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ATATIC ELECTRICITY EXPLAINEID.

Tuw name, efectricity, iz derived {rom the Greek word
Hhenrpov, which signifies miber, the first substance upon which,
elsetrical properties were soen.

Rince wseovery of this mysterions phenomenaon in nature,
the whole world has heen startled from time to time, by its
extraordinary developients,  If was unknown to the ancients,
and ns a seience, it dates with the eighteenth century.

I do nat propose to diseuss the intrieacies of this seience, ex-
eept in general terms, and to o very hmited extent,  The facts
herein mentioned, are from many standard works.

Statie eleotricity iz more commonly called frietional else-
trieity. The term * statie” is applied, to distinguish the action
of the force excited by friction, from that execited by chemieal
aetion.  Frietional, or statio electricity, exhibits itself in a state
of equilibrinim, and remains comparatively at rest, except dur.
ing the instant of discharge; while voltaie, or chemical elee-
tricity, appears to be constantly in motion, from one pole of the
voltaie hattery to the other, and has henee heen ealled enrrent
electricity. Statie electricity is sometimes called “ electricity
at rest,” and voltaie, or enrrent, is ealled “ electricity in mo-
m!!‘

The subject-tnatter, considered in this chapter, will be # statie
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electricity,” and in another chapter will be explamed the dif-
ferent elements organized, to generate voltaio or * eleetrieity
in motion,” as applied for telegraphic purposes.

It is sapposed that electrinity, in some form or other, exists
in all nature, nevertheless, some substances manifest a greater
degree of its presence than others,

CONDUGTORS AXD NON-CONDUCTORE.

The metals were found to rank highest in this pmm. It
has been subsequently discovered that oil bodies are conductors
of electricity more or less.  No substance is at present known
which is an absolntely perfeet non-conduetor.  With all hedies,
the passage throngh them of a defintle amount of eleciricity
is hut a question of fime.

The great objeet to be maintained in the construetion of an
eleetric telegraph is, to give the greatest possible faeility for
the passage of the power to a ﬁ:ﬂcular distant station, and to
throw every possible obstacle in the way of the escape of any
portion of the power in any other direction than the one desived.

For such purpose, the most perfect conductors ars used for
the conveyanes of the power, and the mest perfect insulators
made to sarronnd sach conductors.

The following table exhibits the conduneting power of seve-
ral bodies with vespect to electricity, It begivs with the moest
perfect conduetors, and ends with those which are the least

fect eonductors, The properties, therefore, of these latter
Ezrdiea, approximate most closely to that of non-conductors or
m=ulators, The exact order, however, 1= by no means fally
substantiated as yet, and the table must therefore only be taken
as a general guide,

Al the metals, viz, :

Silver, Metallic ores, Muoist eavtha and stones,
l'_'.'a? o, Animn] finida Powdersd glass,

Goi Sea-water, Flour of sulphur,
Brass, Spring-water, Dry metallio uxti«ldea,
Fine, Rain-water, Hls—henviest the b
Tin, Tew ahoye 13% Fahr,  Ashes, vegetable bodies,
Platinnm, Hnow, Ashes of asironl bedies,
Palladinm Livinger ve Iles, Many transparent or
Iron and Li'ring hl.‘l%lit:lﬂ, tnls, dry, "
Lead, Flime, Tee bolow 132 Fabr,,
Well-bornt Chareral,  Smoke, Phosphorus,

Plambaga, Steam, Lime,

Clomoentrabed woids, Salts soluble in water, Dry chalk,

Fowdared chareoal, Rarefied air Native carbonate of ba-
Dilute avida, Vapor of nfeu'lml,

: riytes,
Baline solutions, Vapor of ether, Lyeopodinm,
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Gurm elastie, Parehment, Micn,

Camphor, Iy papar, Al vitrifioations,
Bowe silivioas and avgile Feathers, {ilnas,
lacenus stones, Hair, Jat,

Dry marble, Wouel, Wz,
Poreelain, Dy gillk, SUI.EIIJJII-;
]‘3:{ vegotabile bodies, DBleached silk, Resing,

ed wood, Raow silk, %'!-]J]fl'lﬁﬂﬂ,
I g anid air Transpavent, gems, Bl
uiﬂff ' Diamc?nd, =

Gutto-percha, has recently heen discovarad, and it is found
m practical service to he a better non-conduetor than glass,

and possbly than shellae, 1t has proved of wonderfnl niility
in the art of telegraphing.

VITHEGTE AND RESIMOUS FLECTRICITY.

The colebrated philosopher, Dufaye, discovered that there
were two distinet kinds of eleetricity. one of which he called
vitrenus, or that of glass, rock-orystal, precions sfones, hair of
animals, wool, and many other hodies : and the other resinows,
that of amber, copal, gum-lae, silk-thread, paper, and a vast
number of other substances. He showed that bodies having the
same kind of electricity repel each other, but aifract bodies
charged with eleetricity of the other kind ; and he proposed
that test of the state of the electricity of any given substance
which has ever sinee his time been adhered to, viz.: to charge
a suspended light substanes with a known species of electricity,
and then to bring near it the body to be examined. If the
suspended substance was repelled, the electricity of both bodies
was the same; if attracted, it was different.

DIECOVERY OF THE LEYDEN JAR.

It was in the year 1746, that those celebrated experiments
which drew for many suceeeding vears the almost exelnsive
attention of men of science to the new sobject, and which led
the way to the introduction of the Leyden vial—were made
by Muschenbroek, Cuneuns, and Kleist. Professor Muschen-
broek and his associates, having observed, that electrified
bodies, exposed to the atmosphere, speedily lost their electrie
virtue, conceived the idea of surrounding them with an inso-
lating substance, by which they thought that their elsctrie
power might be preserved for a longer time.  Water contained
in o glass bottle was accordingly eleetrified, but ne remarkable
resnlts wers obtained, till ene of the party, who was holding
the bofile, attempted to disengage the wive communicating
with the prime condoctor of o powerful machine; the conse-
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quence was, that he received a shock, which, though slight,
compared with snch as ave now frequently taken for amuse-
ment from the Leyden vial, his fright magnified and exaggar-
ated in an amusing manner.  In deseribing the effect produced
on himself, by taking the shock from a thin glass bowl, Musch-
enbroek stated in e letter to Béaumes, that “he felt himsslf
struck in his arms, shoulders, and breast, go that he lost his
breath, and was two days before he recoverad from the effects
of the blow and the terror,” adding, * he wonld oot take o
second shock for the kingdom of Franee” M. Allamand, on
taking a shoelk, declared, * that he lost the use of his breath
for some minutes, and then felt so intense a pain along his
right arm, that he feared permanent injury from it.”  Winlkler
stated, that the first tiime he nnderwent the experiment, # he
suffered great convulsions through his body; that it put his
blood inte agitation; that he feared an avdeat fever, and was
obliged to have recourse to cooling medicines " The lady of
this professor took the shock twies, and was rendered so weak
by if, that she conld hardly wali. The third time it gave her
bleeding at the nose. Such was the alarm with which these
early electricians were struck, by a sensation which thonsands
have sinee experienced in a much more powerful manner, with-
ant the slightest inconvenianca. Tt serves fo show how cantions
we should be in receiving the first accounts of extraordimary
discoveries, where the imagination 1s likely to be affected.

After the first feelings of astonishment were somewhat abatad,
the eireumstances which infloenced the foree of the shoelk were
examined.  Muschenbroek observed that the success of the
experiment was impaived if the glass was wat on the outer snr-
face. Dr. Waison showed, that the shock might be transmit-
ted through the bodies of several men tonching each other, and
that the foree of the charge depended on the extent of the ex-
ternal surfuee of the glass in eontact with the hand of the
operator.  Dr. Bevis proved that tin-foil mwight be subsiituted
successfully for the hand outside, and for the water inside the
jar: he coated panes of glass in this way, and found that 'thf,}'
wonld receive and retain a charge; and lastly, Dr. Watson
enated large jars inside and ontside with tin-foil, and thus eon-
strueted what is now known as the Leyden vial.

FRANKLIN'S ELECTRICAT, THEORIEE,

It was in the year 1747, that, in consequence of a commu-
nication from My, Peter Collinson, a Fellow of the Royal Society
of London, to the Literary Hociety of Philadelphia, Pranklin
first directed his attention to electricity 5 and from that peried,
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till 1754, his experiments and observations were embodied in a
series of letters, which were afterward collected and published.
“ Nothing,” says Priestley, * was ever writien upon the subject
of electrieity, which was more generally read and admived in
all parts of Europe, than these letters, 1iis not easy io say,
whether we are most pleased with the simplicity and perspi-
cuity with which they are written, the modesty with which the
anthor proposes every hypothesis of his own, or the noble frank-
ness with which e relates his mistakes when they were cor-
rected by subsequeni experiments.”  The opinion adopted
Franklin with respect to the nature of electricity differed from
that previously submitted by Dufaye. His hypothesis was as
follows: ALl bodies in their natural state are charged with
i certain quantity of electricity, in each body this quantity
being of definite amonnt.  This quantity of electricity is main-
tained inequoilibrivm apon the body by an attraction which the
particles of the body have for if, and does not therefore exert
any attraction for other bodies. But a bedy may be invested
with more or less electricity than satisfies its attraction, If it
possesses move, it 1s ready fo give up the surplus to any body
which has less, or to share it with any body in its natueal state;
if it have less, it is ready to take from any boedy in its natural
state a part of its eleetricity, so that each will have less than
its natngal amount. A body having more than its natural
quantity is electrified posifively or plus, and one which has
iess is elactrified weoatively or miwws,  One electric fhud is
thas supposed to exist, and all electrical phenomena are refer-
able either to its accumnlation in bodies in quantities mors
than their natoral shave, or fo iis heing withdrawn from
them, =0 as to leave them smdnes their proper portion.  Hlee-
trical exeess then represents the vitreous, and electrieal defi-
eieney the resinous electricities of Dufaye: and hence the terms
positive and negalive, for vitreous and restnons.”  The appli-
eation of this theory to the explanation of the Leyden vial
will a Fin it proper place,

Basﬁ;fdthis theory, we are indebted to Frankiin for the dis-
covery of the identity of lightuing and electricity, for the in-
vention of parvatonnerres, and for the discovery of induetion,
which latter principle was immediately taken np, and pur-
sued through its consequences by Wilke and (Epinus, and soon
led io the invention of an insirament, which in the hands of
Volta, became the condenser, now so usefal in electroseopical
investigations. '

Pranklin’s hypothesis was investigated mathematically b
(Epinus and Mr. Cavendish, between the years 1759 und 17‘?1‘:
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About the same fime the electrophorus was construeted hy
Volta; Watson and Canton fused metals by electrieity, and
Becearia decomposed water, although at the time he had no idea

he had done =0, supposing it to be a simple elementary sub-
stance,

COULOMR'S THEORIES OF ELECTRO-STATICS.

In the year 17845, the foundation of electro-sfaiics was laid
by Coulomb, a most profoand philosopher, who reduced elec-
tricity, the most subtile of all physical agents, o the rigorons
sway of mathematies, and cansed it to become a branch of
mathematical physics. By means of his torsion electrionl bal-
ance, he made three valnable additions to the science ; estab-
lishing—1st, That electrical forces, viz., atfraction and repul-
glon, vary inversely as the square of thedr distances, following,
it will be observed, the same law as gravitation ;—2d, That
exeited bodies, when insulated, graduaally lose their electricity free
from two causes ; from the surrounding atmosphere being never
free from condueting particles, and from the neapacity of the
best inanlators to retain the whole qnantity of electiieity with
which any body may be charged, there heing no substance
known aitogether tmpervions o electricity—Conlomb deter-
mined the effect of both these canses ;—3d, That when elec-
tricity is acenmulated in any body, the whole of it is deposited
on the surface, and none penetrates to the interior. A thin hol-
low sphere may contain precisely as much electricity as a solid
of the same size.  Henee, acoumulation is not a conseqnence
of atfraction for mass of matter, but on the contrary, is solely
due to its repulsive action,  These observations of Coulomb on
the distribution of the electric Anid on the surfnoss of con-
dnetors, llostrated satisfactorily the dectrine of points which
formed so prominent a part of Franklin's researches,

FR.A.NK]..TN‘S REASDNS POR BELIEVING THAT LIGHTNING AND
ELECTRIGITY WERE IDENTIOAL.

It was in the year 1749, that the celebrated American phi-
losopher, Frankling in a letter to Mr, Collinson, stated fully his
reasons for considering the cause of electricity and Lighining
to be the same physical agent, differing in nothing, save the
intensify of its action.  “ When” says he, “a gun-bareel, In
elactrical experiments, has bot littls electrical fire in it, you
must approach it very near with your knuckle before yon ean
draw 8 spark ; give it mora fire and it will give a spark at
greater distance,  Two gun-barrels nnited, and as highly elec-
trified, will give a spark at a still greater distance,  Bat if twa
gun-barrels electrified will strike at two inches distanos, and
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make a lond snap, to what a great distance may fen thonsand
acres of electrified cloud strike, and give its fire, and how loud
mugt be that erack ¥ . He next states the analogies which aftord
presumptive evidence of the identity of lightuing and electrioity,
The electrical spavk is zig-zag, and not straight; so is light-
ning. Pointed bodies attract electricify hghtnmg strikes
monntnins, trees, spires, masts, and chimneys, When different
paths are offered to the eseape of electricity, it choosss the hest
conduetar ; &0 does lightning,  Eleetricity fires combustibles :
g0 does lightning,  BElectricity fuses metals: so does lightning.
Lightning rends bad conductors when it strikes them ; so does
electricity when rendered sufficiently strong. Lightuing reverses
the poles of amagnet ; Electricity has the same effect, A stroke
of lightning when it does not kill, often produces blindness,
Lightning destroys animal life, and so do electrical shoclks.

- In his memorandam-book of November 7th, 1749, Frank-
lin wrote the following reasons, which indueed him to beheve,
that the lightning and electrieity were identical :

i Blectric fluid agrees with lightning in these particulars:
1, giving light; 2, color of the light; 3, crooked direetion:
4, swift motion; 5, being mnductaﬁ by metals; 10}, melting
metals; 11, fiving inflammable substances; 132, sulphurons
smell,  The electrie fuid s attracted by ints. We do not
know whether this property isin lightning, but sines they agree
in all the partienlars in which we can already compare them,
13 it not probable they agree likewise in this? Let the experi-
ment be made.”

Prom the effeet of points on electrified bodies, Franklin in-
ferred that ].ightnmg right also be drawn silently and safely
from the elouds, by a metallic point fixed at o great elevation,
and he waited wﬂ'g congiderable anxiety the complefion of a

re at Philadelphin, to enable him fo fry the experiment. In
Eﬂ meantime, he published his discoveries, and suggested to
others to make the experiment,

e puhblished to the world the following plan ;

“ Ty determine this guestion, whether the clouds that oom-
tain lightuing be electrified or not, [ would proposs an experi-
ment to he tried, where it may be done conveniently. On the
top of sorne high tower or staeple, place a kind of sentry-box,
big enough to econtain a man and an elecirienl stand,  From
the middle of the siand let an iron rod rise, and pass, hending
out of the door, and then upright twenty or thirty feet, pointed
very sharp at the end. If the electrical stand be I{ept clear
a_nd dry, a man standing on it, when such clouds are pussing

low, might be electrified, and afford sparks, the rod drawing
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fire to him from a clovd.  If any danger to the man be appre-
hended, let him siand on the floor of his box, and now and
then bring near to the vad the loop of a wire that has ona end
fastened 1o the leads, he holding it by a wax handle ; so the
sparks, if the rod is electrified, will strike from the rod to the
wire, and not affect him.”

IDENTITY OF LIGHTHING AND ELEOTRICITY DEMONSTRATED.

In accordance with the above suggestions, two Frenchmens
M. Dalibard and M. Delor, each erected an apparatus for the
purpase of drawing from the clonds the lightning, M. Deli-
bard coastrueted his at Marly-la-ville, about six leagues from
Parig, and M. Delor had his on a high part of Paris,

M, Dalibard's aﬁuparatus consisted of an iron pointed rod,
forty feet long, the lower end of which was inserted ina sentry-
box, protected from rain, and on the outside it was fastened to
three wooden posts by sillc eords, also defended from the rain.
It was this rod that first attracted electricity from the olonds.
M. Dalibard was abzent from Marly at the tune, and had left
the apparatus in charge of an old soldier, named Coiffier, who
was af the time engaged as a earpenter. On the 10th of May,
17582, hetween two wnd thres o'clock in the afternoom, o sod-
den clap of thunder wade Coiffier hoarry o his post, and,
aceording to the insiraciions given him, he presented a vial
farnished with a brass wire to the rod, and immediately saw a
bright spark, accompanied by a lond snapping neise,  Alfter
having taken another spark stronger than the first; ha callad in
the neighbors, and sent for the cuvé. The latter ran to the
spot with all speed, and his parishioners sesing him running,
followed at his heels, expecting that Coiffier had been killad by
lightning ; nor wers they prevented from hastening to the spot,
notwithstanding a violent hail-storm, The curé was ejqually
snecess{ul in drawing sparks from the iron rod, and instantly
dispatehied an account of the lmportant event fo M. Dalibard.
The euré stated that the sparks were of a blue color, an inch
and a half long, and smelt strongly of sulphnr.  He drew
sparke at least six times in aboui four minutes, and in the
conrse of these experiments he reeeived a shock in the armn,
extending above the elbow, which he said left a mark, such as
might have been made by a hlow with the wire on the naked
s,

Eight days after this experiment, the rod erected by M.
Drelor, which was ninety-nine feet high, yielded electric sparks;
and the same phenomenon was afterward exhibited to the
French king, and to members of the nobility.
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Fig. 1,
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THE FREANLILIN KITE EXPFERIMENT.

The experiment made by Franllin was in June, 1752 ; the
description of which will be found in the following :

Fig. 2.

 He prepared his lkite by making a small eross of two light
strips of cedar, the arms of sufficient length to extend fo the
fonr corners of a large silk handkerchief sfretehed npon them
to the extremities of the arms of the cross he tied the corners
of the handlerchiel. This being properly supplied with a tail,
laop, and string, eonld be raised n the air like & commen pa
kita; and being made of silk, was more capable of hearing
rain and wind, To the upright arm of the cross was attached
an iron point, the lower end of which was in contact with the
string by which the kits was raised, which was a hempen cord,
At the lower extremity of this cord, near the observer, a key
was fastened : and in order to infercept the electricity in its
deseent, and prevent it from reaching l;ﬂe person who held the
kite, a silk ribbon was fied to the rving of the key, and eon-
tinned to the hand by which the kite was held,

Furnished with this apparatus, on the approach of a storm,
he went out wpon the comameons near Philadelphin, accompanied
by his son, to whom alene he coromunicated his intentions,
well knowing the ridioule which would have attended the re-
port of snch an attempt shonld i prove to be unsusesssful,
Having raised the kite, he placed himself under a shed, that
the ribbon by which it was held might be kept dry, as it would
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become a condnctor of electricity when wetted by rain, and so
fail to aflord that protection for which it was provided. A
clond, apparently eharged with thunder, soon passed divectly
aver the kits, He abserved the hempen eord ; but no bristling
of its fibres was apparent, sneh, as was wont to take place
when it was eleetrified. He presented his knuckle to the key,
bt not the smallest sparle was perceptible.  The agony of his
expectation and suspense can be adequately felt by thoss only
who have entered into the spirit of sueh experimental researches.
After the lapse of some time, he saw that the fibres of the cord near
the key hristled, and stood on end.  He presented his konekle
to the key and received a strong bright spark. It wwas Hght-
ning.  The discovery was complete, and Franklin felt that he
was immortal,
A shower now fell, and wetting the cord of the kite im-
ed its condueting power.  Bparks in rapid suecession were
rawn from the key; a Leyden jar was charged by it, and a
shook given : and, in fine, 8l the experiments which were wongt
to he made by electricity were reproduced, identieal in all their
cancomitant eiremstances.”
Franklin afferward raised an insulated metallic rod from
one end of his house, and attached to it a chime of bells
which, by ringing, gave notice of the elecirical state of the

i FEH.I‘B.tIIﬂ

hese interesting experiments were eagerly repented in al-
most every oivilized country, with variable success.  In France,
a grand result was obtained by M. ds Romas : he construoted
B %ite apven feet high, which he raised to the height of 550
feet by a string, having a fine wire interwoven throngh its
whole langth.  On the 26th of Angust, 1756, flashes of fire,
ten feet long, und an inch in diameter, were given off from the
conductor.  In the year 1753, a fatal entastrophe from incan-
tions experiments upon atmospherie eleciricity, occurred to
Profeszor Richmaon, of 2t. Petersborg; he had erected an ap-
paratus in the air, making a metallie connmunication between
it and his study, where he provided means 1i;"'lt:nr repepting Franle.
lin's experiments : while engaged in deseribing to his engraver,
Sakulnﬂ%e nature of the apparatus, a thundnﬁgr-elap wnsgrhaﬁard,
Jouder and more violent than any which had been remembered
at 8t. Petershburg.  Richmann stooped toward the eleotrometer
ta ohserve the force of the electricity, and * as he stood in that
posture, a great white and bluish five appearad between the
rod of the electrometer and his head. At the same time a sort
of stearn or vapor arose, which entirely benumbed the engraver,
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and made him sink on the gronnd.” Heveral E\zrts of the ap-
paratus were broken in pieces and scattered about: the doors
of the reom were torn from their hinges, and the house shaken
in every part, The wife of the professor, alarmed by the
shock, ran to the voouy, and found her husband zitting ona
chest, which happened to be behind him when he was struek,
and leaning agpinst the wall.  He appearad o have been
instantly strocl dead s a ved spot was found on his forehead,
his shoe was burst open, and a part of his waistcont singed ;
Solkolofl’ was at the same time struck senseless,  This dread-
ful acorlent was eooasioned by the negleet on the partof Rich-
mann to provide an arrangement by which the apparatos, when
too stroncly electrified, might discharge itself nto the earth.

DESCRIPTION OF BELECTRICAL MACHINES,

T have, now, sufficiently explained o the reader the wonder-
ful experiments of Franklin, and those in Franee, made in the
month of May, 1752, in accordance with the plans published
by him. 1 will procead o notice the means of manifesting

Fig. 8.




DESORIPTION OF ELECTRICAL MACHINER, 63

frictional electricity, commenly known as sfafic, in contradis-
tinetion to that generated by chemical aection. Static elec-
tricify, as L have already stateg, 15 sometimes called © electricity
at rest,” and a voltaio corrent, is called * eleatricity in motion.”
The former remains comparatively at rest, excepting during the
instant of discharge.

The following are descriptions of electrical machines, viz, :
There are two kinds of electrical machines in general nse—
the eylindvical, and the plate ywachine, The former is shown
in fir. 3. It consists of a hollow eylinder of glass, supported
on brass Learings, which revolve in upright pieces of wood
attached to a recta.ng‘u]ar base ; a eushion of leather stuffed
with horse-hair, and hxed fo a pllar of glass, farnished with a
sorew to regnlate the degree of pressure on the eylinder; a
u%r]jnde.r of metal or wond coversd with tin-foil, mounted on a
glass stand, and terminated on one side by a series of points
to draw the eleotricity from the glass, and on the other side by
a brass ball. A flap of oiled silk is attached to the rubber to
prevent the dissipation of the electricity from the surface of
the eylinder before it reaches the points.  On turning the eylin-
dar, the fristion of the sushion oceasions the evolution of elec-
trivity, but the prodnetion is not sufficienily rapid or abundant
without the aid of a more effective exciter, which experience
has shown to be a metallis substance, The surface of the
lenther cushion is therefore smeared by eertain amalgams of
metals, which thus become the real rubber. The amalgam
employed by Canton, consisted of fwo parts of merenry, and
one cf? tin, with the addition of a little chalk.  Singer proposed
a compound of two by weight of zine, and one of fin,
with which in a finid state six parts by weight of mereury are
mixed, and the whole shaken in an iron, or thick wooden box,
until it cools. Tt iz then redueced to a fine powder in a mortar,
and mixed with lard in sufficient quantity to reduee it to the
consistency of paste.  This preparation should be spread cleanly
over the sarface of the cushion, up to the line formed by the
junction of the silk flap with the cushion; but care should

@ taken that the amalgam should not be extended to the silk
flap. It is necessary occasionally fo wipe the eushion, flap, and
eylinder, to cleanse them from the dust which the slectricity
evolved upon the eylinder always attracts in a greater or less
quantity. [t is found that froro this cavse, a very rapid
acemmlation of dirt takes place on the eylinder, which ap-
pears in black spots and lines upon its surface.  As this obstroets
the aetion of the machine, it should be constantly removed,
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which may be done by applying o the eylinder, as it revolves,
a rag wetted with spirits of wine,  The production of eleetri-
city is greatly promoted by applying, with the hand to the
eylinder, o piece of soft leather, five or six inches square, ecov-
ered with amalgam.  This is, in fact, equivalent to giving a
tﬂtmrary enlargement to the enshion.

use of the viled slk flap is fo prevent the dissipation of
the. electricity evolved on the glass hy contact with the air; it
is thus retained on the cylinder till it enconnters the points of
the prime eonduetor, by which 1t is rapidly drawn off.  If is
usual to eover with a varnish of gum lae, those parts of the
glass beyond the ends of the rubber, with a view of preventing
the escape of the electrieity through the metallic caps at the
extremities of the eylinder, and the inside of the flap is also
sometimes eoated with a rvesinoue eement, consisting of four
parts of Venice turpentine, one part of resin, and one of bees'
wiix, boiled fogether for about two hours in an earthen pipkin
over a slow fire,

When the eylindrical machine is arranged for the de
ment of either positive or negative elautriﬁ, the condnetor s
placed with its length parallel to the eylinder, and the pomnts



DIETRIBUTION OF ELECTHLIONTY. fia

oject from its side, as in the machine shown in the figuve.
E'Tha segalive conduetor supports the rubber, and reesives from
it the negafive eleotricity, not by induetion, as iz the casa with
the positive conduator, but by commpnication. I it be re-
quired to acenmulate positive electricity, a chain toust be ear-
ried from the negative conductor (which of eourse iz insulated)
to the ground, 1f on the other hand, negative electriecity be
required, then the conduetor must be put in eommuuication
with the earth, and the mabber insulated.

The plate electrical machine is shown in fig. 4. 1t consists
of acircalar plate of thick glass, revolving vertically by means
of a winch hetween two uprights: two pairs of rubbers, formed
of slips of elastic wood, covered with leather, and fomished
with sillk faps, are placed at two equi-distant portions of the

late, on which their pressure may be increased or diminished
menns of brass seraws.  Tha prime condoctor eonsists of
hollow brass, supported  hovizonially from one of the up-
rights; its arms, where they approach the plate, being furnished
with points,

With respect to the merits of these two forms of the eleetri-
cal machine, it is diffienlt to decide to which to give the pref-
erenee,  For an eqnal surface of glase, the plate appears to be
the most powerful ; it iz nof, however, =0 easily arranged for
negative electricity, in consequence of the uninsulated state
of the rubbers, though several ingenious methods of obviating
this ineorvenience have been lately devised.

comes charged with elec-

that it does not peneirate E

that in the case of voltale currents the eleefrioity moves upon
Experiments hava heen made with static or frictional elec.

DISTRIBUTION OF ELECTRICITY,
When a substanes be. Fig. &,

tricily, it is exfremely

probable, in the opinion 8

of philosephers, that the &

fuad s confined to its =

sueface, or, at any rate,

into the mass to any extent. This is a question diffieult to

dernonstrate, and my observations have indueed me to haliave,

ar at the surface, but that the intevior of the metallic conduotor

is under the influsnes of the fluid, though in 2 state of rest.

tricity by Biot, and the following facts were arrived at: A ball

]
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formed of any kind of material, will be equally electrified
whether it be solid or hollow, and if it be hollow, the charge
which if receives will be the same whether the shell of matier
of which it is formed be thick or thin.

A sphere of condueting matter, 1, is insulated by a silk
thread, and two thin hollow hemispheres, 8 ®, made of metallic
foil or gilt paper, and provided with glass handles, correspond-
iﬂi with the shape and magnitude of the conductor. The
sphere 4, is electrified, and the covers are then applied, being held
by the glass handles, After withdrawing them from s, they
are found to be charged with the same kind of electricity as
was communieated to a, and the ball will be found to have
lost the whole of its charge, proving that the electriciiy resided
on the surfece only.

Fig 6.

To further demonstrate that the cleetricify holds its position
an the surface, fig. 6 is to illustrate. At the ends of the eyl-
inier, are attached an electroscope, composed of two elder-
pith balls, suspended to linen threads. The whole is to be
cleotrified, and the pith-balls, @ o, will diverge as seen in the
figure. In this state take hold of the silken thread at &, and
then wnrell the metallie ribbon & When it is anvolled, the
pith-balls will come into or pear a contact.  Replace the rib-
bon, and the balls diverge again. When the metallic ribbon
is taken off; it carries from the cylinder the whole of the elee-
trie charge. The outer layer of the metallic ribhon, when
around the oylinder, is charged plos, ps comupared with the inner
layer, but as scon as the ribbon has been faken from its cireu-
lar position, the electricity iminediately distributes itself aqually
thronghout the ribbon's surface, Restore the 1ibhon around the
oylinder, and the plus will be found on the exterior surface,
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Pigure 7 is another illustration of the diffusion  Fiz. 7.
of electricity on the outside of vessals, This is a
evlinder meade of wire-ganze. Let the insulnted
g be lowered into & wire-ganze oylinder, a, fig. 7,
when electrified and mounted on an insulsting
stand, 1t may touch every part of the interior
without reeeiving any portion of the electricity,
with which the exterior surface is charged, though
the slightest touch on the other side of the open
wire mesh commnnicates electricity to the hall.

T am fully sensibleof the fact, that this import-
ant principle in philosophy has not been clearly
dernonstrated in the foregoing, but the room allowad '
in this work renders further explanations impossitile, and the
reader must vefar to the standard works on eleetricity for ful.
ler information in the premises, ' _

PHEMOMENA OF BESISTANCE TO INDUCTION,
Fig. 8.

Figure 8 represents the resistance to induction and discharge
offered by any given media, such as atmospheric air, &e. The
glazs tabe, & b, two feet long, is farnished at either end with a
brass ball projecting into ifs interior, and carefnily exhausted
uf ifs nir by means of an air-pump; on connecting the end «,
with the prime condonetor, and the end b, with the earth, when
the machine 13 turned, & becomes positive, and induees the con-
trary state on the ball & ; induetion taking place with facility,
in eonsaquence of the atmospherie pressare being removed—
and iz followed by a discharge of the two electricities in the
form of a beantiful blus fams filling the whole tube, and closely
resernbling the anrora bovealiz,

Fig. 41,

PHENOMENA OF ATTRACTION AND RE-

PULSION,

The phenomena of atiraction and re-
pulsion are well illustrated by the ap-
arates lnown as the electrie jl;alla, fig.
They are suspended from the prime
onnductor by means of the hool; the
two outer bells are suspended by brass A
chaing, while the central, and the two
clappers, hang from sillien strings; the
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middle bell iz connected with the earth by a wire or chaini on
tiurning the evlinder, the two ontzide bells, hecome positively
ﬁlactnﬁed and by indoetion the central one hecotnes negative,
alummﬁus discharge taking place between them, if the electricity
be in too high a state of tension. But if the eylinder be slowly
revolved, the little brass clappers will become alternately at-
tracted and repelled by the entermost and inner bells, producing
a constant ringing as long as the machine is worked.

Fig. 10. Another experiment is often given
with the foy-head. When attached to
the prime conduetor of the machine,
the Eau‘s stand erset, presenting an
exaﬂ rated repcrasentatmu of fright, as

v fig. 10.

Flgurﬂ 11 represents an experiment
with-the dancing toys, A brass plate
is suspended from the prime conduetor,
and under it is placed a sliding stand,
on which is laid a litile bran or sand,
or little figures made of pith: on turn-

ing the machine, the bran, or sand, or
fignre is attracted and repelled by the upper plate with auah
rapidity, that the moetion is almost imperce tlﬁlﬁ, and appea
like a white clond between the plates, and the little ﬁgl.l.l‘ﬂﬁ BP—
Eear to be animated, dance, and exhibit very singular motions,
ependent on industive action. :
Fig, 11. Fignre 12, represents an inverted
: turmbler, wiped thoroughly dry,
warmed, and the inside charged by
holding it in such a direction that
a wire proceeding from the prime
conductor of & machine in action,
ghall touch it nearly in every part;
then invert it over a nomber of
pith-balls; they will be atiracted
end repelled backward and forward,
and effect the discharge of the
mm electricity which induces from the
interior toward the plate. They
will then remain at rest; but, if
the electricity which has been dis-
engaged on the outside, ioward
surrounding objects be removed by
a touch of the hand, a fresh portion will be set free on the
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inferior, and the attraction and vepulsion of the balls will again
take place, and thus for many times sue- Fig. 12.
cessively the action will be renewed until
the glass returns to its natural state.

IENITING GAR WITH THE FINGER.

A wery interesting experiment is repre-
sented by figore 18, showing the lighiing
of gas with anelectrio spark from the finger.
In my apartments, it has been the mis-
chievons proetics of my son, to pass several
times around a Toom, rubbing or shding his shoes on the mrpﬂtr
charging hiz body with electricit a}dm ihe sarme monner as pro
dneed by the machine. The being fully electrif

Fig. 18

this manner, he would point his finger within a few inches of
the nose of some one present 3 the spark would pass with a
noise from the finger to the nese, giving the recipient a sensible
shack, unpleasant to the nose, but amusing to others present,
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In this manner he frequently lighted the gas. [t is a very

simple ammsement, and any cne can, in like manner, at their

own homes perform the experiment.  The room must be warm,

ﬁﬂ carpet ust have a nap, and the shoes must be perfectly
y.

THE LEYDEN JAR EXPERIMENTS.

Thae principles of the Leyden jar have become more or less
interesting to the telegrapher, particularly with reference to
subarine and subterranean lines, The following, from Bake-
well, contains a concise description of the principles of this
important apparatus, It is called a Leyden jar becanse it was
first construeted by Muoschenbrook and his frends, at Leyden,
Holland, in the year 1746,

“The power of accumulating electricity by means of the

Lieyden jar has plucad in the honds of electri
Fig. 14 clans a guroa of almost nnlimited extent. In
: our sheteh of the history of electric science, we
have already adverted to the nature of the
apparatus.  As af present construeted, it con-
sists of a thin glass jar a, fig. 14, conted within
and without with tin-foil, which reaches 1o
ahout three inches from the top. A wooden cover,
B, sarves as a support to a straight thick brass
wire, ¢, that passes through the centre of the
cover, and has a metallic conmestion by a ehain
ot wire with the interior ceating. This wire
vises a few inches above the cover, and is sar.
monnted by a hellow brass ball, which is
sorewed on to the top of the wire fo prevent the dispersion of
the eleetricity from the end. The sizes of the jars vary from
hielf o pint o ten gallons.  One holding about a pint will give
n shock as strong as most persons like to receive.

To charge a jar with positive electrieity, connect its small
brass ball with the prime conduetor of the machine, and make
n eonnection belween the outside coating and the ground.
When fully charged it will give indications of its electrieal con-
dition by a muttering sound ; and in the dark, rays of light
will be seen issning from the edges of the tin-foil and from the
ball.  The notion of Muschenbroek, which led to the discovery
of the Leyden jar, was {o collect electricity within a phial o
prevent its dispexsion, and thereby to store up an inereased
quantity of the slectric fluid ; but it is now sseertained that
jur when highly charged does not eontain more electricity than
it did before it was applied to the conductor, The effect pro-
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dneed by charging is not to inerease the guantity, but only to
disturb the natural electricity previously present in a latent
state on the inside and outside of the glass, There is injected
inter the inside, by connection with the electrical machine, an
amount of positive electricity, while an equal amount of nega-
five electricity is driven from the ouiside Gy the foree of
electrical induction; and unless the electrieity on the outer
surfane of the glass can be thus driven off by affording it a con-
nection with the ground, the inside eannot receive a charge.

Let o Leyden jar be insnlntad from the earth by placing it
on a glass stand, and 16 will receive scarcely any electricity
from the conduetor ; not more than equal io l;l{e quantity
which can eseape from the outside io the surrounding air.  1f
the knob of another insnlated jar ba connected with the ground,
and the ouiside coatings of the two jars he bronght near
together, sparks will N pass i
rapidly from the prime conductor Fig.
io the knob of the first, and they
will aleo pass as rapidly between
the outside ecatings of the two
jars.  In this roenner both the

avden jars beeoms charged, and
it will he found thai they are
charged equally, bt with electri-
oity of opposite kinds, The first
one, that derived its electricity di-
rectly from the prime eondnctor,
will be charged positively; the
seoond, that derived its charge
from the eleetricity eseaping from 12l B
the knob to the ground, will he : -
negative, Place the two jars on the table, and enspen
between them a pith ball, B, or other light substance, and it
will be attracted alternately from one to the other in rapid
vibrations, clearly showing that the electricity in the ‘wo jars
is of opposite kinds,

The phenomens that oceur during the eharge of a Leyden
jar have been adduced as evidence in support of the Frank-
anian theory of a single electric Auid, the ouiside being sup-
posed to be in a minus state after parting with its natural
gquantity to the other jar. But the phenomena are explicable
also on the hypothesis of two fluids, it being assamed that
they are separated from their neutral state by the coercing

foree of the free eleetricity communicated fo the inside of
the jar.
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Franklin attempted to apply practically the charging of one
jar from the Bs.capliang alactfiléi}rtypgf annthgn He inferred, that,
if a series of insulated jars were arranged with the ontside
coatings and knobs alternately touching, the coating of the
last one being connected with the ground, by this arrange-
ment the positive electricity expelled from the outside of the
first jar wounld charge the second; that the electricity from the
ontside of the second would charge the third positively, and so
on to any number ; and that an immense electric force might
he thus accumulated from the same quantity of electricity that
is required fo charge a single jar.

Let anc vepresent a series of three jars, a and » being

. mounted on insolating
Fig. 16. glase stands, fig. 16.
. % On making connection
from  the prime con-
ductor of an electrical
machine to the knob
of &, that jar will be
charged positively, and
an equal amount of
electricity will be ex-
led from the outside
into B, which will also
be positively charged.
T}mp‘tji.ird 1{:, i %irill
in like manner be
' charged from the out-
side of B, and the electricity which was expelled from a, on
arriving at the outside of the last jar of the series, will be con-
dueted 1o the earth.

To effect the discharge of a jav, it is requisite that a eon-
nection be mads between the pesitive electrieity within and
the negniive eleetricity without, so that the equilibriom may
be restored,  Now if a metallic connection be made from the
kneb of 5 to the kueb of 4, theve will be a discharge of the first
jar only 3 for though the conmection is made with the koob of
n, nome of the positive electricity within can he discharged, for
it is restrained by the eoercing foree of the opposite electricity
on the ontside I metallic eonnection be made between the
cutside of 5 and the knob of 4, hoth those jars will be dis.
charged, and the third will remain charged ; but by bringing
a wire from the outside of ¢ to the knob of 4, the thres jars
will be at onee discharged.

The phenomena exhibited in charging the Leyden jar has
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heen explained ; the cause of its aceurulating electricity, and
discharging the fores instantaneously, will be next considered,
We have stated that the canse depends on indnetive aetion
E}Je.mtmg through the substance of the non-condueting lass,

xemplifications of this action through glass have been pre-
viously given. A pane of glass when excited by friction en
one side has negative eleetricity inducsed on the other, and a
glass tumbler may be charged with eleclricity by exposing the
inside to the influence of an electrified point, while the outsida
iz grasped by the hand, The electricity thus collected on the
surfaces of the pane of ‘.Lass and the tumbler is sluggish in its
action, and is dissipa slow degrees, on account of the
non-condueting prupartjr o ﬂlﬂ glass sorfaces 3 hot i mnetal
plates he applied on each side of the pane of glnas, the elec-
trieity is instantly eoncentrated at any point, and on connecting
the two surfaces with & wive, a discharge takes place, exactly
as in the Leyden jar. The charged tuwbler might also be
converted into a Leyden jar by the application of interior and
exterior casings of metal foil, to serve as conduetors, to concen-
trate at any point the electricity distributed over the surface
of the glass,

To prove most conclusively that the chargs of a Leyden jar
is retained on the surface of the glass, and not in the metallic
coatings, Leyden jars ave made with tin inside and outside
casings, =0 contrived that they may be easily removed. A jar
of this kind, when charged and placed on an insulaiing stand,
may have the metal easings removed and others substituted
for them ; yet after this change the jar will be found to retain
its charge. The metal serves only to conduet the elestricity
simultaneonsly from a nFm of the glass,

A plate of glass affords the moest convenient mode of Hlus-
trating that the clectrical charge is retained by the glass and
not by the metal.  Let a pane of glass, about one foot square,
be covered on one side with fin-foil, and laid herizontally en
the tahle. To the other side apply the insulated metal disk of
an electrophorus; eonneot the glsk with the prime eondnetor,
and a few turns of the machines will charge the glass. Remove
the disk by the iusulatiu%_‘handla, and it wiil manifest scarcely
any trace of electrieify. Let the same or another disk be again
applied to the surface of the glass, and on making eonnection
between the metals on the opposite sides a strong discharge will
take pluce. A moveable metal disk might be applied to each
surface of the glass with similar results ; nt the arrangement
indieated is more convenient.

When a more powerful charge of eleetrieity is requived than
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a single jar will refain, several are combined to form an
eleetrical battery. For convenience, the jars are placed in a
box with divisions, the bottomn being lined with tin-foil, to
make eonnection with all the exterior coatings. The knobs of
the jars are commected together by wires, as represented in
fig. 16; and there is a metal hook projecting from the side of
‘the box econnected with the tin-foil lining, Thus all the interior

Fig. 17.

and all the oniside coatings of the jars are connected ; and
when communication is made batwesn the prime condnetor
and any of the knohs of the jars, the whole are simulfaneonsly
charged. They ara also discharged simultaneously by malking
conneciion between the projecting hook and any one of the
lenahs,

The eommbination of several small jars is found better than
having a smaller number of large ones, because the thickness
of the glass necessary in jars of lavge size obstruets induetion
throngh it. By an arvangement of many jars, an armount of
eleetrio foree may be acenmulated that would almest equal the
destrnetive power of lightning, The battery used by Faraday
in his experiments eonsisted of fifteen equal jars, coated eight
inches npward from the bottom, and twenty-three inches in
cironmierence ; so that each contained one hundred and eighity-
fonr square inches of glass conted on both sides, independently
of the hottoms of the jurs, which were of thicker glass, and
contained each about fiffy square inches,  The fotal conted
surface of the battery eonsequently comprised three thonsand
five hundred sqnare inches of coated surface. The elscivical
battery at the Polytechnic Instituflon exposes a coated surface
of nearly eighty square feet. To receive the full charge of
sueh a baitery wonld be instant death. A battery of nine
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quart jJars iz sufficient to exhibit the deflagrating eflects of
eleotricity on a small seale; nor would it be safe to receive a
shoek from a battery of that size,

It is a fact deserving consideration that the accamulation o
quantity diminishes the intensity of eleetricity. For instance,
an electrical machine when in pgood aetion will emit sparks
four inches long.  When a Leyden jar is charged with twelve.
snch sparks, the accumulated electrieity will not foree its pas-
sage tE.rough more than a guarter of an inch ; and i the same
ql;l:ntit.y be distribnted among the jars of an eleotrical battery,
the discharge will not take place throngh the eighth of an inch.
The quantity of electricity is in each case the same, ot the
state of intensity diminishes in proportion to the surface over
which it is diffused. The difference between quantity and
intensity iz still more remarkably manifested in the ditferent
conditions of frietional and voltaie electricity, as will ba subse-
quently noticed.

One of the peenliar phenomena of the eleotrical battery is
the residual eharge. When communieation is made hetween
the ingide and oniside voatings of o battery consisting of seve.
ral jars, the whole of the B%:th‘fcitj’ is not immediately dis-
charged, On again making connection batween the ivside and
ouiside soatings, after a short interval, a second discharge will
ocenr, which, though comparatively feeble, might cecasion a
disagreeable shock, The eause of this residual charge is partly
attributable to the arenmulation of electrieity on those paris
of the jar just above the metallie coating ; which portions, not
being in direct eontact with the metal, are not conduoted with
equal vapidity. Part of the charge alsn enters intoe the pores
of the grasa, and is thus removed from immediate contact with
the metal,

The simplest kind of instrument employed for discharging a
Leyden jar or an electrical battery is a thick eurved piece of
brass wire, fitted with a small ba.lrat each emd.  One of thess
balls is applied to the oniside voating, and when the other is
hrotight near o the knob of the jar the electricity instanily
passes through the wire with a smart snap or report, connection
heing thus made hetween the two charged surfaces of the jar,
When, however, a discharger of this kind is mployed for an
electrical battery a slight shock is {elt, owing to what istermerd
the lateral diselarge; therefore, to avold the inconvenience
and the danger that might arvise from holding the wive in the
hand, an insulated wire is generally employed. Its form is
represented in fig. 19, as applied in discharging a Leyden jar.
Twao thick brass wires, a @, of equal lengt%ﬁ, and terminated
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with brass balle, are jointed together at ¢ for the convenience
of adjustment, and are cemented to a glass handle, b, which
serves to insulate the wires from thﬂha llzjaud, and prevents the
iahility of any perceptible
e 15 purtiﬂflyof the EhI;rga %-Ejng
received by the eperator.

Thers has been much
disenssion among eleotri-
cians on the subject of
Interal discharoes, in refers
ence more particularly to
the safefy of lightning-
conduetors; weshallthere-
forve notios in this place the
cause of the phenomenon.

Tt is the ease with elestricity, even to a greafer extent than
with all flnid bodies, that it will discharge itself into every
channel that is open to it. Thus, as in & mountam torrent
some portion of the water will deviate from the straight and
broad conrse indo elresitons and narrow creviess, so will the
highly teusive electric flnid force its passage throngh every con-
dueting medinm, Thus when a Leyden jar is discharged with
an insulated wire, a small part of the charge passes tlmnuﬁh
the cirevitons and eomparatively obstruetive course offered hy
the body of the operator, by the floor, and by the table where-
ot the jar is placed. In the oase of a single jar, the quantity
of electricity that passes in that direction iz imperceptibly
small ; but when several jars are combined, the lateral dis-
charge may become nnpleasantly strong, espeeially il the wire
of the disc{-arging-md be not vz:lythicl-:. Even when an insu-
lated dischareing-rod is employed, it may be inferred that some
portion of eleetricity will foree ifs way along the glass ; but it
is g0 infinitesimally small as to be inappreciable.

Applying the experience and inferences dedueible from ex-
periments with the electrical battery to the more powerful
effocts of lightning, we are led to consider that every flash of
lightning must be accompanied by lateral discharges, and that
the gquantity thus diverted from the direet and easiest path
hetween the clonds and the earth will depend on the amonnt
of resistance which that direet course offors.  Therefore, thongh
lateral discharge must, to some extent always ocour, it may
be rendered entively innocuous by a sufficiently thick and
unbroken lightning condoctor.




