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PREFACE.

——— i ——

THE nature of this Work is fully explained in the title-page. It is
“a descriptive, illustrated, and priced CATALOGUE of APPARATUS
suitable for the performance of Elementary Euperiments in Physics.”
The present volume contains the subjects of Mechanics, Hydrosta-
tics, Hydrodynamics, and Pneumatics. If it meets with public
approval, companion volumes will be published on Acoustics, Heat,
Light, Electricity, Magnetism, and Galvanism. These works will
be strictly practical. They will avoid theorétical disquisitions,
and will relate to Apparatus and Experiments only, and especially
to apparatus of a chsap character, and to experiments suitable for
elementary instruction.

Nearly all the Instruments and Experiments described in this
volume have been made in the workshops of the Publishers, and
tried in the presence of the Editor; and the figures and descrip-
tions have been drawn to agree with the Instruments that had
been submitted to these special trials.

JOHN J. GRIFFIN.

22, GArrIcK STREET, W.C,
London, July, 1873,






ADVERTISEMENT.

Tar Instruments described in this Work are offered for sale at the prices
affixed to each, These prices are nett, for ready money. The expense of
packing-cases and packing-materials is charged to purchasers. We employ
very careful and experienced persons to pack the instruments securely ; but
we do not hold ourselves responsible for any breakage that may take place
during the carriage of the goods from our manufactory to their places of
destination., The packing-cases and packing-materials are charged at the
lowest possible price, and we are compelled to intimate that we cannot take
them back, nor allow their value to be deducted from our bills.

Orders from strangers in the country must be accompanied by a REMITTANCE,
or by a reference to some person in London, Post-office orders are to be made
payable at CHariNg Cross. Sums under 5s. may be remitted in postage
stamps. :

Foreign orders must either be accompanied by a remittance, or by in-
structions for payment in London, on delivery of the bills of lading, without
which payment the orders cannot be executed. A large stock of the apparatus
described in this work, both British and Foreign, being kept ready for imme-
diate delivery, shipping orders for comprehensive collections can be executed
with promptitude.

Such articles in this catalogue as are subject to frequent variations in
price are at all times charged according to the lowest market value, The
present prices supersede all those in catalogues of earlier date.

JOHN J. GRIFFIN axp SONS,

22, Garrick STrEET, W.C.
London, July, 1873.
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MECHANICS.

—_——

THE MECHANICAL POWERS.

1. Ix the explanations of the properties of the Mechanical Powers,
usually given in elementary works, it is talken for granted that rods,
poles, planes, ropes, &e. are destitute of weight, free from rough-
ness, from adhesion, and some other physical properties. But when
the student comes to handle the apparatus, and to perform experi-
ments with it, he finds that he must deal with all these impediments;
and it is our business, in ‘ Scientific Handicraft,” to show him the
means of overcoming them, and thereby rendering the experiments
successful,

We begin by describing some pieces of apparatus that serve to
facilitate operations with pulleys, levers, and other mechanical
powers.

2. Suspension Board, or Black Rail, by which levers, pulleys,
and other mechanical models are to be suspended from the top of
the usual schoolroom blackboard. Size of the black rail: 4 feet
long, 1 inch thick, 4 inches broad, with two brackets to hang it on
. the blackboard, and brass pins and holes to receive the other

apparatus. In the following figures of levers and pulleys, the
suspension rail is marked o n. Figure 2, price 5s.

The schoolroom blackboard should measure 4 feet in width
to fit the rail, and 4 feet from top to bottom to give room for
chalking upon it the results of the experiments made with levers,
pulleys, cords, &e.
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3. Pair of Iron Hoolks to keep the schoolroom blackboard in an
upright position on the easel, in order to permit the apparatus to
hang truly vertical from the suspension rail, 2a. :

B
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MECHANICS,

4. Light Brass Scale Pans, fig. 4, for holding weights and eonn-
terpoises, in experiments made with levers
and pulleys. See Nos. z0 to 37. Set of
three pans in a box, 23

5. Weights.—A set of 16 zine weights,
each {7 Ib. avoirdupois. Four of them
have wires of suspension (fig. 6), the others
have slots (fig. 7), so that they may be
placed on any one of the wires to increase
the weight. See figs. 6, 7, and 10. Set of
16 weights, in two bowes, 7s. 6d.

6, 7. These weights are to be used in
all experiments with levers, pulleys, and
other mechanical powers. Whenever, in
the following descriptions and figures,
@ the word weights, or the contraction wts.

¥ 18 used, it refers to these weights of 1, 1b.

each.
8. Iron Pins and Hooks of two kinds (fig. 8 4 and B), for at-
taching pulleys, &e. to the suspension board,

B &e. The wire of these pins is ! inch diameter,
ﬂ and they have sharp points. Per dozen in a
box, 18,
A W 9. Cord fit for use with the pulleys, per
8. packet, 1s.
TeE LEVER.

10. Lever with a Wedge-shaped Fulcrum—This lever (fig. 10) is
4 feet long, § inch thick, and 2 inches wide. It is divided in the
upper side into eight equal parts, and has eight brass suspension
rings below. The fulerum (f) is wedge-shaped, 6 inches high,
and 2 inches wide. The whole is made of hard wood, stained oak
colour. Price, without the weights shown in the figure, 3. Ed.

[ =

o S ==
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11. The weights of % 1b. each {No. 5) are used with this
lever, and may be either placed on the upper part of the lever, as

.4.__.'
. £ S
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THE LEVER. 5

shown by ¢, d, or suspended from the under side of the lever as
shown at a, b; the weights with slots, No. 7, are used in one case,
and those with wires, No. 6, in the other case. Equilibrium is
produced by applying more or fewer weights, according to the
respective distances of the weights from the fulerum or point of
support. Fig. 10 shows two sets of weights in equilibrium: the
pile d, consisting of 3 weights of % 1b, each, placed on the first
mark from the point of support, f, may be reckoned 30. The
single weight of {; 1b., ¢, placed on the third mark from the centre
may be called 30; and these are in equilibrium. Then, referring
to the suspended weights, the single weight, a, suspended from the
third division of the lever may be called 30, while the three weights,
b, suspended from the first division, may also be called 30; and
these are therefore also in equilibrium. Any further weight, how-
ever small, added to these, oversets the equilibrium, and causes the
lever to descend on the side that is overweighted.

1z, If the lever, from becoming partially damp, or from some
other cause, appears to be unequally balanced when placed upon
the fulerum, it can be justified by sliding a bronze halfpenny, or
.other flat piece of metal, along the surface ftill it reaches the
required distance from the centre. The slots in the weights ¢, d,
figs. 7 and 10, should be made to coincide with the lines that cross
the lever.

If a small pair of scale pans, No. 4, are hung to the rings at
the extreme ends of the lever, a balance is extemporised. If
necessary, to give room for the pans, the lever can be raised higher
from the table by putting the blocks, No. 70, or any other level
piece of wood, below the wedge-shaped fulerum.

14. Technically, one of the forces, that is to say, one of the
weights or sets of weights applied to a lever, is called the resist-
ance, or simply the weight; while the other force is called the

power. The weight represents the work to be done : the power is
the force that is to do the work.

15. Lever for Suspension. Price 4s.

This lever is made of hard wood stained. It is 3 feet long, and
about 2 inches broad. It is divided on the front into 20 parts,
and is provided with holes at all the divisions, and with four pairs
of rings for supporting weights as represented by fig. 15. It is
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to be suspended for use from the black rail in front of the school-
room blackboard, as represented by figs. 17, 18, 19, 20, and with.
B 2
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the help of the simple pulleys, No. 30, it serves as a lever of the
first, second, or third kind.

After the lever is hung to the suspension rail, and before any
weights are attached, it must be noticed whether it hangs hori-
zontally or not. If defective, & bent wire must be put on it as a
rider, and moved to the place where it justifies the level of the
beam. :

16. Varieties of Levers—There are two kinds of levers, which
differ essentially from one another; namely, those on which the
forces act on contrary sides of the fulerum, and those on which
they act on the same side. They are, however, usually distin-
guished as of three kinds, according to the respective positions of
the fulerum, with reference to the situation of the power and
of the resistance. In levers of the first kind the fulcrum is
between the power and the resistance, as in figs. 10 and 17: . In
the second kind the resistance is betweén the fulerum and the
power, as in fiz. 18. And, in the fhird, the power is between
the fulerum and the resistance, as in fig. 19; and the power
exceeds the resistance as much as the distance of the resistance
from the fulerum exceeds the distance of the power from the same
point. In other words, when a lever is in a state of equilibrium,
the number of weights representing the power and the resistance,
multiplied by their respective distances from the fulerum, show
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17. Lever of the First Kind.—See Lever on a wedge-shaped
fulerum, fig. 10, and Suspended Lever, fig. 17. In this last ex-
ample the lever is suspended by a pin and a cord, /; which consti-
tutes the fulerum. The power consists of 3 weights put on the
8th division of the lever, measuring from the centre, and the

o
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resistance consists of 4 weights affixed to the 6th division of
the lever, on opposite sides.
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18. Lever of the Second Kind, fig. 18.—In this case the lever
is suspended by the cord f constituting the fulcrum ; the power,
consisting of 3 weights, is suspended by a simple pulley from the
toth division of the lever: and the resistance, consisting of
5 weights, is suspended from the 6th division of the lever, on the
same side of the lever. As the 3 weights at division 1o pull
the lever upwards, and the 5 weights at division 6 pull it down-
wards with equal force, the lever remains horizontal, although no
force is applied fo the arm B.

19,
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19. Lever of the Third Kind, fig. 19.—As explained above, this
kind of lever is not essentially ‘different from a lever of the gecond
kind. The power of 3 weights is suspended by a pulley from
division 2, while the resistance of 1 weight acts upon division
6 of the lever. Henco the power is grcater than the resistance,
and is situated between the resistance and the fulerum. Theg,r
are brought into f:qmlihuum by their respective distances from the

fulerum.
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20. Gravesende's suspended Lever, fig. 20.—This apparatus con-
sists of —the suspension rail o p, the lever for suspension A B, a
pair of simple pulleys (No. 30), 2 2 scale pans (No. 4), and a supply
of zine weights (No. g).

21. Fasten the pulleys with pins to the suspension rail, and
attach the scale pans to the lever after passing the strings over the
pu]leys Then add cnunterpmﬂcﬂ to the scale pans till the lever
i8 in equilibrium and rests in a horizontal position. The lever is
then in a condition to be sensible to the action of a very small
weight.

Experiment A.—Suspend some weights at 0° in the middle of
the lever. Half as many weights must be put into each scale pan
to counterpoise the weight at 0°.

Experiment B.—Arrange the weights as represented by fig. 20;
namely, put 4 weights = 40, on the lever, pulling it dow nwmds,
and 1 weight = 10, plus 3 weights = 30, in all 40, in the scale
pans at the two endl of the lever, pul]mg it upwards. These
weights will be in equilibrium. The scale pans at the two ends of
the lever are weighted unequally, to correspond with the position
of the weight f attached to the lever.
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This apparatus shows in what manner a load can be placed
upon & lever, so as to bear either equally, as in Experiment A, or
very unequally, as in Experiment B, upon the men who support,
or the horses that pull, the two ends of the lever.

Tar PurLey.

27. The Pulley consists of a wheel called a sheave, fixed in a
frame or block, and turning on an awis or axle. Round its rim 18
a groove, on which a cord or band can pass t0 move it.

A system of pulleys is a number of pulleys acting in concert.

28. Pulley Frame, of black wood, with hooks, in which to
stretch the four sets of pulley blocks, No. 30, 34, 35, 37, to prevent
the entangling of their cords, when the pulleys are not in use,

8. 6d.

? 29. Sets of Pulleys mounted.—The pulleys, or sheaves, are made
of box wood, and are from 13 inch to 3% inches in diameter, the
simple pulleys being 2% inches. The blocks are made of hard
wood stained black, and are all provided with brass hooks. When
they are to be used they must be suspended by means of pins and
hooks, No. 8, to holes prepared in the suspension rail, No. 2, to
receive them,

The effects of the friction of pulleys on their axles, of their
rubbing against the blocks, the rigidity of the cords, and the
weight of the pulleys, produce inaccuracies in experimenting,
which have to be recognised and allowed for, in the manner
described in the following articles.

30. Simple Pulleys, a set of four, made of box wood, the blocks
of hard wood, stained black, all provided with brass hooks. Size
of the pulleys 2% inches diameter. Price of the set of four, €s.

31. Baperiments with Simple Pulleys—¥ig. 31 represents one
simple pulley attached to the suspension board so as to form a fized
pulley. The weights » and w, attached to the cord a, b, must be
equal ; the pulley is then at rest. If the power P is lowered a
fow inches, the weight w rises exactly as many. There is no gain
of power by this pulley, but it affords useful aid in the lifting of
heavy bodies, and in other modes of transferring power.

32. Fig. 32 represents a Moveable Pulley, B, combined wilth
fized pulley, A, both attached to the suspension board. Before the
weights » and w are added, it will be found that the apparatus is
not in equilibrium, the moveable pulley B being heavier than the
cord descending from A, In consequence, a scale pan, No. 4, must
be commected with the cord a, and shot be added to counterpoise
the pulley 2. Then, upon adding weights, it will be found that
2 weights in the pan will balance 4 weights attached to the pulley
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8, and that if the power » is pulled down, by extra weights or
otherwise, say 12 inches, the weight w will rise 6 iches, the
cords b and ¢ each becoming shorter by 6 inches.

Wl
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2T, 72,

33- A System of Pulleys, fig. 33.—In this system there are
3 moveable pulleys and 1 fixed pulley, and with such an arrange-
ment we can, with a power of 1, counterbalance a resistance of 8.
The fixed pulley merely affords a convenient mode of applying
the power. After mounting the pulleys on the suspension board,
as shown by the figure, the scale pan and any necessary counter-
poise must be added to the cord @, before the weights are applied
to constitute p and w. After the equilibrium is established, any
extra weight, beyond the quantities specified above, added either
to » or w will overset the equilibrium, and put the pulleys in
motion. When p descends, it will pass over eight inches for one
inch that w ascends.

34. Pair of long Three-sheave Pulleys, made of box wood, the
blocks of hard wood stained black, provided with brass hooks.
Size of the largest pulley, 2% inches diameter. Fig. 34. Price 5s.

e
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10 MECHANICS.

35. Pair of Square Three-sheave Pulleys, made of box wood, the
blocks of hard wood stained black, provided with brass hooks.
Size of the pulleys, 2% inches diameter. Tig. 35. Price 5s.

36. The two gystems of pulleys, Nos. 34 and 35, both have six
cords to support the weight, and one cord for the power. In each
case the weight supported i1s six fimes greater than the power,
consequently for every inch that the weight w rises the power p
descends siz inches. In mounting these systems of pulleys for
experiment the scale pan and counterpoises must be used in each
case, because the friction and weight of the pulleys is considerable.

37. White’s Concentric Pulley, fig. 37.—The pulleys are made of
box wood, the blocks of hard wood stained black, provided with
brass hooks. Diameter of the largest pulley of the upper set,
%-;} inches ; diameter of the largest pulley of the lower set, 3 inches.

rice 8s.

The action of this set of pulleys is accompanied by less friction
than that of the sets deseribed above. When arranged and
counterpoised, the weights to be added to produce equilibrium are
7 for the resistance and 1 for the power, and when set in motion
the spaces described by the weight and the power are as 7 to I.

38. Pulley Frame, and Set of Brass Pulleys.—Consisting of two
brass pillars, a long cast-iron base, and a mahogany connecting
beam at top. Size 24 feet wide and 3 feet high. The brass
pulleys are the same, in size and form, as the wooden pulleys
described above, No. 30, 34, 35, 37. Price of the set, 4l. 4s.

Tuae InoninedD PLANE.

46. Inclined Plane, with base, both made of hard stained wood ;
each piece 2 feet long and 3
¢  inches wide, connected by a
brass hinge; with a brass roller
weighing 1 1b. avoirdupois, a
& brass pulley, and a block for
raising the plane to any re-
quired angle. Price, without
scale pan and weights, gs.
The scale pan No. 4, and the
4 weights No. 5, may be used
in experiments with this ap-
paratus.

7. In this, as in other me-
chanical powers, fime is lost as
power is gained; for the ver-
46, tical height to which a body

114
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is raised by means of the inclined plane is equal only to the
height of the plane, while the space through which the power
descends is equal to the length of the plane: the less the height
of the plane, the greater the weight that can be raised on it by a
given power. When a plane is twice as long as it is high, % Ib.
at b, fig. 46, acting over the pulley ¢, will balance 1 1b. at a, or
anywhere on the plane, and so of all other quantities and pro-
portions.

Ter WEeDGE,

48. Wedge : € inches long, 3 inches wide, with g divided cylin-
drical block, 7 inches long and 4 inches in dia-
meter, bound with caoutchoue bands. Fig. 48.
Price 4s.

49. The action of the wedge is that of a double
moveable inclined plane, presenting two faces to
two resistances to be overcome. The great prac-
tical advantage in the use of the Wedge, and that
which gives to it its marvellous power, is, that it
admits of being driven by #mpact, and that any
force of impact is infinitely great as compared
with any force of pressure. A second useful pro-
perty of the wedge is, that it refains every new
position into which it is driven between the resisting surfaces.

Tar WHEEL AND AXiE.

50. Wheel and Awzle, consisting of two concentric pulleys cut
out of one block of hard wood; the largest
pulley 6 inches in diameter, the smaller
3 inches ; with central pin for attaching
the wheel and axle to the black rail, No.
2, and round which the pulleys move.
Price 2s.

The weights No. 5 are to be used with
this model.

51. This machine may be considered -
a kind of perpetual lever, having its ful- i M
crum or prop in the centre of the axis J
and the wheel. The acting, or longer
part of the lever, is the radius or half
the diameter of the wheel,and the shorter, 1 2@
or resisting part, is the radius of the axis. ‘g ¢
In the model above described, the larger 50,









































































































































































































































































































































































































































































































































































