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Fig, 266.

or wo'rds may b_e written on the glass. The experiment
18 more striking in a darkened room,

The Electrical Cannon,

384. The Ergcrricar,

CanNoN is a small i
3 2 Il cannon
1s discharged by means of e

the electrical spark.

This cannon i
2 is used not only as an eleetrieal recreation, but it
also to demonstrate an important seientific fact, viz, : ]

that the

(384.) What is the Electrical Cannon?  Whas s its use?

ELECTRICAL RECREATIONS.

electric spark is capable of producing chemical reactions. For ex-
ample, water is formed of oxygen and hydrogen gases in the propor-
tion of two volumes of the former to one volume of the latter. Now
if these two cases be mixed in this proportion, and an electrical
spark be passed through the mixture, the gases instantly utlite and
form water. Moreover, the combination takes place with a brilliant
flash of light and a loud report, the report being due to the expansive
force of the vapor which is produced at the moment of combination.
Ti is upon these principles that the electrical cannon represented in
Fig. 267 is constructed.

It consists of a small copper cannon mounted on a stem
of glass.- In the vent of the cannon is a tube of glass,
through which passes a copper wire. This wire terminates
externally in a ball, and internally it terminates near the
metal of the cannon without touching it. The whole com-
municates with the earth by a chain,

Hlustrate. Deseribe it,
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To use the instrument, it is filled with a mixture of oxygen
and hydrogen in the proportions to form water, and the
muzzle is then closed by a cork. Ifg charged electrophorus
is brought in contact with the ball, a spark passes between
them, and another between the internal extremity of the
wire and the metal of the cannon, This spark causes an
explosion and drives out the cork.

A similar apparatus, called Vorra’s pistol, is used for exploding
a mixture of oxygen and bydrogen. or of air and hydrogen. It is
nothing more than a sheei-iron eylinder elosed by a cork. It is

exploded by touching its button to the prime conductor of an electri-
cal machine,

IV.—ACCUMULATION OF ELECTRICITY.

Electrical Condenser.

' 385. An Errcrricar, ConpENsER is an apparatus. em-
ployed for the accumulation of clectricity., ;

They are of various forms, but are all essentially com-
posed of two conductors separated by an insulator. The
condenser of Epinus may serve as a type of this class of
apparatus,

Condenser of Epinus.

386. The Conpexscr or Episus is composed of two
metallic plates, 4 and B, Fig. 268, standing upon supports
of glass, with an intervening plate of glass, €, somewhat
larger than either of the metallic plates. These several
plates are so mounted that the plates 4 and B may be made
to approach to, or recede from the plate C,

S e et R o T

How is it used? Deseribe Vorra's pistol, (385.) What is an Electrical Con-
denser? (886.) Describe the Condenser of Epixus,

ACCUMULATION OF ELECTRICITY.

Fig. 268,

Method of using the Condenser.

387%. To use the condenser, the plﬁt..es, A nnq B,r;l}ll'(;
moved up to touch the plate, C; as shown in Fig. 269.

(38'7.) Deseribe the method of using it, in detail
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plate, B, is made to communicate with the prime conductor
of an electrical machine, and the Plate, 4, with the earth.
The electrical machine is then put in motion, which charges
the plate, B, with Positive electricity, Were it not for the
Dlate, 4, the quantity of electricity on each unit of surface of
& would be the same as on g unit of surface of the prime
conductor; but the presence of the plate, A4, modifies this
result,

The plate, B, acts by induction upon 4, and drives its
DPositive electricity to the earth, retaining its negative
electricity by the force of attraction. The negative elec-
tricity of 4 now reacts upon B, partially neutralizing the
effect of its positive electricity. The electricity of B being
partially neutralized, no longer holds that of the prime con-
ductor in equilibrium, and an additions] quantity of the
positive fluid flows into it, which, acting as before, draws
i h, an additional quantity of the negative

fluid, and so on, In this way there is gradually accumulated

upon B and 4, large quantities of the positive and negative
fluids,

When the apparatus is fully charged, we cut off the com-

munication between A and the earth, then that between B
and the machine, by taking away the chains. Ip this condi-
tion the two electricities on A4 anq B show no effects, bus
:simply hold each other in equilibrium. There is, however,
1 consequence of the intervening glags Plate, an excess of
electricity in B, as is shown by the electrical pendulum, 3,
Placed in connection with it. A similar pendulum placed in
connection with 4, gives no such indication,

If, now, the plates be separated, as shown in Fig. 268, both
electrical pendulums will diverge, as they should do, because
the two electricities no longer hold eagl; othe

; . rin equilibrinm,
In this condition the electricities of the twi

0 plates may be

@1l
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tested and shown 1o be opposite. If a rod of glass b'c
rubbed with silk and brought near the 1)(3‘[1(31}11'11]1 uplo‘n‘B, it
will be repelled, indicating positive lelect.rlcity; if it be
brought near the pendulum upon 4, it will be attracted,
indicating negative electrieity.

Slow discharge of the Condenser.— Instantaneous discharge.—
Discharger.

388, The condenser being charged and placed as -“1-
Tig, 269, may be discharged, that is, bz‘ougillt back to 1ts
nentral state, in two ways, [irst, by successive contacts, in
which case the discharge takes place slowly ; or slecond..ly,
by connecting the plates A and B by a conductor, in which
case the discharge is instantancous. an

If the plate, A4, is touched, no C}ectl:lf:{[‘.}‘-' is drawn O%T,
hecause all that it contains is held in eth.brlum by that 1}1
the plate, B. If, however, the pl'ate, .B’ is t()ll.(:lll‘fid‘, itill E
its free electricity, that is, all which is not neuim‘hz? ¥
that in the plate, A, is drawn off. I}ftcr .th1s, a cc1tamvh1-11;-
neutralized portion of electricity will exist upon A, whic ];
will be indicated by the pendulum. By c.ontmumg .t()'toutj‘;:E
the plates alfernately, the whole charge may be drawn o
i e antities. :
= ';‘T(r: nﬂLﬁzz an instantaneous discharge, we mlght touch n;n‘et
plate with one hand and the other plate with téledot 11:5
hand, when the two fluids would flow through th? .c; yni -
neutralize each other; this method 1’)1‘0(111(?(38 a8 1?c ‘§'1f1‘01n
more powerful than that produced by the simple spark

» prime conductor. ',
tll(&‘gla:'oir] this shock we make use of a c?z'seﬁm‘ger.‘ A il.si
charger consists of a heavy wire bent into an = t-elm%lmt;le
at its two ends by balls, and having a hinge joint in

i i e first

(388.) In how many ways may a condenser be discharged? - ‘Dcf.c]!]lt!;zt;h Hl[;w
mct'h}id : The second method. Deseribe the method by successnehl):‘ = .;;es
may it be instantaneously discharged? What is a diseharger, and what is 56 7

18
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middle, so that it ecan be folded upon itself, as shown in
Fig. 271. It is usually provided with a glass handle, by
which it is held.

To discharge the condenser, one ball is brought in contact with
one plate, and being held there, the discharger is folded so that the
other ball will touch the second plate. At the instant of contact a
spark is emitted, arising from the combination of the two fluids, which
takes place through the discharger. No shock is felt, because the
electricity does not pass through the body as in the previous case.

Limit of the Charge in a Condenser.

389. Two circumstances limit the amount of electricity
that may be accumulated in a condenser, First, the un-
balanced electricity in the plate, B, goes on augmenting
withgthe charge, until at last its tension becomes equal to
that on the prime conductor, after which no more can flow
into the condenser from the machine, Secondh , the two
electricities on the plates, 4 and B, tend to unite with an
energy which goes on augmenting with the accumulation
of electricity on the plates, and may ultimately become so
great as to break through the glass and thus cause a union
of the two fluids.

The Leyden Jar.

390. The LevpeEn Jar, named from the city where it
was invented, is a condenser, differing only in form from
that which has been described.

In its improved form it consists of a bottle or jar of thin
glass, as shown in Fig. 270, nearly covered on its outside
with tin foil, and nearly filled within by loose tin foil, or some
other metallic substance in a loose state. A wire passing
through the cork extends to the metallic filling within, and
terminates externally in a sphere of metal called the buzzon,

How is it employed? (889.) What cirenmstances limit the charge in a con-
denser? (390.) What is the Leyden Jar? Describe it,
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This is a condenser in which the glass of the bottle serves as an
insulator, whilst the metallic substances within and without corre-
spond to the metallic plates in the instrument already deseribed.
The interior metal corresponds with the plate, B, and may be called
the collector, whilst the external metal corresponds with the plate, 4.
What has been said of the condenser holds good for the Leyden jar.

Fig. 270,

The Leyden jar is charged by holding the outer tinned
part in the hand, and bringing the button in contact with
the prime conductor of an electrical machine, as shown in
Fig. 270. The positive fluid is accumulated in the interior,
and acts by induction upon the outer coating, which becomes
negative, the positive fluid in that coating being conveyed
away by the hand through the body. As in the condenser,
the two fluids react so as to accumulate a large quantity of
positive electricity on the inside of the jar, and of negative
electricity on the outside.

After the jar has been charged, if it be held in one hand whilst
the other is brought in contact with the button, a shoek will be felt
through the arms and body, and the jar will return to its neutral
state. 'When it is desirable to discharee the jar without the shock,

How does it resemble o condenser? How is the jar charged? Explain the
theory. Ivw is it discharged? :

-
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the discharger is used, as shown in Fig. 271. One ball of the dis-
charger is made to touch the outer coating, and the other is then

Fig. 271

brought in econtact with the button. In this case there is a spark
emitted, and the jar returns to its neuiral condition.

Electrical Battery.

391, An ErrcrrroaL BATTERY consists of an assemblage
of Leyden jars so connected as to act like a single condenser,
as shown in Fig. 272,

The jars are placed in a box whose bottom is lined with
metal, which serves to connect their outside surfaces. Their
inside surfaces are brought into communication by connect-
ing the several buttons with metallic rods,

In batteries the jars are made large, and are covered within and
without with tin foil, the interior lining being brought into commu-
nication with the button of each jar by a metallic chain. Upon one

(891.) What is an Electrical Battery? Describe it, What kind of jars are uscd
in batteries ? ; -
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of the butfons is placed an electrical pendulum, which indicates the
excess of the fluid on the inner over that on the outer surface.

The battery is eharged in the same manner as the condenser of
Epinus (Art. 391). When charged, the chains are removed by a
hook with a glass handle. :

In discharging an electrical baitery, a discharger is used with two
glass handles, as shown in Fig. 276. Care should be taken to touch

the external covering before fouching the common button with the
discharger.

Condensing Electrometer.

392, The goldleaf electrometer, shown in Fig. 259, is
very sensitive, but it may be rendered still more so by the
addition of two disks or condensing plates, as shown in
Figs. 278 and 274, The inferior disk is attached perma-
nently to the stem, ¢, which supports the strips of goldleaf.
The superior disk has a glass handle by which it ean be
removed at pleasure. The two disks are of brass, coated

How conmecled ? IHow charged? How discharged? (392.) Whatisa Con-
densing Electrometer ?
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with varnish, which serves as an insulator; taking the place
of the glass plates in the condensers already deseribed,

===

Fig. 213, Fig. 274.

but being very thin, the condensin

g power is much aue-
mented, 7

Use of the Condensing Electrometer.

893. To use the condensing
small quantities of electricity,

electrometer for detecting

we place the upper disk upon
the lower one, as shown in Fi - 2

o . g. 273, then using the lower
1ske as a collector we bring it into contact with the body
to be experimented upon. At the same time we establish

a connection between the upper disk and the earth, b
touching it with the finger. e

T e R T
(393.) How is the condensing clectrometer uged ?
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In Fig. 273, the body experimented upon consists of two plates,
one of zine, and the other of copper, fastened together. We shall
see hereafter, that by a simple contact of two such plates, the zine
1s positively, and the copper negatively electrified. This last metal
then being brought into contact with the inferior plate, yields its
negative eleetricity, which acting by induction through the varnish,
renders the upper plate positive. When the two electricities have
accumulated upon the plates, we first withdraw the finger, and then
the plate cz. If the upper plate be lifted off, the negative electricity
which was before held in equilibrium, becomes free, and the gold
leaves diverge, as shown in Fig. 274.

In this manner quantities of electricity may be discovered so small
as to be unnoticed by the simple electrometer.

Y.—EFFECTS OF ACCUMULATED ELECTRICITY.

FPhysiological Effects of Hlectricity.

394. The physiological effects of electricity are the
effects which it produces on men and animals. They con-
sist of muscular contractions, accompanied by a greater or
less amount of pain, according to the power of the electrical
apparatus.

When we receive a simple spark from the prime eonductor, we
experience only a slight slinging sensation; with a small Leyden
jar, the pain is fel extending up the arms to the elbows or shoulders;
with 2 more powerful jar or a battery the shock is felt through the
arms and chest, and may be sufficient to produce death.

An electric shock may be given to a great number of persons at
the same time. To that end they form a chain by taking each other
by the hand, as shown in Fig. 275; then the person at one end
takes a Leyden jar in his hand: the eircuit is completed by the
person at the other end of the chain touching the button of the jar,

shen the shock is felt simultaneously throughout the ring. NoLLET

Frplain Fig. 218. What are the advantages of this instrument? (394.) What
are the physiological effects of electricity ? Describe the shock. How may the shock
be given to @ number of persons?
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,

admmlstered in this manner, in the presence of Lotis XV., an elec-
trical shock to an entire regiment of soldiers.

Fig. 275,

dagfai};gz :Joai:;YY, the shc?c}_c be.comes so powerful as to render it
of mean size {tenf-lpt fecetving 1. With a battery of only six jars
e powerfu’1 bvsou-ld be hazardous to receive the shock. With
be killed by a Aa:;e“esa cats, d‘ogs, and even stronger animals may
shock from g bS[tI;a . Shoc-k' .Flg' 276 represents a dog killed by a
e witha ery of nine jars. The metallie collar of the dog is
T ‘the exterior coating of the battery, then one ball of
o a.ftb | 18 _}l]aeed n‘car_t}fc posterior part of the dog’s gpinal

» Aier which the cireuit is completed by touching the button
e

SeCoa ere TN T e

Framples. What is the

B et elfect of @ shock from a poworful battery?  Ewplain

EFFECTS OF ACCUMULATED ELECERICITY. 417

of the battery with the other ball of the discharger. The animal is
killed instantly.

In the Museum at Harlem, in Holland, is a battery whose dis-

charge is capable of killing an ox. There is also a very powerful

N AR, o T
Fig. 276.

battery in the Conservatory ai Paris, which was given to if by the
Physicist. CHARLES.

Heating Power of Hlectricity.

395. The heat developed by electricity is sufficient not
only to inflame ether, gunpowder, and the like, but also to
melt: and volatilize the metals.

Fig. 277 represents the manner of inflaming ether. The
ether is poured into a glass vase, through the bottom of

The Harlem battery. (395.) Is there much heat developed by electricity?

Explain the experiment shown in Fig, 277.
18%

»




