,
which are adjusted at a distance apart equal to the desired length of the stave. The feed being con-
tinuous and the operation of the machine automatic, it is only necessary to place the staves on the
conveyer, when they are rapidly conducted to the saws.

2. Head-making Machines.—For ordinary casks the heads are usually made of several portions
jointed and doweled together. To make the joints and prepare the pieces of heading which have
previously been sawn to the proper length for the dowels, is the object of the machine represented
in Fig. 299. This consists of a large rotating metal disk, in the face of which are fixed three cutters,
relatively equidistant, In front of the disk is a standard and rest. Upon the latter a piece of rough
heading is laid, and its edges are pressed against the disk by hand, so that they are thus rendered
perfectly smooth and straight. The work is then removed and laid upon another rest on top of
the machine, where it encounters two swiltly-revolving bits, which are forced against the edge by the
foot-treadle, and which speedily bore holes for the dowels. The disk acts as a fan, blowing away
chips and shavings through the shoot shown at the right of the engraving. The heads of a large
number of barrcls can thus be prepared in a day by a single man, and the joint-knives are so
arranged that either a hollow or straight joint can be made, as desired. The dowels are next in-
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pasition, firmly holding the work.

Through the rotation of the oppo-

site disk, the pin-disk is also carried
round, but for only one revolution,
at the end of which stop mechanism
in rear of the standard is actuated to unlock the clamp, 80 that the pin-disk springs back and allows
the work to fall out. The saw is mounted on a separate carringe, and has its own belt. On one
gide of the blade are secured two pe-
culiarly arranged knives, by which,
when the cutting mechanism is moved
up amainst the edge of the head by
the foot-treadle, both sides are cut at
once, and at the same time through
18 rotating the work is turned in cir-
cular form. The machine is 8o con-
structed that all kinds and sizes of
beads can be made with one and the
Sme concave saw. An attachment
15 provided for giving the heads an

in similar manner, a rope is passed around the flaring ends and taken to a hand windlass, by which
the staves are brought together. The truss-hoops are slipped over the extremities, and the barrel is
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ready to be heated in order to cause its staves to assume the curved form. The heaters are simple
iron cylindrical stoves, over which the barrel is set, the top of the latter being closed with a sheet-
iron cover.

The barrel is next leveled. To this end it is placed between two disks, one of which by suitable
mechanism is moved forward, powerfully compressing the cask endwise and thus leveling the staves,
It then goes to the trussing machine, which is represented in Fig. 302. Here the
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In Fig. 303 is represented a
machine specially designed for
both leveling and trussing slack

- “7 __ barrels, or, in other words, per-

_ — forming both of the operations
_— ® _—— justdescribed. In this the arms
— /-"" _ 4, wl;{ch hook upon l:hc I'illlgs,
_ are all connected with the lev-
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The barrel with the truss-hoops
on is then inserted, and a pressure of the foot-treadle closes all simultaneously. By means of
the clutch-lever D the machine is then thrown into action. The pulley-shaft actuates (through
gearing) a screw-shaft, which forces the movable disk toward the stationary one, thus, through the
drivers, pushing the truss-hoops to their proper places on the barrel, and at the same time leveling
the ends of the staves.

Before the heads are put in, each barrel at each end must be crozed and chamfered ; that is, s
groove must be cut around the inside, a short distance below the edge, while the latter must be bev-
eled off. The ends of all the staves must be cut off perfectly true, and in heavy casks it is necessary
to cut a howel or wide semicircular.indentation around
just below the croze. Fig. 304 represents a machine
which chamfers, howels, levels, and crozes casks of im-
perfect periphery, finishing both ends 'at once. The
barrel, being previously placed on supporting skids,
passes directly between the chuck-rings, and its ends
fit into the peripheries of the cog-wheels which work
within the former. The wheel 4, through suitable gear-
ing, governs the backward and forward motion of the
right-hand ring B. The other chuck-ring is stationary.
As the barrel rolls into place, the operator moves up
the ring B, thus confining it; and by suitable mechan-
ism the barrel is caused to revolve. The cutters C,
which are all fastened on two circular heads (the shafts
of which are mounted on vibrating carriages and re-
volved by the smaller belts represented), are then moved
up against the inner edge of the barrel. A single revo-
lution suffices to perform all the operations above named,
when the ring is drawn back and the barrel is removed. Each cutter-head is controlled by a rest
upon the outside, thus compelling a uniform thickness and depth of chime, while the same is leveled
with accuracy. The heads are usually inserted and the hoops placed in position by hand. The
final smoothing of the barrel before all the hoops arein place is also done by machinery. The bar-
rel is caused to revolve under a planc which serves as a smoothing tool, and the latter held 8o as to
be easily guided by the attcndant.
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Among other machines specially used in barrel manufacture are apparatus for punching, flaring,
and riveting iron hoops. This is done by rolls, which may be adjusted to give the flare as the hoop is

808,
(4]

passed between them ; and on the same frame which supports these rolls is a lever carrying punches
and & riveting press, There is also a distinct line of smaller machines designed for keg-making, the

804.

I————

principles of the construction of which are essentially the same as those of the larger machines.
g‘lll ﬂt::le apparatus above described is the invention and manufacture of Messrs. E. & B. Holmes, of
o, N. Y.

The machinery used for barrel-making in Europe varies in many respects from that employed in
this country. A complete description of it will be found in Engineering, xxi., 454. For further
details of the American machines, see Scientific American, xxx., 191, and xxxii., 79.

BASKET-MAKING. In making baskets, the twigs or rods of split hickory, oak, black ash, or
osier, being aseorted according to their size and use, and being left considerably longer than the
work to be woven, are arranged on the floor in pairs parallel to each other and at small intervals
spart, and in the direction of the longer diameter of the basket. Then two large rods are laid across
the parallel ones, with their thick ends toward the workman, who is to put his foot on them, thereby
bolding them firm, and weave them one at a time alternately over and under those first laid down,
confining them in their places. This forms the foundation of the basket, and is technically called
the “slat " or “slate.” Then the long end of one of these two rods is woven over and under the
pairs of short ends, all around the bottom, till the whole is woven in. The same is done with the
other rod, and then additional long ones are woven in, till the bottom of the basket is of sufficient
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size. The sides are formed by sharpening the large ends of enough stout rods to form the ribs, and
plaiting or forcing the sharpened ends into the bottom of the basket, from the circumference toward
the centre; then raising the rods in the direction the sides of the basket are to have, and weaving
other rods between them till the basket is of the required depth. The brim is formed by bending
down and fastening the perpendicular sides of the ribs, whereby the whole is firmly and compactly
united. A handle is fitted to the basket by forcing two or three sharpened rods of the right length
down the weaving of the sides, close to each other, and pinning them fast about two inches below
the brim, so that the handle may retain its position when completed. The ends of the rods are then
bound or plaited in any way the workman chooses. This is a basket of the rudest kind. Others
will vary according to the artist’s purpose, skill, and materials. When whole rods or twigs are not
adapted to the kind of work required, they are divided into splits and skeins, Splits are made by

803.

cleaving the rod lengthwise into four parts, by means of an implement consisting of two blades,
crossing each other at right angles, the intersection of which passes down the pith of the rod. These
splits are next drawn through an implement resembling a common spoke-shave, keeping the pith
presented to the edge of the iron, and the back of the split against the wood of the implement.
The split is then passed through another implement, called an “ upright,” to bring it to a more
uniform shape. This consists of a flat piece of steel, each end of which has a cutting edge, like that
of an ordinary chisel; this piece is bent round, and the edges are made to approach each other as
near as desired by means of screws, the whole being fixed into a handle. By passing the splits
between these two edges, they are reduced to any required thickness. The implements required in
basket-making are few and simple, consisting, besides those just mentioned, of knives, bodkins, and
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drills for boring, leads for stcadying the work while in progress, and when it is of small dimensions,
and a piece of iron called a “beater.”

The splints of various kinds of wood, particularly certain species of ash, elm, and birch, are exten-
sively employed in basket-work. These splints are obtained by beating logs of the wood with a
maul, thus loosening and separating the different layers or rings into narrow strips. This is the
simple and primitive process, and is necessarily slow, and restricted to woods of a free texture.
Several machines have been invented and are now employed for the manufacture of splints, by
which different kinds of wood, prepared by steaming or otherwise, are cut or rived into the required
form. “Basket-willow” and “osier” are terms commonly applied to the species of saliz most used
in basket-work. -

Figs. 805 and 308 represent a basket-making machine. A circular wooden bottom-piece with
radially projecting basket-strips is attached to the end of a rotating shaft, and during the rotation
of the bottom and radial strips a filling-carrying device having a vibratory motion passes over and
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under the radial strips, and leaves the filling carried by it. This filling is laid in compactly by reed-
like pieces. In the machine represented, the skeleton of a top or bottom is clamped to the shaft by
set-screws. The end of the filling is fed through the apron. Motion is applied to
the driving-shaft which rotates the skeleton. The pad of the apron is vibrated
by the action of the eccentric-wheel that rests upon the ring, causing the rods to
vibrate alternately above and below the filling between them (Fig. 305).

BATHOMETER. An instrument for measuring the depth of the sea without
the use of a sounding-line. The principle upon which the action of the bathome-
ter invented by Dr. C. William Siemens depends is the diminution of the influence
of gravitation upon a weighty body produced by a decrease in the density of the
strata immediately below it; thus, the density of sea-water being about 1.026,
and that of the solid constituents which form the carth about 2.75, it follows
that an intervening depth of sea-water must exercise a sensible influence upon the
total gravitation if measured on the surface of the sea.

The instrument, which is represented in Fig. 807, consists essentially of a ver-
tical column of mercury ocontained in a steel tube having cup-like extensions.
The lower portion is closed by means of a corrugated steel-plate diaphragm, simi-
larin construction to those employed in aneroid barometers (sce BAROMETER);
and the weight of the mercury is balanced at the centre of the diaphragm by the
elastic force of carefully-tempered steel springs, the length of which is the same
as that of the mercury column. Both ends of the column are open to the atmos-
phere, so that its variations of pressure do not affect the readings of the instru-
ment. The ratio between the areas of the cups and that of the tube is governed
by the diminution of the density of mercury due to dilatation on incrcase of
temperature, and the diminution of elasticity of the springs, due also to rise of
temperature. The reading of the instrument is effected by means of electric con-
tact between the centre of the diaphragm and the end of & micrometer screw, the
divisions on the rim and the pitch of the screw being so proportioned that each
diision represents one fathom of depth.

BATTERY. See ELECTRO-GALVANIC BaTTERY, StaMPs (for ore), ORDNANCE,
and THERMOPILE.

BEAMS. See STRENGTH OF MATERIALS.

BEAR, PUNCHING. A machine for punching metals by hand-power. The
usual form is represented in Fig. 308. The punch is contained in the end of the
acrew, which is operated by means of a bar or lever passed through the hole at
the head. The utmost capacity of this tool in practice is to punch a hole three-
quarters of an inch in diameter through an iron plate five-cighths of an inch thick.

BEARINGS. By the term “bearings” is meant the surfaces of contact between
the moving piece and its support. For motion of straight translation, the surfaces
of the bearings must have a circular, square, triangular, or other etraight-lined
cross-section, and be perfectly straight in the direction of motion. Such bearings
are called slides, examples of which may be seen in lathes, shaping machines, and
many steam-engines. For rotary or turning motion, the surfaces of bearings must be surfaces of revo-
lution accurately turned, as cylinders, spheres, cones, etc. The surface of the moving picce is called a
Jjoxrnal or neck, and the fixed or supporting picce is also called a journal, gudgeon, pedestal, plumber
or pillow block, busk, step, or pivol. These bearings provide also for rocking. For helical or screw
motion the bearing must be an cxact screw. The supporting piece is called a nuf. These provide
for rotation about a fixed. axis, and for translation along it. The construction of one form of the
phonograph necessitates this bearing, and other examples will be scen in the screw-cutting lathe,
in various feed-motions of machine tools, etc. All bearings must so fit that the intensity of the
pressure will not force out the material employed in lubrication.

For lubrication and friction of bearings, sce FRICTION AND LuBrIcATION. See also JoURNALS, PiL-
ww-BLocks, Bush, Steps, HANGERS, and SHAFTING.

. BELLS. The alloy of which bells are made consists of copper and tin. 75 parts copper to 25
tin is a usual proportion, but the constituents vary from 50 copper, 33 zinc, and 17 tin, to 80 copper,
10tin, 6 zinc, and 4 lead. Sometimes the proportions 72 copper, 26.5 tin, and 1.5 iron, have been
employed. The various parts of a bell are the clapper or tongue, the clapper-bolt, the yoke, canon
or ear, mouth, sound-bow, shoulder, and barrel.

When a bell ia to be constructed, the weight or key-note is given, and the diameter and sound-
bow are calculated. By the following rules all the various data may be determined.*

. L. The weight of a bell is found by multiplying together the square of the diameter at the mouth
in inches by the thickness of the sound-bow in inches and by .25. Ezample: Required the weight
ot a bell 60 inches in diameter, sound-bow 4.8 inches thick. .25 x 60% x 4.8 = 4,320 Ibs, weight.

2. The diameter of a bell may be determined by dividing 4 times the weight in avoirdupois pounds
by a coefficient expressing the relative thickness of the sound-bow to the diameter of the bell, which
varies from .07 to .08, and extracting the cube-root. In peals of bells the sound-bow is generally put
08 times the diameter at mouth in inches for the treble, and .07 times for the tenor; for the inter-
mediate bells in the peal, proportions lying between these for the respective sound-bows, Exarwdc :
A bell of 2,636.4 1bs. is to be constructed with a sharp note, putting for the sound-bow .0%5. hat

is the diameter ? 4x 3;:?% = 52 inches.

* From Spon’s “ Dictionary of Engineering.”
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8. To find the key-note, the diameter and thickness at sound-bow being given, multiply the sound-
bow thickness by 58,000 and divide by the square of the diameter. The answer is in vibrations per
second. Es‘z;;mple : The key-note of a bell, with diameter 44 inches and sound-bow 8.52 inches thick:
58,000 X - .o- = 105.45 vibrations per second, which corresponds nearly to the note A in the first
octave below zero in the bars. The second octave below this would be 53.8 vibrations, and the third
26.90 vibrations.

4. The key-note and weight given, to find diameter divide the weight by the number of vibrations
per sccond corresponding to the note, extract fourth root and multiply by 21.947. Ezample : Weight

ppi
6,561 lbs., key-note C in first octave below zero (64 vibrations). Then 21,947 X \/5%61 = 69.84 inches.

5. Given the diameter and number of vibrations, to find the thickness of sound-bow multiply the
square of the diameter by the vibration number and divide by 58,000. Ezxample: Taking the figures
of last example, &bﬁ(?:si)’ = 5.38 inches.

After calculation by the above formulas is concluded, the diameter of the bell at the mouth is di-
vided into 10 square parts, called strokes, which then is the scale and measurement for the construc-
tion. Shrinkage is allowed at three-sixteenths of an inch to the foot. The section of the bell is
usually laid out on a picce of board, which is then cut out and uscd for turning up the mould of the
bell. Bells can be made almost in any form without seriously affecting the quality of tone; but the
thickness of metal should always be in proportion to the square of the diameter taken at the centre
of the metal. Several methods are employed for tracing bells. The one mostly used in France gives
15 thicknesses of the bow to the diameter, 7§ to the diameter of the crown, 12 to the line forming
the lower ridge of the bell and the base of the crown, and, finally, 32 to the great radius serving to
trace the profile of the bell proper. The weight of the clapper should be from one-fortieth to one-
fifticth the weight of the bell.

Casting Bells.—The method of casting bells employed by Messrs. Meneely & Co., of Troy, N. Y.,
is shown in Fig. 309. In the upper case is made the outside mould of the bell, and upon the lower
the inside mould. The material of the mould is a porous clay loam, put on from one to three inches

309, in thickness, according to the size of the bell. The proper shape and
: finish is given to it by mecans of swecp-boards, cut respectively to the
shape of the outer and inner vertical sections of the proposed bell, and
which are made to revolve upon a centre representing that of the bell,
fixed in the centre of the cases. Before the clay is put on the inner
mould case it is wrapped with straw-rope, which, becoming charred with
the heat when the bell is poured, permits it to shrink in cooling without
straining. The perforations in the cases serve to make the clay more
firmly adhere to them, and also to vent the mould. In the old method
of casting, the moulds, being made entirely of clay, were necessarily
packed about with sand in order to withstand the pressure of the metal,
and the confined air within not entirely escaping would cause a porous
casting, or, being converted into an inflammable gas, would take fire and
explode. In using these cases, the bell is pourced aboveground, and
whatever gas may be generated in the mould permeates through the clay
and burns off at each hole in a pale jet of flame, thus being entirely re-
moved.

Hanging Bclls—Bclls are suspended in yokes, journaled in frames,
and are swung by means of a wheel sccured to the yoke, the bell-rope
leading from the wheel-rim (Fig. 810). The manner of attaching the
rope is shown in the accompanying cut, it being fastened to the wheel
at A, and, if the bell is of medium weight, it passes down directly
under the centre of the wheel through the sheaves at D. With this
arrangement the bell may be thrown over, as it will be more or less,
and the connection of the rope with the wheel will not be deranged.

If the weight of the bell is such that with the bend in the rope at D 810.

the labor of ringing is too gredt, then it should be run down in a
straight line through the floor, in which case no sheaves are neces-
sary. In order to prevent the bell being thrown over, it is well to
provide a stop on the wheel. The rope shou'd not be larger than is
necessary, as its inflexibility and weight encumber the free spring of
the Lell. As it is impracticable, howerver, to ring a bell of consider-
able weight by a small rope on account of the difficulty of grasping
it firmly in the hand, we here give the sizes of ropes suitable for bells
of different weights:

For bells of less than 500 Ibs., } inch diameter.
“ from 500 to 800 «
u from 900 to 1,600 “ 3 «
“ above 1,500 ¢ 1 “

Chimes are numbers of bells attuned to each other in diatonic
succession. A peal consists of three or more bells in harmonic suc-
cesgion, which may be rung successively or simultaneously, but will
not admit of a tune being played upon them. Thus, a set cmbracing
the cight notes of the gamut will constitute a chime, while one upon the first, third, fifth, and eighth
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of the scale would be a peal. The usual number of bells in a chime is nine, embracing the seven
notes of the scale the octave and a flat seventh. Bells are caused to sound either by swinging them,
and so causing the clappers to strike them, or by the aid of hammers of various weights, according
to the size of the bell, caused to rise and suffered to fall on the bell. Peals are rung by hand, the
bells being swung ; clocks always strike the bell with @ hammer, the bell being at rest. The ham-
mer is raised by a wire, which pulls down the hammer-tail, the wire being worked by a lever, the
end of which is caught by a cam on a revolving barrel in the clock below. It is obvious that, if a
number of bells are all fitted with hammers, and the number of cams is sufficiently great, and the
cams are properly arranged, a tune can be played by a mere multiplication of the device by which
a clock is made to strike the hours on a single bell.

The Carillon Machine embodies this arrangement—only, instcad of cams, 8 number of short pins
are set in a revolving barrel, and these pins catch thc toes of levers connected by wires with the
hammer-tails iin the bell-chamber above. The pins are set or pricked in precisely the same way as
the little points in the barrel of a musical box. The hammer, after it has fallen, can only be lifted
by the rotatiom of the barrel ; and, as the time of dropping the hammer depends entirely on the rota-
tion of the barrel, it is obvious that the barrel can only revolve at a slow speed, and much time is lost
in lifting the bammer. The result is that a rapid musical passage cannot possibly be performed.
Another result is that, when the small bells, the high notes, come to be played, the barrel meets with
less resistance, and revolves faster than when it has to deal with the deep notes and large bells. It
follows that the air is played out of time.

These difficulties are overcome by the invention illustrated in Fig. 811. It is intended to show the
gear for working one hammer. It must be multiplied in proportion to the number of hammers, but
the parts are all repetitions of each other. It will be understood that this engraving does not show
details, but simply illustrates a principle.

The musical barrel B is set with pins in the usual way. A is a cam-wheel of very peculiar con-
struction, operating a lever C' by what is, to all intents and purposes, a new mechanical motion, the

peculiarity of which is that, how-
811, ever fast the cam-wheel revolves,
the tripping of the lever is avoided.
In all cases the outer end must be
lifted to its full height before the
swinging place D quits the cam.
The little spring-roller E directs
the tail D of the lever into the
cam-space, and, when there, it is
prevented from coming out again
by & very simple and elegant little
device, by which certainty of action
is sccured. At the other end of
the lever C is a trip-lever . This
lever is pulled toward C by a spring,
and whenever C is thrown up by
the cam-wheel, F scizes it and holds
- it up; but the wire to the bell-ham-
mer in the tower above it is secured to the eye G, so that, when D is lifted, the eye @ being pulled
down, the hammer is lifted. The pins in the musical barrel B come against a step in F'; and as
they pass by they push ¥ outward and relcase C, which immediately drops, and with it the hammer, so
that the instant a pin passes the step /" a note is sounded. But the moment D drops, it engages with
4, which last revolves at a very high speed, and D is incontinently flung up again, and the hammer
nised, and raised it remains until the next pin B passes the step on 1'% and again a note is struck.
It will be seen, therefore, that, if we may use the phrase, B has nothing to do but let off traps set
continually by A ; and, so long as A sets the traps fast enough, B will let them off in correct time.
But 4 revolves so fast and acts so powerfully that it makes nothing of even a 8-cwt. hammer, much
less the little ones ; and thus is obtained a facility of execution heretofore unknown in carillon ma-
chinery, The machine illustrated has been put up in the parish church at Shoreditch, London, by
Messrs, Gillett & Bland. It plays 14 tunes on 12 bells—one of the finest peals in London, the tenor
weighing no less than 34 cwt. Two barrels are used, which can be changed by hand. The peal ranges
from CC to G. There are 24 levers, two to each bell, to insure facility in playing rapid passages
without driving the cam-barrel too
The motive power is supplied 812,
by & weight of 9 cwt., allowed to
‘f;ﬂn 72 fect, and wound up every 24
s,

BELTS.—In the ordinary accept-
ance of the term, belts are endless
strips of leather, rubber, or other
flexible material, stretched over pul-
eys for the purpose. of transmit-
ting power from one pulley, called
the driver, to the other, or driven, pulley. Ropes and chains are also used in a similar manner,
forming rope, or chain, belting. When chains are employed, the pulleys over which they pass com-
manly have depressions or projections on the rims, which engage with the links of the chains and
prevent slipping. This arrangement forms a positive gearing, and it is to be distinguished from ordi-

)
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nary belting, in which power is transmitted by reason of the friction between the belt and the face
of the pulley. A convenicnt form of chain-belt, made by the Ewart Manufacturing Company, is rep-
resented in Fig. 312. It is compoeed of detachable links, so that its length can readily be changed.

Fig. 313 is a sketch of the ordinary belt-connection, 4 being the driving pulley, revolving in the
direction of the arrow, and connected to the driven pulley B by the endless band D C £ F. The
portion of the belt, £ F, running away from the driven pulley, is the driving part of the belt, and the
portion, D C, running toward the driven pulley, is the slack part of the belt. These are the names
ordinarily given to the two parts of the belt, for reasons that are easily explained. Suppose the belt is
stretched over the pulleys with a certain tension—for example, 40 lbe. for each inch of width. When
the pulleys are at rest, all parts of the belt will have this tension
of 40 lbs. per inch, but if motion ensues and power is trans-
mitted, it is obvious that one part of the belt must have its
tension increased. For example : Suppose that the belt, when
strained as described above, requires a force of 26 lbs. per
inch of width to slip it on the driven pulley, then the tension of
the driving part, £ F, will evidently be 40 + 26 — 66, and the
tension of the slack part, D C, 40 — 26 = 186, lbs. per inch of
width, if the belt is driving up to its full capacity. As the dif-
ferent portions of the belt become alternately tight and slack,
in passing from one side of the driven pulley to the other, and
the belt is elastic, it is evident that, even if there is no slip such
a8 occurs when a belt is overtaxed, there will be, under all cir-
cumstances, a creep, due to the elasticity, which will, of course,
vary with different belts and different tensions. As explained
by Prof. Osborne Reynolds: ‘“The strap comes on to A tight
and stretched, and leaves it unstretched. It has, therefore, con-
tracted while on the pulley. This contraction takes place grad-
ually from the point at which it comes on to that at which it
leaves, and the result is that the strap is continually slipping
over the pulley to the point at which it first comes on. In the
same way with B the strap comes on unstretched and leaves
it stretched, and has expanded while on the wheel, which ex-
pansion takes place gradually from the point at which the strap
comes on until it leaves.” # Hence, the velocity-ratio of two
pulleys connected by a belt will not be constant under all cir-
cumstances, a8 the belt does not form a positive connection.
In ordinary practice, the loss caused by the creep is very slight,
but with highly elastic belts, tightly stretched, it may be con-
siderable ; and in any case where absolute uniformity of velo-
city-ratio is required, belts cannot be used. For driving most
kinds of machinery, however, the facts that the belt is elastic and yielding, and that it will slip if
overstrained, render it one of the best appliances for transmitting power without producing injurious
shocks.

The ordinary materials used for belts are leather and rubber. Experiment shows that a rubber
belt will usually transmit at least 25 per cent. more power before slipping than one of leather under
the same circumstances—and in many cases the rubber belt has other decided advantages. For in-
stance, it is difficult to make a very wide leather belt of the same quality throughout its entire width,
because the hides of which it is composed are usually thicker and of firmer texture in the centre than
on the sides. By making a careful selection of hides, and using only selected portions of them, it is
possible to construct a wide leather belt of practically uniform quality throughout ; but generally,
in the case of a very wide belt, one of rubber will run more truly and wear more satisfactorily than a
leather one. It may be further remarked, that in damp and exposed situations, in which leather belts
would soon become worthless, rubber ones can frequently be used with success. The rubber belt is,
however, of more limited application than the other. The weak points of a rubber belt are its edges,
which should not come in contact with anything ; so that, when crossed or shifting belts are used, it
is not well to make them of rubber.

The principles upon which the transmission of power by belts depends, have becn carefully investi-
gated, both by analysis and experiment, and many valuable experimental data have been compiled.
Experiments on the amount of power that can be transmitted by a belt of given size show many
discrepancies, which seem to be due to the fact that belts of different quality were experimented
upon, and it is pretty well settled that, while rules can be constructed that will show what power a
good belt may transmit under given conditions, they cannot be implicitly relied upon to show how
much power a particular belt does transmit. A question of this kind can only be answered by experi-
ment, although thc rules may frequently cnable an experienced person to predict the result with
considerable accuracy. Rules giving results that agree with good practice will be found in another
part of this article, but before explaining their use it may be well to devote a little space to the con-
sideration of some other points connected with the subject.

It is proved, by both analysis and experiment, that the friction between a belt and a pulley varies
with the tension, is independent of the arca of the surface of contact, and increases as the angle or
arc of contact increases. To illustrate, suppose, in Fig. 814, that a belt is in contact with a pulley
for the distance 4 D C, making the angle of contact (or angle between radii drawn to extremities of

¢ The Engineer, xxxviii., 806.
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are of contact) 4 B C, then, if the tension of the belt is unchanged, the friction is the same whether

the pulley is 2 feet or 10 feet in diameter, and if the speed of the belt remains the same, the amount

of power transmitted will be the same for either case. This may seem contrary to the experience of

many—for it is not an uncommon thing to replace pulleys by larger ones, having the same relative

dimensions, the change result-

814. ing in a great increase of power,

D and as the angle of contact is

not altered by the changes, while

the area of contact is incrcased,

4 it seems at first sight to be a fair

conclusion that the gain in pow-

Pad er is caused by the increased

area. So obvious, indeed, does

this appear to many, that nu-

merous rules have been pub-

lished, in which the transmitting

power is made to depend upon

the area of contact, and is en-

tirely independent of theare. A

little reflection will show, how-

ever, that the increase of power,

in a change such as described

above, is caused by something

very different from an increase

in area of contact. The power

transmitted by a belt depends,

first, upon the difference of tension of the two parts of the belt, or force that it can transmit; and,

second, upon the velocity with which this force is transmitted. Now, in changing from one pair of

pulleys to another, in which the diameters are doubled, the same force may be transmitted in either,

but if the revolutions per minute are unchanged, the velocity with which the force is transmitted will

be twice as great in the second case as in the first, so that the power will be doubled. Both theory

and experiment fully confirm the statement that the power transmitted, other things being cqual, is

entirely independent of the area of contact of the belt with the pulley. The only limitation is in the

case of very small pulleys and stiff belts, where a considerable proportion of the power is expended

in bending the belts ; but, ordinarily, the angle of contact determines the power that a belt will

transmit at a given tension and velocity. A belt that will not do the work required of it, however

tightly it may be stretched, on account of the small angle of contact with the driven pulley, can

sometimes be rendered sufficiently powerful when less tightly strained, by the use of a binder or

tightener, close to the driven pulley, which bends the belt through a Iarger angle of contact. Fre-

queatly, however, in the case of a belt passing over two pulleys of greatly disproportionate size, very

close together, the use of a tightener occasions loss of power by the abrupt bends which it induces

in the belt, and the requisite tension may be better obtained by crossing the belt, since in the case
of a crossed belt the angle of contact is the same for cach pulley, whatever their relative sizes.

If a pulley has a high side, as it is called, or a greater diameter in one part than another, the belt
tends to run toward the high part, and advantage is taken of this fact, in practice, to keep the belt
running straight by making the pulley with a curved face, having the greatest diameter in the centre.
Very frequently this crowning of the pulley-face is overdone, the result being that the belt does not
touch the pulley over the whole of its width. Where a belt has been running for a little time, an
examination will show whether it touches all over, and, if it does not, the high part of the pulley
should be reduced. Flat-faced pulleys can be successfully run if first-class belts are used, and the
shafts are kept in line—crowning a pulley being simply a device to counteract the bad effects arising
from the usc of a crooked belt or imperfectly adjusted driving-gear. The tendency of a belt to run
to one side or the other if a slight side-pressure is brought to bear, finds its application in the case
of shifting belts, which at times are employed to drive machinery, and are occasionally shifted to
loose pulleys, it only being necessary to apply the side-pressure near the pulley where the shift is to
be made, and on the part of the belt that is approaching the pulley.

Experiments show that a leather belt will transmit more power, and wear more satisfactorily, if it
Is run with the finished side next the pulleys, the reason, apparently, being that the belt has greater
friction on account of the more perfect contact. There are various special preparations that are
recommended for application to leather belts, to render them pliable and preserve them, but the
weight of testimony seems to favor the occasional application of cither neat’s-foot or castor oil.
Belts are connected by hooks or lacing, and occasionally they are riveted together at the ends. The
latter plan is generally the best, if the belt is first run a sufficient time to stretch it thoroughly.

Wht_!n motion is produced by means of a belt-connection, the velocity-ratio of the pulleys depends
on their relative diameters and the thickness of the belt. The effective diameter of a pulley is its
g:;wer increased by the thickness of the belt, and this should be used in calculations for velocity-
0.

To find the diameter of a pulley for a required speed, the diameter and speed of the other pulley
5{”‘.‘7 :;mm. Divide the given speed by the required speed, and multiply the quotient by the given

T,
Ezample: One pulley has a diameter of 5 feet, and makes 100 revolutions a minute. What should

be the diameter of the other pulley to make 130 revolutions a minute ? ;g:—; x 5= 3.84 + feet.
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In transmitting motion by a belt, it i8 somectimes required that the two pulleys shall revolve in
different planes. It is only necessary that a belt, to maintain its position, should have its advancing
side in the plane of rotatiun of that section of the pulley on which it is required to remain, without
regard to the retiring side. On this principle, motion may be conveyed by belts to shafts oblique to
each other. Let 4 and B (¥ig. 815) be two shafts
at right angles to each other, 4 vertical, B horizon- 815.
tal, so that the line run perpendicular to the direc-
tion of one axis is also perpendicular to the other,

and let it be required to connect them by pulleys and

a belt, that their direction of motion may be as 'A/C} —7
shown by the arrows: their velocities will be as 3 of 4‘

A to2of B. On A describe the circumference of

the pulley proposed on that shaft; to this circum- ¢
ference draw a tangent a b parallel to m n . this line
will be the projection of the edge of the belt as it
leaves A, and the centre of the belt as it approaches B, consequently, lay off the pulley 4 on each
side of this line, and of a diameter proportional to the velocity required. To fix the position of the
pulley on A, let Fig. 816 be another view taken at right angles to Fig. 815, and let the axis B have

816,

the direction of motion indicated by the arrow; then the circle of the pulley being described, and s
tangent a b drawn to it perpendicular to the axis B as before determined, the position of the pulley
on the shaft A is established.

The positions of the two pulleys are thus fixed in such a way that the belt is always delivered by
the pulley it is receding from into the plane of rotation of the pulley toward which it is approaching.
If the motion be reversed, the belt will run off; thus (Fig. 817) if the motion of the shaft A4 is
reversed, the pulley B must be placed in the position shown by the dotted lines. In order to obviate
this, round belts running in grooved pulleys are frequently employed in such cases where the power
transmitted is small, and a peculiar form of angular belting working in pulleys having V-shaped
faces is very often used for the transmission of considerable amounts of power. This belting is

818. illustrated in Fig. 818, A show.
ing the method of construction
and connection of the ends, and
B and C the application to pul-
leys.

It is not an essential condi-
tion that the shafts should be at
c right angles to each other to

have motion transferred by a
belt. They may be placed at
any angle to each other provid-
ed the shafts lie in parallel
planes, so that the perpendicu-
lar drawn to one axis is perpen-
dicular to the other. If other-
wise, recourse must be had to

ide- pulleys, as illustrated in
‘ig. 819, which shows the man-
ner of finding the positions of
the guide-pulleys. If planes
are passed through the centres
of the two pulleys C and D, at
right angles to the shafts, they
will intersect in a line 4 B.
Assume any points, 4 and B, in
this line, and in the plane of
the pulley C draw the tangents
B E, A F, and in the plane of the pulley D the tangents A H, B G. These tangents represent the
path of the belt in passing from pulley C to pulley D, and to keep it in this path it will only be
ml:ccssaEryB}% introduce two guide-pulleys, onc at A, in the plane H 4 F, and the other at B, in the
ane :
P In Fig. 320 is shown a “binder frame,” as constructed by William Sellers & Co., in which the
guide-pulleys can easily be adjusted so as to revolve in the required planes.

AN

N\

~
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820.

Problems relating to the length of belts and amount of power transmitted are of frequent occur.
rence. Explanations of the manner of solving the most important examples are appended. The
operations will in general be greatly facilitated by using the following table:

Table for determining Length of Belts and Power transmitted.
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Table for determining Length of Belts and Power transmitted—(Continued).

Factors for Length of Belt, to be
maltiplied by distance between AROC OF CONTACT OF BELT WITH PULLEY. e w’“':b‘;
: centres of pulleys. single Leather Beit,
5 ove inch wide, st
Both Pulleys, Crossed Belt, snd s Veloelty of 1,000
g Open Balt. Large Pulley, Open Balt. Small Pulley, Open Balt. Feet per Minute.
Crossed
<
Beit. For Fraction Length for | Fraction Length for | For Great- | For Small-
Diffrence | 277570 |of Gircum.| DU 12 | Ragiay (of Crcam- Degreestn | Radivs | er Arcof | or Arcof
of RadH. ference. of 1. ference. of 1. Coatact. | Contact.
1 3 4 ] 6 7 8 9 10 11 12
.25 | 2.849 2.063 .786 b5]0 208.9 8.644 .420 151.1 2.689 1.588 1.858
20 2.5 2 063 S17 563 210.1 8.603 417 1499 2.620 1.502 1.851
27 2,92 2.074 S48 587 211.8 38.688 418 148.7 2.548 1.596 1.343
28 | 2,959 2.079 A0 590 212.5 8.707 .410 147.5 2.576 1.600 1.840
.29 2.996 2.035 911 D94 218 7 8.782 .408 146.8 2.551 1.608 1.834
.80 | 3.034 2.091 948 507 214.9 8.751 .408 145.1 2.532 1.607 1.828
.81 3.071 2.7 974 .600 216.1 8.170 400 143.9 2.518 1.610 1.822
82| 8.109 2.104 1.0056 604 217.8 8.795 .896 142.7 2,488 1.614 1.816
.83 | 8.147 2.110 1.087 .807 215.8 8.814 .8938 141.5 2.469 1.618 1.9
B4 8188 2.117 1.663 .610 219.7 8.548 300 140.8 2.450 1.621 1.803
851 8.224 2.125 1.099 .614 220.9 8.858 .856 189.1 2.425 1.625 1.206
86 | 8.262 2.1381 1.131 .617 222.2 8.577 .88 137.8 2.406 1.628 1.2%9
.87 3.801 2.133 1.163 .621 223.4 8.3 .879 186.6 2.351 1.682 1.2-2
38| 8.3 2.146 1.19%4 .624 224.6 8.921 876 135.4 2.862 1.635 1.276
.89 | 8.8%0 2.155 1.22% .627 225.8 8.940 .88 134.2 2.844 1.683 1.270
40 | 8.419 2.162 1.257 .631 227.1 8.965 869 182.9 2.818 1.642 1.263
.41 8.459 2.170 1.2-9 .635 225.4 8.990 .863 181.6 2,293 1.646 1.256
42 8.499 2.179 1.820 .638 220.7 4.009 862 180.8 2.275 1.649 1.248
43| 8540 | 2.189 | 1.351 642 | 231, 4.034 | 858 | 129, 2.249 | 1.6%8 | 1.240
44| 8.5% 2.197 1.858 643 282.2 4.008 805 127.8 2.281 1.658 1.248
45| 8.620 .208 1.414 049 283.5 4.078 .851 126.5 2.205 1.660 1.226
.46 | 8.661 2.218 1.45 .652 234.8 4.007 848 125.2 2.187 1.663 1.218
47| 8.702 2.225 1.477 .658 286.1 4.122 844 123.9 2.161 1.667 1.210
48| 8.743 2.285 1.508 .660 287.4 4.147 .840 122,68 2.136 1.670 1.208
.49 8.78% 2.245 1.540 .663 298.7 .166 837 221.8 2.117 1.674 1.195
B0 | 8.8 2.256 1.571 .667 240. 4.191 .833 120, 2.092 1.677 1.187
bt 8.563 2.266 1.602 .670 241.8 4.210 .830 118.7 2.078 1.630 1.179
52| 8.911 2.217 1.634 .674 242.6 4.285 .826 117.4 2.048 1.63 1171
B3| 8.954 2.299 1.665 .6T8 244, 4.260 323 116, 2.028 1.6:7 1.162
b4 | 8.496 2.299 1.697 .658 245.4 4.285 818 114.6 1.998 1.690 1.153
55| 4,089 2.811 1.728 .68% 246.7 4.304 815 113.8 1.979 1.693 1.143
.58 | 4.0532 2.828 1.759 .6839 348.1 4.329 811 111.9 1.004 1.696 1.1%6
BT 4.126 2.835 1.791 .693 240.5 4.8%4 807 110.3 1.929 1.7 1.126
B3| 4.169 2.347 1.622 697 250.9 4.379 .803 109.1 1.94 1.7 1.117
9| 4.218 2.860 1.3 101 252.8 4.40 .299 107.7 1.879 1.707 1.108
60 | 4.257 2.372 1.88% L7058 253.8 4.430 .205 106.2 1.804 1.710 1.098
.61 4.308 2.856 1.917 709 255.2 4.400 .291 14 .8 1.628 1.718 1.0:9
62 | 4.847 2.399 1.948 18 25.7 4.450 LOST 108.8 1.808 1.117 1.078
.63 | 4.8923 2.412 1.9%0 a7 258.1 4.505 L2838 101.9 1.778 1.720 1.068
.64 | 4.487 2.426 2.011 21 2059.6 4.0380 .27 100.4 .18 1.728 1.058
.65 | 4,482 2.440 2.043 125 261.1 4.505 275 96.9 .728 1.726 1.047
.66 | 4.520 2.45% 2.074 729 262.6 4.580 .21 97.4 1.708 1.780 1.036
67 | 4.574 2.469 2.103 L7338 264.1 4.608 267 95.9 1.673 1.783 1.026
.65 [ 4.621 2.4% 2.187 .78% 265.7 4.637 .262 94.8 1.646 1.736 1.018
.69 | 4.667 2.499 2.168 42 267.2 4.662 L2538 92.8 1.621 1.789 1.003
L0 4.714 2.515 2.199 4T 26-.8 4.694 253 1.2 1.%90 1.7 .990
. 4.762 2.531 2.981 Rt 270.4 4.719 249 69.6 1.565 1.746 978
72| 4.~08 2.548 2.262 .56 272.1 4.750 244 87.9 1.588 1.749 965
T3 4.506 2.562 2.294 760 278.7 4.77 .240 §6.8 1.08 1.752 .952
14| 4.908 2.5T8 2.825 .765 275.4 4.807 .285 84.6 1.477 1.768 .939
5| 4.951 2.595 2.358 . 277.2 4.:3% .20 82.8 1.44 1.7% 924
16| 5.000 2.613 9.888 279. 4.569 225 81. 1.414 1.768 909
T 5.049 2.630 2.419 280.8 4.901 .220 9.8 1.8%2 1.746 .893
Ry 5100 2.649 2.451 252,68 4.032 216 74 1.8M 1.770 L9
.79 5.148 2.666 2.483 . 254 .4 4.964 .210 .6 1.819 1.57 563
L0 5,143 2.6 2.514 T4 286.2 4.995 205 3.8 1.258 1.776 648
51 b5.247 2.702 2.545 R0 2881 5.027 200 .9 1,257 1.779 ~32
.82 b.208 2.722 2.576 808 290.1 5.064 94 069.9 1.219 1.782 514
.83 5.349 2.741 2.608 A1 292.1 5.006 .159 67.9 1.1s8 1.758 .96
.84 5.400 2.761 2.639 817 204.9 5.188 .188 65.8 1.150 1.790 AT
Ly 5452 2.741 2.6 823 296.4 5.171 AT 63.6 1.112 1.794 L7
.66 | 0.504 2.802 2.702 820 2056 5.209 an 61.4 1.074 1.797 .88
&7 5.558 2.522 2.734 .838 800.9 5.253 164 5.1 1.030 1.801 T4
SR 5.609 2.°744 2.765 .648 803.2 5.290 158 6.8 998 1.8u3 .692
.89 5.662 2.568 2.796 49 805.6 5.334 151 54.4 049 1.809 .668
.90 5.716 2.583 2. 828 856 805.3 5.378 14 51.8 005 1.812 642
.91 5.769 2.910 2.859 864 811, 5.429 .136 49. KR5S 1.818 .618
92| b5.52¢ 2.933 2.501 872 813.9 5.479 128 46.1 804 1.821 RS
.03 5.879 2.957 2.922 850 816.9 5.529 J120 48.1 4 1.826 550
94 5.935 2.981 2.954 859 820, 5.786 an 40. 697 1.530 516
060 b.992 8.007 2,085 899 823.6 5.649 .101 86.4 645 1.583 4
.06 6.047 3.031 3.016 .910 827.6 5.718 090 82.4 565 1.540 429
97 6.105 8.057 8.048 023 8%1.9 5.798 KUt 2.1 .490 1.446 874
98 6.165 8.058 8.079 47 837.2 5.857 063 2.8 .896 1.858 812
. 6.223 8.112 8.1 953 843.8 6.000 04> 16.2 .258 1.%61 288
1. 6.284 8.142 8.148 ' 1. 860. 6.258 | O, 0. | 0. 1.579 .
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IizvsTraTION OF THE USE oF THE TABLES.—I. T0 find the length of a crossed belt passing over two
m knowing the radii and the distance between the centres. Divide the sum of the radii by the

istance between the centres, and, with the quotient as argument, seek the corresponding number
in column 2 of the table, and multiply it by the distance between centres.

Ezample: What is the length of a crossed belt passing over two pulleys whose diameters are 5
and 3 fee; respectively, the distance between centres being 10 feet, and thickness of belt one-quarter
of aninch ?

Effective radii .. ... cooiiiiiiniiininiiiiirrensnnnenecens ceee 30.125

18.125

Divide by distance between centres.............. teeecersnsenanes 120)48.250
40

Corresponding number in column 2, 8.419. 8.419X 10 = 34.2 feet length of belt.

Nore.—The effective radius (radius + } thickness of belt) or effective diameter (diameter + thick-
ness of belt) of pulley should generally be used in calculations involving these elements. In dividing
sam or difference of radii by distance between centres, both terms must be expressed in the same
unit (feet, inches, or the like), such unit being taken as is most convenient. In multiplying the
resulting constant by the distance between centres, this latter term may be expressed in any denomi-
pation, and the answer will be in the same denomination. Thus, in the above example, the sum
of the radii was taken in inches, and hence the sum was divided by the distance betwcen centres
expressed in’ inches, but the resulting constant was multiplied by the distance between centres in
feet, giving the length of the belt in feet.

IL To find the length of an open belt faningover two pulleys. 1. Divide the difference of the
radii by distance between centres, and, using the quotient as argument, find the corresponding
constant in column 3. 2. Divide the sum of the radii by the distance between centres, and find the
corresponding constant in column 4. 8. Multiply the sum of these constants by the distance between
centres.

: Find the length of an open belt passing over two pulleys whose effective radii are 20
and 10 inches respectively, the distance between centres being 12 feet.

Difference of radii . _
Distance between ceatros ) R Corresponding constant = 2.005

Sum of radii _ “ .
Dism between centres = .21 ...................... = _660

Length of belt = 32 feet =12 X 2.665

1. 7o design a pair of cone pulleys for a crossed belt.—a. Continuous cones (Fig. 821, 4). In
this case it is only necessary to use two similar conical drums, with their large and small ends turned

821
A

opposite ways. b. Stepped cones, ?ual and opposite (Fig. 821, B). Divide a pair of equal and
opposite conoids into any number of equal parts by lines at right angles to the axes. The points
in which these lines cut the faces of the conoids determine the several steps. c¢. Any two stepped
cones,  Assume values for the several radii of one of the cones, and give such values to the corre-
sponding radii of the second cone that the sum of each pair shall be the same.

Erample : Suppose the several radii of one cone pulley are 12, 10, 8, 6, and 4 inches, and that the
smallest radius of the other stepped cone is 8 inches. This fixes the sum of each pair of radii at l
15 inches, so that the remaining radii will be 5, 7, 9, and 11 inches.

IV. To design a pair of cone pulleys for an open belt.—a. Continuous cones (Fig.322, 4). Equal
and similar conoids must be used. Assume extreme radii, and, knowing distance between centres,
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calculate the length of belt required. To find the middle radius, subtract twice the distance between
the belt, and divide the difference by 6.2832. Draw arcs of circles

14.6 feet.

146—6
69858 = 1.87 feet, about
164 inches, middle radius.

b. St cones, equal and
opposite (Fig. 822, B). Form
two continuous conoids in the
manner explained above, and
divide them into the required
number of steps. c¢. Any two

cones. Assume one
pair of radii, and calculate
the length of the belt for the given distance between centres. Assume at pleasure the difference
between a second pair of radii, divide this assumed value by the distance betwcen centres, find the
number corresponding to this quotient in column 3 of the table, multiply it by the distance between
centres, and subtract the product from the length of the belt. Divide the remainder by the distance
between centres, and find the argument corresponding to this quotient in column 4. Multiplying
this argument by the distance between centres gives the sum of the second pair of radii. The larger
radius can be found by adding the half difference to the half sum, and the smaller radius by sub-
tracting the half difference from the half sum. The application of this rule is very simple, as the
following example will show :

First pair of radii, 12 and 4 inches; distance between centres, 3 feet. Find another pair of radii
that will give the same length of belt, their difference being 13 inch. Calculating the length of
belt, it is found to be 10.3 feet. 1.5 + 36 =.04. Corresponding number in column 38, 2.001." 10.3
—2.001 x 3 =4.3; 4.3 + 8 = 1.433. Corresponding argument —=.46; .46 x 36 = 16.56 = sum of

16.56 + 1.5

Larger radius = g — = 9. + inches.
Smaller radius = 16'562—-2 ="1.5 + inches.

Another rule, requiring only one radius and the distance between centres to be given, in order to
determine the other radius, will be found among the formulas that follow these illustrations.

V. To find the arc of contact between a belt and a pulley.

First MeTHOD.—Measure the length of the portion of the circumference of the pulley that is in
contact with the belt, and the diameter of the pulley. Divide the first measurement by the radius of
the pulley, and in the same horizontal line with the quotient in column 7 or 10 will be found in col-
umns 5, 6, or 8, 9, the fraction of circumference in contact with the belt, and the angle of contact.

Ezample: The length of the arc of contact of a belt with a pulley is 15.3 feet, and the diameter
of the pulley is 10 feet. 15.3 + 5 = 8.06, and by reference to column 10 it will be secn that the arc
of contact is .487 of the circumference, corresponding to an angle of 175'4°,

SEcOND METHOD.—a. Crossed belt. Divide the sum of the radii by the distance between the cen-
tres of the pulleys, and with the quotient as argument in column 1 find the required data in columns
5, 6, and 7.

Ezample: A crossed belt passes over two pulleys whose radii are 4 and 8 feet respectively, and
the distance between their centres is 12 feet. (4 + 3) + 12 = .58; hence the arc of contact is .697
of the circumference, the angle of contact is 250.9° the length of arc on larger pulley is 4.879 x 4
= 17.516 feet, and the length of arc on small pulley is 4.379 x 3 = 13.187 feet.

b. Open belt. Divide the difference of the radii of the two pulleys by the distance betweep their
centres, and, with the quoticnt as argument in column 1, find the arc of contact for the large pulley,
in columns 5, 6, and 7, and the arc of contact for the small pulley, in columns 8, 9, ard 10.

Ezample: An open belt passes over two pulleys whose diameters are 6 and 4 feet, and the dis-
tance between whose centres is 9 feet. (3 — 2) + 9 =.11; so that the arc of contact for the large
pulley is .535 of the circumference, the angle is 192.6° and the length 8.362 x 3 = 10.086 feet ;
tmd5 g)& t}le :mall pulley, .465 of the circumference, the angle is 167.4°, and the length 2.922 x 2
=35. cet.

. Nore.—In the rules given in the second method, it is assumed that the belt is drawn perfectly
tight betwcen the pulleys, Where there is much deviation from this in practice, it is better to
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employ the first method. It frequently happens that the arc of contact, when the belt is at rest,
is materially changed when motion ensues. At very fast speeds, the centrifugal force often reduces
the arc of contact considerably; and as the power that a belt can transmit varies with this arc, its
value should be estimated under the conditions that occur when the belt is running.

VL To find the spced of a belt, in feet per minute. Multiply the diameter of ecither pulley, in
feet, by 3.1418 times the number of revolutions that it makes per minute.

Ezample: A belt passes over a pulley that is 16 feet in diameter, and makes 60 revolutions per
minute. Specd of belt = 16 x 3.1416 x 60 = 3,016 feet per minute.

VIL To find the power that can be transmilted by a single leather belt of given width passing
over smooth iron pulleys. Find, in column 11 or 12, the power corresponding to arc of contact of
the belt with the srall pulley; multiply this by the speed of belt in feet per minute, and the width
of belt in inches, and point off three figures of the product to the right. The result will be the
borse-power transmitted.

Example : A 10-inch belt, moving at the rate of 4,000 feet a minute, makes an angle of contact
with the small pulley of 120°. 1.187 x 4.000 x 10 = 47.48 horse-power.

VIIL To find the width of belt required to transmit a given amount of power. Find the power
transmitted by a belt 1 inch wide, under the given conditions, and divide the amount of power
that is to be transmitted, by the quantity so found.

Ezample: A belt is to have a speed of 1,500 feet a minute, and to make an arc of contact of 210°
with the small pulley. How wide will it require to be to transmit 15 horse-power ?

Power transmitted by a belt 1 inch wide = 1.592 x 1.500 = 2.388 horsc-power. Width of belt
required = 15 + 2.388 = 6.3 inches.

Nore.—In these rules the coefficient of friction between the belt and the pulley is taken at .428,
and it is assumed that a safe working strain for a single leather belt, with the ends secured b
lace-leather, is 663 lbs. per inch of width. In speaking of the width of a belt, the effective widt!
is meant, or that portion of the width in contact with the pulley; so that, for example, if the belt
only bears for two-thirds of its width, and is 9 inches wide, the width to be used in the calculations
will be 6 inches. If, instead of leather, rubber belts are used, the above rules may be employed,
observing that, under the same circumstances, a rubber belt will transmit one-fourth more power
than a leather one. Pulleys are sometimes covered with leather or rubber, in order to increase the
friction. Mr. J. W. Sutton has made numerous experiments in order to determine the best form of
coverinz, and has patentcd a composition which is secured to the face of the pulley, and which he
claims will increase the transmitting power of a belt fully 100 per cent.

The analytical expressions on which the table and rules depend are appended, together with
formulas for finding the radius of a pulley when the other radius and the distance between centres
are given. It may be well to illustrate the use of the latter.

Suppose a pulley has a radius of 4 fcet, and the distance between its centre and the other pulley
is 12 fcet. What should be the radius of the other pulley, if the length of an open belt passing
over the two pulleys is 56 feet ?

First find whether the given radius is the large or small one. 4 x 3.1416 + 12 =24.6; and
as this is less than 56 + 2 = 28, the given radius is the smaller of the two. Then, according
to the formula, the other radius =

4+12x ( V 04674 + “_‘&%M - 1.6708): 6.07 feet.

Notation.

R = radius of larger pulley. r = radius of smaller pulley. & = distance between centres of
pullevs. L =length of belt. F = force in lbs. transmitted by a single leather belt, 1 inch wide.
W = width of belt, in inches. P = horse-power transmitted by belt. V = velocity of belt, in feet
per minute. .V = revolutions of pulley per minute. a = arc of contact of belt with pulley, in

a = fraction of circumference of pulley in contact with belt. .4 = length of arc of con.
tact, for a radius of 1.

Crossed Belt.

R .
24/ B = (R+7Y+(R+9)x (3.1416+2urc.sine—;—r).

For stepped cones, the only condition is R + » = a constant.

L

a = 180° + 2 angle. sine Ii"'—'-'

8
Open B, R
L=2 ,‘/S’—-(R—r)’+3.l416 x(R+r)+(R—r)x 2arc.sine—;:
For countinuous cone of pulleye, middle radius of conoid = Ié:g:—:

If (assumed radius x 8.1416 + §) > g, the assumed radius is R,

If (assumed radius x 3.1416 + S) < é, the assumed radius is .
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If Ris assumed, r =R — § x (1'5708_1/0.4674 + L—6.2g32 x R .

— R—
If r is assumed, R =r+ Sx (1/0.4674+L—§'—?£—r—1.5708). a=180°—2 angle. gine Tf

General Formulas, Crossed or Open Belt.

V'=6.2832 x R x N=6.2832 x  x N, "=Easio“ A=a x 6.2832,
0.008208 x a’ FxWxV 33,000 P
F_Gsix(l—o.l y P=Tem W=

In the United States, transmission of power by large belts is more common than in Europe, and
probably the largest belts in the world are to be found in this country. Mr. J. H. Cooper, in a letter
pulblisel:ied in *“Engincering,” * gives several instances of large belts, from which the following are
selected : :

The driving-belt of the New Jersey Zinc Works is of leather, 4 thicknesses, 48 inches wide and
102 feet long.

An elevator in Chicago has a rubber belt, 8 ply, 48 inches wide and 820 feet long.

These belts have been in use for a number of years, with very satisfactory results.

Messrs. J. B. Hoyt & Co. exhibited at the Centennial Exposition a leather belt 5 feet wide and
1864 feet in length, made for a paper-mill in Wilmington, Delaware.

Hemp ropes, running in grooved pulleys, have been used instead of flat belts for transmitting
power. The grooves in the pulleys are V-shaped, the sides of the V making an angle of 40° with each
other. A pulley usually has several grooves, so that the strain is distributed between two or more
ropes. Mr. James Durie, in a paper read before the Institution of Mechanical Engineers at Manches-
ter,t gives some examples of the use of rope-belting, and thinks its general adoption is very desir-
able, because it is much cheaper than leather or rubber, and transmits power in a very satisfactory
manner. The ropes used are from 5} to 64 inches in circumference, and are connected at the ends
by long splices of 9 or 10 feet. They can be run at a speed of 6,000 feet a minute, if used over
pulleys having a diameter not less than thirty times that of the ropes. Mr. Duric gives examples of
the application of rope-belting, working with tension varying from 256 to 349 lbs. for cach rope.
In one case 18 driving ropes were used, each transmitting about 23 horse-power at a speed of 2,967
feet per minute. In another example, about 1,000 horse-power was transmitted by 25 ropes, at a
speed of 8,784 feet a minute, or at the rate of 40 horse-power for each ropc. The ropes, in both
cases, were 84 inches in circumference. Taking the average value of the working tension for such
ropes at 800 Ibs., the horse-power transmitted would be (800 x speed in feet per minute) + 33,000
for each rope, and the number of ropes required for any case would be the quotient of the whole
power divided by the power of a single rope.

Suppose, for instance, it is required to transmit 350 horse-power by ropes 6} inches in circumfer-
ence, at a speed of 4,000 fcet a minute. Each rope would transmit 300 x 4,000 + 33,000 = 36.45
horse-power, and the number of ropes required would be 350 + 36.45 = 10.

For the transmission of power over great distances, wire cables running in V-shaped pulleys, or
telodynamic cables, are frequently employed. This mode of transmission is very much cheaper than
either belts or shafting, where the distance is considerable. The plan is the invention of the Broth-
ers Ilirn, of Switzerland. It is found that the cables can be safely run at a spced of about a mile
a minute, and that the average life of an uncovered cable is about three years. For distances exceed-
ing 300 or 400 fect, intermediate carrying sheaves are used to support the cable, or intermediate
stations may be employed at these intervals apart. The best filling for the pulleys, in the case of an
uncovered cable, seems to be leather, forced in radially in wedge-shaped pieces. Cables, with a cov-
ering of cotton yarn, are also made, which, although quite expensive, are said to be very durable, and
can be run on pulleys that have no filling. Cables are made both with hemp and wire centres, but
the former arc preferable, on account of their greater flexibility. The lightness of the mechanism
and the high velocity employed render telodynamic transmission very efficient. Mr. Albert W.
Stahl, who has written a very useful treatise on wire-rope transmission,} estimates the power trans-
mitted to be 97.5 per cent. of the power applied, if there are no carrying sheaves, with a deduction
of ! per cent. of the applied power for each carrying sheave that is added. He also states that
the average cost of telodynamic cables, with the necessary gearing, is about one-fifth that of belts,
and one-twenty-fifth that of shafting. R. H. B.

BESSEMER PROCESS. See STEEL. '

BETON. Sce CoNCRETES AND CEMENTS. '

BICK IRON, or BEAK IRON. A small anvil having a tang, which is inserted in a hole in the
work-bench.

BINARY ENGINE. Sce ENGINES, AERO-STEAM and BINARY VAPOR.

BINDER, GRAIN. Sec AGRICULTURAL MACHINERY.

BINK. In cotton manufacture, a stack of cotton laid in successive layers from different bales;
the object being to mix the cotton.

BINOT. A species of double mould-board plough.

BITS AND AUGERS. The term it is applied to all exchangeable boring-tools. Most of these

® Vol. xvii. p. 403, + Engineering, xxil., 894.
$ “ Transmission of Power by Wire Ropes.” By Albert W. Stahl, M. E. New York, 1877,
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implements in carpentry are fluted like reeds split in two parts, to give room for the shavings; and
they are sharpened in various ways, as shown in Figs. 323 to 827.* Fig. 323 is known as the s/ell-bit,
and also as the gouge-bit, or quill-bit ; it is sharpened at the end like a gouge, and when revolved it
chears the fibres around the margin of the hole, and removes the wood almost as a solid core. The
shell bita are in very general use; and when made very small, they are used for boring the holes in
some brushes.

Fig. 324, the spoon-bit, is gencrally bent up at the end to make a taper point, terminating on the
diametrical line; it acts something after the manner of a common pointed drill, except that it pos-
sesses the keen edge suitable for wood. The spoon-bit is in very common use; the coopers’ -bit,
and the table-bit, for making the holes for the wooden joints of tables, are of this kind. Occasion-
ally, the end is bent in a semicircular form; such are called duck-nose-bits, from their resemblance,
and also brush-dits, from their use. The diameter of the hole continues undiminished for a greater
depth than with the pointed spoon-bit.

The nose-bit, Fig. 325, called also the slit-nose-bit and auger-bit, is slit up a small distance near
the centre, and the larger piece of the end is then bent up nearly at right angles to the shaft, so as
1o act like a paring-chisel ; and the corner of the reed, near the nose, also cuts slightly. The form
of the nose-bit, which is very nearly a diminutive of the shell-auger, Fig. 826, is better seen in the
latter instrument, in which the transverse cutter lics still more nearly at right angles, and is dis-
tinctly curved on the edge instead of radial. The augers are sometimes made 8 inches diameter and
upward, and with long removable shanks, for the purpose of boring wooden pump-barrels; they are
then called pump-bits.

There is some little uncertainty of the nose-bit entering exactly at any required spot, unless a
#mall commencement i8 previously made with another instrument, as a spoon-bit, a gouge, a brad-awl,
4 centre-punch, or some other tool ; with augers a preparatory hole is frequently made, either with a
goage, or with a centre-bit exactly of the size of the auger. When the nose-bits are used for making
the holes in sash bars, for the wooden pins or dowels, the bit is made exactly parallel, and it has a
square brass socket which fits the bit; so that, the work and socket being fixed in their respective

L~ SR R LY 326. 821.
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situations, the guide-principle is perfectly applied. A “guide-fube” built up as a tripod, which the
vorkman steadies with his foot, has been applicd for boring the auger-holes in railway sleepers ex-
actly perpendicular.

The gimlet, Fig. 327, is also a fluted tool, but it terminates in a sharp worm or screw, beginning as
a pomt and extending to the full diameter of the tool, which is drawn by the screw into the wood.

principal part of the cutting is done by the angular corner intermediate between the worm and
thell, which acts much like the auger. The gimlet is worked until the shell is full of wood, when it
B mwoand and withdrawn to empty it.

The centre-bit, 4, Fig. 328, shown in three views, is a very beautiful instrument. It consists of three
Parts: a centre-point or pin, filed triangularly, which serves as a guide for position ; a thin shearing-
pomt or nicker, that cuts through the fibres like the point of a knife; and a broad chisel-edge or
cufler, placed obliquely to pare up the wood within the circle marked out by the point. The cutter
thould have both a little less radius and less length than the nicker, upon the keen edge of which

the correct action of the tool principally depends.

Many variations are made from the ordinary centre-bit, 4, Fig. 328. Sometimes the centre-point is

. into a stout cylindrical plug, so that it may exactly fill a hole previously made, aud cut out a
arlindrical countersink around the same, a8 for the head of a screw-bolt. This tool, known as the
Plug eentredit, is much used in making frames and furniture, held together by screw-bolts. Similar
tols, but with loose cutters inserted in a diametrical mortise, in a stout shaft. are also used in ship-
bailding for inlaying the heads of bolts and washers in the timbers and planking.

The wine-cooper’s centre-bit is very short, and is enlarged behind into a cone, 8o that immediately a
full cask has been bored, the cone plugs up the hole until the tap is inserted. The centre-bit de-
prived of its chisel-edge, or possessing only the pin and nicker, is called a butfon-tool ; it is used for
boring and cutting out, at one process, the little leather disks or dutfons which serve as nuts for the
serewed wires in the mechanism connected with the keys of the organ and pianoforte.

. ing centre-bit, shown on a much smaller scale in Fig. 329, is a very useful instrument ;
B hai 1 central stem with a conical point, and across the end of the stem is fitted a transverse bar

¢ Holtzapffel's * Turning and Mechanical Manipulation.”
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adjustable for radius. When the latter carries only a lancet-shaped cutter, it is used for making the
margins of circular recesses, and also for cutting out disks of wood and thin materials generally.
A modification of this device serves for making grooves for inlaying rings of metal or wood in
cabinet-work, and other purposes. Another form of expanding bit has a cutting-blade which passes
through a mortise in the head of the tool and is secured by a key. This may be adjusted radially
to bore holes of different sizes.

The above tools being generally used for woods of the softer kinds, and the plankway of the grain,
the shearing point and oblique chisel of the centre-bit are constantly retained ; but the corresponding
tools used for the hard woods assume the characters of the hard-wood tools generally. For instance,
a, Fig. 328 (B), has a square point, also two cutting edges, which are nearly diametrical, and sharp-
encd with a single chamfer at about 60°; this is the ordinary dril/ used for boring the finger-holes in
flutes and clarionets, which are afterward chamfered on the inner side with a stout knife, the angle
of the edge of which measures about 50°. The key-holes are first scored with the cup-key tool, b, and
then drilled, the tools a and b being represcnted of corresponding sizes, and forming between them
the annular ridge which indents the leather of the valve or key. When a is made cxactly parallel
and sharpened up the sides, it cuts hard mahogany very cleanly in all directions of the grain, and is
used for drilling the various holes in the small machinery of pianofortes; this drill (and also the
last two) is put in motion in the lathe ; and in the lathe-drill for hard woods, C, Fig. 328, called by
the French langue de carpe, the centre-point and the two sides mclt into an easy curve, which is
sharpened all the way round and a little beyond its largest part. Various tools for boring wood are
made with spiral stems, in order that the shavings may be enabled to ascend the hollow worm, and
thereby save the trouble of so frequently withdrawing the bit. For example, the shaft of Fig. 830,
the single-lip auger, is forged as a half-round bar, nearly as in the scction shown; it is then coiled
into an open spiral, with the flat side outward, to constitute the cylindrical suiface, and the end is
formed almost the same as that of the shell-auger, Fig. 326. The tiristed gimlet, Fig. 331, is made
with a conical shaft, around which is filed a half-round groove, the onc edge of which becomes
thereby sharpened, o as gradually to enlarge the holec after the first penetration of the worm, which,
from being smaller than in the common gimlet, acts with less risk of splitting. The ordinary screw-
auger, Fig. 332, is forged as a parallel blade of stecl (seen in Fig. 338, which also refers to 832 and
334); it is twisted red-hot. The end terminates in a worm by which the auger is gradually drawn
into the work, as in the gimlet, and the two angles or lips arc sharpened to cut at the extreme ends,
and a little up the sides also. Augers are also cast in two-part flasks, swaged between dies, or
twisted by successive motions of the parts of sectional dies. The same kind of shaft is sometimes
made as in Fig. 333, with a plain conical point, with two scoring-cutters and two chisel-edges,
which receive their obliquity from the slope of the worm; it is as it were a double centre-bit, or
one with two lips grafted on a spiral shaft. The same shaft has been also made, as in Fig. 334,
with a common drill-point, for metal.

Another screw-auger, which is sometimes used instead of the double-lipped screw-auger, Fig.
832, is known as the American screw-auger, and is shown in Fig. 835, 4 and B. This has a cylin-
drical shaft, around which is brazed a single fin or rib; the end is filed into a worm as usual, and
immediately behind the worm a small diametrical mortise is formed for the reception of a detached
cutter, which exactly resemblcs the nicking-point and chisel-edge of the centre-bit; it may be called
a centre-bit for deep holes. The parts are shown detached at B. The loose cutter is kept central

8381, 882,

!
&

5

by its square notch, embracing the central shaft of the auger; it is fixed by a wedge driven in
behind, and the chisel-edge rests against the spiral worm.

Taper augers are used for reaming out bung-holes, making butter-prints, etc. The centre-bit
bores a hole, and i8 succeeded by the taper reamer, which has a throat for the chips cut through
from the edge of the bit on one side to the opposite side of the stock.

An auger applicable to producing square holes, and those of other forms, is also an American
invention. The tool consists of a steel tube, of the width of the hole ; the end of the tube is eharp-
encd from within, with the corners in advance, or with four hollowed edges. In the centre of the
square tube works a screw-auger, the thread of which projects a little beyond the end of the tube,
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10 a3 first to penetrate the wood, and then to drag after it the sheath, and thus complete the hole at
oae process; the removed shavings making their escape up the worm and through the tube.

Hollow augers are used for forming tenons on spokes, chair-legs, etc. In one form the cutting
tool is so attached as to project within the opening, and the size of the tenon is regulated by the
adjustment of the angular rest.

Anaular augers cut an annular groove, leaving wood on the inside and outside of its chaunel.

The slotting auger cuts laterally, the work being fed against its sides. A number of chisel-shaped
lips are formed on the edges of the twist.

The most usual of the modes of giving motion to the various kinds of boring bits is by the or-
dinary carpenter’s brace with a crank-formed shaft. The instrument is made in wood or metal, and
at the one extremity has a metal socket called the pad, with a taper square hole, and a spring catch
used for retaining the drills in the brace when they are
withdrawn fromn the work ; and at the other it has a
swiveled head or shield, which is pressed forward hori-
sootally by the chest of the workman, or, when uscd
vertically, by the left hand, which is then commonly
placed azainat the forehead.

The ordinary carpenter’s brace is too familiarly known
to require further description, but it sometimes hap-
pens that in corners and other places there is not room
to swing round the handle. The angle-brace, Fig. 837,
is then convenient. It is made entirely of metal, with
s pair of bevel-pinions, and -a winch-handle that is
plsced on the axis of one of these, at various distances
from the centre, according to the power or velocity
required. Sometimes the bevel-wheel attached to the
winch-handle is three or four times the diameter of
the pinion on the drill; this gives greater speed, but
less power. arr

The augers, which from their increased size require dl|8
more power, are moved by transverse handles; some N
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the most common mode is to form the end of the shaft
into & ring or eye, through which the transverse han-
dle is tightly driven. The brad-awls, and occasionally
the other tools requiring but slight force, are fitted in
straight handles ; many of the smaller tools are attached
t the lathe-mandrel by means of chucks, and the work
is pressed against them, either by the hand, or by a
screw, a slide, or other contrivance.

Among the recent improvements in hand-boring ap-
pliances is the flexible auger illustrated in Fig. 838, which is manufactured by Messrs. Stow and
Burnham, of Philadelphia. It consists simply of a flexible tube lined with a spiral wire, and through
which is passed a closely-coiled spiral, having at each end suitable connections for a small sheave
and for the auger respectively. These details are clearly shown in the drawing. A link passes
around the sheave and has a hook attached to it, for the purpose of holding a tension-rope when
the auger is in use. The sheave is driven by a cord from a countershaft direct, or through a system
of pulleys when the work to be done is removed to any distance. The largest-sized auger yet made
is one inch, which is worked by a one inch cable; and the smaller sizes range from three-eighths of
an inch upward, increasing by eightbs of an inch; the longest cable hitherto employed is 15 feet.
This device may also be adapted for metal-drilling.

For metal-boring implements, sce DriLLs, and DRILLING AND BoRrING-MAcHINES. See also WELL-

sugers are made with shanks, and are riveted into the \3\\\ S
bandles just like the gimlet; occasionally the handle \\\‘&\ N
bas a socket or pad, for receiving several augers, but M N

a.

BLAST FURNACE. See FurNaces, Brasr.

BLASTING. The process of breaking rocks with explosive compounds. In ordinary blasting
operations, simple drill-holes are usually fired, and may be so placed and combined in groups as to
effect the displacement of great masses of rock ; but in large operations mines are excavated for the
introduction of the explosive.

The blowing up of rock by gunpowder is a simple process. The hole is bored in the rock, and in
such direction as to expose the weakest part to the action of the powder; this hole is charged with a
certain portion of gunpowder, and is then filled with clay, or, more usually, with a soft kind of rock,
which is rammed into it, leaving a small orifice, through which the fuse is afterward introduced for
setting fire to it. At the present day, a variety of tubular fuse is used in the coal-regions of Penn-
sylvania, where a long iron tube is used, and the firing done with a straw or a Daddow squib. A
narrow ribbon of copper is used as covering material for the squib, and is folded spirally around the
core, through which passes a string coated with mealed powder or any other combustible material,
and intended to insure quick and certain ignition. These squibs are found chcap and reliable.
Bickford’s fuse is used in cases where it is not desired to fire several charges at once. When used
with gun-cotton and nitro-glycerine or any compounds of the latter, all of which have to be detonated
by a cap of fulminating powder, the fuse is slightly rasped at the end and inserted into the cap.

Electrical firing is generally used for simultaneous blasting; by it, ignition of the charge is effected
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in two ways. One is by interposing an exceedingly fine platinum wire (iron or alloyed metal will also
answer) in the path of a current of electricity from a powcrful voltaic battery, the resistance offered
by the diminished conducting power of the fine wire to the passage of the electric current heating
the wire to redness, and thereby exploding the charge. Another system of electrical blasting de-
pends upon a sudden discharge of static electricity between the terminals of two wires imbedded in a
suitable priming composition, which is thereby fired. For this, various appliances bave been used,
viz: (a.) A frictional electric machine and Leyden jar; (5.) A voltaic battery induction coil; (e.)
An electro-dynamic machine, such as Siemens’s, Ladd’s, Farmer’s, Gramme’s, etc.; (d.) An electro-
dynamic machine, as Wheatstone’s, Breguet’s, Saxton’s, Clarke’s, cte.

Fig. 838 A shows the electrical fuse 80 called, made by the Laflin & Rand company, which belongs
to the second system above noted, and which it is claimed will cause the detonation of common blast-

ing powder. All of these caps or exploders are practically con-
8388, structed on the same principle, and they are chiefly used in deto-
nating charges of gun-cotton, nitro-glycerine, dynamite, and the
8384, other nitro-glycerine compounds.

Among the direct advantages of electric firing may be sum-
marized : (a.) Simultaneous firing of different charges; (5.) Pre-
mature escape of any of the gas developed absolutely avoided
by close tamping ; (¢.) No smoke or gas from fuses; (d.) Great-
est safety; (e.) Rapidity of work.

Tamping.—With black powder, clay is perhaps best, but soft
rock, sand, etc., are often substituted. With pure nitro-glycerine,
no tamping is needed but water; therefore nitro-glycerine, hav-
ing greater specific gravity than water and no affinity for it, is
an especially suitable agent for subaqueous blasting, wbere it can
simply be poured down into the holes through a tube and funnel
Fig. 338 B shows a charge of nitro-glycerine with water-tamping
and tape-fuse and exploder. Where the rock is split or seamy,
nitro-glycerine must be encased in some substance, say tin cases,
and this, it is said, lessens its explosive force by preventing close
contact. Where the rock is firm, it can be poured directly into
the hole. In this respect, dynamite has a great advantage over
nitro-glycerine, in that it can be charged in roof-holes and in
seamy rock, there being no danger of running out, lcakage, etc.
In charging No. 1 dynamite, it was formerly thought that no
tamping would be required, but the gencral experience of blasters

has led to the practice of tamping the boles solidly to the lip with clay.

The Principles of Blasting.—The effect of a shot may be influenced, among other considerations,
by: (a.) The shape in which the rock is presented, the size and number of the open faces, the shape
of the piece it is desired to take out, if that be an object, and, of course, primarily, the size of the
crose-section of the face, if it be heading work. (b.) The texture of the rock, whether it be hard or
easy, firm or loose, whether it be brittle or tough; thus experience gained in blasting close-grained,
hard granite, trap, gmeiss, ctc., would not apply to limestone, sandstone, slate, etc., ctc. (c.) The
structure of the rock, as to whether it be laninated, stratificd, or fissured; upon its cleavage, etc.,
and upon whether it be massive or broken, etc. (d.) The elasticity of the rock. (e.) The explogive
used. (f.) Whether the hole is to act alone or simultancously with or following others ; in the case
of simultaneous firing, the question arises of how the waves of oscillation will best act in concert.
(9.) The character of the fuse and tamping.

1. The hole should not be located in the line of least resistance, otherwise the tamping would
simply be blown out. (Be it remembered this discussion is as to black powder, not nitro-glycerine.)

2. Experience has established the average ratio between the depth of hole and the length of the line
of lcast resistance to be as 4 to 3, or the length of the line of least resistance will be three-quarters
of the depth of the hole; and experience has further shown that the charge of black powder should
be, on the average, about one-third of the depth of the hole, the varying limits being 0.29 to 0.45.

3. Holes ought in general to be bored at or under an angle of 45°; a larger angle, increasing to
as much as 90° is advisable when open faces occur, and a smaller angle is advisable when the tex-
ture and structure of the rock necessitate assuming the line of lcast resistance as less than three-
quarters of the depth of the hole. Further, as the mass thrown breaks in the general direction of
the line of least resistance, and as, in fact, this line lies in the mass ejected, or, in the extreme case
of an angle of 90°, bounds the cjected mass, we must carefully observe,

4. The external shape of the rock, in order to reach a maximum effect,

5. Clefts and fissures and lines of stratification in the rock must be carefully used to advantage_
In general, we may say, as to blasting in regularly stratificd rock, that,

6. In regular seams, the shots should be set perpendicular to the face of the seam.

7. The portion of the hole holding the powder should be located within the whole rock. ‘This
rule, of course, only holds in rock where the strata are thicker than the depth of the powder-ch
in the hole. If the charge interscct a stratification-bed, there will, in general, be a waste of force.
Therefore, a short-fissured rock (i. e., one naturally broken by short clefts, etc.), or one much lami.
nated, though it gives more faces for the powder to act on again, is ultimately less favorable material,
in many cases, than more solid material ; therefore,

8. Short-fissured, laminated, or slaty rock should not be drilled, if possible, in the direction of the
laminee, but, according to circumstances, in an oblique or normal direction to them. Not only should

9. Each shot be set so as to clear a bearing for following shots, but also
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10. The proper volume should be blasted away.

11. Short-fissured or very tough rock requires shallow holes; coarse-fissured, moderately tough
rock takes holes of average depth ; and brittle and solid rock works well with deep holes. In tough
rock wide holes, and ir brittle rock narrow holes, are the more economical.

It should here be noted that firm, brittle rock may be distinguished by the rebound of the hammer;
it drills hard, but breaks easily. Examples are: Trap, granite, gneiss, sycnite, etc. Firm, tough
rock does not cause the hammer to rebound so violently, leaves a white streak when scratched with
sicel, drills easy, but breaks hard. Examples are: Limestone, porphyry, quartzose lodes, etc.

12. In driving & heading, particular care should be taken that unnecessary cost in flushing the
dlear profile does not arise. Large protuberances and cavities must be avoided, and particular care
in this respect should be paid in tunneling in taking out the bottom or bench, that there be not a
large amount of trimming left to be subsequently done in clearing the normal profile, for such work
is not only very tedious, delaying the work, but is costly. For this reason, holes located near the
gides or roof should receive especial care.

Blossom Rock.—The removal of Blossom Rock, in the harbor of San Francisco, is an example of
the process of removing submarine rocks by conducting the excavation from within. Full particulars
of this work are given in the official reports of Col. R. S. Williamson and Lieut. W. H. Heuer, U. 8.
A The top of the rock was about 5 feet below the surface of the water at mean low tide. A hori-
motal section at the depth of 24 feet measured 195 by 105 feet. The quantity of rock contained
vithin these boundaries was about 5,000 cubic yards, and consisted of a metamorphic sandstone of
irregular stratification. The great mass of it was 8o soft as not to require blasting. The plan pro-
posed by A. W. Von Schmidt involved the sinking of an iron cylinder 6 feet in diameter, carrying an
India.-rubber flap at its lower end. The water was pumped out, the rock bored into, and another
cylinder was slid inside the first and down into the excavation, and secured by cement. (Fig. 388c.)

It was, howerver, found difficult to place the iron cylinder in position without first resorting to the

8380. 8388p.

ordinary cribwork coffer-dam. The sinking of the shaft was commenced December 7, 1869. Only
one man could work at a time, but in the space of 4 weeks a depth of 80 feet below low water was
reached. Drifts were then run into the longer and shorter axes of the rock, and steam was used in

i The rubbish was dumped upon one side of the rock, from which most of it was washed by
the tide. During the month of January, 1870, 8 men found room to work. Most of the rock was
removed by picks and sledges, only 10 Ibs. of explosive (giant powder) being used in the whole opera-
tion. In February 16 men found space to work, and by the 20th of April the dimensions of the
carity were 140 by 60 fcet, with a maximum heizht of 12 feet. Columns of rock were at first left
for support, but they were from time to time replaced with upright timbers from 8 to 10 inches in
diameter, with the exception of 4, which were left standing near the shaft. Preparations werc now
made to blow up the shell. Fig. 838 p, copied from the official report, will explain the method of
eonducting the explosion. Powder was used as the explosive, nitrate of soda taking the place of
nitrate of potash in its composition. The quantity used was 43,000 Ibs. The vessels for containing
it were 33 ale-casks of 60 gallons each, and 7 old tanks made of boiler iron, holding about 300
Ibs. of powder each. The explosion was effected by a galvanic battery stationed in a boat about 800
feet from the rock. A column of water about 200 feet in diameter was thrown into the airto a
height of 200 to 300 feet, and pieces of rock and timber were thrown high above the water column.
The rock was found to be effectually demolished.

The East River Improvement Works.—The object of the works for the improvement of the East
River was the removal of a mass of rocks that impeded the navigation from the Atlantic to New
York by way of Long Island Sound, and were situated in the immediate vicinity of Hallett’s Point, a
promontory of Long Island. These obstructions consist of a number of sunken reefs and rocks
well known as ¢ Hell-Gate,” which caused a rush of water through the pass, and which, taken in
eonnection with the dangerous currents and surface agitation, have been a lively source of danger
%o navigation ever since ships came up the river.

In 1852 an appropriation of $20,000 was made, and work was commenced under the charge
of Major Fraser, of the United States Corps of Engineers, upon one of the obstructions, known as Pot
Rock. By means of sinking blasting charges on to the top of the rock, and firing them by batteries on
the surface, the depth of water at this point was increased from 18.3 feet to 20.6 feet; the expense
sttending this operation having been $18,000.

The work stopped here for about 15 years, when some action was again taken in the matter, and
General Newton, of the United States Engineers, reported on the obstructions in January, 1867.
CUpon this report appropriations were made, and operations were commenced at Hell-Gate. ~ A scow
was built specially adapted for drilling, Fig. 333 &, and towed over the rock in which it was desired
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to form the holes. In the centre is an octagonal well 32 feet in diameter, in which is susperded a
wrought-iron dome for protecting the divers. At the top of the dome is a telescope 12 feet in ciame-
ter, with a rise and fall of 6 feet, to adapt its height to the various stages of the tide. When the
dome is in working position, it stands clear of the scow, resting on self-adjusting legs, which adapt
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themselves to the inequalities of the reef. The drilling engines, 9 in number, are supported by mov-
able bridges, thrown back when the dome is up. The drill-bars work within stout iron tubes, pass-
ing through the dome, one at the centre, the others ranged in a circle about 20 fcet in diameter.
This machine was set to work in 1869, and considerable improvements were effected by it on two of
the most formidable reefs.

In August, 1869, the first works were commenced for attacking the main body of obstructions at
Hallett’s Point, and a coffer-dam was formed upon the reef, where the rocks were bare at low water.
It was built of heavy timbers bolted down to the rock. The coffer-dam was completed and pumped
out the following October, and a shaft 33 ft. below low water was sunk. This part of the work
was continued till June, 1870, when it was suspended for want of funds. At that time 484 yards of
rock had been removed at a cost of $5.75 a yard. In July, however, operations were resumed with

vigor, the shaft was sunk to its full

838r. depth, the ten main radiating galleries

were driven for lengths varying from 51

feet to 126 feet, and two of the cross-

galleries were commenced. During 1870

no less than 8,306 cubic yards of rock

were removed, the drilling having all
been done by hand.

In 1871 machine-drilling supplemented
the slower and more costly handwork ;
1,653 feet of main tunnel and 654 feet
of connecting galleries were made, and
8,293 cubic yards of rock were taken out.
The same year a careful survey of the
reef was made to ascertain the exact con-
tour of the rock, in order to regulate the
operations benvath ; more than 16,000
observations were recorded in connection
with this part of the work. Fig. 338¥
| shows the gencral arrangement of the

work. The form of the rcef on the 25-
foot water-line is indicated in dotted lines, and it will be scen that the main tunnels radiate
from the sides of the shaft inclosed by the coffer-dams to the 25-foot water-line. Between
these main tunnels 138 intermediate ones of greater or less extent were driven, and the whole
series were connected by means of concentric galleries, approximating to the contour of the reef,
which was, it will be seen, completely honeycombed, a roof being left of a thickness ranging from 6
feet to 16 fect, and supported on 172 columns. In order to prepare for the immense blast which
was instantaneously to break up the shell of rock left, and open the passage to navigation, over 4,000
holes were drilled in the columns and roof to reccive the charges, which were all connccted together
and brought to the discharging battery on shore. The holes were from 2 to 3 inches in diameter,
about 10 feet apart, and the average depth was 9 feet; the proportions, however, varied with the
nature of the rock and other circumstances. It should be mentioned that some difficulty was caused
in drilling these holes by the increased amount of leakage produced by tapping seams; the maximum
quantity of water pumped, however, did not exceed 500 gallons per minute. The following is a sum-
mary of the leading particulars of matériel used for the explosion:

Pounds.

Dynamite in tin cartridges.... ........ ceeeaeaanes Ceeeeeereeaen. . 24,812
:: paper i e e ereseenestaneseecananns 1,164
Primers8.. coeeerceeeoeennenenns e sessecscess sescsnan 2,925

Total weight of dynamite..... e . cereenieees Ceeieeraaan 28,901
“Rendrock” in cartridges. .. .oveviererinnieiiieciniiiienananeea. 90613
“Vulcan” powder in cartridges....... eeecrocncanesacanseac-as.ee 14,244

Total Charge.. v vivvrerereeeereeeieccienteccnsoncannses 52,2063
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Pounds.

Total number of cartridges........... . ceetees veecanna 13,596
“ “ brass primers.........ccvceveceencnces  senenn . 8,680
“ “ holes with primers........ccccviviviinnineaennns 8,645
Number of iron pipes with primers................ ... .. 85
Number of holes not charged.. .......c..cocvviiienrriieninnnnns 782
Total number of holes 