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which passes a metallic wire, terminating in a button. The
wire is connected by a chain with the outer covering of a
Leyden jar. When

the circuit is com-

pleted by touching

the button of the ap-

paratus with that of

the jar, a spark is

given off, and heat

enough developed to

inflame the ether.

This experiment suc-
ceeds with a very small
Jjar, or even a simple
spark from the prime
conductor. The experi-
ment may be made more
interesting by standing
upon the eleeirical stool
(Fig. 261), and inflam-
ing the ether with the
finger. The ether may
be inflamed by a spark
from a piece of ice held Fig, 217.
in the hand.

When an electrical battery is discharged through a fine
metallic wire, it may be melted or even volatilized, according
to the power of the battery.

In performing this experiment it will be best o use the universal
discharger. This instrument and the Mmanner of using it, are shown
in Fig. 278. The discharger consists of two copper wires, 4 and B,
mounted upon glass supports. The wires can slide freely through
the rings that hold them, and can furthermore be turned about hinge
b e i el =

What variation, may be made in it? How may & wire be melted? Eaplain the
construction and use of the universal discharger,

EFFECTS OF ACCUMULATED ELECTRICITY. 419

joints, so as to bring their buttons as near as may be desired to any

2 =

i tand, M.

dy that is placed upon the stand, ; ] ;
boTYo melt a wire by electricity, we attach it to the two inner but
tons at 7, then connect one of the wires, A, for e.xam.ple, with thte
exterior éoa.ting of the battery, and complete the circuit by w'm.lec.-
ine B with the button of one of the jars of the battery. This is

(=]

HAMBERT. So.

Fig, 218,

effected in the manner shown in the _ﬁgure, the conng:tmg;h;l::
being managed by means of a hook with a-glass hal"l e. g
insta:nt of contact, the wire, if fine enough, is melPad m‘to g B 1;
and even volatilized, that is, reduced to vapor, which disapp
the“?;:;u the wire is a litile larger, it simply becomes red hot a%r;td.-
gives forth a brilliant light ; if still larger, it becomes heated Wi

o t wi der
out being luminous. Fine and short wires may be melted un
{=}

Eaplain the experiment of melting @ wire in detail.




420

POPULAR PHYSICS.

v\.'ater in the same manner as in
diffieult to make.

Mechanical Effects of Electricity.

396. The Mecuawtoar Errrcrs ow Eimcrriciry are
Emn:f'estef‘[ when large charges of electricity are passed
rough imperfect conductors, They consist of violent

- CXpansions, with tearing, fracturing, and the like

These effects are generall

¥y exhibited by placing the b
plate, M, of the universal d : 4 ol

ischarger (Fis, 278), and then passing a

Fig. 279,

g):v;rf‘tgl charge from battery throush it
C 7 3 :
Ot Wood may be torn to splinters in an ing

Fig. 279 1
O:n 5 :pr;sents an appajratus by means of which 3 hole may
ard by using g single Leyden jar. A eard is placed at

the top of b
I a glass eylinder, beneath which is a wire projecting from
= e 4

(396.) Wy i

hat are some of {1 -
Faplain the mety e mechanical effeots of elootricity 9 ihi
v of perforating a cara by electricity, Y ! How exhibited ?

In this way a small
tant.

air, but the experiment is more
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a metallic plate. The plate connects by a chain with the exterior
coating of the jar. Above the card is a second wire which is insu-
lated in the manner shown in the ficure. When the circuit is eom-
pleted, by touching the upper wire with the button of the jar, a shock
follows, and the card is found to have been pierced as if run’through
by a needle or pin. :

To pierce a plate of glass requires a large battery. The battery
belonging to Harlem Museum (Art. 394), is capable of piercing a
book of four hundred pages.

A partial account of the chemical effects of electricity has been
given in speaking of the electrical cannon. More on this subject will
be given when we come fo treat of the effects of the Voltaic pile.

YI.—ATMOSPHERIC ELECTRICITY.

Identity of Lightning and the Electrical Spark.

397, FrANELIN published a memoir in 1749, showing
the complete parallelism between the electricity of the
clouds and that of the electrical machine. In that memoir
he suggested that the electricity of the clouds might be
attracted to the earth by means of points, and recommended
that the experiment should be made.

In accordance with that suggestion, the experiment was
first made by Danisarp, in May, 17562. He erected in his
garden a rod of iron about forty feet high, having its upper -
extremity terminating in a point. After the passage of a
thunder cloud, the rod was found to be electrified, and for
the space of fifteen minutes sparks were drawn from it, which
were used in charging several Leyden jars.

About a month later, Frangrix, without any knowledge
of the discovery of Darmarp, succeeded in attracting
electricity from a cloud to the earth. He raised a silken
kite, just before a coming thunder storm. The string of

Of piercing @ plate of glass. (39%7.) Who first showed the identity of lightning
and electricity? Explain DAuisArp's experiments. Explain FRARELIN'S experi-
ments, ;
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the kite was of hemp ; attached to the lower end of it was
a small key, and fastened to the key was a silken cord, by
which the kite might be insulated. It twas only after the
string became damp from the falling rain that the key
showed signs of being electrified. He was af last rewarded
by obtaining an electric spark. So great was his joy that
he could not refrain from bursting into tears.

The complete identity between lightning and the electric
spark was thus established, and all, even Dartsarp himse]i‘,
unite in attributing to FraverLx the honor of the dis.
covery.

Atmospheric Electricity.

398. The existence of atmospheric electricity is not con-
fined to clouds alone, for it often exists in the atmosphere
w.}u?n 1o trace of a cloud is visible. In this cage the elec-
tricity Is positive. Tt is most abundant in open spaces and
at considerable elevations, Tn houses, in the streets under
Pree_s, and in sheltered localities, no trace of free elezztricit
is d1sc*.ovcrable. During storms the electricity of the air i}sr
sometimes positive and sometimes negative. All clouds are

supposed to be electrified, some positively and

t-ively, some nega-

The electrical condition of clouds may be established by

metallic rods, by kites, or b i
e ¥ small balloons held by a string

The eliectrica.l state of the atmosphere may be determined in g
great variety of ways, M. Becquerer employed for this purpose
the gold-leaf electrometer shown in Fig. 259, Instead of the bulijto
i?- used a stem of metal, attaching to its upper end a fine gnd ﬂexihj[fal

ire. To the second extremity of the wire he fastened an arrow,

7

an(t ?‘)%_L ?’l.ant is the nature of the electricity of the air? Where is it most abund.
? at is the state of the atmosphere during storms? How is the uelectl‘icai

condition of the clouds determi :
ned? I o
determined ? 00 8s the dlectiical state of the atmosphere
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which, being shot from a bow, ascended into the atmosphere, draw-
ing the wire with it. When the arrow was shot direcily upwards,
the divergence of the gold leaves indicated the existence of free
electricity, and the nature of this electricity was tested as already
explained.

Lightning and Thunder.

399, LicurNive is nothing else than an elongated
electrical spark, which passes between two differently elec-
trified clouds when brought near each other. Sometimes
a discharge takes place between a cloud and the earth ; this
is called a thunderbolt.

A flash of lightning is often of great length, and as it takes place
along the line of least resistance, it generally follows a zig-zag path,
as is often the case with the spark from a Leyden jar. When a flash
of lightning is seen in the Jower regions of the atmosphere, it has a
brilliant whife color; but in the higher regions, where the air is
rarefied, it assumes a violet hue, similar to that of the electric egg
(Art. 383).

THUNDER is the sound which follows a flash of lightning.
It is due to vibrations caused by the passage of the spark
through the air.

Thunder is not heard till an appreciable time after the flash is
perceived. This arises from the fact that light travels with im-
mense veloeity, reaching the eye instantaneously, whilst sound
travels more slowly, and only reaches the ear after a sensible inter-
val of time. The distance of a clap of thunder may be ascertained
by counting the number of seconds between the flash and the report,
and allowing five seconds to a mile.

The intensity of the sound diminishes as the distane> becomes
greater : near by, it is sharp and rattling, like boards falling one

(399.) What is Lightning ? What is a thunderbolt ? Why is the flash often zig.
sag in ils shape? Whatis the eolor of the jlash? What is Thunder? Why ds the
thunder only heard after an appreciable time? How may the distance of the
Jiash be determined ?  What effect has distance on the sound of thunder?
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upon the other; at a greater distance, if is dull and prolonged in a
low rumble of varying intensity.

The rattling or rolling of thunder is differently explained. By
some it is said to be due to a succession of echoes from the clouds
and the earth. Others regard lightning, not as a single spark, but as
a succession of sparks, each giving rise to separate explosions that
succeed each other so rapidly as to produce a continnous rumbling
sound. Others again attribute the rolling of thunder to the zig-zag
course of the lightning, the sound from different points of the zig-zag
path reaching the ear in times proportional to their distances. In
this way the sounds from different points are superposed irregularly,
giving rise to irregularity in the resulting sound.

The Thunderbolt.

409. A THUNDERBOLT is a discharge of electricity be-
tween a cloud and the earth.

When an electrified cloud passes near the earth, it acts upon it by

induction, repelling the fluid of the same name and afttracting that
of an opposite name. As soon as the tension of the two electricities
becomes greater than the resistance of the intervening air, a spark or
flash passes, and the thunderbolt is said fo Jall, or the lightning to
strike. The flash generally passes from the cloud to the earth, but
sometimes the reverse is the case. The attraction between the two
electricities increases as the distance diminishes. Hence it is that
elevated objects are most likely to be struck, such as spires, high
trees, lofty buildings, and the like. Good conductors, like metals,
moist bodies, trees, and the like, are more likely to be struck than

bad conduetors, Hence the danger of taking refuge under a tree in
a thunder storm,

Effects of the Thunderbolt.

401. The effects of the thunderbolt are extremely various and
wonderful, It erushes or fractures had conductors,

s LR T

inflames com-

How is the rattle or roll of thunder accounted Jor? (400.) What is a Thunder-
bolt? Wiy does lightning strike ? Lwplain the phenomenon, What bodies are

m0st likiely to be struck ?  What lenst likely? (40L.) Deserit
Ll yE ( ) Describe the efeets of the
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bustible bodies, melts metals, reverses the poles of magnets, and
often kills men and animals. Sometimes if falls slowly in the form
of a globe of fire, and then explodes with a noise like a bat.tery of
cannon. It is this form of lightning that is most likely to inflame
the edifices which it chaneces to strike.

It is said thai a ball of electrical fire fell; in 1718, near Brest,
striking a house with sueh force that the roof sprung up as if & mine
had been exploded beneath it, and the stones of the. \_valis were
scattered in all directions, some being carried to the distance of a
hundred and fifty feet. y :

The thunderboli is often accompanied by a peculiar suiphu.rous
odor, which is due to the oxygen of the air becoming eleetrified,

ing a product called ozone.
forOm;i;idelﬂng the fearful character of the thunderbolt, but few
individuals perish from if. It is estimated that no more than twenty
deaths a year oceur from this cause throughout the whole of France,
which is only one out of two millions of inhabitants.

Means of Safety.

402. It is recommended to those who are feftrful of .the
effects of lightning, that they should wear clothing of silk,
or still better, that they should sit in chairs insulated by
glass legs or upon a thick plate of this material. They
should also keep as far as possible from con(iu(ftm's, par-
ticularly the metals. When thus insulated, even if struck,
they can only experience a slight shock, which can hardly
prove fatal.

In some of the French villages it is customary to ring bells during a
storm, with the idea of driving away the cloud, and avqldmg the
hail which so frequently accompanies thunder storms. This does no
good, but simply exposes the bell ringer to additional q_ianger, for
lvligh edifices, like church spires, are by far the most likely to be
struck, and as the bell ropes are conductors of electricity, the danger
to those who hold them is much increased.

Erample. What is the cause of the peculiar odor that accompanies lightning 7
(402.) What aresome of the methods of protection from lightning?
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The Return Shock,

403. The Rerury Smock is a violent, and often fatal
shock, felt by men and animals at 2 great distance from the
place where the lightning strikes, (See Fig. 280.)

This phenomenon is due to the inductive influence exerted by an
elecirified eloud upon bodies beneath it, which are all strongly
charged with elecriciiy contrary to that of the cloud. Now if
a discharge takes place at any point, the cloud returns to its
neutral state, induction coases instantly, and all of the bodies elec-
trified by induction instantly return to a neutral state. The sud-
denness of this return is what constitutes the return shock.

e
—C=ZF0UJARDINT

Fig. 280.

"I’I?e return shock may be illustrated on 2 small seale, by placing
a living frog near an electrical machine in motion. Every time that
the machine is discharged by placing the finger upon i, the frog

experiences a shock, which is nothing else than the return. shock
above described.

(403.) What is the Return Shock ? Eeplain its cause,

How iWlustrated ?

ATMOSPHERIC ELECTRICITY.

Lightning-rods.

404. A LigarNing-roD is a rod of metal, placed upon

a building or ship, to preserve it from the effect of lightning,
as shown in Fig. 281.

Fig. 281,

A lightning-rod should fulfill the following conditions:
=

1. It should be of sufficient size.

A copper rod of a half inch in diameter, or an iron one of three
fourths of an inch ‘in diameter, is large enough to protect any

building.

2. If made of more than one piece, the Par‘_us'should be
serewed or welded together, to avoid defective jomts.

(404.) What is a Lightning-rod? What is the first condition that a lightning.
. i i 2 spe
rod should fulfill ¢ IWusirate. BSecond condition?
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3. Il;. should terminate above in a single platinum point.
The point should be of platinum that it may not be fused
It also prevents the point from rusting.

4, The rod should he carried down into the earth till it

meets witk} a good conducting medium, such as a layer of
wet or moist earth.

When no such medium can be reached, a pit should be dug. and
after the lower end of the rod has been carried to the bott;’m ik
She?ld b’c nearly filled with some good conductor, as coke jl
: The lightning-rod was invented by FRANKLI;T. who thought that
1s protective action consisted in draw ' i
cloud, and conducting it to the carth.

tility is j ¥
:a; tL}L-} i8 Jugt the IBVBI‘SE.). The clond acts by dnduction upon the
b 1,urepelllmg the electricily of the same name as that in the eloud
attraciing that of an opposite na *hi :
: me,
e . Which accumulates upon the
= = 7
th;n:m;;}matmg with the earth, we permit a flow of electricity from
e :; 5 to thc cloud. This flow not only prevents the accumula-
ectricity upon the body, but it tends gradually to neutralize

the electricity of the cloud i
liself; and thus the rod aets i
Wway to prevent the body from being siruck. T

ing off the electricity from the
The real explanation of its

Blectrical Meteors.

405. A MerEor is any

: atmospheric phenom ;
wind, rain, snow, : G

hail, thunder, and liohtn;

: tning ar ;
T , . e, oh g are meteors,
: f;dns thm?der and lightning, three other meteors are at-
1'1 .utab].e either wholly or in part to electricity; thase
are: hail, tornados, and the aurora borealis. :

Hail.

406, A consists of globules of ice which fall from the

Cl 1 . 8 e 1818 I]g f C:
0 ldS ] he Obul S COons tl OI 4 OOﬂti 01 1 0, disposed
Third condition ? ourth conditi € L2(]) T I-10 L7
4 oI F ndition 7 Who invented the Lightni da? Enrpl
Wi . .e f LAl 1403.) What is a Metcor? Me: Li()r "]’ : :LA'IP‘ :
; Q lal -fi,o ntion some of them, ( 06,)

Now, by arming a body with metallie points
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about a central nucleus of compact snow. They are called
hailstones. Hailstones sometimes are very large, being not
infrequently as large as a pigeon’s egg, and it is said they
sometimes weigh several ounces.

A fall of hail is often preceded by a noise like that of rattling
nuts in a bag. This noise is attributed to collisions between the
hailstones. A hailstorm is always accompanied by electrical phe-
nomena, and thunder generally precedes or accompanies the fall of
hail. From this circumstance it is inferred that hailstorms are in
some way due to electrical action. As yet no satisfactory theory has
been advanced to account for the formation of hailstones, and espe-
cially those enormous ones that are sometimes seen. 10

Vorra supposed them to be formed between two clouds oppositely
electrified, and that they were alternately repelled from one to the
other, like electrical puppets, during which time they were continu-
ally increasing in size by congealing the moisture of the clouds upon
their surface, till at last they became heavy enough to break through
the lower cloud and descend to the earth. This theory is now
rejected.

The Tornado.

40%. A TorxNADO is a violent whirlwind, attended with
rain, thunder, and lightning. Tornados often travel con-
siderable distances, overturning buildings and wuprooting
trees; they are accompanied with a noise like that of
heavily-loaded carts driven over a stony road. The flashes
of lightning and balls of electrical fire that accompany
tornados, indicate their electrical origin.

Two species of tornado are recognized-: ferrestrial and marine,
according as they take place on land or on water. The latter class
present remarkable phenomena. The rotary force of the wind raises
the water in the form of a cone, whilst a second cone forms in the
cloud, having its apex downwards. These cones move to meet each
other, forming a column of water reaching from the ocean to the

Describe a hailstone. Euwplain the raitling sound preceding a hailstorm. What
was Voura's theory of the formation of hail? (40%.) Whatisa Tornado? Why
is it regarded as of electrical origin? How many species of tornados?
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clond. 1In this form the column of fluid is called a water-spout
When o Waler-spout strikes a ship, it does immense damage.

The Aurora Borealis.

408. The Aurora is a luminous phenomenon, which
appears most frequently about the poles of the earth, and

more particularly about the dorea or northern pole, whence
its name,

At the close of twilight, @ vague and dim light appears in the
horizon in the direction of the magnetic meridian, This light gradu-
ally assumes the form of an arch of a pale yellowish color, having
its concave side (urned towards the earth. From this arch streams
of light shoot forth, passing from yellow to pale green, and then to
the most brilliant vigles purple. These rays or streams of light
génerally converge to that point of ‘the heavens which is indicated
by the dipping nheedle, and they then appear to form a fragment of
an immense cupola, as shown in Fig. 282.

Whai is ¢ water-spout ? (408.) What is the Aurora? Deseribe g2,

ATMOSPHERIC ELECTRICITY, 431

Sinee the aurora is always accompanied by a disturbanee of the
magnetic needle, and is generally arransed in A'Ll?e d-ircctlon of 1.118
dip, and because the chemical actio'n (?f .ele(:tl'l(:lty 1s ;ccgnpauied
by precisely analogous phenomena, it is inferred that. it is dpe to
electrical action. Such is ab present the generally received belief.

Why is &b regarded as of electrical origin?




