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vi PREFACE.

circularly by the. cffect of a string wound round it in a
spiral fashion, illustrates the effect of a spinning turn
long after the force has been applied. A large number
of experiments with coins—piercing a halfpenny with a
needle, revolving a penny in a lampshade, catching coins
held on the elbow in the hand, rotating a coin between
two pins, and the like, show to how many amusing
incidents these may give rise. Inertia, the bane of too
many boys and men, is seen to prevail in the physical
world in the experiment of projecting one or two draughts
from a heap of them (page 18), and in removing a domino,
as on page 20. The strange effects which can be produced
by virtue of the principle of the centre of gravity are seen
in the pencil and knife balanced on the point of the
former, the match puzzle (page 30), the poising of a
tumbler upon three sticks, each having one end in the air,
the suspension of a bucket of water from a stick resting
on a table, etc.

Hydrostatics, the study of the cffects of fluids, supplies
many interesting facts and illustrations to this little book.
The ascent of wine in an inverted glass of water, the
floating of a needle, and the lobster syphon, are among
these. The maintenance of various bodies in the air by
currents of air, and thc phenomena of vortex rings of
smoke, are equally striking and instructive. Various
experiinents on the pressure of the air and with com-
pressed air, and the properties of air and gas balloons,
complete the section dealing with pneumatics.

The conduction of heat by metals, and their dilatation
by heat, furnish several striking phcnomena of which
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portrait sketches by the combination of implements used
in any given craft is amusingly shown on pages 139-141.
Thus it will be evident that a vast amount of amusement,
combined with instruction, is to be got out of the attentive
perusal of the following pages.
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HALF HOURS OF SCIENTIFIC
AMUSEMENT.

CHAPTER I.—PROPERTIES OF BODIES.

STRENGTH—ELASTICITY —POROSITY —PERMEABILITY —
RESISTANCE OF SUBSTANCES—HARDNESS—CENTRI-
FUGAL FORCE—THE PRINCIPLE OF INERTIA.

STRENGTH.

ST (A0

» VERYONE who practises experimental science
f) knows how useful it is to unite with his
theories theé manual dexterity which practice
in experiments gives. Chemists and physicists
should in every way be stimulated to construct their own
apparatus. In numerous cases it will bé found possible
to put together even delicate apparatus at a very small
cost ; and these will be found quite as useful as the most
expensive ones.

Is it not then even more useful to lay down the
clements of a course of experimental physics without
apparatus ? This is just what we are about to do in
a recreative guise. Our first experiment will be on
Jalling bodtes.

THE HALFPENNY AND THE PIECE OF PAFER.

Take a sou—a -halfpenny—and a piece of paper cut
into the same shape as the coin, T.et these two bodies
fall at the same moment side by side, as shown n the















6 PROPERTIES OF BODIES.

may be experimented upon in succession, and will gi
the same result. But there arc other textures which a
impermeable, and will not permit the transmission of tl
vapour ; such, for instance, as vulcanized india-rubb
of which waterproofs are made.

Fig. 5.--The Blotting-paper Filter.

This experiment tends to explain why fog is, as it
well said, “ so penctrating.”- It passes through the tiss
of our cloth coats and our flannels, and thus com
into contact with our bodies. A waterproof will prot
us from its action,
























14 PEOPERTIES OF BODIES.

escapes from the circle which it has been made to describe
" as soon as one string of the sling has been lgt go, and
it flies off at a tangent with the same velocity that has
been imparted to it at the moment it was released.

70 THROW A FOTATO TO A GREAT HEIGHT,

When the writer was a schoolboy and used to walk
in the country, he substituted an ordinary walking-stick
for the sling, and for the stone a potato, and in the
following manner he succeeded in his experiment. He
fixed a potato at the end of his cane in a firm way, and
then, whirling the stick as he would whirl a sling, he
suddenly stopped the motion when the end of the stick
pointed- upwards. The potato was thus hurled to an
immense height in the air

TIIE PRINCIPLE OF INERTIA.

In treatises on mechanics and physics, “inertia” is
defined as a property of matter by which bodies tend
to preserve a condition of repose, and by which a body
in motion is prevented from modifying of itself the
movement which has been imparted to it.

A PIECE OF MONEY ROLLING ON AN UMBRELLA.

We will first give an illustration of the feat performed
by some jugglers—viz, the circling of a half-crown upon
a Japanese umbrella, as shown in the engraving. The
umbrella is turned rapidly round, and, to all appearance,
the half-crown is running along the surface; but it is
really the umbrella that is moving beneath the piece of
























22 PROPERTIES OF BODIES,

ment will be followed by the instantaneous descent of -
the upper horizontal domino upon the two lower perpen-

dicular pieces, in place of the domino removed, and the

structure will remain otherwise undisturbed.

THE PLATE AND THE PILE OF COPPERS.

Put a dozen coins in a plate and propose to deposit
them at one movement in the same order upon the table.
People who have never tried this experiment will essay it
in vain. To accomplish it you must raise the plate about
a foot above the table, suddenly depress it, as shown in
the illustration, and draw it towards you. The coins,
not finding any support, will fall to the table in the same
position as they left the plate.

It is by no means an easy task to let the pile of
money fall as here described without separating them.
With practice and skill you will surely accomplish the
task, in performing which it is best to let the coins fall
or slide off the plate upon a cloth, which is more elastic
than a bare table. The cloth will lesseri the shock of
propulsion.

THE MONEY ON THE ELBOW.

This is another experiment which the writer has fre-
quently performed. It is managed by holding the arm
back upwards, the elbow being almost flat and the hand
open, palm upwards, as in the illustration (Fig. 17). On
the arm, close to the joint, place the coin or coins.
Perhaps one at first will be sufficient, in case of failure
and possible loss. If the hand be suddenly brought down
with a circular sweep, the pile of money—or the single
coin—will be left for an instant in space, and be at once
clasped in the palm coming down upon it.



















CHAPTER IL—EQUILIBRIUM OF BODIES.

THE CENTRE OF GRAVITY.

DEAS relative to the centre of gravity and to
the equilibrium of bodies can be demonstrated
by means of a number of every-day objects.
When we find a box of soldiers in which each
warrior is gifted with a small piece of lead at his feet,
we have an illustration of the centre of gravity. We
know that the cylinders, roughly representing soldiers, will
always resume their upright position when one endeavours
to overturn them.

It has been stated that it is possible, with patience and
lightness of hand, to make an egg stand on one end. To
accomplish this the egg must be placed upon a perfectly
plane surface—a marble chimney-piece, for instance. The
egg must be shaken to mingle the yolk with the white,
and then if one succeed in making the egg stand upright,
one of the most elementary principles of physics is illus-
trated thereby; for the centre of gravity is at the point
of contact at the end of the egg, and the plane surface on
which it rests. We will give some illustrations of this.

—

70 BALANCE A PENCIL ON ITS POINT.

" The arrangement of the pencil and the knife, the blade
of which is buried in the wood, is held in equilibrium at
the point of the finger, because the centre of gravity of

_—












32 EQUILIBRIUM OF BODIES.

To perform this experiment, and even to place a '

weight on the sticks thus poised, you must carefully
procced as follows :—Place in a sloping position one
stick with onc end resting on the table and the other
clevated. Put another in a similar fashion above, and
resting on the first. Then form a triangle by means of
the third stick poised in the same way but passing under
one and adove the other of the two sticks already laid
down. The three sticks will in this manner prove of
mutual support to each other, and will not give way
cven if a tumbler or other weight be placed upon them
over the points of contact, as in Fig. 23,

THE WATER-BOTTLE AND THE THREE KNIVES.

In almost the same manner as above illustrated, we can
place three knives upon three wine-glasses as represented
in Fig. 24. The knives not only support each other
blade to blade, but they will sustain as heavy an object
as a filled watcr-carafc upon the triangle at thcir inter-
sections,

70 SUSPEND 4 BUCKET OF WATER FROM A STICK
RESTING ON 4 TABLE.

Here is another very old-fashioned experiment on the
“ centre of gravity,” which consists in suspending by the
handle a bucket filled with water passed over the stick
A B, which is laid on the table. To succeed in this
experiment, which appears almost impossible to perform,

Vs s e® T


















CHAPTER IIIL.—DENSITY, HYDRO-
STATICS, ETC.

HYDROSTATICS—THE MOVEMENTS OF GASES—RE-
SISTANCE OF THE AIR.

HYDROSTATICS.

HERE is no necessity to dwell upon the density
of bodies here: it is well known that, con-
sidered as possessing the same volume, bodies
have different weights. We shall consider

this subject at greater length in the subsequent part
of the work, when Cdecaling with the properties of
metals.

The principles of hydrostatics, which we intend to
consider now, can be casily explained. It is very easy to
understand the principle of Archimedes. Take any body
of irregular form,—a stone will do,—and having attached .
to it a thread, let it dip into a vessel filled to the brim |
with water. The water will overflow in volume equivalent
to the bulk of the stone; as can readily be proved by
weighing the glass partly emptied of water and the stone
against another similar glass full of water.

ASCENT OF WINE IN AN INVERTED GLASS OF
WATER.

Dip two wineglasses into a basin of water, and before
taking them out, place the brims together, so that they
may remain full, but one over the other. Then move
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EXPERIMENTS WITH COMPRESSED AIR. 59

e first wetted, and the cord attached to it, so that no
iir may penetrate through the aperture in which the
itring is inserted. A circular piece of leather seems to
act best.

THE PENHOLDER AND A VACUUM.

The schoolboy who first exhausted the air from a
tube penholder and made it cling to his lip, by reason
of the exterior pressure of the air, was perhaps the first
to discover the air-pump. To perform this little experi-
ment, you must have a penholder with one closed end.
Put the open end in the mouth, exhaust the air by aspiring
it, and then permit the end in the mouth to slide on to
the lip, which seals it hermetically.,

EXPERIMENTS WITH COMPRESSED AIR.
TO EXTINGUISH A CANDLE BY MEANS OF A BOTTLE.

Take an ordinary bottle, the neck of which is about
three-quarters of an inch wide. Hold the bottle in the
right hand, and cover the neck with the ball of the thumb
of the left hand, leaving only a small aperture (see 4,
Fig. 50). Care must be taken to leave only a small
aperture. Then apply your mouth to the. opening, so
as to cover it completely, and breathe into the bottle
gradually but forcibly, so as to compress the air in
it. Under these circumstances it is evident that, in con-
sequence of the communication which exists between the
interior of the bottle and the lungs, an equilibrium of





















CHAPTER V.—HEAT.

THE CONDUCTIBILITY OF METALS—DILATATION OF
BODIES BY HEAT.

HE art of producing fire or of procuring heat=
artificially is one of the most profitable ofE
human industries, since it has given us the=
means of moving machinery in manufactures

locomotives, and steamboats. @ The impression whichem—
produces the sensation of heat in our organism is am—
subjective phenomenon, and the impression which we=
convey when we say that a body is hot or cold i=
- relative. When we enter a cellar in the summer wherm
the exterior air is warm, we find the cellar cold; if we
enter during the wintry weather, we find the temperature
rather warm. Nevertheless it remains about the same
heat all the while. '

Suppose that we hold the right hand in a vessel con-
taining hot water, and the left hand in a vessel containing
cold water ; if we then withdraw our hands at the same
moment and plunge them together into a third vessel full
of tepid water, we shall then experience two different
sensations, heat and cold, proceeding from water of a
certain temperature.

The study of heat and caloric can be immediately
undertaken without any apparatus, as we have seen when
dealing with other branches of physics.


















72 HEAT.

LINEAR DILATATION.

Cut a cork in the manner shown in the illustration
(Fig. 60), so as to form a plane surface, and “scolloped”
out in a semi-cylindrical form. In one of these hollowed
spaces at A place a needle A B, the head of which is
supported at B, and at a slightly less elevation at that
end. Through the eye of this needle pass another, and

insert its point lightly in the cork. Parallel to it, and .

behind it, place another needle of the same length. If we
hold a lighted candle beneath the horizontal needle, we
shall see the needle B C incline sideways, as in the
illustration.




CHAPTER VI—LIGHT, OPTICAL ILLUSIONS,
ETC.

- REFRACTION—VISION AND OPTICAL ILLUSIONS—
PERSISTENCE OF IMPRESSIONS ON TIHE RETINA.

REFRACTION.

@O illustrate refraction we have only to plunge
R 2 stick into water and it will appcar broken.

™ We can also place a piece of money at the
bottom of a basin and stoop until the coin is
no longer visible. If then some one pours water into the
basin the coin will appear, as if the bottom of the basin
had been raised.

THE MIRAGE.

Amongst the optical ‘experiments easy to make we
may instance those relating to the curious phenomenon
of the mirage. If we warm an iron plate, and look
beyond the column of heated air which arises from the
plate, we shall see the object we are gazing at deformed,
or its image will appear in a different place from the true
object. These effects are due to the difference in the
density of the air-strata through which the visual rays
pass. This is the effect whereby the traveller in the desert
is deceived when the sun is very hot.

HOW TO MAKE A FLORIN APPEAR LIKE FIVE SHILLINGS
AND SIXPENCE.

This expcriment requires for its performance a tum-






VISION AND OPTICAIL. ILLUSIONS. 77

The reader may satisfy himself of the exactitude of the
measurement ; when the lines are drawn on a larger scale
the illusion is more striking. We recommend our readers
to try the effect for themselves.

LINES AND ANGLES.

The illusions relative to parallel lines are appreciable
when the distances to be compared take different direc-
tions. If we look at A and B (Fig. 65), which are both

A

= |l

Fig. 65.—A and B are perfect Squares.

perfect squares, A appears higher than it is wide, and B
appears wider than it is high.

It is the same with angles. Look at Fig. 66. The
angles 1, 2, 3, 4, are right angles, and ought to appear
so when examined with both eyes. But 1 and 2 scem to

”

U
=z

Fig. 66.—The Angles 1—4 are equal.

be acute, and 3 and 4 obtuse angles. The illusion will be
intensified if the diagram be looked at with the right eye.
Certain i.nalogous illusions are daily presented to ws.















82 LIGHT.

at one of the rings sideways, the coils seem to come
closer near the bottom, and thering appears thinner there
than at the top, and when the ring is turned round the
finger the illusion is produced at the same point. The
ring at the left of the illustration gives some notion of the
illusion, but the effect is much greater in the real ring.

In the three-coiled ring shown in the centre of the
illustration the middle coil appears to lean aside, but the
design does not reproduce the illusion as it is in actual
practice. The right-hand ring merely shows the arrange-
ment of the coils. It is not very easy to give an
explanation to these facts.

The phenomenon is in great measure due to the l!-
flection of the light on the rounded threads of the
coils, The light is reflected on the exterior border om
upper part, and in the middle of the coil in the lower.giget
of the ring. The left-hand ring shows this plainly. -~

Other objects probably would facilitate the study'ﬁ
this illusion. Skeins of silk of various colours rolfed

round a hoop or ring would afford the same effect. - It .

would be necessary to be careful in the blending of the
colours so as to produce the proper result. By adopting
this suggestion many amusing experiments may be at-
tempted. But in any case, the ring represented can be
obtained at most jewellers’ shops at a small cost, and the
experiment may be tried.

PERSISTENCE OF IMPRESSIONS ON THE RETINA.
THE IMP ON THE CEILING.

This experiment, which can be performed with the aid
of the next illustration, is one appertaining to the principle
of persistence of impressions on the retina, to whlch must
" * added that of complementary colours.















PERSISTENCE OF IMPRESSIONS OF THE RETINA. 87

Of course the distance at which the coins must be
placed will depend upon the powers of vision of the
spectator. It is as well to fix the cardboard screen, and
then move the box farther or nearer, as may be desirable.
A time. will come when the two coins will appear of
equal size; but by gradually lessening the distance the
farthing will actually appear larger than the halfpenny.

This experiment demonstrates that the eye under the
conditions indicated is unable to appreciate the distance
between two objects. By a similar phenomenon the
moon, when viewed through an astronomical telescope,
appears smaller than it looks to the unaided eye, while
as a matter of fact it is magnificd by the tclescope,









































































MATHEMATICAL GAMES. It

Since the conception of the Tower ot Hanor we have
found another analogous game, called the Question of
Tonquin, a game of Chinese hats. This puzzle is com-
posed of pasteboard pyramids of decreasing sizes (as in
Fig. 87 on page 108), which must be manipulated in the
manner already related with references to the discs and
the foregoing illustrations.

Fig. 89.—Explanation of Method of Packing.

THE PACKER'S SECRET.

This ingenious game consists of a cardboard box con-
taining twelve wooden discs, which lie loosely in their
receptacle as on the upper portion of the foregoing illus-
tration (see Fig. 88, page 110). The problem to be solved
is this. Place the twelve pieces in the box in such a
manner that they will remain immovable, and will not
fall out even when the box is turned upside down without
the lid.

The solution consists in placing the discs tangentially,
and the puzzle can be performed by arranging them as
shown in the cut above (Fig. 89). All the “men” thus
sustain each other by gentle pressure, and the box may
be shaken without any one of them falling out. To
perform this puzzle one must understand, in some mea-



112 MATHEMATICAL GAMES.

sure, the packer’s secret (see Fig. 89). We place one disc
(No. 1) in the centre, and dispose around it six other
discs, 2, 3, 4, 5, 6, 7. Steady these with the left hand,
so that they will not move except en dloc, and then insert
the remaining pieces 8, 9, 10, 11, 12 around them, next
the circumference of the box. Then remove the disc
No. 1 from the central place, and put it where 1 is
resting. The twelve discs will then remain firm in their
places. The puzzle is solved ! ’



CHAPTER X.—NATURAL SCIENCE .IN THE
' COUNTRY.

already been described, but we will here show
a charming apparatus which will be both
aviary and aquarium combined. Procure a
large melon-glass, as shown in Fig. 91, page 114 ; and into
it introduce a cylindrical glass vase, in which you have

Fig. go.—Aviary Aquarium.

previously placed some pieces of lead or other metal
painted green, etc., so as to suggest the bed of a fountain
or a clear stream. Upon the bottom of this vase rest a
movablé “ perch ¥ with a foot—a metal one will serve.
Over the mouth bf theé melon-glass placd a wire-worl
























MECHANICAL TOYS, ETC. 121

ige human being weighs about 70 kilogrammes, or
:leven stone ; so each finger has only to sustain about
bs. weight (10 kilogrammes) which is nothing extra-
ary. ’

GILBERT

- —

Fig. 95.—A Man held up by Five Fingers.

ATTRACTION.

“ake a cork and fix in it three hairpins, so as to fof
secies of tripod. In the centre fix a knitting-nees
on this fasten a sheet of paper cut as shown in
stration Fig. g6.

Ne have now two surfaces of paper A and R, s


















MEBECHAXICAL TOYS, ETC. 129

neath—No. 1°. The dotted line will not be in the paper
bands in practice.

Then I request you to cut ring No. 2 in the same
manner ; but this time you will be surprised to find in
your hands, when you have finished cutting round the
ring, not two rings, as at first, but ope long ring—
No. 2°—twice as large as either of the former rings.

Now for No. 3. There is ancther scrprise in store
As you cut the tkird ring you wil be astonished with the
result. You will agaiz obtzin tws rings, but one will
be looped inside the other, as iz No. 3. Let us
explain this trick.

You must prepare paper bands .03 métre in width,
and 1 or 1l métres in length.  Take the first strip, cut
and join its ends directly :in tke crdicary manner, as
shown in fig. 1, so tkat ife same sice of the paper forms
the exterior of the ring ail round. Tkie second band
is united after it has been twisted on itself, so that one of
the ends is united with the cpposite :urface of the other
extremity; as fcr tke ikid tzrc, ycu must give it two
turns before you unite tke encs. Let the gum dry, and
then your apparatus wii! be ready. The larger the
rings are the less apparent wiil be the turns in them.

A MECHANICAL PAPER BIRD.

The art of making paper articles would necessitate a
long study on our part, and we do not intend to enter on
the various phases of it here. We know that many
things can be made in paper, but the particular object
which we are about to exphkin is a mechanical bird
introduced by the Japanese jugglers—a bird which will
flap its wings when manipulated. The illustration shows
the action of the hands, which, approaching and separatin
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the bird can be supplied by turning down the point 4. If
now you hold the figure tenderly by the extremities,
and », you may produce the flapping of the wings. The

c

m

Fig. 103.—Mechanical Paper Bird—Manner of Construztion.

same movement may be made by holding the bird at »,
and pulling its tail. £ This toy requires little applicaticn
to perfect—anyone may succeed in making it.
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landscapes, flowers, and every other detail. @ The bands
or strips only appear distinct in this uniform order—
al, b, ¢!, a%, b’ ¢’ and so on (Fig. 105). The gum being
dry, we fold our picture accordion-fashion' as in Fig. 105; °
fastening each to each behind, a 4, etc., by the edges, the
dihedral angle also appears, and we have then a series of
small plans perpendicular to the ground plan.

Seen full-face this picture presents the plan C, which
seems to mark somewhat a grille formed by the edges of
the two other plans. We then step a pace to the left of

Fig. 105.—The Magic Plcture with Three Faces.

the picture, and our eye passes in succession from the
exterior edge of the facet a'to the interior edge of the
other facet a% from a’ to 4% and so on, and perceive then
the plan A without dissection, but lightly covered with
a series of lines which in no wise detracts from its clear-
ness. One pace to the right and we see in the -same
manner the section B—(See Frontispiece).

IMITATION THUNDER.

Ask some one to place his hands over his ears and pass
hava the hands around his head a cord in the manner
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