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PRETFACE

IT may be eafily perceived by the title
of this work, that it is not offered to the
public as a finifhed piece on the fubjeét. To
treat of the theory and praflice of ele@iri-
city, in the fulleft manner, would require a
larger treatife, and employ more time than
I can devote to a work ofthis kind,

- The fcience of elecricity is now gene-
rally acknowledged to be ufeful and im-
portant; and there is great reafon to think,
'that at a future period it will be looked up
to as the fource from whence the principles
and properties of natural philofophy muft
be derived. It’s utility to man will not be
inferior to it’s dignity as a {cience.

I have not attempted to trace elericity
from it’s firft rude begmnmgs, or to follow
the mirid of man in it’s various and i irregu-
lar wanderings, in fearch of the laws by

a2 which
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which it afts, and the fource from whence
it is derived, as this has been fo well exe-
cuted by Dr. Prieflley. Our view of things
is fo circumfcribed, and the myfteries of na-
ture {o profound, that it is not eafy for us to
determine, whether the received theory is.
founded on the bafis of truth, and conform-
able to nature, or whether we fhall be con-
fidered, by future philofophers, as mere
children, amufed and fatisfied with imper-
fe& opinions and ill-digefted theories. When
a variety of things are mixed together,
which have little or no conneétion; they
naturally create confufion. It has been my
endeavour, in the following Effay, to col-
le&t and arrange, in a methodical and con-
cife ‘manner, the effential parts of eleétri-
¢ity, by thefe means to render it’s applica-
tion eafy, pleafant, and obvious to the
young praétitioner ; and by bringing toge-
ther experiments of the fame kind, make
them ‘mutually illuflrate each other, and
thus point out the firength, or difcover the
weaknefs, of ‘the theories that have been
deduced from them, Though the nature

and
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and confined limits of my plan did not ad-
mit of much variety of obfervation, or a
formal enumeration of every particular, yet
few things, I hope, of ufe and importance
have been omitted.

As I do not wifh to incur the imputation
of plagiarifm, Iwith pleafure acknowledge
the affiftance I have received from the dif-
ferent authors who have written on this fub-
je€t. I have ufed an unreferved freedom,
in fele@ting from their works whatever I
found to anfwer my purpofe.

The various interruptions and avoca-
tions, from which, as a tradefman, I can-
not be exempt, will, I hope, induce the
reader to make fome favourable allowances
for any errors which he may difcover, and
kindly correét them for himfelf.

Being encouraged by the very rapid fale
of the former editions of this work, to offer
another to the public, I have endeavoured
to render it more perfett by fuch additions
and. alterations, as either occurred to my
own mind, or were fuggefted to me by

others. The reader will find moft of the
chapters
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chapters either enlarged by the addition,of
new matter, or improved by a different ar-
rangement of the old; more particularly,
the chapters on medical eleétricity and the
Leyden phial.
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AN

E S S A Y

ON

ELECTRICITY.

CHAP L

Contatning a _fummary View of the General
Principles of Ele@ricity, or a Series of
Introduclory” Propofitions and Experi-
ments.

St ————

Or Evzcrriciry, or Ersctrics, AND Nox-
ELECTRICS.

HERE is a natural agent or power, gene-
rally called the eleszric fluid, which by
friction, or other means, is excited, or brought

into action.
This acion is manifefted to our fenfes by what
are termed cleétric appearances,
B ' Thefe
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Thefe appearances are—the attraction and
repulfion of light bodies—pencils of light dart-~
ing from the cletrificd body, attended with a
fnapping noife on the approach of certain fub-
ftances.

Experiment.—Take a glafs tube of an inch
and a half in diameter, and about three fect
Tong, rub this tube from one end to the other,
with the hand, or a picce of dry filk, and it
will exhibit cleétric appearances, or be excited.
The power thus brought into action will attract
and then repel {mall light bodies; fmall pen-
cils of light will alfo dart from the tube in a
beautiful manner, attended with.a crackling
noife, if the finger, or any other metallic fub-
ftance, is brought near the tube,

Experiment.—Put your cylinder in good
order, by the rules laid down in this work. Then
turn the glafs cylinder, and all the foremen-
tioned appearances may be obferved ; but as the
action of the cylinder is fironger than that of the
tube, the effeds will be more vifible in the for-
mer. In thefe two experiments the frition
againtt the tube or cylinder has brought into
action and rendered fenfible an agent, which

before was apparently dormant and invifible
to us. ’

With
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With refpe& to the electric matter, all fub=
ftances may be divided into two clafles; elestrics
or non-elettrics. .

Eletzrics do not fuffer the ele@tiic miatter to
pals readily over their furfaces; hence they are
allo called non-conductors.

Non-eledrics permit the ele@ric matter to paf3
readily . over their furfacés; from whence they
are termed conduflors.

ExperIMENT.<~A metallic cylinder being
fixed upon a glafs fupport, and placed near the
eleétric machine, will receive the eleétric fluid
from the glafs cylinder, which will diffufe itfelf
over the whole furface of the metallic cylinders
It does not however readily pafs over the glafs
fupport, but is detained by it on the metallic
cylinder, from whence it may be conveyed by
any metallic fubftance.

A metallic cylinder fupported by glafs, and
furnithed with tharp-pointed wires to collect
the eledricity from the glafs cylinder, is called
the prime conductor. It is faid to be infulated by
the glafs fupport, becaufe this obftrués the paf=
fage, or cuts off the communication of the
electric fluid with the carth,

B2
'This
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This experiment will ferve to ‘give a genéral
idea of the foundation of the divifion of all fub~
flances into electrics and non-elerics; but as
it is a diftiriion which runs through the whole
bufinefs of -eleétricity, we fhall endeavour to
tlucidate it further, by entering more fully irto
the properties by ‘which thefe fubftances'are-dif-
tinguifhed.

Electvics, or non-conduéiors, may have any ‘part
of their furface rendered -ele@rical by friction,
without diffufing the fame kind of ele@ricity to
any other part'of their fubftance.

Non-eletrics, or conduflors, cannot be ren-
dered eleétrical by friction; and when electri-
fied by any ether means, the electricity lis.difs
fufed over the whole of their {urface, ‘and ‘every
part thercof exhibits the fame kind of eletricity.

The partial diftribution of the electric fluid
.on non-conduétors is eafily thewn, by only exci-
ting one part of a glafs plane, or a glafs tube.

The equal diffufion of this fluid is feen by the
prime conductor when electrified. ‘

" A conduélor electrified by communication,
parts with the whole of it’s eleétricity at-onceto
any conduéling fubftance, (that communicates
with'the earth,) when broughtiin contadt withit;
or a conductor cannot be eletrified while it com-
municates with the carth, becaufe all the elec-

tricity
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tricity is. carried off by the communication.
Whereas under the fame circumftances an excited
eleétric lofes it’s elcctricity only in thofe parts,
which are near the conducting fubflance, or to
which it is applica.

ExprriMenz.—To illuftrate this pofition,
bring any condu@ing fubftarice, that communi-
cates with the earth, in contaét with the prime
conduétor, and it will immediately deprive it of
all the clectricity it had acquired; but if the
fame conducting . fubftance is brought near the
excited glafs cylinder, it will only take off 3
portion of the clectric matter from that part to
which it is applied. \

Some conducting fubflances are mare perfe’
than others.

Experiment.—The fluid will pafs more reas
dily over a metal rod, than one of wood.

Among condutors, metals are the moft per-
fect; fealing-wax, rofin, and glafs, #re amongft
the beft non-conductors. A lift of condué'tmg
fubftances will be given in this work.
~ 'The elecric fluid may be excited by friction,
by heating and cooling.

B 3 ExpERIMENT,
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Exreriment.—In working the cleétrical
machine, this fluid is excited by friction. The
Tourmalin ftone is excited by increafing or
diminifhing it’s heat.

e es———
Or  EXCITATION, AND OF THE CONTRARY
States or THE ELpcTric FLuip.

The excitation produced by rubbing of elec-
trics againft each other is ,very'fmall,.

ExpER;MENT.,———Rub two‘picc_cs of glafs, or
fealing-wax, together, and only a fmall degree
of cleéricity will be obtained.

It is therefore neceffary, that the rubber |
fhould be a conduéting fubftance, and that it
fhould not be infulated.

Only a fmall quantity of cleétricity can be
produced, when the rubber and conductor of
an electrical machine are both infulated..

Exrsriment.—Take off the chain, which is
generally fufpended from the cufhion to the
table; .turn the machine, and you will find lefs
cle@tricity than when the cufhion or rubbey
communicated, by the chain, with the carth. -

I
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If the rubber of an eleCtrical machine be in-
{ulated, and the conductor uninfulated, or made
to communicate with the earth, by hanging a
chain from it; on turning the cylinder, the
rubber will be ftrongly eleérified, and will at~
tract and repel light bodies, and exhibit the
fame general appearances as the prime con-
ductor.

ExPERIMENT, — Connect an infulated con-~
ductor with the rubber, place another before
the cylinder, and both will be eleCtrified.

The conductor which is electrified by the
cylinder will attradt  thofe bodies, which are
repelled by the conduétor that is connected with
the cufhion, and vice verfa,

If thefe conduétors are brought near each
other, ftrong fparks will pafs between them.

If they be brought into contat, (or if they
are conne&ed together by a chain,) the cleétri-
city of one will deftroy that of the other; and
though the fluid may be feen to circulate round
the cylinder, yet the two conductors, when thus
conjoined, will exhibit few or no figns of elec-
tricity.

From thefe experiments it may. be inferred,

B 4_. that
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that there are two powers in eleclricity, the
one termed pofitive electricity, the other negative
ele@ricity ; that thefe powers may be rendered
evident to the fenfes when they are feparated ; and
that they counteract each other when united,
the one deftroying the effects of the other.

To render this pofition more clear, we fhal}
re-confider the foregoing ecxperiments on the
two conductors, comparing them with fimilar
experiments on two conductors eletrified with
the fame power. Eleétrify two conductors’
cqually, by placing them before the cylinder,
(that is, electrify both pofitively,) and the fol-
lowing obfervations may be made: 1. That
what is attracted or repelled by the one, is alfo
attracted and repelled by the other; whereas, in
the foregoing inftance, what the one attraéted,
the other repclled. 2. That no fparks will pafs
between two conduttors equally cle@rified with
the fame power, though they will pafs continu-
ally between two cleGtrified with different pow-
ers. 3. Connect the two condu@ors that are
before the cylinder, and fparks may be taken
from them, which cannot be done from the
others when they are united,

. The conductor conneéted with the cufhion,
is faid to be negatively cleérified. |

The
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The conduc¢tor placed before the glafs cylin-
der is faid to be pofitively electrified.*

Thefe experiments, if the rubber be infulated,
may be cafily exhibited by one conductor, by
means of the two dire€tors with glafs handles,
that are deferibed in the chapter on medical
cle@ricity. Take off the chain from the
cuthion, and conne&t a dire¢tor with it by a
wire or chain, and connect another dirctlog
with the prime conducor; turn the cylinder,
and on bringing the directors near to cach other,
fparks will pafs from the one to the other; the
one will alfo atrract what the other repels, and
when brought into contact, neither of them will
cxhibit any figns of clectricity.

The eleciricity produced by the excitation of
glafs, is called pofitive electricity, fometimes
vitreous.

The

* Hence every cleftrical machine, with an inlulated
rubber, may be confidered as a&ing in a threefold manner.
1. As a machine producing negative elellricity ; by con-
nelting the prime conduor to the earth by a chain, and
taking‘ the fluid from the cuthion or rubber.

2. Asa machine producing pofitive cleélricity. To effeét
this, makc the rubber communicate with the ground by a
chain, and take the fluid from the conduttor.

3. As communicaling the aftion of luth powers at once.
In this cafe, the rubber and conduor mufl both be infulas
ted, and the {ubftance to be elc&rified placed between, two
dircttors connefled with them,
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The ele@ricity produced by the excitation of
fealing-wax, or rofin, is called negative, or

rofinous.
AR

Or ErecTrICAL ATTRACTION AND REPULSION,

If two bodies be electrified, both pofitively,
or both negatively, they repel each other.
If onc be electrified pofitively, the other nega-

tively, they attrad cach other.
A body not at all ele¢trified will be attracted

by thofe which are cletrified, cither pegatively
or poﬁtivcly.

Experiment.~—Eleétrify a pair of infulated
pith balls pofitively, and they will repel each
other. o

ExperiMenT.—Electrify a pair of infulated
pith balls negatively, and they will repel each

other. ,
ExperIMENT.—A pair of infulated pith balls

ele@rified pofitively, will attrat a pair that arc
eleétrified negatively.

ExprrimenT.—A pair of infulated pith balls
cle@rified negatively, are attrafted by excited
glafs, and repelled by excited wax ; and the con-
trary : for if the balls are ele@rified pofitively,
they will be repelled by excited glafs, and at-

tracted by excited wax,
Expe-
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ExpERIMENT.~--A pair of infulated balls in
their natural flate are attracted both by excited
glafs, and excited wax.

The repulfion of balls eletrified pofitively is
deftroyed by the application of an equal degree
of negative electricity.

e Po——

Exper1MENT.—-Eleérify two pair of infu-
lated pith balls equally, but one with pofitive
eleCtricity, the other with negative ; bring the
cylinders by which the balls are fufpended in
contac, and the balls will immediately clofe.

Exprriment.-~-Eleétrify two pair of infulated
pith balls equally with pofitive electricity, bring
the cylinders by which they are fulpended in
conta&, the balls will remain unaltered.

From thefe experiments it may be inferred,
that in the natural ftate of cle@ricity the two
powers are always united ; that they only become
vifible by their feparation, and that when fepa-
rated they manifeft themfelves by thofe appear-
ances which we term electrical. It is highly
probable, sbat the general phenomena of nature
are carried on by thefe powers when unsted, and

‘ the
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the more particular phzznomena, or difcordant
notes in the great fyftem of the univerfe, are
occafioned by the action of thefe powers when
feparated, and their conftant tendency. to unite.
Be this as it may, the foregoing pofitions will
be found to illuftrate all the cxperiments on
éleCtric attraétion, from which we have felected
the following, as fome of the moft pleafing.

Experiment.—Light ~feathers, hair, &c.
conneéted with the conducor, are, when clec-
trified, attraced by any non-cleétric body.

. Experiment.—~The hair of any pcrfori that
is clectrified becomes repellent.

ExprriMent.—Downy feathers, bits of leaf
gold, paper images, and other light bodies
brought near the condultor, are firft attracted,
and then repelled.

Experiment,—The two outfide bells, fig.
17, communicate by a chain with the conductor ;
the middle bell and the two clappers. are fuf-
pended by filk, which is a non-conducor.
The cle@ric fluid pafles from the conductor to
the outfide bells, thefe attra@ the clappers and
impart elefiricity to them, which they in their
turn communicate to the middle .bell, from
whenge it is conveyed by a chain to the earth.

The
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The clappers, in recciving and communicating
the fluid, arc alternately attracted and repelled.

Thofe {ubftances that arc brought within the
influcnce of eletrified bodies, become poflefled
of a-contrary ele@ricity ; or, bodies, which arg
immerged in an eleétric atmofphere, always be-
come pofleffed of an electricity contrary to that -
of the body in whofe atmofphere they are im-
merged.

Exprriment.—Bring a -condu&or (without
pointed wires) ncar to the glafs cylinder, whiltt
the machine is working. If the conductor be
not infulated, it will be negatively electrified,
till it is brought fo near as to receive fparks
from the cylinder. If the conductor be infulated,
it will, in the fame fituation, be cle@rified nega-
tively in the parts neareft the glafs cylinder, and
pofitively in the parts more remote; as may be
fcen by bringing a glafs tube, which is pofitively
electrified, near a ball which is fufpended from
the conduétor.

QOr Evecrririsp Points,

‘The ele&ic fluid appears as:a diverging ftream
darting ‘forwards into ‘the air from a pointed
body pofitively eleétrified. I

4



14 AN ESSAY ON ELECTRICITY,

It appearsas a little globular ftar on a point
negatively electrified.

Experiment.—Thefe appearances. are to be
obferved in a dark room on the extremity of a
pointed wire fixed upon a conduétor pofitively
or negatively eledtrified; or on a wire held in
the hand, and prefented to a pofitively or nega-
tively eledtrified conducor.

Experiment.—Thefe phznomena are beau-
tifully exhibited by the luminous conduétor.

A current of air is occafioned from an ele@ti-
fied point.

ExperiMeNT.—Place a pointed wire in the
conductor, and hold the hand over it when the
machine is in aftion, a very fenfible wind will bc
felt by the hand.

Experiment.~—Stick feveral pieces of paper
or card like vanes in a cork, through the center
of whicha necdle or fteel pin paffes, fufpend the
whole by a magnet, prefent one of the vanes to
a pointed wire inferted in the conductor, and
they wil] be put in motion by the current occa=
fioned by the point, and will turn with rapidity.

A pointed wire placed on or brought ncar to
an cletrified conduor, gradually and filently
diffipates the clectric fluid, I

¢
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It is to be obferved here, that if the point be
brought within certain limits, it will not dif~
charge the condutor in the manner exprefled
in the foregoing pofition, but by a fucceffion of
fmall explofions very quickly following each
other, whiclr leads to the following pofition.

Ifan electrified point be fituated in fuch cir-
cumftances as to caufe the fluid ro accumulate
on the conductor; or, in other words, if it be
fo fituated, that the power of the fame name with
that of the conduflor cannot be readily difcharged
from it, it will then reccive the electricity from
the conducor in the form of a ftrong {park.

ExprrimeNT.—Place a pointed wire on the
end of a fpiral tube, and it will take a fpark.

Or ThE Lrypen Puiar.

A glafs jar or phial coated on both fides (ex-
cept about two inches from the top) with tinfoil
or any other conducting fubftance, is called the
Leyden jar or phial.

If one fide of this jar is cle@rified, whxlc thc
other fide communicates with the earth, it is faid
to be charged.

If a communication is formed from one fide
of the jar to the other (by a conduding fub-

ftance)
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‘ftance) after it ‘has been charged, an explofion
will be heard, and the jar is faid to be difcharged,

A Leyden phial cannot be charged when it is
infulated ; that is, when neither fide communi-
cates with the carth.

As the apparatus reprefented at' fig. 49, plate
I1. is the moft ready, and beft adapted for il-
luftrating ‘the phanomena of the Leyden phial,
we fhall confine ourfelves principally to-it in
this part of'the prefent Summary.

ExPERIMENT. —Screw the phial with the belt
on it’s ‘infulated ftand, as at fig. 48 ; bring the
coating in contact with the conductor, turn the
machine flowly, and afier a few turns remove,
the phaal from the conductor; then form a
communication between the outfide and the in-
fide of the phial, by placing onc end of the dif-
charging rod firt upon the coating, and then
bringing the other end of the rod to the brafs
ball of the bottle; there will be no explofion,
the bottle not being charged becaufe both fides
“were infulated.
" Exeeriment.—Hang a chain from the brafs
Ball of the phial to the table, then bring the
coating in contact with the conductor, and after
afew turns of the machine remove the phial as

before ; then app]y the difchargcr, an exploﬁon
will
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will be beard, and the bottle will be difcharged ;
for in this cafe, the infulation of the. infide is
deftroyed by the chain, and the phial becomes
capable of receiving a charge.

As much of the eletrical flaid is thrown off
from one fide of a jar when charging, as is com-
municated to the other.

Exreriment.—Place the coating of the jar,
fig, 48, in conta& with the conductor, and the
knob of apother equal fized jar (as L, fig. 49,)
in conta¢t with the knob of the firft; turn the
tachine 4 few times, thensemove the jars from
each other, and from the conduétor; apply a
difcharger, as before dire@ed, firft to the one,
then to the other, and you will find them both
equally charged ; the infide of the fecond phial
having received from the infide of the firft, as
much of the fluid as the outfide thereof received
from the machine.

When a Leyden phial is charged, the two
fides thereof are in contrary ftates; that is, the
one is pofitively, the other negatively clerified. -

Ex?ﬁRrMENT.-—Charge the jar, ﬁg.'48, by
btinging the coating in contac with the con
C ductor,
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ductor, and letting a chain fall from the ball to
the table.. When it is charged, remove the jar
from the conductor, and the chain from the
knob. The coating of the jar will clectrify a
pair of infulated pith balls pofitively, and, the
knob will electrify a pair’ negauvely, evmcmg ,
that the mﬁde and outfide of the jar are in con-
trary fiates.

Reverfe the - foregoing experiment, by bring-
ing the knob of the jar in contact with the con-
ductor, and letting a chain fall from the-outfide
coating to the table ; charge the jar, : and removc
the chain, the coating will now ele&nfy the
infulated pith balls negatively, and the knob will
eletrify them pofitively.

ExpiriMenT.—Charge the j jar, fig. 48, pofi-
tively ; conncct a dircétor with the chain from
the coating, and bring the ball of the director
towards the knob of the bottle; a cork ball, ox
an artificial {pider, fufpended by a filk ftring,
will play between the two balls till the bottle is
dxfc.harged carrying the fluid from one to the .
other, till it has reftored the equilibrium.

Sni————————

A jar is faid to be pofitively eleétrified, when
the infide receives the fluid from the condu&or,
and the outfide is conneéted with the carch.

It
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It is faid to be negatively ele&rified, when
the outfide reccives the fluid from the condulor;
and the infide communicates with the earth.*

e

The contrary ftates of the Leyden phial fhewn
by the charge and difcharge thereofi-

Experiment.—Take two bottles of the fame
fize, as H and 1, fig. 49, charge both pofitively,
and connect the coatings of each, as in fig: 43,
bring the two knobs together, and no explofion
will take place, and the bottles will not be dif-
charged ; becaufe the: infide and outfide of each
bottle is in the féme ftate, or cndued 'with a
power of the.fame kind, .and have therefore no
tendency to unite, The fame h'\ppcns if both
are charged negatively.

~Exerriment.—Charge one pofitively, the
other negatively; then on bringing the knobs
together as before, an explofion will take place,
and both bottles will be difcharged; in this the
powers on the infide and outfide of each bottle
were of different kinds, with a ftrong tendency
'to unite,

In

* Ttis ncceﬂ‘ary thata.Jar chargmg negatively fhould bs

infulnted, becaufe the fluid is, in the firlt inftance, con.

veyed to the Coating,and would, if un-infulated, be imamedi-
ately carried to the cagth,

c oz
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In the foregoing experiments it will be found
very cotivenient for the dxfcharge of the jars, to
fcrew the wire K or L into the hole at the top of
the infulating pillar; ' as the coating of the
moveable jar may be placed on this wire, and it’s
knob be eafily brought to touch the infulated
jar. ,

The contrary ftates of the fides of a Leyden
phial may be exhibited by the appearance of
the électric light, or peinted wires connected
with-the coating, ot balls of the bottle; and
alfo by the different appearance thereof in vacuo.
But for thefe we fhall refer the reader to the
following Effay, as the foregoing experiments
are fufficient to prove the fact,

The charge of a coated jar refides in the glafs,
and not in the coating.

ExrereMent.—Let a plate of glafs be placed
between two metallic plates, about two inches in
diameter, fmaller than the plate of glafs ;* charge
the plate of glafs, and then remove the wpper
metallic plate by an infulated handle; take up

the glafs plates, and place it between two other
plates_of metal unclectrified and infulated, and
the plate of glafs thus coated afrefh will fill be
‘charged.

The
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_The paffing of the ele&ric fluid from one fide
of a charged jar to the other, is apparently ine
ftantancous, through whatever length of & me-
tallic or other good conduétor it is conveyed,

ExpsrimenT.—Let any number of perfons
makea part of the circuit of communication,
and the fluid will pafs inftantaneoufly through
the whole.

The difcharge of a charged jar gives a painful
fenfation, called the elecric thock, to any animal
placed in the circuit of communication.

If the circuit be interrupted, the fluid will
become vifible; and if refifted in it’s paffage,
will leave an impreflion upon the intermediate
or refifting bodies.*

‘Exrerimont,~Let the fluid pafs through a
chain, or through any metallic bodies, placed
at fmall diftances from each other ; the fluid, in
a dark room, will be vifible between the links
of the chain, or between the metallic bodies.

ExperiMENT.—If the circuit be interrupted
by feveral folds of paper, a perforation will bé
made through it, and each of the leaves will be

C3 pro-
* Lnfield's Inltitutes of Natural Philofophy.
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protruded by the firoke from the middle to-~
wards the outward leavés.

- ExperiMENT.—If {pirits of wine, or gun-
powder, be made part of the circuir, it will be
fired.

The force of an eledtric charge does not de.
pend on the thape of the charged furface.

Let the fame quantity of coating be placed
upon a jar, and upon a plate of glafs, the effect
‘will be found to be nearly the fame in each.. .

‘When the furfaces of an electric jar are
charged with a certain quantity of the two pow-
ers, itisobferved, that no additional cle@ricity
can be communicated to them, however great
an excitation is applied for that purpofe.

Or THE ELicTric BATTERY.

The force of the ele@ric charge may be in-
‘creafed, by augmenting the furface of coated
glafs.

The ufual method of effe@ing this, is to
form a communication between the infide of a
number of coated glafs jars, and another com-
mumcanon between the external coating; jars:
fo dlfpofcd are called an electrical battery.

~ Fine
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Fine metallic wire may be melted by a bat-
tery, fmall animals may be killed, thick. pieces
of glafs be fhattered to pieces, and other curious
effe@ts produced, the greater part of which are
defcribed in the courfe of this Effay.

The eleétric fluid and lightning are the fame
‘fubftance. '

Their properties and cffefls are the fame;
flathes of lightning form  irregular lines in the
air; the ele@ric fpark, when ftrong, has the
fame appearance. Lightning ftrikes the higheft
and moft pointed objeds, takes in it’s courfe
the beft conductors, fets fire to bodies, - melts
metals, ‘in which, and many other particulars,
it agrees with the phainomicna of the electric
fluid. Laftly, the lightning being brought
from the clouds to an cle@rical apparatus, will
exhibit all the appearance of the ele@ric fluid.

It is fuppofed that buildings may be fecured
from the effects of lightning, by fixing a pointed
metallic rod higher than any part of the build-
ing, and continuing it, without intérruption, to
the ground or neareft watcr.

The experiment moft generally ufed to illuf-
trate this pofition, is that of the thunder-houfe,
which is a board fhaped like the gable end of a
houfe, and fixed perpendicularly upon an hori-

Cq zontal
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zontal board; in the perpendicular board 4
{quare hole is made, into-which a fquare piece of
wood is to be fitted, fo that it may eafily fall out.
of it’s place; a wire is fixed diagonally into this
- fquare piece; another wire, terminated with a
‘brafs ball, is faftened to the upper part of the
perpendicular board; with it’s.ball above the'
board, and it’s lower end in contadt with the
diagona] wirc; in the fquarc piccg of wood, a
cammunication is continued fmm the other end
of the diaganal wire, by a wire to the bottom
of the perpendicular board, Jf the wires, in
this ftate, are made part of a circuit of com-
munication, on difcharging the jar, the fquare
piece of wood will not be difplaced ; buyt.if the
commupnication be interrupted by changing the
direction of the diagonal wire, the fquare piece:
of wood will, on the difcharge, be driven out
of it’s place. Sce fig. 68. '
1f, ‘inftead of the upper brafs ball, a pomted’
*wire be placed ahovc the perpendicular board,
the difcharge may be drawn off without an cx~
ploﬁon,

Or A Praze or Ain.

As the air is an cle@ric, it will receive a
charge, and give a fhock like any othei electric

{ubftance. |
This
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This is effefted by means of two large boards,
covered with tin fpil, the one connedled with
the conductor, the other placed parallel to it on
an infulated ftand; thefe boards may be cons
fidered as the coatings to a plate of air; and if
a communication be formed between them by
touching the uninfulared beard with one hand,
and applying the other hand to the condudior,
the fhock will be felt. See.Nicholfon’s In-
troduction to Natural Philofophy.

« A great part of the elettric phanomena,
are the confequence ,of the air being thus
charged. Thus the prime condu@lor imparts
it's glectricity to the furface of air immediately
-contiguous to it, and when the fpark is drawn,
the difcharge is made to the non.electrics in the
room, which are in contat with the oppofite
furface.

“ It is a con{equence of the air being charged,
that broad non-cleétric furfaces draw large fparks
from the condudtor, for the fparks are the dif-
.charges of a large plate of interpofed air; a lefs
furface will draw a lefs fpark, becaufe the fame
machine difcharges lefs furfaces higher than
greater; the fpontaneous difcharge through the
body of the eletric air, will be made at a greater
diftance of the fyrfaces; that is to fay, the

fparks
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" fparks will be longer. - If the furface of the pre-
fented plate be ftill-{fmaller, the fparks will alfo
be fmaller, and emitted to a greater diftance;
and if the furface be indefinitely fmall, or in
other words, if the non-cleéiric be pointed, ’thc
fpark may be fo fmall as to be invifible, and the
diftance to which it can be emitted, may be un~
Jimited.”

Or Meprcar ELECTRICITY.

The fatisfaltory. experiments that have been
made on this head, by fome of the firft.charac-
ters in the medical line, particularly at St. Tho-
mas’s Hofpital, by Mr. Birch, have eftablifhed
the reputation of electricity in medicine, as they
have clearly proved, that when ufed by the
{kilful, it is as certain in it’s effeCts as any me-
dicine in the.whole materia medica, and more
extenfive in it’s application.

In medicine, it has been very Judicioufly
confidered as afling under three forms.

1. The fluid, which may be confidered as. a
fedative.

2. The fpark, or friction, which may be
ranked under the title of a ftimulant.

3. The fbock, which may be confidered as a

'powcrful deobftruent.
The
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The fluid may be thrown upon or extrafted
from the patient. ' o

This is always beft effected by a woodcn
pomt

1. Infulate the patient, and conne& him
with the pofitive conduor; then prefent the’
wooden point of the director towards him, and
it will gradually draw the fluid from him.

2. Let 'the patient communicate with ‘the
ground, and connect the metal part of the direc~
tor with the pofitive condutor, and the fluid
will be gently thrown upon the patient.

3. Conne@ the infulated patient with the
cuthion, then he will receive the fluid from the
direGor held in the hand. |

4. Connect the director with the cuthion, and
the fluid will be extracted from the patient.

Of the electric Spark, or frition.

What has bcen faid with refpet to the fluid,
is equally applicable to the electric friction ; only
here the point is to be unfcrewed from the direc-
tor, and the brafs ball fcrewed on in it’s ftead. ]

In the friction, the part fhould be covered
with woollen cloth or ‘flannel, and ‘the brafs ball
is to be applied clofe to the flannel; but in
taking - {parks, it is to be removed a little dif-

tance from the body,
To
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To increafe the denfity of the fluid or [park.

Fix the medical bottle to the conductor, let
a chain fall from the hook at the bottom thercof
to the table, place the ele@rometer on the. con-
ductar, (as it is reprefented in the frontifpiece
to this work,) let the ball of the ele@rometer be
placed at fome little diftance frgm the conduc-
tor, and then conne@ your dirc&or, by means
of a wire, with the exterior ball of the electro-
wcter; after this prcpamtlon, you may turn
the machine, and. when- the fluid has attained
{ufficient force to pafs from the conductor to the
ball of the cleétrometer, you may apply the
director to the patient, ‘who will receive a denfe
fircam therefrom; the achine to be kept turn-
ing durmg the opcranon Or, conne® an in-
fulated paticnt with the eleftrometer, and then,
on applying the director to him, you will ex-
tra& a denfe ftream from him,

N. B. Whenever the dire¢tor is ufed without
being connected with the conductor or cufhion,
the hand fhould communicate with the brafs
‘part thereof.

T pafis a fiream of the eleftric fluid through any
part of the body, without giving the fhock.
1.- Connefl one diredtor with the cufhion, and

another with ‘the conductor; place the patt,
through
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through which you want the fiream so pafs,
between the directors.

N. B. The denfity of this ftream. is auge-
mented, if the bottle is fulpended agreeable to
the dire@ions in the preceding article, and one
direCtor joined to the electrometer.

2. Infulate the patient, and apply a director
that communicates with the conductor, (or
with the eleGtrometer and bottle,) to one part,
and a brafs ball to the other,

To give the fhock.

Sufpend the bottle from the conduflor, put
the electrometer in it’s place,  (fec the plate that
faces the titlc-pagc of this work,) and remove
the inner ball a fmall diftance from the conduc-
tor ; then connect one direflor by a wire with
the hook at the bottom of the bottle, and the

-other with the exterior ball of the eleGrometer;
the part through which the fhock is to pafs,
muft be placed between thefé balls; there will
be a thock every time the fluid has acquired

fufficicnt force to pafs from the conduétor to
the electrometer. )

To give a quick vibratory fenfation, not fo pungent
as the fbock, though fironger than the fpark.

The direGtions in the preceding article apply
immediately to the prefent, with only this dif-
ference,
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ference, the ball of the eleétrometer may be re+
moved further off, and the long wire is to be
taken out of the tube of the bottle.

Or AtmospuiEric ELEcTRICITY.

'The atmofphere -is always clcé’cnﬁed fome-
times negatively, but moft commonly with
pofitive _eleCtricity. In ferene weather, the
electricity is always pofitive, and the quantity
is propottional to the quantity of moifture.

Hail is always accompanied with eleétrmty.

Rain generally fo. ‘

Low and thick fogs ftrongly eletrical, though

generally more {o after a froft,
. In fummer, the electricity of the atmofphere
is very weak ; it grows ftronger at fun-rife, and
increafes in ftrength with the clevation theréof;
at fun-fet it again becomes weaker.

Impetuous winds generally leflen the force
of the atmoflpheric clericity.

A firong cletricity often rifes with the
dew, particularly if the feafon is cold, the fky
clear, and very little wind. |

Or a Vacuum.

Air rarified to a certain degree, permits the,
eleric fluid to, pafs eafily through it.

As
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As the air is a non-conductor, it refifts the
motion of the clectric fluid ; therefore, the re-
moval of it facilitates the effort this fluid makes
to efcape from the fubject on which it is thrown;
at the fame time it is highly probable, that it is
by means, of the vapour which expands itfelf
when the preflure of the atmofphere is. taken
off, that the eleétric fluid is conducted through
the vacuum ;. for there is reafon to' think, that
éle@ricity always requires a conductor, to make
it pafs from onc body to another; and this is
further confirmed by thofe txperiments, which
thew that a more perfect vacuum of air is a non-
conductor. |

ExperimenT.—Let a vacuum be made part
of the circuit in difcharging a Leyden phial.

EXPERIMENT — Let a jar be charged in
vacuo,

CHAP
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CHAP 1L

Or ELec¢TrRICITY IN GENERAL,~OF THE DISTINC=
r10N BrTWEEN ELECTRIES AND NON-ELECTRICS.
wid CATALOGUE oF CONDUETING SUBSTANCES.
—THe ANALOGY BETWEEN ELLCTRICITY AND
Fire.

T muft appear furprifing to every fearcher
after truth; that eleétrieity, which is now
allowed to be one of the principal agents em-
ployed in producing the phanomena of nature,
fhould have remained fo long in obfcurity; for,
comparanvely fpcakmg, it’s exiftence was not
known to the ancients. They werc not, indeed,
altogether ignorant of the peculiar properties of
thofe bodies that we now term elefrics ; never-
thelefs their knowledge was circumferibed,
being confined to the obfervation only of thofe
phznomena which nature prefented to their

fenfes, in the ordinary courfe of her operations;
hence near two thoufand years elapfed, before
any addition was made to the little which was
known to Theophraftus, and this branch of
natural hiftory remained uncultivated, till the
happy period arrived, when the philolbphcr was
emanci-
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emancipated from the chains.of hypothetic rea-
foning, and . the uncertainties of vague' conjec-
ture.

The exiftence of this fubtle, and.in'moft cafds
invifible powcr ‘was then traced, and many of
it’s propestics developed it's agency was dif-
covered! to be univerfal, and it's extent -unli-
mited.

It muft be evident indeed, even to.a fuper-
ficial: obfcrvcr, that - ele&rxcnty is no trmal or
confined fubject ; becaufe there is no bodyin
‘nature that is not. adted 1 upon ina greater. or lefs
degrce by this \mpnrtant agent,

The. importance of the electric fluid m the
| fyﬂcm of the world, is confirmed by s confidera~
tion of thofe phenomena in which it . is con-
cerned, and which. take place without the con-
current operation of man.

. Thus feveral fithes poflefs. the property of
giving the electric thock.  The torpedo, and
one or- more f{pecies of ecls,’ from Sprinam,-if
touched by the-hand, & metal rod, or any other
condu&m:, ‘give a confiderable ﬁmck to the arm,
but may be fafﬁly touched by a bit of fealings
wax,. The fhock depends on the will of the
fith,-and is tranfmitted to a' great. diftance; fo
that iif: pufons in a. fhip happen to: dlp their
fingers or feet:in the fes, where the fifh is fwirns

D ming
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ming at the diftance of fifteen feet, they will be
affeCted therewith,

Many difotders of the human frame have
been cured or relieved by electricity ; new
action has been given to deficient powers, and
the terrors of the knife been frequently pre-
-vented.:

But the moft remarkable appearances of elec-
tricity, which are viewed with furprize by all
ranks of peeple, are thofe' which may be termed
atmofphérical,; as exifting in; or depending on,
the ftate of the atmofphere. - Lightning is proved
to be an eleric phaenomenon, and there is little
doubt but that the aurora borealis, whirlwinds,
and water-fpouts, depend on the fame principle.
.« Electricity has one confiderable advantage over
moft other branches of fcience; it furnifhes
matter of cutertainment for all perfons promif-
cuoufly, while it is a fubject for fpeculation to
philofophers. Neither the ‘air-pump, nor the
‘orrery; neither experiments in hydxoﬁatikzs,
optics, or magnetxfm : nor thofe in all’ other
branches of natural philofophy, ever brought to~
gether fo many or fuch great concourfes of
people, as thofe of eletricity have done fingly.”

“ If we only confider what it is in objects that
makes them capable of exciting that - pleafing
aftonifhment, which has fuch .charms . for all

mankind,
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mankind, we thall not wonder at the eagernefs
with ,which perfons of both fexes, and of every
age ‘and condition, run to fee eleétrical experi~
ments. Here we fee the'courfe of nature to all
appearance entirely reverfed in it’s moft funda«
mental laws, and by caufes feemingly the flighteft
imaginable: and not only the greateft, effects
produced by caufes which feem to be incon.
fiderable, but by thofe with which they feem to
have no conneétion.”

Here we fee, contrary to the principles of
gravitation, bodies ;attracted, repelled, and
held fufpended by others, which are feen to
‘have acquired that- power by nothing but a very
flight friction! "Here wWe fec a . piece. of .cold
metal, or even water, or ice, emitting ftrong
fparks of fire, fo as to kindle many inflammable
fubftances ! Again, what can feem more mira«
culous, than to find that a common glafs jar
fhould, after a little preparation, be capable of
giving a perfon fuch a violent fenfation, as
nothing elfe in nature can give, and of even de-
ftroying animal life; and that this fhock is
attended with an exploﬁon like thunder, and a
flath like lightning !

As elédtricity is in it's infancy, when confider-
edasa feience, it’s definitions and axioms can-’
pot be ftated with geometric accuracy. I fhall

Da endeavour
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endeavour to avoid, as much as poﬂible, the ufe

of pofitive expreffion, in order to invite' the,
reader to examine the experiments himfelf, to
compare them one with another, and then draw

his own conclufions ; beginning with thofe ex-.
periments which were the foundation of the pre-

fent fate of electricity, and which gave rife to

the principal technical terms made ufe of in this

fcience.

ExperiMeNT 1.—Rub a dry glafs tube. with
a pieee of ‘dry fikk, and it will thereby be elec~
trified ; prefent light bodics, as feathers, pith
balls, 8cc. to it, they will be attratted, and
then repelled.

A piece of black or oiled filk, on which a
little amalgam has been placed, makes the beft
rubber for a fmooth glafs tube : foft new flannet
fucceeds well with fealing wax.

Experiment 1L.—Rub a dry ftick of fcalmg
“wax, it will firft attract and afterwards repel
‘thofé light bodies that are brought near to.it.

The friction in the two preceding experiments
has put in.alion an agent, or power, which at-
tralls
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traéts and repels light bodies; this power is
called eleéricity,

A certain quantity or natural fhareof the elec-
tric fluid, is fuppofed to: be diflfeminated in all
bodies, in which ftate it makes no impreffion.on
our fenfes; but when, by the powers of nature
or art, this equilibrium is deftroyed, and the
agency of the fluid is rendered vifible to the
fenfes, then thofe effecs are produced which we
term electrical, and the body is faid to be elec-
Irified.

‘Any fubftance, that is made by friétion to
exhibit clectric appearances, is faid to be excived.

“Amber, filk, jer, dry wood, @ind a variety of
other fubftances, being excited, attract and re-
pel light bodies ; thefe are called elefrics. Such
{ubftances, as metals, water, &c. the f sictionof
which will not produce thls power of attraction
and rcpulﬁon, are called non-eleftrics.

When the excited glafs tube, or ftick of feal-
ing wax, is in good order, and the particles of
eleflricity are fufficiently united to.act -on the
organs of vifion; pencils of light, or flathes of
divergent flame, will dart from the tube in a
beautiful manner, attended with a crackling
noife, which will be heard o the approach of
any COhdu&or The matter caufing this, hghc
and found is what is meant by cletridity. ™

D3 ‘Elettricity
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Eleétricity is often ‘excited by other caufes a5
well as frition. ‘Thus it may be produced by
heating or cooling of fome fubftances, by blow~
ing of air-violently on a body, &¢. nay, it is
probable, ‘that whatever removes the ftratum of
air from the furface of any body, or influences
the cohefion of ‘it’s parts; ‘will difturb the elec-
tric fluid,

The difcharge of large cannon, and the blow-
ing up of :powder magazines, has been known
to eletrify glafs windows..

~ Experiment 1L—Let a metallic cylinder
be placed upon filk lines, or upon glafs, bring
‘an excited clectric .near to it, and every part of
the metallic cylinder will attragt and repel light
bodics; as forcibly as the excited ¢lectric itfelf.

Expmmzm 1v.—Suppart a dry glafs rod on
filk lines, or by glafs, brmg an excited elc&nc
near it, and no attraction or repulfion will take
place; hecaufe the eletricity cannot be tranf-
mitted through it.

Ve p—————

. From thefe experiments is deduced the dif-
tinGtion between thofe bodies which producc
the ele@ric. fluid, and thofe which do not:, the
one having the power of tranfmitting this ﬁuxd

the ether poflefling no fuch power.
Thofe
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Thofe bodies which'poffefs the power of tranf-
mitting electricity, are called conduZors and non-
eleftrics.

‘Thofe {ubftances, which are impervious to
electricity, are called won-conductom, or eletirics.

A body which communicates with nothing
but eleltrics, is faid to be infulated.

If all fubflances poflefled an equal power of
rctammg or parting wuh t‘hc eleétric fluid," the
greater part of it's pha:nomcna would have re-
mained unknown to us; but, as it pafles readily
only over the furface of fome fubﬁanccs, while
others refift it's paffage, or are nearly imper-
meable to it, we are enabled to accumulate, con-
denfe, “and retain it on the laft, and thus fubje&:
it eafily to the teft of experiment.

From the third and fourth experiments we
learn, that excited ele@rics will communicate
the cleCric powers to conduding f{ubftances:
which arc infulated, that thefe will then attract,
and repel light bodies, &c. . fimilar to the elec~
tric itfelf; with this difference only, that a con-
ductor, which has received eicé’tncmy, parts
with ‘it at once, when it is touched by another
°°hdué'tor that communicates with the earth;
whereas : the excited cletric, under the fame
circumftances, - only lofes it's eletricity par-
tially. -

D 4 A CONy
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A conduor cannot be ele@rified while it com-
municates with the 'earth, becaufe the clectri-
city is immediately conveyed away.

An infulated electrified conduor will be de-
prived of it’s electricity, by taking a fpark from
any. part thereof with an uninfulated conductor,

R

ExperiMent v.—Ele@rify, with excited glafs
or fmlmg wax, two infulated cork balls, fuf-
pénded by’ lnies about fix inches long, and the
balls ‘will feparate from and repel cach other.

| | ExperiMinT vI.— Eleétrify one ball with
glaﬁ, the other with fealing wax, and they will
be-mutually- attra,&cd.

S nar—)

Thefe two oppoﬁtc and remarkably diftinct
cffects in the attra&ive and repulfive powers of
clectricity, whereby one aliraéls what the other
repels, were:difcovered at an early period of the
hiftory of this fcience.
+:The eleétric power produced by the excitation
of glafs, is called pofitive ele@ricity, and the
power produced by the excitatian of fealing
wax is called negative ele@vicity. ‘'This differ-
ence was.at firft thought to depend on the ¢lec-
tric, and it was then fuppofed that the two

" kinds
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kinds of elekricities were effentially diftinét;
but it .is now known, that each of thefe powers
may be produced from the excitation of either
glafs or fealing wax.

Eleétricians have been engaged, by the dif-
covery of the two foregoing diftin&tions, to ex-
amine the electric: properties of moft bodies, ta
afcertain whether they pofleffed the pofitive or
negative powers; by this means the, catalogue
of cleétrics has been confiderably increafed, and
it was foon found that every fubftance, we were
acquainted with, had more or lefs affinity with
the eletric fluid.*

CaTaLoGUE oF CONDUCTING SUBSTANCES,

1. Stony Subflances.

Stony fubftances i in general conduct very well
though dry and warm.
Lime-ftonc and lime juft burnt are cqually
imperfe@t conductors.
Marbles conduct confiderably better “than
free-ftone, and there is found very little differ-
ence among any of the fpecimens of marble

that have been tried.
A large

* See Dr. Prieﬁlcy'a Hiftory, Cavallo on Eleétricity,
Marét, Recherches fur PEleéiricité,
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Alarge pitce of white fpar, with a tinge' of
blae and’ femi-tranfparent, ‘will hardly condué
in the léaft degree : pretty ftrong fparks may be
taken from the prime conductor, while it is in
contadt with it.

A piece of agate, ifem’i-pellucid, ‘receives the
electric fpark into it’s fubftancey though it will
pafs over about three quarters of an inch of it’s
furface to reach the finger that holds it, and it
3ifcharges the battery but flowly.

A picocof flate; fuch as’is commonly-ufed to
write o, is a’ much better condu&or- than. a
piece of free-ftone, which conducts but poorly.

‘Touch-ftone conducts pretty well.

A piece of ‘gypfum and plafter of Paris con-
“duéts vety well, only the latter having a fimoother
furface takes a ftronger fpark.

- A piece of afbeft from Scotland, juft asit is
taken from it’s bed, will not conduc. While
in contact with the conductor, fparks may be
taken at the diftance of half an inch with a mo-.

_derate clectrification.

A piece of Spanith chalk condué’ts much llkc
marble. -

A piece of Egyptian granite conducts confi-
derably better than free-ftone.

2. Saliwe
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‘2. Saline Bodies.

Oil of vitriel condu@s very well.

The metallic falts in general conduct- better
than any neutrals.

Vitriol: of .copper and: of iron condutk:very
well, though they will not tranfmit a thock.:

Vitriolated tartar gives a {fmall fhock.

Salt-petre:does’. not .condudt: fo»well ‘ad/fal-
ammoniac, If the eleétric explofion paffes over
iv's furface, it difperfes into.a great' number of
fragments, in all directions, with confiderable
violence,
* Volatile fal-ammoniag,gives a fmall fhock.

Rock-falt conduéts, but not quite fo well as
allum; the electric fpark upon it is peculiarly
red,

- Sal-ammoniac exceeds rock-falt and allum in
it's conducting powers, but will not take the
leaft fenfible fpark s fo that it feems made up
of an infinite number of the fineft points,

. Salenitic falts conduét but poorly,

By allum the explofion is attended with a

Peculiar hifling noife, like that of a fquib.

3. Inflammable Bodies.

A piece of’ ‘pyrites, of a black colour, takes
fparks at a confiderable diftance from the prime

conductor,
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conduflor, like fome of the inferior pieces of
charcoal.

Another piece of pyrites, which has been parr

of 3. regular fphere, confifting of a fhining me-
tallic matter, will not conduct near fo well,
though ‘much better than any other: ftony fub-
ftance.:;;I¢ is:a-medium ‘betwixt a ftone and
an ore,
- .. Black-lead in a pencil condu@ls a fhock feem-
ingly: Jike: metalior chatcoal. * A fmall lump of
it stakes:as: full sand ftréng. a- fpark from the
prime conductor ag-a-brafs knob.

4. “Metals and Ores.

_ M piece-of goldyorsifrom Mexico is' hardly to
be diftinguifhed in this refpect from the metal
wlelfo.

Acpiece of filver ore:from Potofi, though
mixed with-pyrites, conduéts very well.

Two pieces of copper ore, one the moft va-
luable that is knowt, ‘and anothet of orily-half
the value, are hardly to-be diftinguithéd. from

“one another in their conduding powers.

Lapis-hzmatites conduéts pretty well.

Black-fand from the coaft of Africa, which
is & good iron ore, and part of which is affected
by the magnet as nuch as ftecl filings, is found

to
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to condudt electricity, but:not a fhock. Sepa~
rating with the magnet all that will be cafily
ateracted by it, it conduds a fhack very well:
the reft would hardly conduét at all,

The ores in which the metal is mineralized
with fulphur or arfenic, as the ores of lead, tin,
and cinnabar, the ore of quickfilver, are little
inferior to gold and filver ore.

Ores that contain: nothing but the earth of
the metal, conduct electricity little better than
other ftones.

Lead, tin, iron, brafs, copper, filver, and gold.
®o  Fuids.

The fluids of an animal body,

All fluids, excepting air and oils.

Fluids appear, in general, to be better con-
dutors in proportion as théy contain lefs in-
flammable matter.

Mr. Cavendifh has {hewn, that iron wire
‘conducts about four hundred millions of times
better than rain or diftilled water; i. e. the
ele&ricity meets with no more refiftance, in
paffing through a picce of iron wire four hun-
dred millign inches long, than through a column
of water of ithe fame diameter only one inch
long.

Sea
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Sea water, or a folution of one part of falt in
thirty of water, conduéts an hundred tlmes, and
3 faturated folution of fea falt feven hundred and
twenty times better than rain water.

The efﬁuvm of flaming bodies.

Snow, fmokc, the vapour of hot water, the
‘vacuum produced by an air. .pump, charcoal, &c.

Evrectric Bopies.

Amber, jet, pitch, and fulphur; likewife all
the precious flones, as diamonds, rubies, gar-
nets, topazes, hyacinths, chryfolites, emeralds,
fapphires, amethyfts, opals, and efpecially tour-
malins; all refins and refinous compounds, wax,
filk, cotton; all.dry animal fubftances;  as ‘fea-
thers, wool, hair, paper, &c. White fugar,
air, oil, chocolate, calxes of metals, dry vegeta-
bles,” &c.

I do not know whether it is altogether proper
to add to this lift of ele@rics, the torpedo and
‘Surinam eel, living electrics, whofe ele@ricity .
is put in action by the will of the animal.

" “The real and intrinfic difference between elce-
trics and non-elecrics, remains among the elec-
tric defiderata ; for nothing more is afcertained,
than that the conduting power, in fome’/mea-
ﬁirc, dcpénds upon, or is governed by heat.

Glafs,
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Glals, refin, and many other articles, are made
condu@ors by heat ; while on the contrary, cold,
if not attended with moifture, renders every
ele@ric fubftance more cleCric. Ice, cooled to
13°below o of Fahrenheit’s thermometer, be-
comes a non-conductor.

Mr. Achard, of Berlin, has publifhed, in
Rozier’s Journal de Phyfique, a very ingenious
paper on this fubjet; in which he proves, by
experimenit, 1ft, That certain circumftances
‘will caufe a body to conduct eleétricity, which
before was a non-conductor. 2d, That thefe
circumftances are the degrees of heat to which
the body'is fubje€ted. ‘'There is certainly reafon
to fuppofe, that the difpofition .in: metals to
condué electricity, depends on the ftate of firc
within them, and that there is a certain degree
of heat at which a given body may ‘be, at the
medium, between perfect conduéhng and non~
conducing ; and that conduftors are bodies
‘whofec cledtric ftate does not appear but in a
degree of cold below the ufual ftate of our at-
mofpherc, and that ecletrics, to be rendered
tonductors, require a degree of heat much above
the ufiml frate of the air with us.

A Lrst
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A List or ErecTric SUBSTANCES, 'AND OF
THE DIFFERENT - ELECTRICITIES. PRODUCED
BY THEM.

The back of a cat Pofitive - E-very fub&anf:c with “f'hmh
it has been hitherto tried.

rEvery fubftance hithero
Smooth glafs Pofmve-{ tried, except the back of

L a cat.

[ pofisive J D1y oiled flk, fulphury
) H metals.”
Rough glafs [ Waoollen clath,qullls,wood

Negative < paper, fealing-wax, white
L wax, the human hand,

j Pofitive Amber, airt

Totirmalin ,
~ ' . Negative Diamond, human hand,
i Metals, filk, loadftone, lea-
Hare's {kin  Pofitive -( ther, the hand paper, baked
1 - wood, -
Negative " Other fine furs.
i ¢ Black filk, metals, blaEk
. Pofitive g cloth,
White filk < Negative gpaper, hand, hau', Weafcls
i . ¢ tkin,

* i. e. By blowing with a pair of bellows uport it, By
this means many eleftrics may be excited, and forme better
if the air blown ig'hot, although, in both cafes, very little

clefricity can be obtained,
Black
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Pofitive  Sealing wax.

Hare's, weafel's, and ferret’s
| Negative < fkins, loadftone, brafs, filver,
L iron, the hand,

Pofitive Metals,
Sealing wax ) rHaxc s, wealel’s, and ferret's
Negative < fkins, hand, leather, wool-
L {_ len cloth, paper.

Black filk <

[ Pofiive  Silk.

Bak
aked wood Negative  Flannel,

Many circumftances, apparently trifling, will
occafion an alteration in thefe contrary electrici-
ties. It has been faid, that of two equal fub-

ftances rubbed together, that which fuffers the
greateft friction, or is moft heated, acquires the

negative eleéricity. Though this in many cafes

holds true, with refpeét to filk ribbens, yet

Mr. Bergman fays, that if the ribbon A be black,

it will never become pofitive, unlefs B be black

likewife. With picces of glafs the effet is con-

trary ; for, if they are both equal, the picce A,

-which is drawn acrofs the picce B, becomes
negative; and B, which fuffers the greateft

friction, becomes pofitive. Heating by fire

produces the fame effe& as the greater friction,

If one picce of glafs be thicker than the other,

the former becomes pofitive, the latter negative.

Coloured glafs, even when heated, becomes

E negative,
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negative, if rubbed with common white glafs.
If a piece of blue glafs is rubbed againft a green
one, the blue glafs becomes ftrongly pofitive,
&c. Bergman, Swedifh Tran, 1765.

‘The ele@ricities produced by hair and glafs
rubbed together feem to ballance each other, aind
are therefore different according to the manner.
of rubbing and the quality of the hair.

Hair of a living animal, or hair newly cut,

when rubbed with a glafs tube lengthways, is
pofitive; and here, the glafs, which {uffers the
greateft friction, is negative.. But if the glafs
tube be drawn acrofs the animal's back, or
acrofs a fkain of hair newly cut, the glafs be-
comes pofitive. Old dry hair, rubbed on glafs
or on living hair, always becomes negative ; but
if the hairis a little greafed with tallow, the
fame effect is produced as with living hair.
Wilke, Swed. Tran. 1769,
.. Eleétrics differ  from each other with refpect
to the facility with which they are excited, their
force when excited, and the power with which
they retain the effects of the excitation.

Silk feems preferable to any other ele@ric
fubftance, for exhibiting a permanent and ftrong
attractive and repulfive power.

- Glafs appears to have the advantage in exhi-
biting the eletric light, attraction, and repulfion

n
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in quick fucceffion, in a very vigorous, though
not a durable manner.

- Negative clectrics, as amber, gum-lac, ful-
phur, refin, and all refinous {ubftances, cxhibic
the clectric appearances for the greateft length
of time. A fingle excitation is fufficient to
make them do fo for many weeks, in favourable
circumftances. They are alfo remarkable for
the ftrong clectric powers which they commu-
nicate to conducting bodies that come in contact
with them, and which they will continue to’
communicate for a confiderable time.

It may be proper to obferve here, that the
two claffes of cleétrics and non-clectrics are not
fo firongly marked by nature as to enable the
electrician to arrange cvery fubftance with pro-
pricty: hence the fame fubftance has been
placed by different writers in a different clafs.
Befides this, the electric propertics of the fame
fubftance vary on a change of circumftances;
thus a piece of green wood is a conduétor ; the
fame piece, after it has been baked, becomes a
non-conductor; charred and formed into char-
coal, it again condu@s the electric fluid; but
when reduced to afthes, is impervious to it:
but fusther, the diftinctions themfelves are very
improper, as every fubftance is to a certain’

degree a conducor of this fluid.
E 2 What

-~
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What is Eleélvicity ?

"That electricity is real matter, and not a smere.
property, is evident from a variety of circum-
ftances. When it paffes between bodies, it di-
vides the air, and puts it into thofe undulatlons‘.
which gives us the idea of found. It cmits the
rays of light in every direction, and thofe rays
are varioufly refrangible and colorific, as other
light is: and, if light is acknewledged to be
matter, it is contrary to reafon and experience,
that the thing which emits it fhould not like-
wife be material; neither are the other fenfes
unaffected at it’s prefence : it’s {mell is frongly
phofphorcal or fulphureous. The fenfe of feel~
ing is a witnefs of it’s prefence, not only from
the fparks which, when received from the con-
ductor of a powerful machine, arc pungent, and
will pafs through two or three perfons ftanding
on the ground but alfo from the fhock. A
ftream of eleétric matter has alfo evidently a
fubacid tafte. ‘ ‘ ‘
- Though the eletric fluid has been known
and ftudied for many years, we are altogethcr
ignorant of it’s real eflence and nature; to me
it feems probablc, that it is fire or light con
ncéted with fome tcrreﬁrxal bafe: the analogics
between the action of cledricity and fire are very

{triking ;
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firiking ; fome of thefc I fhall point out in the
words of two able philofophical writers. Fire,
fays Mx. Jones, is divided into three forts, folar,
culinary, and elementary; the folar is that fire
which refides in the orb of the fun, as in it’s
refervoir or fountain, and proceeds from it in
the form -of light. The culinary is that fire
which is kindled upon earth by artificial means,
and buras in any fort of fuel. The elementary,
is that {ubtil fluid which refides conflantly in
all grofs bodies, and is not neceflarily diftin~
guifhed by it’s heat as.culinary fire, by it's light
as folar or fidereal fire, but is known by other
effe@s, even ina cold invifible ftate.

If it be true, that natural effeéts are not to
.be afcribed to many different meanps.or agents,
‘where fewer will fuffice, thefc three fhould be
confidered as one and the fame fluid, becaufe
they have the fame properties and the fame
effe@s. The folar fire will burn in fuel, and
a& in folid matter with greater effect than the
moft violent fire of a furnace. The culinary fire
.will promote vegetation, and ripen fruits like
the fun. The elemeniary, ot elefiric fire, will
light a candlc and fire gunpowder, like the
.culinary; will afford a fpe&rum of the feven
primordial colours in common with the folar
says, or the light of an ordinary fire; and will

E3 throw
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throw metals into fufion with a violent fcorch
ing heat. Fire is brought into action by fric-
tion, as well as cle@ricity. - Fire dilates all
bodies. ' “The cle@ric fluid has alfo a dilating
power, which is evident from it’s acion on a
thermometer, - though, in generdl, 'the - force
with which ‘bodies cohere together is greater
than the dilating power of ele@ricity. |
. Fire promotes and accelerates vegetation as
‘well ag.germination. Ele@ricity, whether pofi-
tive br negitive, does the fame.

Ele@ricity, as well as fire, accelérates eva-
poration.

Fire and ele@ricity accelerate the motion of
the blood.* Left fear, conftraint,  or atten-
tion-‘tothe experiment; might accelerate the
pulfe, and thus be attributed to elcétricity, Mr,
Achard made the experiment on a dog when
afleep, and always found, that the number of
pulfations was incrcafed when the animal was
clectrified. )
" The experiment made by Mr. Achard on'the
-eggs of a hen, and by others on"the eggs of
moths, ‘proves that clefiricity, as well as. heat,
favours the developement of thofc animals, The

cle@ric
* This »poﬁtio;l.has been much controverted, and it

feems clear, from modern experiment, that fimple eleéiric
city does not accelerate the pulfe,
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eletric fluid, in common with fire, will thrbow
metals into fufion, .
1f {ubftances, wuh equal degrees of heat,

touch-cach other, the heat is diffufed uniformly
between them. In the fame -manner, if two
“bodies with unequal degrees, ordifferent kinds
of electricity, touch each other, am equilibrium
will be eftablithed.

-+ If bodies of different kinds, 2nd of-equal de=
grees of heat, are placed in a medium of a dif-
fcrent temperature, they will all acquire, at the
end of a certain time, the fame degree of heat.
There is a confiderable difference, however, in
the {pace of time in. which they acquire the tem-
perature of the medium : ex. gr. metals take lefs
time than glafs, to acquire or lofe an equal de-
gree of heat. '

" On an attentive examination of the bodies
wlnch receive and lofe their heat fooneft, when
they are placed in mediums of different tempe-
rature, they will be found to be the fame which
‘receive and lofe their clectricity with the greateft
facility. Metals, Wthh become warm or grow
coal the quickeft, are the fubftances which re~
Ceive and part with their eleétricity fooneft.
Wood; which requires more time to be heated
or cooled, receives and lofes eletricity flower
than metals. Laftly, glafs -and refinous  fub-

E4 - ftances,
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ftances, which receive and lof¢ flowly the elec«
tric fluid, acquire with difficulty the tempera.
ture of the medium which furrounds them,

If one extremity of an iron rod be heated red-
hot, the other extremity, though the bar is fe-
veral feet lorig, will become fo warm in a little
time that the hand cannot hold it ; becaufe the

“iron conduéts heat readily; but a tube of glafs,
onlya few inches long, may be held in the hand,
even while the other end is melting. The elec-
tric fluid, in the fathe manner, paffes with great
velocity from one end ‘of a rod of iron to :the
other; but it is a confiderable time before a
tube of glafs, at one end of which an excited
electric is held, will give eletric figns at the
other.

" Thefe obfervations prove, that feveral bodies
that receive and lofe with difficulty their acual
degree of heat, receive and lofe alfo with diffi-
culty their-electricity, To determine if this law
is general, -and what are the exceptions to it,
will require a varicty of experiments.

- EXPERIMENT VII— fhews us that the eleGric
powers may be put in aZion by beat and cold, It
was originally madc by Mr, Canton. He pro-
cured fome thin glafs balls, of about 4n inch
and a half diameter, with ftems or tubes, about

eight
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cight or nine inches in length, and eleétrified
them, fome pofitively on the infide, others ne-
gatively, and then fealed them hermetically;
foon after he applied the naked balls to his
cle@rometer, and could not obferve the leaft
fign of their being clectrical; but holding them
at the fire, atthe diftance of five or fix inches,
they became ftrongly elefirical in a fhort time,
and more {o when they were cooling. - Thefe
balls would, every time they were heated, give
the cleflric power to, or take it from othey
bodies, according to the plus or minus ftate of
it within them. = Heating them frequently di-
aminifhed their power, but keeping one of them
under water a week did not in the leaft impair
it.  The balls retained their virtue above fix
years.

The tourmalin and many other precious
ftones are alfo known to acquire eledricity by
heat, The tourmalin has always at the fame
time a poﬁtivc and negative eleétricity; one
fide of it being in one ftate, the other in the
oppofite. Thefc powers may be cxcited by
friCtion and by heat; nay, even by plunging it
in boiling water.

R

EXPERIMENT vir1,—fbewing the ation of the
electric fiuid on a theymometer. Infulate a fen-

fible
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fible mercurial thermometer, and place the bulb
between two balls of wood, one affixed to the
conduor, the other communicating with the
ground, and the cle@ric fluid, in paffing be-
‘tween the two balls, will raife the mercury in
‘the thermometer confiderably. With a cylinder
of about feven inches and a half in diameter,
the fluid pafling from a ball of lignum vite to
a ball of beech, and thence to the ground, ele-
vated the quickfilver in the thermometer, from
682 to 110°, repeatedly to 105°  ‘The thermo-
meter was raifed 'from 68° to 85°, by the fluid
pafling from a point of box to a point of lig-
num vite; from 67° to 100° from a point of
box to a ball of box; from 66° to100°, from
a'ball of box to a brals point; from' 69° 10
100°, from ball to ball; the bulb of the ther-

mometer covered with flannel.

CHAP.
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C H A P L

'Or THE ELreTrRICAL MaciiNE; WITH DIRECS
TIONS FOR EXCITING IT.

AS foon as the properties of ele@ricity were
in fore meafure developed, the philofo-

pher and the amﬂ concurred in contrivmg and
exécuting ‘a variety of machines to excite and
accumulate this extraordmary “agent. ~ The
greater part of thefe have been laid afide, ih
propornon as the fcience advanced, and “it’s
boundaries were extended. I fhall, therefore,
only defcribe - that electric machine which is
now in general ufe, whofe conftruction is fimplé,
and well adapted to produce the electric fluid
in great quantities, and trahfinit it in full and
continued ftreams to the prime conductor.

That the operator may fucceed in producing
this effet, I fhall firft enumerate thofe parts of
the machine which require moft attention ; then
defcribe the machine itfelf, and afterwards give
inftruélions to cnable him to excite it power~
fully.

The following are the parts of an eleérical
machine, which fall more immediately under

the care of the ele@rician.
1. The
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1. The eledric, or the glafs cylinder, which
#s to be excited,

2. The mechanical contrivances by which
the electric is put in motion.

3. ‘The cufhion and it’s appehdages.

4: The condutor or condudtors.

Fig. 8, plate I, and-the figure in the frontif-
picce, reprefent two eleétrical machines made
«on the moft approved conftruétion. They are
Jboth mounted and ufed in the fame manner,
,and dlﬁ'er only in the mcchamfm by which the

cylinder is.put in motion.

‘The cylinder of the machine, in the frontif.
piece, is turned round by means of the two
wheels ab, .cd, whxch act on cach othcr by a
cm‘;g‘k hzmd ’ . :

"The cylinder of the rnachmc whxch is repre~
dented in fig. 8, s put in motion by a fimple
winch, ahich i is lefs complicated than the mul-
tiplying whecl, and therefore not fo liable to be
out of order.* Many pradical eleGricians,
however, prefer.a machine which is moved by a
;multiplying wheel, as it fatigues the operator
lefs than.that which is moved by a fimple winch;
whn]c at the famc time a moderate increafe of

velocity

#* 1t is eafier to manage, and may, .in proportion to it's
fize, be more powerfully excited than thele with.a multi-
plying wheel,
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velocity in the cylinder is thought by fome to
augment ‘the momentum of the ele@ric fluid,
and produce a greater quantity of it in the fame
time; and that, when the machine is fixed to'
a table, the pofition of the lower multiplying
wheel is more advantageous to the operator, giv-
ing him a greater power over the cylinder, and
fatiguing him lefs: it may alfo be turned with
the right hand, which cannet be dene conve-
niently with the other.*

As the two machines, which are reprefentcd
in the plates, are nearly fimilar, the fame letters
of reference are ufed in defcribing them.

ABC reprefent the bottom board of the
machine.

D and E, the two perpendicular fupports,
which fuftain or. carry the glafs cylin® - FG
HI ~

The axis of the cap K paffes through the f'upa-
port D; on the extremity of this axis either 2
fimple winch is fitted, or a pulley.

The axis of the other cap runs in a {mall hole
which is made in the top of the fupport E.

OP is the glafs pillar to which the cuthion is
ﬁxed T a brafs fcrew at the bottom of this
pillar, which is to regulate the preflure of the

e o
cufhion

~* It may be proper to remark, that thofe with a fimple
wintch are cheaper than thofe with a multiplying wheel,
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cufhion againf the cylinder. This adjufting
ferew s peculiarly advantageous. By it the
operator is enabled to leflen or increafe gra-
dually the preflure of the cufhion, which it
effefls in a much neater manner than- it is pof-
fible to do when the infulating pillar is fixed on
2 fliding-board.

ghi, a piece of filk that comes from the
under -edge of the cuthion, and lies on the
cylinder, paffing between it and the cufhion, till
it nearly meets the collecting points of the con-
ductor. o ,

'Y Z, reprefents the pofitive prime conduc-
tor, or that which takes the eletric fluid im-
mediately from the cylinder, L M the glafs

illar By which it is fupported and infulated,
and VX a woodenfoot or bafe for the glafs
pillar. In general, eleCtrical machines are fold
with a fingle conductor ; though there are many
experiments where two are convenient, and from -
fome improvements latcly made in the appara-
tus, they are rendered excceding proper for ex-
jperimental inquiries.

DIRECTIONS FOR KEEPING THE Macuine 1§
ORDER.

Before the ele@rical machine is put’in mo-

tion, examine thofe parts which are liable.to
‘ ‘wear
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wear cither from the fri'&:ilon of onc furface
againft another, or to be injured by the dirt,
that may infinuate itfclf between the rubbmg
furfaces.

If any grating or dtfagrceable noife is heard,
the place from whence it proceeds muft be dif~
covered, wiped clean, and rubbed over with &
fmall quantity of tallow : a little fweet oil or
allow fhould alfo be occaﬁonally apphcd to the
axis of the cylinder.

The fcrews that belong to the’ frame fhould
be examined, and if they are loofc, they thould.
be tlghtcncd

The different working parts of the machine
having been looked into, and 'pug in order, the
glafs cylinder, and the pillars which fupport the
cuthion and conducor fhould be carefully wiped
with a dry warm old fitk handkerchief, to free
them from the moifture which glafs attra&s
from the air, being particularly attentive to
leave no moifture on the ends of the cylinder,
as'any damp on thefe parts carries off the elec-
tric fluid, and leffens the force of the machine,
In very damp weather it will be proper to dry
the whole machine, by placing it before, but
allo at fome diftance from the fire.

. Take care that no duft, loofe threads, or fila~
ments, adhere to the cyiindcr, it’s frame, the
conduétors,
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condutors, or their infulating pillars; becaufe
thefe will gradually diflipate the eleéric ‘fluid,
and prevent the machine from adting pOWer«-
fully.
" Rub the glafs cylinder firft with a clean,
coarfe, dry, warm cloth, or a piece of wath
leather, and then with a piece of dry, warm,
{oft filk ; do the fame to al! the glafs infulating
pillars of the machine and apparatus; thefe
pillars muft- be rubbed more lightly than the
cylinder, becaufe they are varnifhed. -

A hot iron may in forme cafes be placed on the
foot of the conduor, to evaporate the moifture
which would otherwife injure the experiments.

Or THE CIRCUMSTANCES NECESSARY TO BE AT~
TENDED TO, IN ORDER TO EXCITE A LARGE
QuanTtrty oF THE Errcrric Fruip.

In order to find out an effetual mode of cx-
citing powerfully an elu&rlc'\l machine, it is,
neceffary to frame fome idea of the mechanifm
by which the cylinder-extracts the eletric fluid
from the cufthion, and thofe bodies which are
connefed with it; 1 have, thercfore, fubjoined
thofe COﬂJC&urCS on which I have worked, and
by which I have been able to excite, in the moft
powerful manner, the machines which have

pafled
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pafled through my hands; fetting out on this
fuppofition, that the friction is between an
eleétric and non-electric, .and that the circum-
ftances arc the moft favourable whqn thefe are
the moft perfeét of their kind.

It is probable, that the refiftance of the air
is leflened, or a kind of vacuum is produced
where the cufhion is in clofe conta& with the
cylinder; that the clecric matter, agreeable to
the law obferved by all other claftic ﬂulds, is
prefled towards that part where it finds leaft re-
ﬁﬂance. thc fame inftant, therefore, that the
cylmdcr is feparated from the cufhion, the fire
iffues forth in abundance, becaufe the refiftance
made to it by the aion of the atmofphere is
leflencd at that. part. A further cirCimftance is
alfo to be taken into this hypothefis, namely,
the effec which arifes from the deftruction of
the attraction or cohefion between the cylinder
and cufbion. The more perfect the continuity
is made, and the quicker the folution of it, the
greater.is the quantity which will proceed from
the cufhion. But, gs the fluid in this fituation
will enger with avxdxty every conducting’ fub-
france that is near it, ifany amalgam lies above
that part of the cufhion which is in conta& with
the cylinder, it will abforb and carry back part
of the electric fire to the refervoir from whence

it was excrafled. :
F If
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“If thefe conjectures be true, to excite an elec-
trical machine cﬂ’e&ualIy, we muft,

1ft, Find out thof¢ parts of the cufhion whxch
are prefled by the glafs cylinder.,

2d, Apply the amalgam only to thofe parts.

3d, Make the line of contact between the cy-
linder and cuthion as perfect as poffible.

4th, Prevent the fire that is colleéted from
efcaping.

~ About the year 1772, I applied a loofe flap

of leather to the front of the cufthion; the amal-
ga‘m was fpread over the whole of the flap ;vthe
cufhion was then put in it’s place, and the loofe
flap of leather doubled down, or rather turned
in more or lefs, till by {ucceffive experiments
that fituation was difcovered which" produced
the greateft cffett; for, by this' means, the
quantity of amalgam acting againft the cylinder
was leflened, and the true line of contact in
fome meafure afcertained, "Hence I was na~
turally led to contra® the breadth of the
cufhion, a circumftance which has been fince
‘'univerfaly adopted by all eleétricians ; and thus.
much of the trouble, to Wwhich:we were formerly
obliged to fubmit, is done away. '

The amalgam is to be placed on that part o'f
the filk flap Wthh bears againft the cufhron,

the cylinder is to'be rubbed with a piece of
' leather
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leather which is covered with amalgam, which
will render the contaét between the cylinder
and cufhion more perfect, becaufe it fills the
{maller pores of the glafs with amalgam, and
depofits the fuperfluous particles on the cufhion.
When the cylinder is rubbed with the amalga«
mated leather, that part of the oil, or black filk,
which lies above the cufhion, is to be turned
back, and if, by accident, any particles of amal~
gam ftick to it, they muft be wiped off care-
fully.* If the machine has not been ufed for
fome time, it will be proper to place it, for a
few minutes, before a fire, and to take off the
cuthion and-dry the filk thereof,

If the elecricity of the cylinder grows lefs
powerful, it is eafily renewed by rubbing the
cylinder with the amalgamated leather, or.by
occafionally altcrmg the prefiure of the ad Juﬁmg
{crew.

- A very fmall quanuty of mllow placed over:
the amalgam, is obferved to give more force td
the clectric powers of the cylinder ; the fame end
is anfwered by rubbing the cylinder with a
coarfe cloth that has been greafed a little, and

afterwards wiping the eylinder with a clean
cloth,

F2 Expzrr-

* This obfervation is thought ulelefs by many Pra&xcal
elefricians,
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ExPeRIMENT 1%.—When the cylinder is put
into good ation, a number of circular lines of
fire will iffue from the cufhion; prefent a row of
metallic points towards thefe, and they will dif-
appear. This experiment fhews, the conducting
fubftance collets the ele@ric fluid before it can

take thofe appearances, or be diffipated into the
air.

‘Hence we learn, that to prevent a lofs of the
electric fluid which is excited, we muft prevent
the air.from a&ing on the fluid, which is put in.
motion by the exeitation; becaufe the air not
only refifts the emifion of the fluid, bur alfo
diffipates what is collected on account of the con=
du@ing fubftances, which are continually float
ing in it.

Thefe ends are effectually anfwered by lettipg
a non-condu&ing fubflance, as a piece of black
or oiled filk, procced from the line of contact to:
the collecting points.of the prime conduétor, and
placing thefe points within it’s atmofphere. The
ftreams.of fire, which proceed from the cufhiony
over the cylinder, fhew whether the cuthion
bears uniformly againft the cylinder ; for they ate
moft copious and denfe at thofe parts where the
preflure is greateft, but are uniformly denfe, when
the preflure is equable.
When
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When the zinc amalgam is ufed, the filk will
fometimes adhere fo ftrongly to the cylinder as
to render it very difficult to turn: fo obviate this,
wipe the filk perfectly clean, and then rubit over
with a very fmall quantity of aurum mufivum, or
a little whiting,.

"The operator ought not to think his machine
in good order till it pours forth the fire in great
abundance, and ftrong denfe fparks are obtained
in quick fucceffion from the conduétor. When
the conductor is removed, the fire fhould fprinkle
round the cylinder, and throw out many beauti-
ful brufhes of light.

Two kinds of amalgam are much in requeft
at prefent. One is made of quickfilver five
parts, zinc one part, which are melted together
with a fmall quantity of bees-wax : the other is
the aurum mufivum of the thops. To make
cither amalgam adhere clofely to the filk, it is
neceflary to greafe it, wipe off the furperfluous
geeafe, and then fpread the amalgam.

The following experiment feems to illuftrate
and confirm the foregoing conje@ures on. the
mechanifm by which the fluid is extraéted from
the cuthion, and thofe bodies which are cone
nected with it,

EXPERIMENT X.~On the effeir of a folution
F 3, of
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of continuity. Break a fick of fealing wax in
two pieces; thofe extremities that were con-
tiguous will be found electrified with contrary
powers; one will be pofitively, the other nega-
tively, electrified,

Since the: laft editionof this work, Mr. Ni-
cholfor has made many experiments on the nature
of excitation, and on the moft efficacious me~-
thods of . exciting an eleétric machine powerful.
ly; they were communicated to the. Royal Soci-
cty, and read before them, June 26, 1789, and
have fince been publithed in the Philofophical
Tranfactions : I have therefore thought it a duty
to add them to this edition of the work, as con-
taining much important matter.

ExprerIMENTS AND OBSERVATIONS ON THE EXx-
ciratioNy oF ELEcTRiciTY, BY WILLIAM
Nicuotson,

'On the Excitation of ElefIricity.

« A glafs cylinder was mounted, and a
cufhion applied with a filk flap, proceed-
ing from the edge of the cufhion over it’s fur-
face, and thence ‘half round the cylinder,
The cylinder was then cxcited by applying an
amalgamed leather in the ufual manner. The

electricity
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sleftricity was received by a conductor,. and
pafled off in {parks to Lane’s -eletrometer. By
the frequency of thefe [parks, or.by the number of
turnsrequived to canfe-the [powlancous explofion of &
jar, the ftrength of theexcitation was afcertained.
. 2. The cufhion was withdrawn about one.
inch, from the cylinder, and the excitation per.
formed by the filk .only. A ftream of fire was.
feen between the cuthion and the filk; and much ‘
fewer fparks paffed between the balls of the
eledtrometer.

3. A roll of dry filk was interpofed, to pre-
vent tha fircam from pafling between the cuth-
ion and the filk. Very few {parks then appeared
at the eJectrometer.

4. A metallic rod, not infulated, was then in-
terpofed, inftead of the roll of filk, fo as not to
touch any part of the apparatus. A denfe
fiream of electricity appeared between the rod
and the filk, and the conductor gave very many
{parks.

¢. The'knob of a jar being fubftituted in the
place of the metallic red, it becaine charged
hegatively,

6. The filk alone, with a picce of tin-foil ap-
plied “behind it, afforded- much electricity,
though lefs'than when the cuthion was applied
with a light preffure, The hand, - being applied

F 4 e
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1o the filk as a cufhion, produced z degres of
excitation feldom equalled by any other cufhion,
7. The edge of the hand anfwered as well as
the palm.
_ 8: When the excitation by a cufhion was
weak, a line of light appeared at the: anterior
part of the cufhion, and the filk was ftrongly
difpofed to receive electricity from any uninfula.
ted conductor, Thefe appearances did not ob-
tain ‘when the excitation was by any means
made very ftrong.
" g. A thick filk, or two or more folds of filk,
excited worfe than a fingle very thin flap.  The
filk which the milleners call Perfian was ufed.
- 10. When the filk was feparated from' the
cylinder, fparks paffed between them; the filk
was found to be in a weak negative, and the
cylinder in a pofitive ftate.

The foregoing experiments thew, that the of~
fice of the filk is not merely to prevent the re-
turn of eleétricity from the cylinder to the cufh.
jon, but that it is the chief agent in the exci-
tation ;  while the cufhion ferves only to fupply
the elc&rxc:ty, and perhaps increafe the preffure
at the entering part.  There likewife feems to
be little reafon to doubt but that the difpofition
of the electricity 1o efcape from the furface of
the cylinder is not prevented by the interpofi-

tion
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tion of the filk, but by a compenfation after the
manner of a charge; the filk being then as
firongly negative as the cylinder is pofitive : *
and, laftly, thatthe line of light between the
filk and cuthion in weak excitations does not
confift of returning clectricity, but of electricity
which paffes ta the cylinder, in confequence of
it’s not having been fufficiently fupplied, during
it’s contact with the rubbing furface.

11, When the excitation was very ftrong in
a cylinder newly mounted, flafhes of light were
feen to fly acrofs it’s infide, from the receiving
furface to the furface in contact with the cu-.
fhion, as indicated by the bruth figure. Thefe
made the cylinder ring as if ftruck with a bundle
“of fmall twigs., They feem to have arifen from
past of the ele@ricity of the cylinder taking the
form of a charge. This appearance was ob-
ferved in a nine-inch and a twelve-inch cylin-
der, and the property went off in a few weeks,
Whence it appears to have been chiefly occa-
fioned by the rarity of the internal air produced
by handling, and probably reftored by gradual
leaking of the cement,

12. With a view to determine what happens

in the infide of the cylinder, recourfe was had
to

* The powers are always {eparated in excitations See
Exlles’s fyftem. G. A.
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to-a plate machine. . One cufhion was applied-
with it’s filken flap. The plate was nine inches
in diameter, and two-tenths of an inch thick:
During the excitation, the furface oppofite the
cufhion ftrongly attracted eletricity, which it
gave out when it arrived oppofite the extremity
of the flap.. So that a continual ftream of elec-
tricity pafled through an infulated metallic bow
terminating in balls, which were oppofed, the
one to the furface oppofite the extremity of the
filk,“anid the other oppofite the cufhion; the

former ball fhewing a pofitive, and the latter
negative figns. 'The knobs of two jars being
fubftituted in the place of thefe balls, the jar,

applied to the furface oppofed to the cufhion,
was, charged negatxvely, and the other ‘pofi-

tively. ‘This difpofition of the back furface
{cemed, by a few trials, to be weaker the
ftronger the altion of the cufhion, as judged.
by the eleétricity on the cufhion fide.

Hence it follows, that the internal furface of
& oylinder is fo far from being difpefed 10 give
out elefiricsty during the friftion by which the
external furface acquires it, that it even greedily
atiradls it.

13. A plate of glafs wasapplied to the re-
volving plate, and thruft under the cufhion in
fych a manner as to fupply the place of the filk

flap.
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flap. It rendered the ele¢tricity ftronger, and
appears to be an improvement of the plate ma-
chine;' to be admitted if there were not eflential
- objections again{’c’the machine itfelf.

14. Two cufhions were then applied on the
oppofite furfaces with their filk flaps, fo as to
clafp the plate between them. The electricity
was received from both by applying the finger
and thumb to the oppofite furfaces of the plate.
When the finger was advanced a little towards
it's correfpondent cufhion; fo that it’s diftance
was lefs than between the thumb and jt’s cu-
fhion, the finger'received ftrong eleétricity, and
the thumb none; and, contrariwife, if the
thumb were advanced beyond the finger, it re-
ccived all the eleéricity, and none pafled to the
finger. - This eletricity was not fironger than
was produced by the good a&tion of one cuthion
applied fingly.

15. The cuthion in par. 12, gave moft elec-
tricity when the back furface was {upplied, pro~
vided that furface was fuffered to retain it’s elec-
tricity till the rubbed furface had given out it’s
electricity. .

From the two laft paragraphs it appears, that
00 advantage is gained by rubbing both fur-
facess but that a well managed friction on one
furface will accumulate as much eleflricity as

the
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the prefent methods of excitation feem capable
of colle&ihg; but that when the excitation is
weak, on account of the-eleétric matter not
pafling with fufficient facility to the yubbed fur-
face, the friction enables the oppofite furface to
atrradt or receive it, and if it be fupphed both
furfaces will pafs off in the pofitive ﬁate, and
cither {urface will give out more electricity than
is really induced upon it, becaufe the clectri-
city of the oppofite furface forms a charge. It
may be neceflary to obferve, that we are fpeak-
ing of the facts or effects produced by friction ;
but how the rubbing furfaces act upon each
other to produce them, whether by attraction,
or otherwife, is not here the fubje& of inquiry.
. Tt will hereafter be feen, that plate machines
do not colle¢t more clectricity than cylinders
(in the hands of the clectrical operators of this
metropolis) do with half the rubbed furface;
which is a corroboration of the inference here
made. |
. 16. When a cylinder is weakly excited, the
appcarances mentioned (par. 8.7) are more evi-
dent, the more rapid the turning. In this cale,
the avidity of the furface of the cylinder be-
ncath the filk is partly fupplied from the edge
of the filk which throws back a broad cafcade
of fire, fometimes to the diftance of above twelve
inches,
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inches. From thefe caufcs it is that theré is a
determinate velocity of turning required to pro.
ducc the maximum of intenfity in the conductor.
The ftronger the excitation the quicker may
be the velocity ; but it rarely exceeds five feet
of the glafs to pafs the cufhion in a fecond.

17. If a piece of filk be applied to a cylin-
der, by drawing down the ends, fo that it may
touch half ‘the circumference, and ‘the cylinder
be then turned and excited by applying the
amalgamed leather, it will become very greedy -
of eletricity during the time it paffes under the
filk.,  And if the entering furface of the glafs
be fupplied with ele&ricity, it will give it out
at the other extremity of contact; that is to
fay, if infulated conductors be applied at the
touching ends of the filk, the one will give, and
the other receive, eletricity until the intenfities
of their oppofite ftates arc as high as the power:
of the apparatus can bring them ; and thefe
ftates will be inftantly reverfed by turning the
cylinder in the oppofite direction.

~ As this difcovery promifes to be of tie

-greatet ufe in eledirical experiments, becaufe
it affords the means of producing cither the
plus or minus flates in one and the fame con-
ducor, and of inftantly repeating experiments
with cither power, and withaut any change of
pofition
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pofition or adjuftment of the apparatus, it evi-
dently deferved the moft minute examination,
18.  There was little hope (par. 6.) that
cufhions could be difpenfed with. They were
therefore added; and it was then feen, that the
ele@rified conductors were fupplied by the dif-
ference between theacion of the cuthion which
had the advantage of the filk and that which
had not; fo that the naked face of the cylinder
was always in a ftrong e¢lectric ftate. Methods
were ufed for taking off the preflure of the re-
ceiving cufhion; but the extremity of the filk,
by the conftruction, not being” immediately
under that cufhion, gave out large flathes of
ele&ricity with the power that was ufed. Nei-
ther did'it appear practicable to prefent a row-
of points or other apparatus to intercept the
electricity which flew round the cylinder; be-
‘canfe fuch an addition would have materially
diminifhed the intenfity of the condu&or, which
in the ufual way was fuch as to flath into the
air from rounded extremities of four inches dia-
meter, and made an inch and half ball become
luminous and blow like a point. But the greateft
inconvenience was, that the two ftates with the
“packward and forward turn were feldom equal;
becaufe the dlfpoﬁnon of thc amalgam on the

filk, produced by applying the leather to the
cylindey
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cylinder in one direction of turning, was the
reverfe of what muft take place when the con.
trary operation 'was performed.

Notwithftanding all this, as the intenfity with
the two cufhions was fuch as moft operators
would have called ftrong, the method may be
of ufe.
~ 19. The more immediatc advantage of this
difcovery is, that it fuggefted the idea of two
‘fixed cufhions with a moveable filk flap and
rubber.  Upon this principle, which is fo
fimple and obvious,” that it is wonderful" it
fhould have been fo long overlooked, a machine
‘was conftru@ed by Mr. N. with one condu@or,
in which the two oppofite and equal flates are
produced by the fimple procefs of loofening the
leather rubber, and létting it pafs round with
'the cylinder (to w_hibh it -adheres) until it ar-
rives at the oppofite fide, where it is again
faftened. A wifh to avoid prolixity prevented
his deferibing the mechanifm by which it is
.lct go, and faftened in an inflant, at the fame
time that the cufhion is made either to prefs or
‘is withdrawn, as occafion requires.

20.  Although the foregoing feries of experi-
ments naturally lead us to conflder the filk as
the chief agent in excitation; yet as this bufi-

nefs was originally performed by a cufhion only,
' ' it



80 AN ESSAY ON ELECTRICITY,

it-becomes an objedt of inquiry to determine’
what happens in this cale.”
21. The great Beccaria * inferred, that in
a fimple cufhion, the line of fire, which is feen
at the extremity of contact from which the fur-
face of the glafs recedes, confifts of returning
ele@ricity ; and Dr. Nooth grounded his happy
imvention of the filk flap upon the fame fuppo-
fition. The former afferts, that the lines of
light both at the entering and departing parts
of the furfacc are abfolutely fimilar; and thence
mfcrs, that the cufhion recéives on the one fide,
as it certainly does on the other. Mr. N. finds;
bowever, that the fact is directly contrary to this
aflertion ; and that the oppofite inference ought
1o be made, as far as this indication can be
reckoned conclufive: for the entering furface
exhibits many luminous perpendiculars to the
cuthiop, and the departing furface exhibits a
neat uniform line of light. This circumftance,
together with the confideration that the line of
Jight behind the filk in par. 8 could not confift
of returning cle@ricity, thewed the neceflity of
fasther examination. Mr, N, therefore applied the
edge of ‘the hand as a rubber, and by occafion-
ally bringing'gorward the palm, he varied the
quahci;y

+ Philofophical /',l’ranfa&ions, Vol, LVI, p. 117,
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suantity of clectricity which paffed near thie
departing furface. When this was the greatelt,
the parks at the cleCtroimete weree the moft nu-
fmerous. But, as the experiment was liable to the
objection that the rubbing furface was variable,
Mr. N, pafted a piece of leather upon a thin
Aat picee of wood, tlmn‘dmnlganml 1t’s whole
furface, and cut it's extremity oft in a neat
right Jinc clole'to theé wood.  ‘T'his being ap-
plicd by the conflant action of a fpring againtl
the cylinder, produced a weak excitation, and
the line where the contalt of the cylinder and
Icather ceafed (as abruptly as poflible) exhibited
a very narrow ftringe of light.  Another piece
of wood was prepared of the fame width as the
rubber, but one quarter of an inch thick, with
it’s edges rounded, and s whole furface co-
vered with tin-foil.  ‘This was laid on the back
of the rubber, and was ther¢ held by a fmall
fpring, in fuch a manner as that it could be
{lided onward, fo ds occafionally to project be«
yond the rubber, and cover the departing and
excited furface of the cylinder, without touch-
ing it. The fparks at the clectrometer were
four times as pumerous when this metallic picce
was thus projected; but no clectricity was ob-
ferved to pafs between it and the cylinder. The

inetallic picce was then held in the hand to re~
G gulate
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gulate it’s diftance from the glafs; and it was
found, that the fparks at the ele@rometer in-
creafed in number as it was brought nearer,
until light appeared between the metal and the
cylinder, at which time they became fewer the
nearer it was brought, and at laft ccafed when
it was in contact.

The following conclufions appear to be de-
ducible from thefe experiments. 1. The line
of light on a cylinder departing from a fimple
cuthion confifts of returning cledtricity ; 2, the
projecting part of the cuthion compenfates the
cle@ricity upon the cylinder, and by diminifh-
ing iv’s intenfity, prevents it’s ftriking back in’
fuch large quantitics as it would atherwife do;
3. that if there were no fuch compenfation,
very little of the cxcited eleéricity would be
carried off; and, 4. that the compenfation is
diminifhed, or the intenfity increafed, in an
higher ratip than that of the diftance of the
compenfating fubftance; becaufe if it were
not, the eleCtricity which has been carried: off
from an indefinitely {mall ditance, would never
fly back from a greater diftance and forrr{ the
edge of light. :

22. Mr. N. hopes the conﬁderab]c intenfi ty
he fpeaksof will be an apology for defcribing
the manner in which it was produced, wifhing

the
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the theory of this very, obfeure procefs were
better known; but no conjecture is “worth
mentioning. The method is as follows :

Clean the cylinder, and wipe the filk.

Greafe the cylinder by turning it againft a greafed
leather till it is uniformly obfcurcd.  The tallow of
@ candle was ufed.

Turn the cylinder 1ill the filk flap bas wiped off
Jo much of the greafe as to vender it femi-tran/~
parent., ' ‘

Put fome amalgam on a piece of leather, and
Spread it well, fo that it may be uniformly bright.
Apply this againft the tuyning cylinder.  The fric-
tion will immediately increafe, and the leather muff
not be removed until it ceafes 1o become greater.

Remove the leather, and the attion of the machine
will be very frong. '

The rubber, as before obferved, confifts of
the filk flap pafted to a leather, and the cufhion
is prefled againft the filk by a flender {piral
{pring in the middle of it’s back. The cufhion
1s loofely retained in a groove, and refts againft
the {pring only, in fuch a manner, that by a
fort of libration upon it as a fulcrum, it adapts
itfelf to all the irregularities of the cylinder,
and never fails to touch in it’s whole length.

- There is no adjuftment to vary the preflure, be-
caufe the preflure cannot be too fmall when the
G2 excitation
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excitation is properly made. Indeed, the acw
rual withdrawing of the cufhion to the diftance
of one-tenth of an inch from the filk, as in
par. 2. will not materially affect a good exci-
tation. ‘

"The amalgam is that of Dr. Higgins, com-
poled of zinc and mercury.  If a little mercury
‘be added to meclted zinc, it renders it cafily
pulverable, and more mcrcury may be added
to the powder to make a very foft amalgam.
It is apt to cryftallize by repofe, -which feems
in fome meafure to be prevented by triturating
it with a fmall proportion of greafe: and it is
always of advantage to triturate it before ufing.

A very ftrong excitation may be produced by
applying the amalgamed leather to a clean cy-
linder with a clean filk. But it foon goes off,
and is not fo ftrong as the foregoing, which
lafts feveral days.

23. To give fome diftintive critcrions by
which other electricians may determine whether
the intenfity they produce exceeds or falls thort
of that which this method affords, I thall men.
tion a few falls. *

With a cylinder 7 inches diameter, and:-cufhion
8 inches long, three bruthes at a time conftantly
flew out of a three.inch ball in a fucceflion too
quick to be counted, and a ball of 14 inch dia-

meter
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meter was rendered luminous, and produced a
ftrong wind like a point. A ninc-inch cylinder
with an cight-inch cufthion occafioned frequent
flathes from the round end of a conductor
4 inches diameter: with a ball of 21 inches
diameter the flathes ceafed now and then, and
' jt began to appear luminous: a ball of 11 inch
diameter firft gave the ufual flathes; then, by
quicker turning, it became luminous with a
bright fpeck moving about on it’s furface, while
a conflant ftream of air ruthed from it; and,
laftly, when the intenfity was greateft, bruthes,
of a different kind from the former, appeared.
Thefe were lefs luminous, bur better defined in
the branches; many ftarted out at once with a
hoarfe found. They were reddifh at the ftem,
fooner divided, and were greenith at the point
next the ball, which was brafs. A ball of &
inch diameter was furrounded by a fteady faint
light, enveloping it’s exterior hemifphere, and
fometimes a flath firuck out at top. When the
excitation was ftrongeft, a few flathes ftruck out
fideways. The horizontal diameter of the light
was longeft, and might meafure one inch, the
ftem of the ball being vertical.

This laft phaenomenon is fimilar to a natu.
ral event related by M. Loammi Baldwin,* who
4 G 3 raifed

* Memoirs of the American Academy, vol, 14 p. 257+
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raifed an eledtrical kite. in July, 1771, Auring
the approach of a fevere thundcr-ﬂorm, and
obferved hxmfclf to be furrounded by a rare
medlum of fire, Whlcb as the cloud rofe nearer
the zemth -and the kite rofe higher,” com.mued
to extend itlelf with fome. gcntle faint. ﬂa{hes
Mr Baldwin felt no other effect than a general
weaknefs in_his joints and limbs, and a kind of
liftlefs feeling; all which, he obferves, might
poﬂibly be the effect of furpnzc though it was
fuﬂicmnt to difcourage him from perfifting in
any farthcr attempt at that time. . He therefore
drcw in }us kite, and retired to a fhop till the
ﬂorm was over, and then wcnr to his houfc,»
whcre he found his parents and friends much
morc furprifed . than he had been h1mfclf who,
after cxpreﬂmg their aﬁomfhmcnt, ‘informed
hxm, that he appcared to them (durmg the time
he was ralﬁng the kite) to be in the midft of a
large bright flame ‘of fire, - attended w1th flath-
ings; . and that they expected every moment to
fec him fall: a facrifice to the flame. The fame
was obferved by fome of his ncxghbours, who
vaed near thc place where he ftood.
. This fa&.is fimilar to another obferved by
M. de Sauflure on the Alps, and both are. re-
ferable to my luminous ‘ball with the fecond
kind of bruth, Thc cloud mufl have been ne-
gative,

With
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Witha 12-inch cylinder, and rubberof 7§
inches, a five-inch ball gave frequent flathes,
upwards- of 14 inches long, and fometimes a
fix-inch ball would flafh. I'do’ st mention
the long fpark, becaufe I was not provided with
a fayourable apparatus, for the two ) Jarge cylin-
ders. . ; The g-inch cylinder affords.a fpark, of
104 inches. at beft. The g-inch cylinder, not
having. it’s ‘conducor infulated on a fupporg
fufficiently. high, afforded flafhes to the rable
which was 14 inches diftant. And the 12-inch
.cylmdcr, being mounted only as a model or
trial for conftructing a larger apparatus, is de-
- fcé}.wa in feyeral refpects.  When the five-inch
ball gives ﬂafhcs ‘the cylinder is- cuve&opcd on.
all fides with fire, which rufhes from the receiv-
ing part of the condu&or. Points are not ufed,
but in a fimple ‘machine the condu&or is
brought almoﬂ: in, conta& with the cylinder.
In_this, apparatus that cufhion to which the-
.rubber is not apphed ferves that purpofc
24 Ihefe murks exhibit the intenfity as de-
duc,cd ‘from fimple clc&rxfymg 'The rate of
chargmg was nearly the fame in all the three
cylmders.

A large ; jar of 350 fquare inches, or near 2f
fquare feet, with an eicoated varnifhed rim, of
more than four inches in height, was made to

G4 explode
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explode fpontaneoufly over the rim. The jar,
when broken, proved to be 0.082 inches thick
on an average; and the number of {quare feet
of the furface of the cylinder which was rubbed,
to produce the chargc“ of one foot, was, when
leaft, 18.03, and when moft, with good exci-
tation, 19.34. The great machine at Harlem
charges ¥ a fingle jar of one foot {gquare by the
frition of 66.6 fquare feer, and charges it’s
battery of 225 fquare feet at the rate of 94.8
fquare feet rubbed for cach foot. The intenfity
of cledtricity on the furface of the glafs is there-
fore confiderably lefs than one-fourth of that
here fpoken of ; but if we take the moft favour-
able number 66.6 at the commencement of
turning, and halve it on'account of the una-
voidable imperfection of a plate machine, (as
fhewn in par. 14.) it will be found, that the
mnanagement applied to that machine would
caufe a cylinder to charge one fquare foot by
the friction of 331 fquare fect. It muft be ob-
ferved, however, that M. Van Marum’s own
machine, confifting of two plates, 33 inches
‘diameter, has only half the intenfity, though
he reckons it a yery good one. This machine
is

¥ To cxplode from the central wire, which, from {ome

trials, I find to require lefs force shan from coating to coat-
ing at equal diftances, "
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1s about equal in abfolute power ro my g-inch
cylinder, ‘with it's fhort rubbey; but it is near
thirty times as dear in price.  In all thefe de-
duétions the computations arc omitted, for the
fake of brevity, and becaufe they arc cafily
made.  The data are found in the defeription
of the Teylerian machine, and it’s €ontinuation
publithed at Harlem in the years 1785 and
.1787.

The action of the cylinder, by a fimple
cuthion or the hand, which excited the afto
nifhment of all Europe, in the memory of our
co-temporarics, was firft improved by the addi~
tion of a leather flap; then by moiftening the
rubber; afterwards by applying the amalgam;
and, laftly, by the addition of a filk flap.  Now
we find, by cxperiment, that we at prefeist ob-
tain upwards of forty times the intenfity which
the bare hand produces; and confequently that,
fince eightecn‘ times our prefent intenfity will
equal the utmoft we can now condenfc on
ftrong glafs even in the form of a charge, we
have a Jefs fiep to take before we arrive at thae
amazing power, than our immediate predecci=
fors have already made,

CHAP.
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CHAP. IV,

Or tue FravkuintAN HypoTursts. Opjrc-
PIONSTO THIS vaorunsxs ErLzs’s SysTEM
PREFERABLE TO THE I’MNKLINIAN

S HE evidence of the external fenfes is ob~

" vioufly the primary principle from which

all phy{' ical knowlcdge is derived ; but whereas

naturc ‘begihs with caufes, which, after a va-

ncty of changes, produce effects, the - fenfes

opcn upon ‘the effe@s, arid from- them, through

‘the flow and painful read of experiment and

obfcrvatxon, afccnd to caufes.

“*Man 4 appcars upon’ the ftage of this material
fyftem as upon a vifi fonary theatre, in which he
looks only upon the exterior of things, as the
eye upori‘a flower that is full blown, or upon:an
infec in all the pride and beauty of it’s colours;
without obferving immediately the different
ftages through which they have pafled,  the
“different forms they have affumed, ' the dif-
ferent changes they have undergone, and with-
out ‘defcending to the feeds and principles
from which they fpring, and which, upon ex-
amination, will be found totally different both

in form and colour. In like manner are the
fenfes,
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fenfes, the ultimate criteria of  all phyfical
knowledge, liable to be impofed upon and de-,
ceived [in ‘regard to the. Qualities and caufes,
the powers and operations, of pl}yﬁcal body:

,The fenfes are, therefore, to- be. affifted by
various obfer vations; taken with diligence and
circumfpection, and to be undeccived. by dif-
ferent analyfes, which diveft nature of her ex-
ternal and compounded:form, .and lay. open her
mte,rnal mechanifim: and conftruction: their
errors and mifconceptions are to be cacrected
by the ufe of experiments of different kinds,
which penetrate her inmoft recefles, and de-
fcend 1o her remoteft, canfes. . By the applica-
tion of fuch affiftance they are -enabled,. not
without difliculty, to leave bchind the falla-
cious exterior, to pafs from one appearance to
another, and, as far as human. fearch can go,
to judge of the realities of things.

Nothing, perhaps, has contributed more to
the' eftablifament of truth, and the advance-
ment of genuine- fcience, than the tranfition
from metaphyfical rcafoning to experimental
philofophy. Mere conjecture, however plau-
fible or fondly embraced at firft, affording at
length but little fatisfaction to the mind, we are
conftantly withing for the evidence of facts;
and finding but few fpeculative points but what

are
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arc liable to be controverted, we are obliged to
feck for demonftrative proof, by advcrtmo' to
pra&lcai inveftigation,*

This is eminently true with refpect to elec-
tricity ; a field of inquiry, whercin fancy has,
indeed, f{ufficiently cxhibited her luxuriance,
No other fcience has had more admirers, nor
been fubjeft, in fo fhort a fpace of time, to fo
great a varicty of hypothefes; thefe have been
changed, correted, and improved, almoft as
often as the inflruments and machines which
have been made ufe of upon the occafion. In-
deed, fo little of the nature of eleCtricity was®
known before the apparatus became confiderably’
extended, that even the exiftence of the agent
feems to have heen a matter of {peculation;
but, after the inftruments had demonftrated that
fuch a fluid actually exifted, the mode of that
exiftence was altogether undetermined, and be-
camc a fubje& of much difpute.

Some have {fuppoled the electric matter to be
a kind of unctuous cilluvia, arifing, by means
of friGtion, from fubftances termed electrics per
Jfe ; others, the wther pointed out by Sir Ifaac
Newton, in the effeéts of which a certain {ubtile
medium was concerned.  Some called it elemen-
tary fire, and imagined it to be a modification

of

* ‘FCatham’s Sale and Chart of Truth,
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of the fire they termed an clement ; while others
conceived it to be a fluid diftin& from chemical
fire, but of a nature greatly refembling it.
After two oppofite and remarkably diftinct
effects had been obferved in the attrattive and
repulfive powers of clectricity, according as they
were excited in different fubftances, the theo-
ries of eleétricity became more complex; and a
few gentlemen, with M. Du Fay at their head,
aflferted the exiftence of two diftin& fluids,
(which they called the vitreous and refinous
electricity,) in order to account for the different
phenomena which they obferved to arife from
the excitation of fuch fubftances. To thefe
hypothcfes may be added the ingenious Abbc
Nollet’s doéirine of clectrical affluences and cf-
fluencies, which he fo ftrenuoufly maintained.
When it was difcovered that this twofold
eleclricity might be procurced by one and the
fame fubftance, and from the fame machine,
the fubject appeared entircly in a new light, and
the terms were prefently changed from vitreous
and rcfinous to thofe of pofitive and nega-
tive electricity, becaufe they were then thought
to be more adequate and expreflive of. the
faét ; and the appearances which were afterwards
produccd by means of this difcovery, feemed
fufficient to eftablifh at leaft the opinion that
all
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all eletrical pheenomena are effected: by-a fluid,
extremely elaftic, ‘and attached to the particles
of all other matter.

You have been already told,. that as long as
the eleétrical fluid is equally difiributed among
different fubftances, . we cannot: difcover:any
fign of it’s-exiftence i a Ariking proof -of our
incapacity of knowing the exiftenee of  certain
fubflances otherwife than by ‘their effelts: as
long as the- electric. fluid remains in it’s natural
flate it’s effects are invifible, -and we are ‘totally
infenfible of it’s power ; but whenever the-equi-
librium is-difturbed, we are immediately {enfible
of ivs effe@ts:’ '

- The: eleétric fluid adheres to the furface of,
ele@rics. more’ ftrongly than to ‘the “furfice’ of
condulors; and hence, when two fuch fub-
ftances are rubbed together, part of thc’natural
quantity belonging to the.conductor. adheres to
the ele&ric.:“Without:this property,” the exift-
ence of the eletric fluid might never have been.
difcovered. Had all bodies been poffeffed of
an equal:power of retaining -and parting: with
the ele&ric Aluid, we fhould neither have had
any means of exciting it’s appearance, nor have
become in any meafure fenfible of it’s eﬂ”eéts;
but, becaufe fome fubftances freely admit of it's

paffage
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paflage through theit péres; while others feem
nearly:imperfeable to it, We can eafily diftirb
the equilibrium by making the' fluid pafs from:
one 'body‘to another; and when it is thus col=
lected, it-is cafily detained, by fupporting, the
electrified ‘body on-fuch- other fubftances; -as
will not admit of the fluid’s paffage. - '

That the prmmpal fource of the electric Auid
is the earth, ' is'a pofition now generaily adép-
ted; ‘and’ may be:rendered clear by snfulating or
cutting off ‘the communication 6f the rubber
from - the ‘earth, by means of glals or baked
wood.

N Ex?mm’m’:f x1,—Or the effefls o)’imlating%mg
aybion. 1t the cuthion and the conductor be
both ipfulated, -it is obferved, that lefs of the
ele@ric fluid is obtained, the more perfect the
infulation is made, ,

. Secondly. 'The fame experiment, but thh a
machme furm{hed ‘with two conductors; -one
connected with the cuﬂnon, the other as ufual
. Turn the cylmder, and both will be clectri-
fied ;- but any electrificd body which s attracted
by. the one will be repelled by the other : if thcy
are brought fufficiently near to cach ather, fparks
will pals between them, and they will ad on

pach
* Becket’s Efflay on Ble&ricity.
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edch other ftronges - than on dny other bodies:
If they are connected together by a chain, the
adion of one deftroys that of the other, and
neither will éxhibit any cledtric. appearances;
though the fire proceeds from the cufhion tor
the conductor as beforey but being immediately
conveyed away from therce to the.cufhion, they
both remain in their fatural ftate.

The condu&or conneé‘ted with the, cuihxom is
faid.to be cle@rificd negatively; that placed op-
pofite thereto is faid to-be electrified poftively.

"Fo render this fubJeé‘t ftill plamcr, if poffible,
I fhall introduce another experiment, the more
fo, as it is.one which-few writers mention,

- BXPURIMENT K11~ Conautlors deBvified with
the fame power. Ele@rify two condutors equally;
by placing them before the cylinder, (that is;
eleéirify both pofitively,) and the following ob«
fervations miy be: made : r. TFhat what is at-
trafted or repelled by the one, is alfo attracted
anid: repelled by the other; whereas, in the forex
going inftance, what the one attracted, the other
repelled. 2. That no fparks will pafs between
two conduétors equally elerified with the fame
power, though they will pafs continually be=
tween two cletrified with different powers. 3,
Cosineé ‘the two condudtors that are before the

cylinder,
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cylinder, and fparks may'be taken from them,
which cannot be done from the others ‘when
they are united.

ExprrRIMENT XIIT. -—-Take a glafs tube, and
by drawing the hand with a piece of flannet
over the furface, the tube will foon be elec~
trified. The matter leaving the hand paﬂ‘es to
the glafs, where it remains as an-addition'té it's
natural quantity: for as neither the glafs nor
the air are conductors, the redundancy of the
eleéric fluid cannot efcape till fome non-clc&nc
body approaches it. 1fa piece of metal, or the
hand, “be prefented to any part of the tube, the'
fluid will pafs to the metal with a cracKling
noife.

But if the perfon that rubs the tube be- infu-
lated, ‘another perfon, ftanding on the floor, on
applying his knuckle from one end to the other
of the excited tube, will get a few fparks from
it, bit no more, as it cannot get a frefh fupply
from the carth,

Expmm ENT x1v, ~bewing that ‘elerical ap-
pearances are produced both in the eledtric wbich is
excited, and the JSubflance by which it is excited,
provided that Sibflance be infulated s but their elec-

H tric
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Iric powers are diretly veverfe of each other, and
may be diffinguifbed by oppofite effeiFs.

Firft, with a machine with an infulated rub-

ber, but no condutor connected with it.
: Put the machine in a&ion, conne& the cu-
ﬁuon by a chain with the ground, and on turn-
ing the machine the conduc'tor will be elec-
trified, will artrat and repel light bodies, and
cxhibit the ufual electric appearances. Take
the chain from the rubber, and fufpend it to the
conductor, and the cufhion will now attra&
and repel light fubftances, and exhibit the fame
gencral appearances with the prime conductor.
Af the cylinder be turned while the chain is
fufpended from the prime conductor. to the
ground, or any blunt body to the kinob at the
back of the cufhion, fo that {parks may pafs
between it and-his knuckle, he is then faid to
recexve négative Jparks.

‘But, if the chain be taken . from the pnmc
conductor, and fufpendcd from the knob of the
cufhion, and a perfon prefent his knuckle with-
in the ftriking ditance of the prime conductor,
he will receive what is called pofitive Jparks.

"The fenfes cannot determine the diretion in
which the ele@ric matter moves, but the"gene-
fal opinion is, that in a common electrical ma-
chine, it pafles from the cylinder to the points

ﬁ ) of
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of the conductor; and as the cylinder, as you
have feen, affords very lirtle electricity when
the rubber is infulated, it follows, that it re-
ceives it’s ele@ricity from the rubber; for unw
lefs the rubber be at liberty to receive an equal
quantity from the carth, that is, unlefs it be un-
infulated, it can part but with a fmall quantity
to the cylmdcr On this fuppofition, it 1s taken
for granted by many, that the rubber when in-
fulated muft lofe a part of it’s natural quantity
by friction with the cylinder, and confequently
a conductor communicaring with it muft be ne-
.gatively clettrified; and that the cylinder,. at
the fame inftant that it imparts the electric mat-
ter to one condu&or, exhaufts an equal quantity
from the other which is connefled with the
xubber,

EXPERIMENT XV.~—dnother method of proving
1hat the elediric fluid comes from the earth. Let
one perfon ftand on a glafs ftool, (or be infu-
lated,) and rub a glafs tube, and let another
perfon on a glafs ftool take the fire from the
firft, they will both of them (provided they do
not ftand fo near as to touch cach other) appear
to he eledrified to a perfon ftanding on the
floor; that is, he will perceive a fpark on ap-
proaching cither of them with his knuckle, §

H 2 2. But
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2. But if the perfons on wax touch one am-~
other durmg the excitation of the tube, ncither
of them will appear to be electrifiéd.

3. If they touch one another ‘after exciting
the tube, and draw the fire as aforefaid, there
will be a ftronger fpark between them, than was
between cither of them and the perfon on the
floor.

4. After fuch a ftrong {park neither -of them
difcovers any elegricity. |

Thefe appearances may be thus accounted
for: the electric fire is a common clement, of
which each of ‘the three perfons has his equal
fhare before any operation is begun with the
tube. ‘

A, who ftands upon wax and rubs the tube,
collecs the eleCtrical fire from himfelf into the
glafs, and his communication with the common
ftock being cut off by the wax, his body is not
again immediately fupplied.

B, who alfo ftands upon wax, pafling hxs
knuckle-along the tube, reccives the fire which |
was colleéted from A, and being- infulated he
xetains this additional quantity.

To C both appear electrified ; for he, having .
only the middle quantity of eleCrical fire, re~
ceives a fpark on approaching B, who has an

over
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over quantity, but gives one to A, who has an
under quantity.

‘If A and B approach to touch each other, the
fpark is ftronger, becaufe the difference between
them is greater. ~ After this touch there is no
fpark berween cither -of them and C, ‘becaufe
~the eleérical fluid in all is reduced to the origi-
nal equality. If they touch while cletrifying,.
the equality is never deftroyed, ‘the firé is only
circulating.

On the foregoing experiments are founded
the prefcnt theories of ele@ricity, only two of
which will be noticed in this work, that of Dr.
Franklin; and-that of Mr. Eeles as modified by
Mr. Atwood.

Of Dr. Franklin's Hypothefis.

This hypothefis depends on and m:;y«bc re-
duced to the following principles.

1. That the atmolphere and all terreftrial
{fubftances are full of the eleétric fluid.
" 2. That the operations of clectricity depend
on the uncompounded a&ion of a fimple fluid
of a pecuhar nature, cxtremely fubtle and
claftic: .
- 3. Glafs and other elecric fubftances, though
they contain,a great deal of clectric matter, dre
neverthelels impermeable to this fluid.

Hg 4. That
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4. That the elef@ric matter violently repels
itfelf, and attraé&s all other matter,

5. By the excitation of an electric the equi~
librium of the contained fluid is broken; and
one part becomes overloaded with electricity,
while the other contains too little.

6. Condu&ing fubflances are permcable to
the cleétric matter through their whole fub-
ftance.

4. Pofitive ele@ricity ‘is when a body has
more than it’s natural ftate of the elettric Auid,
and negative elericity when it has lefs than it’s
natural fhare,

The firft pofition, that all lerrefivial fubflances
as well as the atmofphere are full of the elefiric
fluids is eafily proved. TFor there is no place of
the carth or fea where the eleétric fluid may not
be colle&ted, by making a conneion berwcen
the place and the rubber of an eleétric ma-
chine: the moft conclufive proofs of this pofi-
tion are obtained by the ufe of Bemnet's elec-
trometer and doubler. The cafe is equally
clear, with rcfpe@ to the atmofphere from
which the ele@ric fluid may at any time be
colleéted. '

-'The fecond pofition does not feem to be well
founded ; there are many reafons for fuppofing
the cle@tric matter to be a compound fubflance

capable
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capable of being feparated: at any rate the
pofition is without proof, for we have no expe-
riments from which it can be fairly deduced,
that the .electric matter is a fingle fluid fus ge-
ners.

The third pofition for eftablifhing the Frank=
linian theory is, * that glafs and other eleétric’
fubftances, though they contain a great deal of
the electric matter, are impermeable by it.” This
affertion has evidently a very contradictory ap-
pearance. It is very difficult, if not impoffible,
to conceive that any fubftance can be very full
of a fluid, and yet impermeable by that fluid ;
elpecially when we talk of throwing in an ad-
ditional quantity on one fide, and taking out as
much from the oppofite fide.

The only arguments for the impermeability
of glafs by the electric fluid, are drawn from
the phznomena of the Leyden phial. It ap-
pears indeed, in this cafe, that there is an ex-
pulfion of fire from the outfide, at the fame
time that it is thrown upon the infide. In this
experiment an unphilofophical obferver, con-
cluding from appearances, would judge that
the fluid paffed through the glafs. Dr. Frank-
lin concludes that it does not pafs through, be-
caufe there is found a very'great accumulation
of elcétric matter on the infide of the glafs,

H 4 - which
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which is: dxfcpvcrablc by a violent flath and eX-
plofion between the infide and outfide coatings.
But this is mere begging the qucﬂlon, for
there is no reafon, to, conclude the glafs imper-
meable, unlefs you allow the accumulation on one
fide, and the deficiency on the other. If this fup-
pofition cannot be proved, the evidence of fenfe
_in favour of the perincability muft preponderate,

It is faid, indced, that if the glafs was per-
meablc by the eleéiric fluid, a phial would not
retain any charge; becaufe the Auid would no
fooner be thrown on one fide than it would fly
off from the other. This conclufion depends

- entirely on the foregoing fuppofition, a fuppo-
fition whlch is incapable of proof; namely, that
there is an accumulation on one fide of the elec-
tric, and a dcﬁcxency on the other.

. Proofs of the permeability of glafs will be
fQund in various parts of this work.

The next Pefition.to be confidered is this, « that
the eleltric matter vxol.ently repels itfelf, and
artracts all other matter.””. The proofs of this
pofition, like the foregoing, are built on a fup-
pofition, which if denied, the proof falls to the
ground. Let a fmooth picce of metal be infu-
lated, and bring an excited glafs tube near one
cnd of it, a fpark of pofitive clectricity will be
obtained from the other end; after which, if.

the



AN ESSAY ON ELRCTRICITY. 105

the tube be fuddenly removed, the tube be-
comes neganw.ly ele&rified. Hcre then, itis
faid, is a plain repulfion of one part of the elec-
tric fluid by another. That contained in the
tube, repels the fluid in the nearcft end of the
metal ; of confequence, it is accumulated in
the other end: and when the tube is removed,
the metal is found to.be deprived of a part of
it's natural ftate of electricity, or is eleétrified
negatively.

It is obvious to remark, before fuch conclu-
fion can be drawn from this and fimilar expe-
riments, that it is neceflary to prove that pofitive
cle@ricity confifts in an accumulation, and nc-
gative eleGricity in a dcﬁcxcncy of eleétric fluid.

Another argument is however drawn from
the appearance of the electric fluid iffuing from
a point, or from any body highly electrified.
In the open air this diverges exccﬂwely, and the

particles feem to be violently repulfive of each

other ; that they are not fo, is plain from the
‘appearance they affume in wvacuo, when, the re-
fiftance of - the atmofphere being taken off, the
cle@ric repulfion would be more at liberty to
exercife itfelf.

If the ele@ric matter was really elaftic, or
endowed with a power repulfive of itfelf, it is

impoffible it fhould pafs in an uninterrupted
2 column



106 AN ESSAY ON ELECTRICITY.

column through an exhaufted receivér, which
however it docs, and exhibits no repulfive ‘ten-
dency.

The fifth pofition depends on the nature of
excitation, a fubject which is yet very imper-
fe&tly underftood ; too much fo, to deduce con-
clufions. \

'The fixth _poﬁtion feems proved by a variety
of experiments; the electric fluid indeed often
pafles over rather than through the fubftance, but
neither can it be doubted thar it often enters
the fubftance, as in the melting of wires.

The laft pofition on which Dr. Franklin’s
theory depends, and which may be called the
foundation of the whole, is, * that poﬁtxvc
ele@ricity is an accumulation, or too great a
quantity of clectric matter contained in a body;
and negative electricity is when there is too
little.”  Of this, however, theré is not one folid
proof ; and all attempts that‘hav‘c been hitherto
made to prove it, are only arguments in a cir-
cle, or proving the thing by itfelf, and there-
fore no conclufion can be made from them.
Thus, for inflance, a body electrified pofitively
attralls ope that is ele@rified negatively; be-
caufe the firt has too much, and the other too
litgle electricity. But how do we khow that
the onc has too {nucﬁ, the other too little elec

I tricity 2
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tricity ? Becaufe they attralt each other!!!—
Again, when a phial is electrified pofitively,
there is a conftant ftream of fire from the out-
fide coating, as there is' from the conducor to
the infide coating : therefore it is faid the out-
fide -has too little, and the infide too much
cle@ricity. “But how is this known to be the
cafe? Becaufe glafs is impermeable to electri-
city! And how is glafs known to be thus im-
permeable? Becaufe one fide has too much, the
other too little electricity ! ‘
We have before obferved, that the imper-
meability of glafs to the eleCtric power is a fup-~
pofition muerely  ‘hypothetical; there is not a
fingle determinate experiment to prove it; and
fome of the warmeft advocates, as Dr. Prieftley
and Cavallo, own that fome glafs may be per-
meable. So contradiétory is their evidence, that
_you may gather from it that the bef vitrified,
and the worf? vitrified, cold and warm glafs, are
all more or lefs permeable. |
You will, in another part of this work, fee
a proof of their inconfiftency, in endeavouring
to prove that charged glafs has always one {ur-
face in a pofitive, the other in a negative ftate,
Dr. Gray afferts that Dr. Franklin’s reafon-
ing, both on the charge and difcharge of a jar,
is erropeous : fec his remarks in the chapter on
the
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the Leyden phial. If Dr. Gray had confidered
M. Eeles’s fyftem, it is probable his ideas on
this fubje& would have been much clearer than
they at prefent appear to be.*

‘Mr. Brooke. has fhewn, (what Mr.- Ecles
fhewed us long before,) contrary to.the ideas
of the beft judges and friends of Franklin’s
théory, that during the time of charging a jar,
both infide and outfide have the fame kind of
clectricity, and that the negative elericity does
pot takesplace till the turning the machine is
difcontinued.

Or Mr. Eeres’s Hyporuesis.

Tbe following hypothcﬁs is extra&ed from
Mr. Eeles’s Philo /bpbmzl Ljays ; and the analyfis
of a courfe of letures read at Trinity College,
Cambrxdge, by Mr. Atwood.

If the reader will. carefully compare this
theory with the experiments that have been.
made on the electric fluid, I think he will with

'me agree, that it is more fimple than Dr.
F ranklm s, {peaks more firictly the language of
cxperlmcnt and is much lefs embarraffed with
hypothcucal {uppofitions. It pointed out to the

author -

* Lyon’s Remarks on the Leading Proofs of the Frank-
linian Syftem,
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auther -many phenomena which have not only
been confidered as wonderful; but which haveés
alfo much - embagrafied the  partizans of Dr.
Fraoklin's opinion. There are no known phee-
nomena but what are more readily accounted for
on this fyftem, than any other at prefent known,
That it is free from difficulty, I do not affert;
but I am certainly well founded in-affirming,
that it has ftrong claims to philofophical attensfom;
and that nothing would have prevented ir's
having long fince obtained a fair hearing, but
for that {pirit of party and bigotry which is to
be found as much among philofophers as among
politicians and cnthufiafts.

Hyvyrornzsis.

1. The two eleCtric powers exift together in
all bodies.

2. As they counteract each other when uni-
ted, they can be rendered evident to the fenfes
only by their feparation.

3. The two powers are feparated in non-
ele@rics by the excitation of eletrics, or by the
application of excited electrics.

4. The two powers cannot be altogether fe-
parated in eletrics. :

5. The two ele@ricitics attrag cach other:
firongly through the fubflances of eleétrics.

| 6. Electric
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6. Ele@ric fubftances are impervious to the
tworelectricities,

7. Either power, when applied to an unelec-
trificd body, repels the power of the fame fort,
and attracts the contrary,

I fhall now give a few of Mr. Atwood’s ex-~
_periments, and then proceed to Mr. Eeles’s
own experiments and reafoning, It is to be
obferved, that Mr. Eelcs is a very immethodical
writer, yet his matter is fo good that no electri-
cian thould neglect to read his cffays.

EXPERIMINT xvi.—Elcérified bodies attract
bodies not electrified, though a thin ele@tric be
placed between them.

P e saa s et

ExperiMeNT xviL—Bodies cleftrified with
contrary powers attract cach other ftrongly
although an electric plate be .interpofed be-
‘tween them.

Thus flame will communicate heat through

fubftances, which are impervious to the ‘flame
itfelf.

ExPERIMENT xviIL,—If onc furface of an
electric plate be ele@rified with either power,
' the
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the oppofite furface is eleftrified with the con-
trary power, if it be ot infulated,

 Ejther power being applicd to onc of the
{urfaces, attracts the contrary power through the
{ubftance of the cle@ric, and repels the cleri-
city of the fame fort with itfelf. -

- The two powers being brought.to.the oppp-
fite furface of the plate which is impervious to
them, remain fufpended, ftrongly attradling
cach other till the interpofed plate is broken
by their force, or a communication is formed
between the two furfaces by fomce conducting
fubftance,

. The union of the two eledricitics deftroys
the effects of each other, and leaves the plate
difcharged.

If cither furfucc of a charged . plate commu-
nicate with the earth, the power.on the gppofite
furface will ‘expand .itfelf into a conduor
which is contiguous to it, although the con-
du®or be infulated.

ExperiMeNT xix.— Let one furface of a
charged plate be infulated : although the other
communicates with the earth, no difcharge of
either furface will follow.

ExpERT1-
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EXPERIMENT XX,—rendering the aftion of the
two powers vifible. Let the furfaces of an ele@ric
plate be very flightly charged and infulated, and
let a cigcuit with fucceffive interruptions be
formed ; the two powers will be vifible, iHumi
nating the points of the interrupted circuit, and
each power will appear 0 extend further from the
furface contiguous to it, ‘the ftronger the chargc
is communicated to the plate; but if the illu-
minations on each fide meet, there will imme-
diately follow an explofion of the whole charge.

The length of the interrupted circuit ufed by
Mr. Atwood, for 1his experiment, Was 12 feet.

EXPERIMENT XXL—The diretion of ihe two
povers wifible in a vacuum. let- an exhaufted
receiver be made part of the electric circuit,
with a charge not {ufficient to caufe an explo-
fion, ‘and the elecricity” will appear to procecd
in oppofite dir¢&ions from the parts' communi-
cating with' the vitreous and refinous furfaces.

The direction of the fluid is allowed to be a
¢riterion which will prove or difprove the
truth of the Franklinian fyftem. In the two
laft experfmen;s of Mr. Atwood, a double cur-
rent is evidently vifible, and fully contradictory
to their fyftem. Thefe experiments receive ad-

~ ditional
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ditional force from Dr. Gray’s-reafoning, who
has fhewn the impoffibility and abfurdity of part
of the Franklinian conclufionsi; and are further
confirmed by the following experiment “of -Mr.
Symmer, and a fimilar one of Mr, Volra.
When a phial is electrified but a little, Mr.,
Symmer fays, that if you touch the coating with
a finger of one hand, and at the fame time bring
a finger of the other hand to the wire, you will
receive a pretty {imart blow upon the tip of each
of the fingers; but the fenfation reaches no far-
ther. If the phial be eleCtrified a degrec higher,
you will feel a ‘ftronger blow, reaching to the
wrifts, but.no further,, .When again i it is elec~
trified in a fill higher degree, a fevere blow
will be received, but which will not reach be-
yond the elbows. Laftly, when the phial is
ftrongly charged, the ftroke may be perceived
at the wrifts and elbows, but the principal
blow is felt at the breaﬁ as if a blow from
éach fide met. the®. This plain and fimple
experiment obvioufly fuggefts the exiftence of
two diftinct powers in contrary direétions, and
perfc&ly accords with thofe -of Mr. Atwood;
and is in dire¢t contradiion to that aflertion
of the Franklinians, that the fame quantity of
electric matter which is thrown upon ong of ‘the

furfaces of glafs i in the operation of chargmg is
I ~ driven
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driven from the othér, and that, in the dif-
charge, the famc quantity returns from the one
furfuce to the other.

Mzr. Volta, in the following argument and
experiment, fairly gives up the foregoing pofi-
tion, and endecavours to accommodate his ex-
periment to an hypothefis that it direttly dif-
proves.

The fubfequent account is extra&ed from a.
very long paper of Mr. Volta, in the Journal de-

- Phyfique for 1779.

Let us fuppofe that 4, &, ¢, d, ¢, f, ¢, b, i,
k, I, 7, n, o, hold hands; let 4 grafp the out-
fite of a charged Leyden phial, and o touch the
knob; at the inflant o reeelves the fire dif-
chargéd from the infide by the knob, & will
furnith from his natural ftock to the outfide,
without waiting till the fire arrives to him from
o, by », to m, &c. in the mean while the lofs
of a is compenfated from &, and J is furnithed
with frefh matter from ¢, ahd fo on. It is fhilf
true, that there is but onc ftream, if we confi-
der only the diretion of the fluid, which is exs
cited fimultancoufly at the two extremities, and
moves at the fame inftant of time; theugh, to
fpeak more accurately, it is not one ftrécam, bat
two united in one.  If the extreme rapidity with
which the fire paffes, did not prevent our pers

' ceiving
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ceiving the fuccellive commotions received by
the perfons who form the chain, we fhould find
they did not follow the order o, #, m, I, but were
felt fimultancoufly, firfk at the two extremities o
and 4, then at # and 4, w and ¢, &e. advancing
towards the middle of the chain. Agrecable to
this, if the bottle is fmall, the longer the circuit
is made, thofe who are furtheft from the extre.
mities find the thock weaker.

To render this account more clear, feparate
the circuit, and form on a dry floor two rows,
8, b, ¢, dy—e, f, g, b, intcrruptcd'i'n the middle ;
let ¢ gralp the battle by the outfide, and 4 excite_
the difcharge by vouching the knob of the bote
tle; now, if the electric fire was obliged to take
the thorteft courfe to.come to the extorior and
negative furface, ‘it ought to defcend to the feet
of ¢, pafs over the boards to the feet of 4, and
then through him to the outfide, without actipg
on f, g, b, which would be out of iv's circuit. .
But, contrary to this, the fluid goes out of the -
direct courfe, -to follow that of the condutling
perfons, which afford it a proper receptacle,
and .comes to .the outfide by another fource.
The fise which goes fram the infide from e.to £
& b gives them a fenfible fenfation in their
bands and:theirheels, fhewing itfelfby a fpark,
#f the hands and the fect are feparated alittle

12 from
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from cach other, and finifhes by 'diffipating- it-
felf in'the common refervoir. . In the fame man-
ner d, who firft gives the fire to the outfide,
receiv_es it'fucqeﬁivclyfrom ¢, by a, who all draw
it in from the floor. The ftream therefore,
which proceeds from the knob of the bottle,
paﬁiug through the conduing fubftance, lofts
itfelf in- the general fource; while, from the
fame fource, a fufficient quantity is taken to
fupply the deficiency of the exterior furface.
. 1f £, g, b, donot form a chain, but are irre-
gularly placed round ¢, the pofitive part of the
fluid may be feent to fpread itfelf on different
fides, and divide itfelf in different branches. to
reach the floor. The fluid will in the fame
manner rife from the floor to reach 4, if 'a, &,
and ¢; are irregularly placed round him; fo that
each {urface excites it’s own ftream; one that
enters, the bottle, the other procccdmg from
it. ‘Thus alfo, in the cxpcrxments of Dr.
Watfon, where it has been fuppofed that the
eleétric fluid has ‘made fuch amazing circuits
through rivers, over fields, &c.: the fluid from
the infide was difperfed in the river,.at the in-
ftant that the outfide ¢ollected,. from the fame
fource, fupplies for it’s own dcﬂcxcncy
It appears alfo, from other cxpcnmems;z tha»t
one fide of a charged electric may contain.more
of
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of one power than is fufficjent to balance the
contrary power on the’ other fide. For, if a
charged jar is infulated, and the difcharge is
made by a difcharger with a glafs handle, - after
the explofion, the difcharger, and both fides of
the jar, will poffefs a contrary power to that
obtained on the fide of the jar, which' was
"touched the' laft before the difcharge.

Let us now for a few moments turi oﬁrfc’lves
to Mr. Eeles, and hear him fpeak for himlelf.*
The eletric matter confifts of two diftin& elaf-
tic mediums, or powers, which equally and
(’(rongly attra®, and condenfe each other, and
are equally ama&cd by all matter.

Hence when any body is immerged into an
clectric atmofphere, this atmofphere not only
repels that' power of elericity in the ‘body
which is of the fame kind with itfelf, but equally
attracts the power of a different kind which is
in'the body ; and the two powers are feparated
in the body, as long as it remains 1mmerged in
the eleétric atmofphere,

It is abfurd to fuppofe that bodies ncg'ttlvely
ele&trified are deprived of their natural fhare of
ctcélrmty, for they are no more deprived of it,
than when they are pofitively clectrified; and
it is"a manifeft contradittion, to fuppofe thar

I3 bodies

w Extra&&l from « Philofophical Effays,’ in {everal
Letters to the Royal Society, by Henry Eeles, Efg,
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bodices will repel each other further, the more
they -are divefled of the power of repulfion,
Befides, when a body is clectrified negatively,
it is impoffible for any one, by any effesis of that
-body on another body which is not eleérificd,

‘1o know it is thus electrified ; unlefs by bringing
a light fubftance clectrified with'a known power,
to try whether it will be attracted or repelled.

With refpect to the Leyden phial, when the
bottle is charged, it is equally cle&rified on
both fides, but with the different powers of
clc&rlcny, and when a communication is made
by a condudtor, the increafed power without
flies in, and the increafed power within flies

ut; for thefe powers firongly attra& and con-
denfe each other when in equilibrium, or in
their natural ftate, and therefore do not’in that
flate cxhibit any fenfible action.

Glafs may be cqually electrified on beth fides,
with either the refinous or vitreous power :. the
Leyden phial infulated, méy be charged with
either of the powers on the infide, and the other
gnufer on the outfide, by only immerging it in
the atmofphere of a body electrified with either -
of thofe powers; and may be dxfchar:gcd and
recharged in different order, without contact or
communication with any thmg but. that atmoe
fphere. ;
Glafs
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Glafs i§ net imperviqus to the eleGtric pow-
ers, for with excited glals, or wax, you may
ele@rify 2 bodythrough glals with either power.

‘ExperimMoNT xxv.~~Take 2 piece, of bogw
down,* fufpend it by filk; then take a pane of
clean fafh glafs, and warm it, and let the down
hang to the fide of it; then bring an excited
electric to the other fide of the glafs,. and the
down will fly off pqrféétly ele@rified; in the {ame
manner as if the glafs had not intervened. -

Ifthe excited clectric be glafs, the down will
be clectrified with the vitreous power; and if
wax, with the refinous power. Dri. Franklin
fays, they are different powers thrown from the
oppofite fide of the glafs: ¢o do this, he muft
allow two differenc diftinct powers to exift in
all glafs, which overfets his whole dodirine.

Dr. Franklin alfo aflerts, that glafs cannot re«
ceive electricity on one fide, witheut parting
with ‘an equal potion of it’s natural fhare on the
other fide. But in this he is gntirely miftaken,
for you cannot qlq&nify a pane of glafs en one
fide, but the other fide will be equelly ele@rified
with the {ame power; except you form a come

L4 munication
- * Mr, Eeles ufed bog-down, which, 1am informed, is
winch more {enfible than threads with a pith ball,
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munication from-one fide of the glafs with non-
clectrics, while you eleétrify the other'fide ; and
then, be your excited cledric either refinous or
vitreous, it will repel the power of the fame
kind from the. glafs, and attrat the contrary
power from the non-elecrics.

- Experiment xx111.—~Sct a Leyden phial on
a clear- dry ele@ric ftand, fo that a different
power from that you attempt to charge it with
cannot be drawn up to-the outfide, and both
fides will be eletrified with the fame power,
whether vitreous or refinous.

ExperIMENT XX1V—T0 elefirify a pane of glafs
equally on:both fides, either with' the vefinous or Vi
treous powers, and that by the atmofphere of a con-.
dustor eledrified by either.of the powers. ~ Pafs ten
firong knitting-needles through-a ftick, fo that
they may lie parallel to, and within half an inch
of .each other, (if they arc pointed, the purpofe
will be better anfwered,) then fix a wax or glafs
handle to your ftick, ‘

When the condu@or is eletrified; bring the -
pane of glafs near it; and draw the points of the -
wires, which are neareft the conductor, a-few
times- flowly over the glafs, beginning at the
fide of the glifs next the conductor, and draw-

1ngw
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ing them from the conductor, and you will find
this pane bf glafs eleétrified - equally on- both
fides, with the power- contrary. to that of :the
-conductor.

ExPERIMENT XXV.—T0 elefTrify the glafs with
the fame power as the condutor. Place one ‘end
of the wirés near the conductor, . and draw your
glafs under or over the other points that are from
the conductor, and the glafs will be eletrified
cqually on'both fides with the fame power- as the
conductor.

ExperIMENT XxVi.—T0 elelFrify a paneof glafs
equally'on botb fides with the vitreous power, by ex-
cited wax ; and with the refinous, by exmed a5
Take a clean, dry, warm pane of glafs place a
finall bundle of linen rags, fufpended by filk,
or a‘theet or two of paper, folded like a letter,
or any non-cleétric, on'the glafs; bring an ex~
cited tube under the pane, and in cox‘;ta'ét'with,_
or very near it; and when it has remained 3 or’
4 feconds, tofs off the rags, or papers, and in-
ftantly withdraw the tube, and you will find the
pane. of glafs eletrified on both fides with the
vitreous power, . and ‘the non-eledtric which
was on the pane with a contrary power.

" To explain thefe phenomena. The two con~
‘trary
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trary powers of eletricity are equally adhefive
10 the pane of glafs, as they are indeed to all
“matter: they attract and condenfe each other
into almoft an infenfible fpace, and do not in
that flate exert any fenfible action;* but ‘the
atmofphere of the non-eledtric drives part of the
fame power out of the glafs into the non-
electric; and at the fame time attra8s the con~
trary powers of cleéricity intothe glafs,

Now the non-electric being taken away, the
different powers in the glafs are rendered une-
"qual to each other; and the increafed power,
by it’s elaflic forcc, (the artradtion of the other
power being leflened,) expands itfelf into an
extenfive atmofphere; which atmofphere acts,
in all refpects, like the atmofphere of any elec-
tric excited by the {ame power,

For all ele@rics are excited in the fame man.
per, by the feparation of the ‘contrary powers,
which are equally inherent in them and all other
‘bodies, till feparated by friction, &¢, And the

xeafon

_ # This pofition is illuftrated by .all the cxperiments
when there is any folution of continuity, as in breaking a
ftick of fealing-wax; as in the eleétrophorus, condenfer,
doubler, &ec. which, on the.other hypothefis, avevery ob-
fcurely explained, if cxplained at all. Mr. Wilfon’s ex-
periments with the tubes and pith balls, are alfo further
illaGrations of Mr, Eeles's opinions,
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‘reafon why non-cleétrics cannot be elerified,
unlefs they are infulated, is becaufe the differ-
ent powers change place fo quickly ; for the at-
mofphere of an excited non-cle¢tric always at-
tracts one powcr in the non-electric, and repels
the contrary;* yet, as foon as it is removed,
the powers inftantly unite by their mutual at-
tradtion.

ExprrIMENT XXVIl—dA Leyden phial &emg
Ju/pended by [filk, 1o charge, di ifcharge, and recharge
it with the powers in the contrary order, only by the
atmofphere of an elefirified conduclor.

Fix fome fharp pointed wires to the coating
of a bottle, fo that they may project an inch be-
low the coating. I'ix fome fharp poirited nee-
dles (projecting upwards) to the rod in the in-
fide of the bottle, fufpend the bottle by filk, and
bring it fo that the rod from the infide may
point to the conductor. While the wheel is
turning, let it remain there for fome time, and
you will find the infide charged with the fame
power as the conduétor,

Now fufpend the bottle over the conductor
for the fame time, with the wires from the bot-
tom, pointing to the conductor, and you will
find the bottle to be difcharged., - But let it re-
main

* See this clearly proved by Wilfop's Experimonts,
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ahain as 1ong again, and the bottle will be re-
charged, but in a contrary order to what it was
at firfl.

"The conduftor being electrified with the
vitreous power, attraéts the refinous power from
the infide of the bottle, and the non-electric
contained therein, and cnters itfelf in the room
thereof, till the infide is ele@trified like the con-
‘du&or with thc vm'eous power.

Thc vitreous power on the infide repels the
vitreous power on the outfide through the points
of the wxrcs, and attracts the refinous from the
‘air txll through the points it arrives at the outfide
of the bottle, where it meets a refittance from
the glafs, and is there held i in firm contalt by
the attra&tion of the contrary powcrs on the in~
fide of the bottle, and thus the bottle remains
charged when taken from the atmofpliere of the
conduétor.

When the experiment is reverfed by bringing
the wires at the bottom of the bottle pomted to-
wards the condudor, the vitreous atmofphere of
the condudor attracts the refinous power from
the outfide, and 'adds to the vitreous power
alrcady there; this power repels the vitreous
power from the infide, and attra&s the refinous
power through the needle, till the bottle be-
comes charged in a contrary order.

1 The



The whole of elericity and excitation de-
pends on the feparating the vitreous and refinous
powers by leffening the one and increafing the
other. In ekcited electrics, thefe powers are
never entirely .feparate, but the leflened powen
aéts inward to the electric, and' the ingreafing
power acts outward from the eletric, with-an
extenfive atmofphere.

Mr. Franklin afferts, that glafs cannot receive
electricity on one fide without parting with fo
much of it’s natural {hare on.the other fide : but
this is'demonttrably falle. For a pane of glafs
may be cle@rified equally on both fides with
either power ; or the Leyden phial, when infu-
lated, may 'be electrified at both fides with
cither power.

M. Nollet, when he talked of affluences and
effluences, was in a great degree right; but he
knew not that it was an affluence of one power;
and an cfluence of another: all his experiments
which prove a double current makes direétly
againft the Franklinian fyftem, and in favor of
the two powers.

That there is an affluence and effluence, may
be proved by many experiments, of which one
only ‘will be mentioned here, namely, the com-
mop, one with the dancing images.

Expre
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Experiment xxvirr—When you dry the
head of one of thofe images, the power thrown
out from the conduétor, cannot enter the.image
with the fame fucility with which the contrary
power from' the table enters at the feer, which
are not fo dry; this will therefore afcend to the
upper plate, and remain there. Reverfe the ex-
periment ; dry the feet and wet the head, and
the images will fix themfclvesto the Jower plate,
If the image- getains fo much more of the at.
tralted power as will ballance againft it’s weight,,
than there is of the contrary power which pro-
ceeds fram the conduor, the image will be fuf.
pended between the two plates.

‘This may be cffected by making the head of
the image broad and round, which does nop
admit the power coming out fo readily as the.
feet, being fharp, admit the power going ing
a minute alterasion will make the images dance,
or remain fixed to one of the plates. ;

It 5 not dame matier ihat is atlrailed in thefe
ewperimentis, but the -ele@ric power which i
inherent or adhefive to that matter,

Exrrwtmens xxX1X~~Tp fhew thatibe eletirie
powers condenfe .each otber. "Take two:panes of
clean fafh glafs:that will lieevenly on.each other;
place a fheet of paper folded like a letter on
your table, place the two panes on the ‘paper,

and



AN. ESSAY. ON ELECTRICITY. 187

and a like paper on the upper pane, then take a
large excited glafs tube, and-roll your tube over
the upper paper; repeat the exciting and rolling’
5 or 6 times; at the laft volling take wp your
panes, ‘upper paper, and tube together, and
then immediately take off the tube-and upper’
paper ; then bring The two panes joined together
to a piece of bog-down fufpended by filk, and:
you will find the panes thus joined have very
little effe@ on the down.

Separate the panes, and each pane will be
ftrongly electrified, the upper pane with the
vitrcous power on both fides, the under one’
with the refinous' power on both fides: touch
the down with ¢ither pan¢, and it will be repelied
by that, and attradled by the other.

Place your panes together as at firft, and then
you will find that the powers condenfe each
other, fo as to have very little effe@ ‘on the
«down: butas you feparate the panes, you will
find-the different powers att as before.

"The panes, if they lie in contact with eack
other, and are highly elerified, will ftick to<
gether by their mutual attrallion, and feparate
with a fnap.

If the experiment be made on a pewter platg
p\gccd on-a glafs ftand, you will find the powets
have changed place through the whole ;. the

vitreous
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vitreous'power of the tube attralling part of the
refinous power from the firt glafs, and -adding
part of it’s own vitreous pov'rer‘to the glafs; by
which'means the glafs becomes electrified with
vitreous power, which repels the vitreous power
of the paper.and plate i into the, under glafs, and
thus the under glafs is cle@rified with “the re-
finous, and the plate with the vitreous power. -

A due confideration of the foregoing experiments
will explam all the tranfaltions of the elefiric powers,
For in exciting, the rubber alWays draws off as
much of one power as it adds of the othcn, and
is therefore always electrified ‘with a power
contrary to the increafed power of the excited
cleCric.

‘When an excited electric electrifies an infu-
lated non-electric, it draws as much of one
power from it as it gives of the other, and is
therefore as much unelecrified itfelf as it clec~
mﬁes the non-electric; and thus this change
goes on txll the powers become equal to €ach
other, which, in non-clc&r;cs, is done almoft
inftantaneoufly.

Exnnmnm XXX. --Pla,ce a charged bottle
upon an cleétric ftand, and leta cork ball, fuf-
pended by filk, hang againit the outfide.of the
Wottle ; touch the top of the bottle, and the ball

flies
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flies off ftrongly clectrified with the refinous
power; and thus you may go on for a great
number of times, to alter the balance within
fide and without fide the bottle, by alternately:
touching the top and bottom.

Now can any Franklinian fuppofe, that it is
the return of their pofitive power to the emp-~
tied fide of the glafs, that electrifies the down
negatively ? ‘

The truth is, when you touch the top; you
take a fpark of the vitreous power from the in-
fide, and in exchange give as much of the re-
finous thereto, which leflens the attraction of
the vitrcous power on the infide, and leaves the
refinous power without fide in greater quantity
than the vitreous on the infide, and confequently
at liberty to exchange powers with any mon-
clectric in contact with it; and thus the ball
becomes eletrified with the refinous power.

Somt—— ——————

ExperIMENT xxx1.—Take two' fheets of pa-
per, folded like large letters, and place them
on your table, with a pane of clean dry glafs on’
each paper; then take a large glafs tube, well
excited, and roll it over one of the panes; then
take up the pane and tube together, and inftantly
withdraw the tube, you will find that pane

K ftrongly
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firongly electrified at both fides with the refi-
nous power, which Dr, Franklin fays, isa thing
thdt cannot be done.

Repeat the opeération, and while your pane is
electrified with the refinous, power; lay it on the
other pane for four or five feconds; take up
your panes together, and then feparate them:
you. will find the firft pane fill ele@rified with
the. refinous, or minus power, and the other
pane cleGtrified on both fides with the:vitreous
power, or plus.

Now if any man, fays Mr. Eeles, can frame
br-{fhew an hypothefis, to.explain by the aflion
of one fingle power, how a body 41'716/}.;4, of it's
natural fhare of that power, can give another body
an additional fhare of that power; they will
overfet all the rules of reafoning with which I
3m acquainted,

It is. readily explained; on the principle of
two powers. The firft pane .having a greater
quantity of the refinous power, ‘repels the refi-
nous power from the fecond pane, to the non-
electric under ir, and attraéts an equal quantity
ofithe vitreous power from the non-cleétric into
the pane ;- -by which means.that pane has an in-
creafed fhare of the vitreous power,. which_ in-
ereafed. power will, by it’s own -elaftic force,

expand
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expand into an atmofphere, and therefore the

pane will be electrified by that power.
EXPERIMENT XXXI1,— for the further t"l/u/?rat-
tion of the reciprocal exchange of the eleliric povers.
Fix a wire to the under part of a coated bottlé,
fo that the point may fland upright; and of
that point place the ncedle with the reverfed
points. Place this bottle on an electric' ftand,
with a communication from the conductor. All
the time the bottle is charging, the needle will
turn ; but when the bottle is charged, the needle
ftops. - Then touch the top.of the bottle with
your finger, or any conductor, and' the ncedle
will turn ill the bottle is difcharged. Now
while the bottle is charging, if you touch the
néedle with a piece of bog-down, fufpended
by fitk, you will find it clettrified by the vi-
treous power, which flies off in exchange for
the refinous power drawn in from the air to the
outfide of the bottle ; and while the bottle is dif-
charging, if you touch the down in the fame
imanncr to the necdle, you will find it cle&rified
~with the refinous power, which flies oft from
the outfide of the bottle in exchange for the vi~
treous power drawn in through the points from
the air ;- while, the vitreous power from the in~
fide of th¢ bottde makes the fame‘exchange for
K 2 ltl}c
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the refinous.power through your finger, td make
thefe different powers equal to each other, with-
infide and withoutfide the bottle.

ExperIMENT XxXx111, — Place two Leyden
bottles on an eleétric ftand, with their coatings
in contact; and while you charge one from the
conductor, let a perfon on the floor touch the
top of the other bottle with his finger; you will
find the firft bottle charged with .the vitreous
power infide, and the fecond with the refinous
power infide. Now the exchange here is evi-
dent; for, while the refinous power from the
infide of the firft bottle changes place with the
vitrecous thrown in from the conduéior, the vi-
treous, from -the coating, Ehangcs place for fo
much .of the refinous from the coating of the
{econd bottle; and the vitreous in that bottle
changes. place for fo much of the refinous power
dravm in through the man on the floor.

1 could eafily, fays Mr., E. furnifh experi-
ments fufficient to fill a great deal of paper;
but I fhall only mention one or two which I
often made, and have fhewn to many gentlemen

verfed in this fcience, which perhaps may puzzle
the, writers on this fubject: but whoever can
make them, muft and will underftand my doc-
tring of clectricity ; and plainly difcover, that
all



AN ESSAY ON ELECTRICITY. 133

all that has been faid about pofitive and nega-~
tive ele@ricity, or a plus and minus of the fame
power, has been to little purpofe, and only
ferved to keep men in the dark about this.
fcience.

Mr. E. had a glafs globe, entirely fmooth,
which, with the fame rubber, he could make
throw out the refinous or vitreous power, and
eleétrify other matters with each power as.often
as he pleafed; and gencrally he could charge
thefe powers in one revolution of the globe ; but
in two or three revolutions he never failed..to
do it.

He had another glafs globe entirely {mooth,
fupported by one glafs neck, from the equato-
rial line of which globe he could eleétrify with
the refinous or vitreous'power as he thought
proper, without applying a hand or any rubber
to the globe, or any friction from the things to
be electrified ; and what is more, he could elec-
trify two things with the different powers at the
fame time,

He hopes hjgreaders will forgive hxm, for not
explammg thefe experiments, till he fees who
can make them, and explain them by the doc-
trine of pofitive and negative elefricity, or a
plus and minus of the fame power.

As he has feen Mr. Pricftley quoted, for im~
proving and methodizing the theories of Mr.

K3 Dufay,
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Dufay, and ‘Mr. Symmer; he obferves, that
Mr. Dufay never thought of the co-exiftence of
thefe different powers in all bodics; nor even
Mr. Mufehenbroeck, long after him ; therefore,
“there was not any theory of Mr. Dufay’s to be
methodized. ‘His papers will appear to have
been written to the Royal Society, before Mr.
Symmer thought any thing of the matter; how~
ever, as'far as he has gone, he was right; and
he thinks that Mr. Prieffley has made too much
of a:trifling objetion to what Mr. Symmer has
f3id, that any man, from his own fenfations,
would be convinced that the powers came in
oppofition from both fides of the bottle, by"
feeling a {light fhock in his wrifts, a fironger in
his elbows, and fo on. Mr. Symmer did not
fay that thefe powers did not circulate through
the body, but that this fenfation would fthew
their different direction; and, an explanation of
thefe different fenfations ‘depends on a know-
ledge of anatomy, and the action of thefe pow=
ers on the diffcrent parts, which, it is poffible,
that both M. Pricftley and Mr. Symmer may
be ftrangers to. But this objection was only a
pretext to mend Mr. Symmer's dxfcovencs

Mr. Eeles believes it will plainly appear to any
gemleman, who dogs him the honour to read

his papcrs -with attention, that the only theory
which
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which ‘Mr. Priefley could’ have methodized,
muft be what he took from his papers; if an
hypothefis cah be faid to methodlze ) do&hhc
which was clcarly proved by expenmcnts, ‘ten
yéars before. He perrmently afks, which of Mr:
Prieftley’s own numerous experiments, or what
experiments of any other man, he has cxphmed
by his hypothefis ? or how he has fupported this
hypothefis, or whence he took it? For he has
not produced a fingle experiment in aid of it,
to thew the exiftence, or manner of acting, of
thefe different powers. Or, he would afk whe-
ther his hypothefis has added any thing to the
truth, or explanation of what he has writ-
ten? Or, if he had happened to have written
that hypothefis, whether he fhould have put this
matter in a clearer light than what he has done?
Or, what man would have depended on that hy~
pothefis, without any other proof? So that he
thinks Mr. Prieftley may fairly own from
whence he framed his hypothefis; for, after
reading thefe papers, Mr. Pricftley has thut
Mr. Eeles out of his hiftory of electricity;
though all bhis papers were addreffed to the
Roy'ﬂ Socmty, ‘of which he is a member; and
it appears from the firft of them, that his at-
tempt t0 fhew the electric: powers were the
caufe of thunder, was approved by that So~

Kg ciety ;.
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ciety ; and is the only attempt, of that kind,
which ftands recorded in the  Philofophical
Tranfaltions. 'As for the reft of them, with
Mr, Prieftley and his hypothefis, he leaves to
the judgment of unprejudiced readers.

CHAP.
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CHAP V.

Ox THE METHOD OF USING THE' ELECTRICAL
APPARATUS, AND A DESCRIPTION OF SOME
ARTICLES THEREOF.

R. Becket has well obferved, that an
_ electrician fhould diveft himfelf of fear,
though not of caution. There is no poffible dan-
ger in any clectrical experiments, except in the
charging of large jars and datteries; nor need
he be under any fear from thefe, while he is
carefiil not to touch any part of the prime con-
ductor, or the wires leading to the infide of the
jars.

It is not,” however, unufual for perfons, who.
are but little acquainted with the nature of ¢lec~
tricity, to teftify evident marks of fear, upon.
their approaching an electrical machine: fome.
can fcarce be prevailed on to receive the flight-
eft difcharge from the phial, or even to take a
fpark from the conductor, though they fee others
perform both without the leaft inconvenience.
This want of refolution might be excufable in
women and children, but one cannot help fmi-.
ling at the timidity of a man who can exprefs

any
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any apprehenfions at a momentary fmart, of a
pain which is .rather imaginary than real, and
can feldom be of halfa fecond’s duration,

“Though T have 5lready mentioned the pres
Cauj:xpng to be ufed and the directions to be fol.
lowed in exciting and uﬁng an electrical ma-
chine, yet I hope a repetition will not prove
unneceflary; the morc fo, as it is evxdently for
the intereft- of the fcicnce, that every thing be
made 3s plain and clear, as cafy and inviting,
s poffible to beginners.

When the weather is clear, and the air frofty,
the electrical machine will generally work well 3
but when the weather is damp, it will be ne-
ceffary to bring if into a warm room; the cy»
linder, all the infulating plllars, and the tops
of the jaxs, &, fheyld b made thoroughly dry,

Clean the cylinder and wipe the filk, then
geeafe the cylinder, by tyripg: it agamﬁ a
greafed leathery till it is uniformly obfcured,
Turn.the cylinder till the filk has wiped off fa
much of - the greafc as 1o sepder it {emi-tranf-
patent. ,

Put.fome amalgam ona piece of leather, and
fpread it well,” fo that it may be uniformly
bright; apply this againft the turning cylin=
der; the friction will immediately increafe, and

the

* Becket’s Effay on Elc&ricity, p. 15,
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the leather muft not be removed until it ceafes
to become greater.

If feveral jars‘are connedted together, among
which there is one that is apt to difcharge itfelf
{ooner than the other jars, 'the reft of the jars
will be difcharged, with it, although by them.
felves they may be capable of holding a very
great charge.

To dilcharge a jar, a communication muft
be formed between the outfide and the infide of
the jar, by a conduing fubftance. Thus, if
you place one hand in conneétion with the out-
fide coating of the jar, and touch the ball with
tz.hg;gd}gr, the jar will be difc‘harge'd, and you
will receive the fhock. To avoid this, three
kinds of difcharging vods have been contrived ;
one of thefe, reprefented fig. 1, pl. 1L is a femi.
circular brafs wire, furnithed with two brafs
balls, one at cach end of ‘the wire, The fecond
is fimilar in fhape, and is called the luminous dif~
charging vod; the brafs balls are connected o~
gether by a piece of iron chain, which paﬂ‘es
through a glals tube; the handle is of wood:
inthe difcharge, 1uminous brufhes are perceived
at cach. junflure of the chain; this effet will
not be praduced by a brafs chain. . The zbird ia
a:jointed difcharging rod with a glafs bandle, fig. 2,
ple I1:- the legs of this are moveable, and may

1 be
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be fet to any given diftance by means of' the
joint ¢, which renders it exceedingly convenient
in'a variety of cafes, The extremities of the
legs are pointed ; the points enter into the balls
a, &, which are fcrewed on the extremities, and
from which they may be unfcrewed at pléafurc;
fo that cither the balls, or the points, may be
ufed as occafion requires. Thefe three kinds of
difcharging rods are ufed in the fame manner;
that is, to difcharge a jar with them, you place
one ball -of the difcharging rod on the external
coating of the phial, then bring the other to
touch the knob of the wire which communicates
with the infide of the jar, when an explofion
will take place, and the phial will be dif~
charged. It is farcely neceflary to fay, that
the jointed and luminous difchargers are to be
held by their rcfpcéhvc handles; and the plain
one by the femicircular part of the wire,

“Mr. Brooke afferts, that the fpontaneous dxf-
charging of a phial is much facilitated by it’s
being made very dry and clean, infomuch that:
a jar will not take fo great a charge, when quite
clean and dry, as it was otherwife capable of
being made to take: fo that in order to give.
the greateft poffible charge toa Leyden phial,
it feems neccffary that fomething of a very flight
oilinefs thould be rubbed over it’s furface, fome-

thing
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thing nearly of a non-conduing fubftance;
perhaps a flight coating of tallow. " If the elec-
trical apparatus be kept in a very warm, dry
room, the advantage of foiling the naked part
of the glafs will foon appear; but if the appa-
-ratus be kept in-a cool room, where there is
“neither fire nor fun, the above-mentioned me~
thod will be of little ufe.

For .the purpofe of charging batreries, or
large jars, a large conduétor is very difadvan-
tageous ; the battery fhould alfo be placed at
fuch a diftance from the machine and prime
conductor, as to be as far as poflible from their
atmofpheres. If the machine and prime con-
ductor be very large, the perfon who wotks the
machine fhould be infulated.

Mr. Brooke fays, that a certain quantity of
condugting furface difpofed in length, and
joined to a prime conductor, added more to
the ftrength and pungency of a fpark, or ftroke,
than the fame quantity difpofed in thicknefs
and joined to the fame conduétor.*

It is advifeable not to handle a jar, or bat-
tery, even after it has been difcharged, as there
is often a confiderable refiduum: this may be
got rid of by applying the difcharging-rod
twice, or even thrice, to the jar, &c. T

o

_* See Brooke's Mifcellantous Experiments and Resmarks
on Ele@ricity, &c.
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“To avoid a fhack, be careful never to tovch
the top and bottom of the jar at the fame time,
nor ever to enter a cnrdun: formed between
the infide and outfide of a jar.

A charged phial, fct upon eledtric fubftances,
(infulated;) may be taken hold of without dan-
ger, either by the coating or the wire.

The outfide of a charged jar may be handled
with impunity. If the knob alone be totiched,
only a pricking fenfation will be felt, the difs
change will be filenit.and without explofion.

If any conducting fubftance be near the mas
ehifte while working, it generally receives part
‘of the cleftric matter, and carries it-off: it is
therefore proper to remove every thing to a difs
tance that is not immediately. wanted. The
flame'of a candle ncar the cylinder, or any part
of the conductor, - effetually takes off the elec~
tricity;‘asd {poils the operation,

Wheiy' the infulating ftool, whofe feet are- of
glats, fet fig. 8 pt. 11. is made ufe of, it is very
advan@gcous to place a fheet of clean: dry

“paper: qnder the feet.

ngn a chain is fufpended from the rubber,
all boa‘ies ‘in’ contact with the prime conduétot

‘are faid 1o be pofi tively eledyified ; but when the
chain is fufpended from the p'rir‘an conduéor,
‘all bodies in conta& with the rubber, or cufhion
connected
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tonpedted with it, are {aid to be negatively eleca

tyified.
Of the Apparatus figured in the Plates.

Fig. 13, plate I, reprefents the plases and fland
Sfor dzmrmg images. T is a circular plate"of" brafs,
or copper, to be fufpended houzontally from
.the conductor by a chain or wire; G isa fimilar
but larger plate, and is to be placed parallel to
the former, and is fupported by a brafs ftand I,
the upper part of which may be raifed or low=
éred at pleafure.

Fig. 25, plate I1. réprefents two wires, placed
panallcl to each other, for the fame purpofc, in
this way, however, it is difficult to. make. the
experiment fucc;cd

Fig, 17, plate IL is'a fet of dells: no eXperx..
ment illuftrates better the general pnncxples of
electricity than this fmall apparatus. 'V Y a wire
to which the bells are attached ; ‘R S a bent wire,
to fufpend them from the conduéor; the two
outer bells are connedled to the wire VY by
chains ; but the middle bell, and fmall clappers
between the bells, are fufpended by filk threads.
From' the contave part of the middle bell, a
brafs ‘chain X procceds, deﬁgned to fall upon
the tablé; a piece of filk thread fhould be -tied
to the extremity of this chain.

Fig,
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Fig. 18, plate II. reprefents a more elegant
form of mounting the bells. The pillar A is
of glafs, the crofs on the top thereof is of brafs,
the four puter bells are affixed to this by wires
or chams, the clappers are fufpended on filk
thrcads from the crofs, the middle bell com-
mumcatcs with the ground by the foot. To
ufe thefe, | the knob ¢ muft 'be in conra®® with
the condu&or

Fig. 19, plate IL. a fet of mufical bells. In thefe,
the clappcr is fufpended from the fly bed; the
axis of the fly refls in a fmalf hole, on the top
of the pillar ¢ f, in which it turns with great
freedom; bells of different tonés are placed
round thc boards hik.

To ufe thefe bells, remove the prime conduc.
tor, -and place the bells o that the fly may be
near the cylinder; when the electric fluid has
puti thxs in.action, it will caufe the fly. to turn
round ; the clapper will frike each bell in rota-
tion, and ‘thus producc a pleafing and harmo-
nious cﬂ'e&
 ¥ig.1a, platc I abrafs wire, with twa cork
balls fufpended thereto with filken threads.

Fig. 10, plate II. a fimilar wire, with two
downy feathers fufpended by linen threads.

P;g 20, plate I1. a bundle of thread tied to-
gether at cach end.

Fig.
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Fig. 12, plate I a wire ring, to the circum.
férence of which fome fmall - ‘pieces of thread
are tied ; the projecting piece from the ring fits
into the ftand, belonging to the platesiand ftand 3
za wire with a few thort pieces of thread fitting
into the conductor.

- Fig. 22, 23, 24, 25, 26, 27, fmall cylinders of
wood or brafs tubes on infulating ftands, fur-
nithed with pxth balls; four tubes and ftands are
generally enough.  The experiments with this
little apparatus are interefting and inftruive,

Fig. 3, plate II. reprefents the univerfal dif-
charger; an inftrument which is of very exten-
five ufe in forming communications to direct or
convey the eleétric fhock through any part of a
given fubftance. Many examples of the utility
of this inftrument will occur in the courfe of
this Effay,

A B, fig. 3, is the bafe of the univerfal dif-
charger; on this are fixed two perpendicular
glafs pillars C, D; dn the top of cach of thefe
iy’ cemented 2 brafs cap, to which is fixed a
double joint, or one which has both a vertical
and horizontal motion ; on the top of cach joint
is a fpring tube which reccives the wires E T,
EF; thefe wires may be fet at various diftances
from each other, and turned in any dircction;;
the extremities of the wires. are - pointed, the

1. points



146, AN ESSAY ON ELECTRICITY.

points are covered .occafionally ‘by the. brafs
balls, which-are made to fit on the wircs by
fpring fockets: G.H is a fmall wooden table,
on.the furface.of which a flip.of ivory is.inlaid ;
this sable is ‘furnithed with a cylmdrlcal ftem,
which fits into a cavity of the.pillarI; it may
be raifed occafionally -to. vatious, beights, and
fixed at any one of them by the fcrew K.

Fig. 4, plate II. is a little wooden prefs, fur—
nithed with a.ftem, which fits the cavity in the
pillar I, fig. 3, into which it:is to be placed
occafionally, when the table G H is' removed.
"The prefs confifts of two :boards, .which are
‘brought clofe to cach other by means of .the
fcrews aa. |

Fig. ¢, plate JI. .is Mr., Kinnerfley!s elec-
.trical air thermometer ; a-b is a glafs.tube, on
cach end of which a brafs cap is cemented; ¢ d
is alfmall. gla(s tube, open at both ends, ;which
.paffes through the upper,and defcends.nearly to
the under plate: a box-fcale, which is divided
-into inches and tenths of inches, is. fitted. to the
-upper part -of thistubc; g is a brafs wire with
a ball on it, which is [crewed to the under plate:.
a fimilar wire f h is made to pafs through a. col-
‘Jar.of leathers on the upper plate, and may be
placed at any convenient diftance from the lower
wire,

Fig.
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Fig. 1, plate 3. a femicircular difcharging
rod. '

Fig. 2, plate IL. a jointed ditto. Thefe
have been already defcribed.

Fig. 6, platc 11, g guadrant cletrometer.

Fig. g, plate 1L Mr. Townfend's eleBrometer.
Thefe inftruments will be defcribed under the
article cle¢trometers.

Of the Apparatus figured in Plate 111, 1V, V. |

Fig. 34, plate IIL 1be eletlrical flyer confifts
of two fharp pointed wirés, jointed at the cen-
ter; the ends of the fame wires are bent con-
trary ways; the centerar K is a k{mal_l con-
cavity, that the flyer may be placed on the
pointed end of the wire L; the wire L is to be
placed in onc of the holes on the top of the
“conductor; when dc&mﬁed the flyer will turn
-with as much velocity as the flyer of a common
jack.

Fig. 35, plate IIL. reprefents a fimilar fiyer,
atting in a different pofition, the axis being at
right angles to the flyer, with two fimall pulhcs,
one at the end of cach axis; the wires M N,
OP, thould be infulated, and the inclination to
the horizon very fmall. ' ‘

Fig. 36, plate III a flyer 'u‘hxw as a crane
to raife a fmall weight.

L 2 Fig.
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Fig. 37, plate IIL. a fet of fiyers.

Fig. 31, plate IIL. the jpiral tube, compofed
of two glafs tubes, one within the other, and'
clofed with two knobbed caps of brafs. The
innermoft tube has a fpiral row of fmall pieces
of tin-foil ftuck upon it's outfide furface, and
laying at a fmall diftance from each other: it is
to be held by one end; the other end is to be
prefented fo as to take fparks from the prime
cotductor, which will be feen in a pleafing
manner at all the interftices between the fpots
of tin-foil.

_Small round picces of tin-foil are. fomctimes
ftuck on flat pieces of glafs, one fide of the glafs
is pamtcd thh different tranfparent colourss the
fpark feen through thefe appears of the colour
through which it is feen.

Fig. 32, plate I1I. a luminous word alting
upon the fame prmcxplcs, the word is formed
by fmall feparations made in the tin-foil ; a
chain is to be fufpended from the hook h; the
ball G is to be prefented to the conduétor fo as
16 take fparks thescfrom.

Fig. 98, plate V. a fet of Jpiral tubes placed
round a board ; in the center of the board is dn
infulated pillar, on the top of this is a brafs
cap, carrying a fmall ftecl point; a brafs wire
‘furnifhed with a ball at each end, and nicely

2 balanced,
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balanced, is placed on the point. The middle
of this wire fhould receive the fparks from the-
conductor, or a bent wire and ball affixed to
the conductor.

Fig. 38, pl. III, the apparatus fold at the
glafs-fhops for making inflammable air,

Fig. 39, plate 111, the elecirical pifiol for firing
inflammable air, This piftol is to be filled with
inflammable air, as defcribed in thefe Effays; a
cork is to be put into the end a c, to prevent the
efcape of the air; fig. 41, a fmall cap to be
taken off when the piftol is in ufe; under this
cap is the brafs ball n, fig. 40, which'is to re
ceive the fpark from the prime conductor.

Fxg 40, plate 111, reprefents the part within
the piftol, by which the fpark pafles through
and fires the inflammable air.
~ Fig, 49, plate. 111. the articles within the line
of this figure conftitute what is called the Com-
POUND APPARATUS; it is ce;‘ta(;z(): a mofl inlerefling
part of the elelrical apparatus, as well from the
wariely, as importance of the expeviments peyformed
with it. As it is particularly defcribed in the
courfe of this Effay, 1 fhall fay but little of it
here; it confifts of two fmall Leyden phials
H, I, one of them (H) furnifhed with a brafs
belt; an’ exhaufted flafk E which is called the
Leyden vacuum; an exhaufted tybe C, D, termed.
Lh: luminous conductor ; an infylating pillar 4,

L3 on
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onia'foot B; M aboard, to put occafionally on.
the top:of the pillar KL; two wires to fcrew
todifferént parts of the apparatus.

Fig. 42, 43, 44, 48, 50, §I, 52, 54555, 56,
¢, plate IIL. 59, 60, 61, 62, plate IV. repre-
fent fome of the various experimerits which may.
be performed by the compound appatatis.-

Fig. 45, plate 111, reprefents a jar with move-
able coatings: the inpermoft coating is to be
taken’out by the filk firings f, and the jar then
lified out from the external coating.

Fig. 46, plate I1I. reprefents what is' called:
‘the. fpotted bottle ; the outfide being coated with
little pleces of tin-foil, which are placed at a-
fmall diftance from each other.

Fig: 47, plate I1I. reprefents the double bottle,
one be:.g placed on the top of the other; with
this maby curious experiments may be per-
formed.:*

Fig. 53, plate I1L the selsed bostle, defigned
to’ prove the dircétion of the clettrical fluid in
the charging and difcharging of the' Leyden
phial.

Fxg 58, plate IT1, the Leyden bells: an inter~
eﬂmg apparatus, which affords much amufe<
ndent, whilc it illuftrates cleatly the nature of
the Leyden phial.

‘Pig. 63, 64, plate IV. experimérits with' the
univerful difcharger.
Fig,
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¥ig. 65, plate IV. reprefents a Zattery con-
fifting of g jars.

Fig. 66, plate IV. anapparatus for rendering
«cggs luminous.

Fig. 67, 68, 69, 71, 72, plate IV, experi-
ments tending to {hew the influence of knobs
and points in producing an cle@rical explofion.

Fig. 73, plate IV. an eleérical cannon,

¥ig. 74, 75, plate IV. an cleétrophorus.

Fig. 76, plate IV. M. Cavallo’s atmo/pherical
elellvometer.

Fig. 78, plate IV. a condultor and electro-
meter connected with an eleétrical kite:

Fig. 77, plate IV, a fmall pail and pipe, for
thewing the fubdivifions of fluids by electri-
city.

Fig. 84, 85, 86, 88, 93, 100, plate V. arc
different articles of a medico~eletrical appa«
ratus.

Fig. 85, plate V.. a Leyden phial, with a:me=
dical electrometer fixed to the top of it, and
two directors, .one connected withithe top, and
the other with'the botrom of the jar; the figure.
reprefents-the manner of paffing a thock through
the arm

Fig. 86, plate V. a Feydon phial, eleGrome~
ter, and- cletrical forceps.

Fig. 100, plate V. a diretor and (malk bottle;

L 4 in
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in'the form of a director, for conveniently giv.
ing fmall fhocks.

Fig. 93, plate V. a pair of directors and
wooden point.

Fig. 84, plate V. two glafs tubes, with wires
pafling through them, for communicating elec»
tricity to the ear..

Fig. 88, plate V. a tubc for throwing fluids
on any part of the body.

Fig. 89, plate V. is a perfpective view of the
powder-houfe; the fide and the roof next the
eye being omitted, that the infide may be more
convenicntly feen, * The front of this model is
fitted up like the thunder-houfe, and is ufed in
the fame manner ;. the fides of the houfe, the
back, -and fore-front arc’joined to the bottom
by hinges; the roof is divided into two parts,
which are alfo faftened by hinges to the fides;
the building is kept togcther by a ridge on the
roof; when the roof is blown up, it will fall
down with the fides, the back, and fore-front,
To ufe this model, fill the fmall tube # with
gun-powder, and ram the wire ¢ a {mall way in
the tube; then conne the hook e with the bot-
tom of a large jar or battery; when the jar is
charged, form a communication from the hook
dto thetop of the jar; the difcharge will. firg
the powdcr, and the cxploﬁon of the gun-pow-

der
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der will throw off the roof, and the fides, the
fore and back fronts will then all fall down.

Fig. 9o, plate V. reprefents a wooden pyra-
mid, defigned to fhew- the experiments which
are made with the thunder-houfe, and is ufed in
‘the fame manner. : When the:piece 4.is thrown
out by the difcharge, the upper part of the-py.
ramid falls down.

Fig. g1, plate V. reprefents the inflammable
air lamp, invented by Mr. Volta. A isa glafs
globe to contain the inflammable air; Ba glafs
bafon, or refervoir, to hold.water; D is a cocky
which is to form occafionally a communication
between the refervoir of water B, and that of
air A ; the water pafles into the latter through
the metal pipe g'g, which is fixed to the upper
part of the refervoir. A ; at 5-is a fmall cock, to
cut off, or open a communication with, the air
in the ball, and the jet K. N is a fmall pipe
to hold a piece of wax taper, L a brafs pillar,
on the top of which is a brafs ball; 2 is a pillar
of glafs, furnithed at top with a focket; a wire
& flides in this focket, a ball is fcrewed on to the
end of the wire. F isa cock, by which the
ball A ig filled with inflammable air, and which
afterwards ferves to confine the air and the water
shat falls from the bafon B into the ballA.

To ufe this inftryment, after \,havingg;‘ﬂg_l}eid

the
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tHe refavoir Alwitli pure inflimmable air, and
the bafort with water, turn the cocks D-and S,
atd the water which falls: from the bafon B will
forceout; fome: of the inflamrhable air,.and caufe
it to'pafy through the jet K into the air. If an
gleGric {park is'made to'pafs from-the brafs ball
#r 1o the brafs-ball #, the'inflammable. jeg, which
pafles through the pipe K, will'be fited. To
extinguifh the lamp, fhut fifft the cock S, and
then the cock. Dl
To'fill the refervoir Aia with isflammableais,
wiilcheieito' be made’ in' the ufual manner; and
with the ufual-apparatus, having previoufly filled
2 with water, place the foot R under water, on
# board: or ftool in a large tub of water, that the
Bent ghafs tbe, through-which-the inflammable
sir pafles; may pafs commodioufly under the
foor of the lamp; when the air has nearly dri-
Yoot all the water,. turn thé cock F,;.andthe
apiparatusis reddy for ufe.. This inftrument is
¢onvenient to preferve a quaritity of inflammable
%i¢ reidy’ for any occafional experiment, as char-
#ing: tHe inflavmablé air-pifiol, &e¢, Itisalfo
éonvemenf t6 light a: candle for ceconomical
putpofes; ag the fmalleft fpark from an- elecs
tropHoris, or afmall bottle, is fufficient to fire
the air.
A [wall Bartery of inflamimudle air-piflols is occa-
fionally
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fionally mide; that affords confiderabler amiife~
ment ; as dither one piftol;: or the: wholeroge=
ther, may be fired:at the pleafure: of the: ope~
rator.

Fig. gn; plate V.. veprefents v finall ghts
tube, ftopped at'one énd: With arpitcsdf cork ;
k is'a wiré which paflds through'a piece of dork,
fitted into the other end of the tube; the uppes
part of the. wire is furrifbied with>a brafs*ball ;
the end of the wire within the tube is bent av
right aitgles to the r¢ft of the wire:

Fig. 94, plate V. a* glufk tube andrwire; fie
nidKing experiments on the condikting power
of water.

Fig. 96, 97, phaté-V. Mr, Blwkescle&io-
meter.

Flg 80, 81, plate V. apparatus for atmofphe-
rical ele@ricity, contrived by Mr. Cavallo.

Fig. 100, plate I. ele@rical appearances from
Mr. Bennet’s work.

The many alterations that have been made in
the plates of this work fince the publication of
the firft cdition, made in confequence of im-
provemenss in the fcience itfelf, have rendered
it almoft impoffible to keep the numbers; but
from the care taken, by giving an account of
the different articles in this chaptér, it is hoped
that the reader will meet with no difficulties on
this head.

Fig.
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‘Fig. 1,2, 3,4, 5, 6, 7, plate I eleiric ap~
pearances as defcribed by Mr. Nicholfon.
Fig. 8, plate 1. an eledri®al machine with
 fimple winch.
Fig.ig, plate.I. an ele@tical doubler.
Fig. 10, plate I. Mr. Bennet’s clectrometer.
Fig. 11, 12, 13, platc I. Mr. De Sauflure’s
gleCtrometer..
Fig. 14, 15, 16, 17, plate I. experiments-on
L |
_ Fig, 18, plate I.. Mr, Bennet’s apparatus for
armofpherical experiments,
- Fig. 19, 20, plate 1. experiments with Mr,
Bennet’s cleGtrometer.
- Fig. 22, plate I. . the fpider-bottle.

CHAP.
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C HAP VL

ENTERTAINING EXPERIMENTS BY THE ATTRAC-
TION AND RePursioN or LiGHT BobiEs, wiTH
somE REMARKS ot ELECTRICAL A‘r’rkac'rxou.

FEW philofophical fciences afford formmuch
entertainment as electricity: in it the ufeful
and agreeable are intimately blended ; and the
philofopher, while he is inveftigating the ab-
ftrufe parts, is entertained by the -variety and

beauty of the experiments, which confirm or
difprove the hypothefis he wifhes to eftablih. -

ExperIMENT XXX1V.— Expanded ﬁ’atber Fix
the end A of the wire A B, fig. 10, pl. 1L In the
fmall hole which is at the end of the prime con-
ductor; turn the cylinder, and the feathers, which
are conne&ed with the wire by linen threads,
will feparate from cach other; the fibrous arid
downy parts will become turgid, and expand
in a pleafing manner, in a variety of dirctions.

Prefent a metallic point, the finger, or any
other conduting fubftance to thefeathers, the
downy parts thereof will immediately collapfe,
the divergence of the feathers will ceafe, and

they
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they will approach cach other, and cling round
the non-eledtric body.

The feathers feparate from each other, and
tend.towards uneleétrified bodies, from the effort
anade by the glectricity which is communicated
10, them to diffufe itfelf, and -the rqfiftance it
meets with from the air. :

- A mptual attraction is, exerted between a body
that is e c&r;ﬁcd, and one which is in .it’s na-
tural or upeledtrified fate; which Jaft, if pot
Jarge ang heavy, will fly zhrouﬂh the air to the
electrified body, where they remain. till thcy
have,:by the,communication, acquired the fame
ftate, when they are repelled. If a,conduclor
which is not infulated be at hand, it will attra&
the fmall body thus electrified, and deprive it
of it’s elecric flate; fo that it w1ll be again at-
b;kofé, and w;ll contmuc to pafs and 1cpaf'~;
between the two, till the electric flate is en-
tirely deftroyed.

- BXPERIMENT XXXV.—Cork ball ele&rometer. Fix
the end-C of the wire C Dfig. 11, pl. IL into the
Jole at the end of the condu&or, put the ma-
chine in action, and the two. A{mall -balls,” ¢ d,
will recede from each other, Bring a .conduct-
mg(fubﬁancc within the fphere of their action,

and
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and- they, will fly towards:it ;- tauch-she copduce
tor with a non-eledtric, and they will .impmedis
ately come;together.

The balls do nat always diverge fo much as
might be expedted fram the adtion .of ,their at.
mofpheres, bocaufe.they are influenced by that
of .the conductor.

The balls, .or feathers, will fcparate, (&c. i
the fame manner, (if -they are:annexedl:vo a g
gative,condudtor.

FEXPERIMENT XXXVI.r—Aduimated thread. ~ Exe-
dent a fine. thread :tawards an-cleéirified congduc-
tor; shen it-is at a. proper diftance, it will ﬁy
-sowards, and ftick.to.the conduétor,.and convey
.theele@ric fluid from ‘it to the hand; zemave
the.shread to.a fimall diftance from.the conduc-
stor, gnd it .will fly backwards and: forwards with
.great.velogity, .and .in a wvery:pleafing manner:
-prefent the:fame threat. towards enc: that: hangs

sfrom-the conducter, ‘they will attract .and join
each -other. Bring -a .nonrcleétric (body, as a
_brafs ball, near-thefe threads, theball will re-
.pel .that theld :by the hand, and attract .that
-which is affixed to the condudtor: .the upper
thread renders the brafs ball negative,and thepe-

fore-goes towards it; while -the ;under thread,
which is alfo negative, is-repelled. Let:thesball
be brought near to the lower part of the undsr

one,
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one, and fcwill betattracted by it. The junction
of the threads arifes from the effort the cle@ric
fluid makes to diffufe itfelf through them.
EXPERIMENT XXXVII.~Radiating threads. .'To
the edge of the brals hoop b c d, fig. 12,
pl.- II. are faftened, at cqual diftances from
cach other, fix or feven pieces of thread, about
four inches long, a wire proceeds from the
hoop, which fits into a cavity in the pillar D}
z ¢ is a brafs wire, to one end of which are
faftened feveral {mall pieces of thread; fit the
plain end of the wire into the hole’ at the end
of the conduétor, place the hoop becd at right
angles to the wire z e, and dire@ly over the
threads at the end z; turn the cylinder, and the
threads tied to the hoop will be attracted by
thofe which are faftened to the wire z e, and will
point towards eachs other as fo many radii-of a
circle. The elc&rlc fluid pafles from the threads
of the wire into thofe of the. hoop, and thus
occafions the feeming attraction between them,
.- Place the hoop bcd on an infulating ftand,
and when it is faturated with the electric matter,
the threads which are tied to it will be repelled
by thofe of the wire; touch the hoop, and they
will be again attra@led. If the hand is brought
near the threads, they will quit their ceptral
direction, and move towards it. The ends of
the threads appear luminous ip the dark.
Expir1~
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ExXPERIMENT XXxVIIL—Dancing images. Suf-
pend the fmall meral plate F, fig. 13, to the
conducor. by the hook H; place the ftand T
directly under it, and the large plate G on the
top of the ftand; the upper part of the ftand 1
is moveable, fo that the diftance of the two
plalltcs from each otlier may be- océaﬁohally va-
ried. Lay fmall paper images, or any other
light fubftances, on the under plate, then put
the machine in agtiou, and the light bodies will
be auratted and repelled by each plate, and
move from onc plate to the other with confi~

derable velocity.
o —————

The light bodies placed on the under plate
‘become poflefied of an electricity which is con-
trary to that of the upper plate, and are there-
fore attracted by it, and acquire the fame clec-
rricity with it; they are then repelled, and part
with this ele&tricity to the ftund, and &re again
in a proper ftate to be attracled by the upper
plate.  That thefe bodies cannot be attracted by
the upper plate, till they have acquired a power
contrary to it, or till the equilibrium of the fluid
in themn is difturbed, - will be evident from the
following experiment. ‘

ExperIMENT Xxx1X.—Remove the under plate
and ftand, hold in it’s ftead, by one corner, a

M pane
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-panc of glafs, which has previoufly been made
very clean and dry; .now, as glafs does not
tranfmit the two eleGricities, no contrariety in
the ele@iric ftates of the ¢onductor and the light
{ubftances can be occafioned, and therefore no-
attraction or repulfion is obferved.

If a finger is ‘prefented . to the under fide of
the glafs plate, thé light bodies will be attracted
and repelled: the cauf¢ of this will be feen
when the natbre of the Leyden phial is ex-
plaincd.

Mr. Ecles,* {peaking of this alternate attrac.
tion and repulfion, {ays, they may be agreeably
varied, by wetting firft the head of the paper
images, and, when thefe are dry, wetting the
feet.

.« When you dry the head of one of .thofe
“ images, the power thrown out from the con-
« ductor, cannot enter the image with the fame
« facility with which the contrary power from
« the table enters at the feet, which are not fo
i dry, this will therefore alcend to the upper
“ plate and remain there, Reverfe the experi-
« ment; dry the feet and wet ‘the head, and
“ the images will fix.themfelves to the lower
« plate. If the image retains fo much more of

“ the

* Philofophical Effays, Preface, page 24.
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‘e the attraCled powet as will ballance againft
 it’s weight, than there is of the contrary
« pawer which proceeds from the conducor,
¢ the image will be fufpended between the two
4 plates.

“ This may be effected by making the head
¢ of the image broad and round, which does
¢ not.admit the power coming out {o readily as
the feet; being fharp, admit the power going
% in; a.minutealteration will make the images
* dance, or remain fixed to one of the plates.

<«

~ ExperiMenT Xi.—-Place a fquare piece of
leaf brafs or filver on the under plate, hold this
parallel to the upper one, at about five or fix
inches from it, turn the machine, and the leaf

will then rife up into a vertical fituation, and
remain between the two plates, without touche
ing either of them. Prefent a metal paint to=
.wards the leaf, and it will immediately fall
down,

EXPERIMENT XLI.—Moving leaf. Place a brafs
‘ball at K, fig. 14; at the end of the conductor,
and when the leaf of brafs is fufpended between
the plate and ball, move the plate round the
ball, and the leaf will alfo move round, without
touching either ball or plate,

A glafs cylinder is occafionally placed be=
Aween the two metal plates F G, fig. 13, to

M2 prevent
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prevent bran, fand, of other light fubftances,
being; thrown off.

ExperiMmeNT xLir—Place two wires direitly
under, and parallcl to, each other, fufpend one
from the conducor, let the other communicate
with the table;. a light image placed between
thc[c, wxll, ‘when the conduétor is: eledrified,
appear like a kind of eleérical rope dancer,—
See fig. 15.

Exrpraiment. XLnl., — Eledric fifh. Cut a
piece of leaf brafs, with an:obtufe. angle at one
‘end, and a very acute one at the other; prefent
the large end towards an eletrified condu&or,
and when the leaf brafs is within it’s atmo-
fphere, let it go; it will then fix itfelf to the
conduélor by the apex of it’s obtufe'angle, and,
from it’s continual wavering motion, will ap-
pear to be animated.

‘The ;next. cxperlmcnt requires: confiderable
attention to make'iv‘fiscceed; as-a fmall differ-
ence in the apparatus, or in the force of the
thachine, &c. will make it fail: when it an-
Twers, it generally affords pleafure to, and ex-
cites admiration in, the fpectators.

Exppiiment x11v.~Fix the ring NO P, fig.
16, to the end of the conduétor ; place the plate
G, fig. 13, on it’s ftand I under it, and at a
little diftance frem it, put a very light hollow

glafs
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glafs ball.upon’ the. plate, but within the ring ;
turn the cylmdcr, and the little ball will defcribe
an orbit about the ring, .and turn at the fame
‘time about it's own axis: the poles of it’s rota-
tion are nearly at right angles to the plane of it’s

orbit. ;

ExperiMenT xLv.— Eleétrical bells.  Fig. 19

reprefents a-{mall fer of bells, the two exterior
ones are conneéted to the wire VY, by a brafs
‘chain, the middle bell and the clappers are fuf-
pended on filk.
. Hang the bells on the conductor by the hook
R S, let the chain from the middle bell touch
‘the table, turn the cylinder, and the clappers
will fly continually: from bell to bell, as long as
the eleclricity continues.

'The brafs chain, which conneéts the two
exterior bells to the conductor, conveys the
electric fluid to. them, which attracts the clap-
pers; thefe, when they have.received the electric
fluid, are repelled by the exterior ball, and at-
tracted by the middle one, on which they depofit
their cletricity 5 they are then again attratled
and repelled by the outer bells. ‘Hold up, by a.
filk thread, the chain X, which proceeds from
the middle bell,. and the ringing ‘will ceafe,
becaufe it cannot convey the ele€iric fluid com-
municated by the clappers to the ground,

M3 Fig.
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Fig. 18 reprefents a more -elegant form - of
maupting the bells. When this is ufed, the
knob a thould communicate with the conduor,

Fig, 19 reprefents another kind. In this the
clapper is fufpendcd fromthe fly bed, the axis
of the fly refts in a fmall hole on the top of the
glafs pillar e f, the upper part of the axis moves
freely in, and is fupported by, a hole in the brafs
piece g, Bells of different tones are placed
faund the board h I K.  Remove the prime
‘conductor, and place this apparatus in it's ftead
rear the cylinder ; when this is in aé‘txon, it will
caufe the fly to turn round, the clapper will
ftrike each bell ip rotation, and thus produce a
pleafing and harmonious found.
 ExperiMenT. XLVI.—Take tenor twelve pieces
of thread, each about ten inches long, tie them
together at the top and the bottom, as in fig. 20,
then fufpend them from the conductor; the
thxca_ds, when - ele@trified, endeavour to recede
from each other, and the knot at the bottom
rifing upwards as the repulfion of the thread in=
‘creafes, will form them into a fpheroidal figure, *

ExprrimMeNT XLVIL — F, lying Jeather.  Bring
a downy feather, or lock of cotton near the end-
of an_excited tube, or the knob of a charged
Leyden phial; the feather will at firft fiy to-
wards the tube, but when it is faturated with.

the
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the eleCtric matter, it will recede from it, and’
may be driven about the room by the excited
tube, il ‘i touchcs fome non-conductor, to
which it can impart it's ele@ricity. The fame
fide of the feather is always turned towards the:
tube; becaufe the eletricity acquired by the
feather is forced, by the action of the tube, to
that fide which is fartheft fiom it, which is
therefore repelled.

It is eafy to perceive, from this and the fore-
going experiments, that it is not the mere matter
which is. ativabted, but that the different’ pheno-
mena ave occafioned by the flate of the eleGric Suid,
in thofe fubftances which are influenced by the
machine.

ExperIMENT XLVIIL.~Dancing Jalls. Put a
wire into one of the holes which are at the end
of the conduCtor, hold a glals tumbler over the
point, then clectrify the conductor, and turn
the tumbler round, that the whole interior fur-
face may receive the fluid from the point ; place
a few pith balls on the table, and cover them
‘with this glafs tumbler; the balls will imme-
diatcly begin to leap up and down as if they
were animated, and will continue to move for
a long time.  See fig. 21.

This experiment may be agrecably varicd
with two tumblers.  Llectrify the infide of onc

M 4 pofitively,
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pofitively, of the other negatively; put the bally
in one tumbler, and then bring the mouths of
both in conta& the balls will pafs from one to
the other, till the contrariety between them is
fettroyed.

CHAP.



AN ESSAY ON ELEGTRICITY. 169

CHAP VIL

THE PROPERTIES oF ELECTRIC ATTRM:'rwN
AND Rrpumon ILLUSTRATED BY EXPERI-
MENTS ON riGnt BopIEs.

ATURAL phllofophers were originally
“incited to confider the nature of ele@tri~
cxty from it's ftrong attractive and repulfive
powers. The phznomena exhibited by thofe
wyfterious preperties are fo various.and fo plea~
fing, that they were led, as by enchantment, to
purfue the fubje@; -and have been richly re-
warded by the difcoveries, which are both in-
terefting and important.

The powers of genius have been exerted with
induftrious ardour to inveftigate the caufes of
thofc pr0pertxcs but they are ftill involved in
deep obfcurity, and we are ftill totally ignorant
of that mechanifm by which light bodies, when
‘cl:&rxﬁed approach to or recede from each
other,

To enter into 4 difcuffion of the difficulties *
which perplex this fubject, would lead me too

far

A ¢ Qui pourroit concevoir qu'un corps agit pu il n'ef

g pas; fans aucun mtermcdei’ Deux particulgyde maticre
' font
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far from the Hcﬁgri of this Effay; I fhall, there
fore, proceed to ftate thole general propertics,
or modes of ation, which are obferved in elec-
tric attraction and repulfion, and then defcribe
the experiments from which thofe properties
have been deduced, or by which they are illuf~
trated.

GrNeraL ProperTIES OF ELECTRICAL ATTRACS
TION. AND REPULSION,

1. The eleétric fluid, when in action, difpofes
or places light bodies in fuch manner as will beft’
facilitate it’s tranfmiffion through them, with
the greateft velocity ; and this in proportion to
the gravity of the body, it’s conducting power,
and the ftate of the air. ‘

2. Bodies that are electrified pofitively repel:
each othef.

3. Bodies eledtrified negatively repel each
other.

4. Bodies ele@rified by contrary powers at~
tract each other ftrongly.

5. Bodies

“ font A cent milles lieues, ou & cent milliemes patties d’un
¢ ligne de diftance 'un de I’ autre, fans aucune communi-
¢ cation materielle entrelles, et A l'occafion de I'anc I’ autre
¢ fe mouvroit! ! De Luc, Lettres Phyfiques, &c.
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¢. Bodies that arce clectrified, arttratt thofg.
{ubftances which are not electrified.

6. - Thofe fubflances that are brought within
the influence of elegtrified bodies, become pof+
fefled of a contrary electricity ; or ele@rified
fubftances, without parting with their own clecs
tricity, at upon other bodies in their neighs
bourhood, producing in them an elefricity
which is contrary ta their own ; or bodiés which
arcimmerged in an electric atmofphere, always
become poflefled of an eleétricity contrary to
that of the body in whofe atmofphere they are
immerged.

The experiments defcribed in this chapter are
fimple, cafily performed, and certain in theic
refults; and, though they may at firft fight
appear to be trifling, yet, on attentive exami»
nation, they will be found of confiderable im-
portance, as they afford a clue ‘to inveftigate
and explain a varicty of electric phanomena,
and exhibit, in a ftrong point of view, fome of
the contrary effects of negative and pofitive
electricity.

Thefe experiments may all be made 'with a
fmall and- portable apparatus ; confifting gene-
rally of two. brafs tubes, as A and B, fig. 22;
each of thefe is fupported on a glafs pillar G,
which fcrews into-a woaden foot H ;- a pair of

{mall
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fmall pith balls fufpended on linen threads; as
L K, fit upon each: tube by means: of a fmall
brafs ring; thefe tubes, with a piece of fealing-
wax or a glafs tube, are fufficient to illuftrate
the greater part of the experiments in this chap-
ter, as well as fome of thé principal phaenomena

in clcé’tmcxty.
The apparatus will be rendered more com-

plete, when it confifts of four brafs tubes with
their ftands.

Mr. lefon “ina mafterly tract on this fub-
je&, entitled, “ A thort View of Ele@ricity,”
has, with a fimilar apparatus, explained and
illuftrated all it’s general principles.

Experiments on the iwo Eleftvic Powers.

ExperiMent x11x.~Touch a pair of infula~
ted pith balls with an excited glafs tube, ‘they
will become cle&nﬁcd and will feparate from
each other; the balls are clc&rlﬁcd pofitively,
and are thercforc attracted by _cxc;tcd wax, and
tepelled by excited glafs,

As thofe, light fubftances, which poffefs the
fame ele&tric power, repel cach other’; we can.
cafily difcover wkether they are cle@rified pofi-
tively or. negatively, by prefenting an excited
ftick of fealing-wax or glafs to them, If they are

attracted
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attracted by 'the glafs, they are negatively, if
repelled by it, they are pofitively ele@rified ;.on
the contrary, if repelled by the excited wax,
they are negative, if attrated, pofitive.

In afcertaining the nature of the eleGrie
powers, we muft avoid bringing the bodies to
be tried near each other fuddenly; or one ‘with
a ﬁrong electricity near another which is wcakly
fo; as it may render the' expetiment “dbubtful
by attragting and not repelling the light body.

ExperiMeNT L.—Hold an’ excited glafsitube
over one of the brafs'tubes,’ but at fome diftarice
from it; part of the natural quantity of eleGricity
contained. in the brafs tube will be driven into
the pith balls that are:annexed to it, by 'the-ex-
cited glafs, the balls will diverge with pofitive
eleCtricity ; remove the excited glafs, 'the. balls
will then téturn to'their natural ftate, and clofe.

Ifthe excited glafs continues'in 'it’s place, the
balls will continue to be repelled; for the ex-
cited eleétric will always continue to feparate the
powérs of electricity, or in other words to force
a quannty from the iurface of the tube; and will
alfo prevent it's return, fo long as it continues
of the fame force, and acts at the {ame diftance.

The nearer the excited electric is brought, the

reater is the effect.

The fphcre"‘qf action of anévexcited%éie&;ié

as
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has been diftinguithed into two- parts, oné
termed the fpbere of influence, in which the balls
will feparate, but clofe when the ele@ric is re-
moved ; ithe other is called the Sphere of com
smunication, in this the force acquired by the
balls ‘remains after the, excited electric is res
moved.

ExperIMENT LLi=—Eleérify the pith balls that
are fufpended from the brafs tube A, fig. 27,
then bring the end of this tube in contact with
the end'of the tube B, the balls of which are
un-clectrified; the ftock of ele@ricity given to
the tube A will be equally divided between each
pair of balls, thofe of the tube B will open, and-
thofe of A will clofe a little,

ExrpiriMENT, L11,~EleQrify the tubes A and
B, fig. 27, equally and. with the fame power,
put the ends of the tubes together, -and. the di=
wergence of the balls will not be altered.

EXPERIMENT . 1L« Elecrify the tubes
equally, but with the differcnt powers, one
with glafs, the other with wax, bring the ends
of the tubes in contact, and the balls will clofe,

‘We.learn from thefe expcriments, that the
pofitive and  negative powers. counteract each
-other; whence, if both are applied at the fame
time to any body, the eleétricity it acquires will
‘be only the difference of the two, and confes

quently that of the ftrongeft,
' Exreri~
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ExperimenT Liv.— Hold an ‘excited glafs
tube to one of the brafs tubes, touching this
sube at the fame time with. your finger, part of
the natural quantity of the eleric fluid refidens
in-it will be forced by the excited glafs tube
into the finger; remove at the {ame inftant the
finger and glafs, and the balls will remain ne=
gatively electrified.

Experiment vv.—Place the brafs tubes, A
and B, fig. 22, in a ftrait line with their ends
in contact, hold the excited glafs over the tube
A, part of the ele@ric fluid naturally refident in
this will be driven into B; feparate the tubes,
the balls of A will be negative, and thofe of B
will be in a pofitive ftate; bring them. togethes
again, and the balls will clofe.

The tube A was in the foregoing experiment
cle@rified with the negative power, B with the
pofitive’s but when they were brought together
the equilibrium was reflored; evincing that no
addition of electric matter was communicated
to them; but that the natural powers of clecs
tricity refident in the. tubes were feparated by
the atmofphere of the excited -electric; and
proving the co-exifence of the two powers in
every fubftance. For the ele@ric fluid, accord~
ing to Mr. Eeles, confifts of two elaftic me-
diyms, which equally and firongly attract each

‘other,
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other, .and arc attradted by all other. matter.
Therefore when any body is immerged in an
electric atmofphere, this atmofphere repels the
power which is of the fame kind inf the body,,
and equally attracts that which is of a different
kind in the fame body ; and: while thefe bodies
remain immerged in this atmofphere, the'powers
remain feparated, - different atmofpheres exifting
and acting at cach cnd. But when the eleétric is
removed, the two powers inftantly join, and be-
comingicqual do not manifeft any fenfible action.
Exprriment Lvi.—Infulate a ‘long metallic
rod, fufpend a pair of pith balls {from each end
of ‘it, place one of the-ends at about two inches
from the prime conduétor, the other chd as far
from-it as poffible;- eleérify:the conduétor; and
the ele@ric fluid in the rod ‘will be driven to
that end which is furtheft from the condu&or;
fo that one end will be electrified negarively;the
other: endipofitively, ds will be feen by the balls.
ExreriMenT Lvir—Apply a ftick of excited
wax to the tube D, fig. 23, as at A; while it
remains there, the balls I open with negative
eleétricity ; raife the wax, asat B, and the balls
will clofes raife it ftill higher to C, and they.
will open with pofitive ele@ricity.
Exprriment Lvir~Excited ‘glafs held over
the middle of the tube A, fig, 24, forces fome
part



AN ESSAY ON ELECTRICITY. 177

part of the natural quantity of eleflricity of A
into the balls,and fome part put at the twoends
into the air.  During this experiment, the balls
- of A are repelled by glals, and are thereforg in
- pofitive ftate; but, after the excited glafs is
removed, they in a very litdle time change to
a negative flate, becaufe part of the natyral
quantity had efcaped from the pointed ends into
the air, while the glafs was held over the tube;
but, when the glafs is removed, the over-charge
in the balls will of conrfe return, and diffulc it-
fclf equally in the tube; but as this is not {ufti-
cient to ballance the lofs fuftained, the tube,
thread, and balls mult be in a negative ftate*
SXPERIMENT Lix.—Place three tubes, A, B,
C, fig. 25, in a linc near to, or in contact with,
cach other; excited glafs held over A forces
out part of the natural quantity of fluid con-
tained in Adnto B and C; feparate A from B
and C, A will be elecrified negatively, B and
C will be ina pafitive ftatg. Put the three tubes
nto their former fituation, the equilibrium will
.be reftored, and the balls will collapfe.t
Expegriment 1x.—Place four tubes, as A,
B, C, D, fig. 26, in contad with each ogher;
excited glafs held over A forces pare of the fluid
N containcd

* Wilfon’s Short View of \Elcﬂucny, P 7.
t Ibid, p. 8.



178 AN ESSAY ON ELECTRICITY,

contsined in it into B; the'quantity received in

B.will force out a certain portion from € into D;

the moment bcfore,thc excited glafs is reimoved

fromi A’ feparate. Band D from A and C, after

which it will be found, that A and Care in 2

negative, and B and Din a pofitive ftate;*

ExperIMENT ‘LxL — Excited ‘glafs held at

about one inch diftance from. the end B, of a

folid cylinder of glafs B, D, fig. 28, plate III.

whxch is fix feet. lox;lg, and about half an inch

diameter, will. force part of the fluid at-the end

Btowards the remote end D'; but; indoing this,
the natural quantity belonging to the glafs will

undeigo feveral alterations, which are difcovered

by the effeét an excited glafs tube has on a num-

‘ber'of pith balls,iwhich are fufpended’ ac- cqual

diftances from each other between B and D; in
‘alittle fpace of time the elec”tricity of ‘thefe is
yfchanged thofe that were pofitive will become
“negative, and thofe that were negative will be-

come pofitive.

- If the excited glafs is held in conta& with the
“end B, the additional quantity received at B will,
“in going towards D, ‘caufe feveral alterations in

the:denfity of the fluid in B D ; but thefe altera-

tions will be-converfe to the formcr, and after &

Tittle time will alfo be reverfed.

It

» Ibidu ’Pl 8.
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It may. be inferred from thefe experiments,
that wheneverthe eleétric fluid in any body. be—
comes,fuddenly more denfe in-any one part,. the
fluid in the. neighbouring parts will be more
rare, and vice verfa. ‘Thefe alternate changes
of rarity and denfity muft, from the nature of an
elattic fluid, continue to ofcillate many times
backwards and: forwards before the fluid-can. be
at reft; tbo‘ugh,ngwhcn thefe motions are ‘weak=
ened to a certain degree, they are imperceptible
to the obferver.*

Moft. of :the; preceding experiments may be
made with cylinders of wood or glafs, inftead, of
brafs. . When glafs is ufed, it muft be kept, dry
and not difturbed by friction.

It is not improbable that the attradtive and
repulfive motions of ele@rified bodies are owing.
to the alternate: condenfation and dilatation of
-theelecric fluid.on the furface of thefe. bodxcs,
a$.they are naturally carried where they “meet
with the leaft refiftance. ]

‘That there is a vibratory motion, or ftruggle,
between the electric fluid, when in action, and
the, air; is evident from that fenfation whmh is
felt-when a ftrongly excited electric is broughr.
‘near any, part .of the human body; and is fuch
as would be occafioned by a fpider’s veb drawn

Na )L;gbdy

* 1bid, P 18,
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lightly along the fkin. This circumftance is
rendered more clear by an experiment made by |
Dr. Pricfiley, in order to difcover whether elec-
‘tricity was concerned in the freezing of water.

ExperimeNT Lxr1.—He placed two difhes
‘with water in the open-air in the time-of'a févete
‘froft, onc of them he kept firongly eleétrified,
‘antl could oblerve no difference in the ‘time
“when. it began to freeze, or in the thicknefs of
“the ice ' when it had been frozen {fome time; "'but
he obferved, "on cach fide of the ‘eleétrified wire,

the fame dancing vapour which is'féen near the
furface of the carth in a hot day, or at any time
‘near'abody ftrongly heated.

An eleétric {ubftance contained between - pa-
‘rallel “furfaces, however difpofed, is'called an
. Celedtric plate. '

FxppriMENT Lx11L.— Elerified fubflances
- will attraét thofe which are not elecrified, -al-

though 'a thin cleéivic plate be interpofed’ bctween
them.

"EXPERIMENT LX1V.— Bodies elefrified with

contrary “powers, attra®t ¢ach’ other ! ftrengly,
“although “an clelric ‘plate be interpofed : between
© Yhem : and indecd ‘all thofe. phienomena, “whith
depend on -the-influence of the electric atmb-
“{pheres, ‘may be produced, 'é\lthough an-ele&ric
- is interpofed bctwecn the body and excited
electric, ‘

The
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"The above-mentioned experiments thew clearly,
that clectrics are peuncable by. the feparated
ftates of this fluid: thefe experiments have been
introduced before in another part of the work,

To account for. any of the phanomena of
¢leCtric attraltion and repulfiop, is very, difficult,
but more fo to fhew why bodies, which are
cle@rified with the fame power, repel cach
other, particularly thofe which are negatively
clectrified.  Philofophers have invented various
folutions of this difficulty.; the following is
cclteemed the beft.

« * To underftand why bodies, poflefled. of
the fame ¢lericity, repel each other, the reader
muft be reminded of the following principle,
viz. that the cletric fluid, proper to a bedy,
can be neither augmented nor diminifhed on the
furface of that body, except the faid furface is
‘contiguous to an clectric, which, can acquire a
contrary electricity ar a litle diftance; from
whengce it follows, that no clectricity can bg
difplayed on the facing furfaces of two bodies,
which are fufficiently near each other, and both
poflefled. of the fame elecricity, becaufe the aiy
that lies between them has no liberty of acr
qui.'rmg a conprary cletricity, . This being pre~

N3 mifed,

* Cayva“o's complete Trcatile of Eleftricity, p. 110,



182 AN ESSAY ON ELECTRICITY,

- mifed, the explanation of eletric repulfion be-
comes cafy. Suppofe, for inftance, that two
fmall bodies are frecly fufpended by infulated
threads, fo that, when they are not clectrified,
they hang contiguous to each other: now fup-
pole thefe bodies to be ele¢trified pofitively or
negatively, and they muft repel cach other; for
either the increafed or diminithed quantity of
the electric rluid in thefe bodies, will endeavour
to diffufe itfelf equally over 'every part of the
furfaces of thefe bodies, and this endeavour will
caufc the bodies to recede from - each other, fo
that a quantity of air may be interpofed between
their furfaces fufficient to acquire a contrary
clectricity, at a little diftance from the faid fur-
faces; otherwife, if the bodies pofiifled of the
fame clcé’cncxty do not repel each other; fo that
a fuﬂicunr quantity of air may be intcrpofed
betwecn their furfaces, the increafed quantity
of eleéric fluid, when the bodies are cle@rified
pofitively, or the remnant of it, when they are
eleétrified negatively, cannot be diffufed equally
over the furfaces of thefe bodies ; for no elec-
tricity can appear upon the furfaccs of bodies in
contaét, or that are very near cach other: but
the electric fluid, by aftracting the particles of
matter, mdcavours to diffufe 1tfc|f equally over
the (urﬁtcos of thefe bodies, and the bodics are

by tlns cndcavour forced to repel ¢ each other.””
’ ¢ The
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« * The difficulty is not, however, folved by
this theory, which only explains onc fact by an+
other, which rcquircs‘ as much explanation as
the firft: but overlooking this, it is fhill infuf-
ficient; - for granting that bodies negatively
clectrified, ought to repel cach other, till the
clectricity is equally diffufed over their furfaces,
yet when this is accomplifhed, the repulfion
ought to ceafe. Further, there is no reafon for
fuppofing the clectrification to take place while
the bodies are in contadt, or nearly fo. One
may be cleéirified negauvely in one corner of a
room, and another in the other. The ¢leétrifi-
cation may alfo be continued for any length of
time we pleafe. So that the clectric matter
muft have diffufed itfelf equally over the fur-
faces of both. Yet, if we attempt to bring thefe
bodies together, they will repel cach other,
which ought not to be the cafe on the preceding
fuppofition.”

¢« 1 Pofitive electricity has been fuppofcd by
another to confift of a vibratory motion in the
air and eleétric fluid, in which the force of the
‘vibration is direled outwards from the electric
body: that in negative cleétricity there is alfo
a vibratory motion, but the force is diretted

N 4 , - inwargs,

. . ]ncyclo;mdm Britannica, p. 2683.
+ lbid, p. 209y,
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inwards., Now let us fuppofe a body pofitively
electrified, fufpenided by a {mall thread, at a
diftance from any other, the vibratory motion
being kept up by an equal preflure on all fides,
the body is neither moved to one fide nor an-
other; but when a negatively eleGrified body is
brought near, the force of the vibration being
directed outwardg in the onc, and inwards in
the other, the preflure of the fluid in the inter~
mediate fpace berween them is greatly leffened,
and confequently the preffure on the other fide
drives them both together, and they are faid to
attract each other, If a body electrified pofi-
tively is brought near the firft, the force of the
vibrations is direfily oppofed to each other,
and therefore the bodies recede from each other.
"The cafe is the fame with two bodies negatively
cletrified ; for here the vibration being direfied
towards both bodies, as towards two centers,
muft caufe them to recede from cach other, be-
caufe if they temained in contact, the vibratory
motions would interfere with each other.:

“ When a fmall body is brought within the
fphere of another's electricity, the equable pref-
fure ‘of that vibratory or cleétrical fphere is
fomewhat Jeflened upon the fide near which the
body-is brought, and it is thcrcforcAimpcll'Cdr
towards the firft by the action of the furround-

ing
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ing fluid, in order to keep up the equilibrium.
As foon as it arrives there, thevibrations of the
fluid around the firft body being communicated
to that within the pores of the fecond, it acquires
a fphere of electricity as well as the firft, and is
confequently repelled: the repulfion continues
till the vibration ceafes, cither by the allion of
the air, or by the body coming in conta&t with
another larger than itfelf, in which cafe it’s
eledirizity is faid to be difcharged. If, after this
difcharge, the fecond body is ftill within the
fphere of the firlt, jt will be immediately at-
tracted, and very foon after repelled, and fo on
alternately, till the cleétricity of the former to-
tally ceafes.”

From feveral cxperiments of Beccaria’s, it
appears, that, if the air is thoroughly exhaufted
from a glafs recciver, the attraction and repul-
fion of clectrificd light bodies within the re-
cciver grows languid, and foon ceafes altoge.
ther. This is confirmed by an experiment of
Mr. Cavallo’s. A pith ball electrometer was
{ufpended within a receiver of an air-pump, by
it's brafs cap; this was then cleCtrified; the
balls di‘vergcd a little when the air was only
rarified 100 times; when it was rarified 300
times, the repulfion was fcarce difcernable:
when the rarifaction was greater, they did not

' diverge
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diverge at all; and that, whether a fmall or
large quanmy of elc&ncxty was communicated
to thc cap.*

EXPELRIMENTS ON THE ATTRACTION AND Re-
PULSION OF EXCITED SILK Rispon.

ExperiMent -1xV.—Put a black and whitg
sibbon together, and draw them through the
fingers ; by this operation the white ribbon will
be cle@rified pofitively, the black ncgatxvcl),
and will confequently dttrac each other.

Experrment Lxvi.—Lay cither of the rib-
bons upon a quire of paper, and draw over it °
ambcr, ﬁalmg wax, or any othcr ncz;anvc clcc-
ttic, the ribbons will be excited pofitively.

1f pofitive ele@rics are drawn over the rib-
bons, they will be excited negatively,

‘Exrrriment Lxvir.—A picce of flannel and
a black ribbon will exciteas well together as a
black and white ribbon.

Experrment LXVIIL —Dry two white filk
ribbons at the fire, extend them on any fimooth
plane, draw the edge of a fharp ivory rule over
them ; while they continuc on the plane they do
pot fccm to have acqmrcd any clectricity, yet

when

* Phil. Tranf, vol, %, p. 452
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when taken ap {eparately, they are obferved to
be negatively electrified, and repel cach other,

When they arc feparated from cach other,
cleélric fparks are perceived between them, but
when they are again put on the plane, no light
is perceived without a fecond friction.

Exvegriment Lxix.—Place the ribbons on a
rough condudting fubftance, rub them as before,
and they will, on their feparation, fhew con-
trary clectricities, which will alfo difappear
when they are joined together.

If the ribbons arc made to repel each other
and then joined together, and placed on the
fore-mentioned rough fubftance, they will in a
few minutes be mutually attralled; the upper-
moft being pofitively, the undermoft negatively
cledtrified.

‘When two white ribbons receive thejr {fric~
tion-on a rough furface, they always acquire
contrary clediricities; the upper one is nega-
tively, the lower onc pofitively, elecirified.

ExperiMent 1xx.—When two ribbons are
made to repel cach other, draw the point of a
needle lengthways down one of them, and they
will rufh together.

Experiment 1xx1.—Bring an clerified rib-
bon near a fmall infuilated metallic plate, it will
be attracted bug feebly ; bring a finger ncar the

plate,
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- plate, a fpark will be obferved between them,
though both together thew no figns of cleétri-
city; on the feparation of the ribbon they again
appcear to be electrified, and a fpark is perceived
between the plate and the fmgcr.

EXPERIMENT LXX1L.——Lay 3 number of rib-
bons of the fame colour upon a fmooth con-
duding fubflance, draw the ivory rule over
them, take them up fingly, and each will give
a fpark at the place where it is feparated from
the other; the laft will do the fame with the
eondudtor ; they: are all negatively elerified.
Take them from the plate together, they will
all cohere in onc mafs, which is negatively elec-
rrified on both fides.

Expsrimont Lxxin.—Let them be placed
on 3 rough conducling fubftance, and then be
fep&ratcd fingly, beginning with the lowermoft,
fparks appear as before, but all the ribbons will
be cleétrified pofitively exeept the uppermoft.
If they receive the fri¢tion upon the rough con-
ductor, and are all taken up at once, all the

“intermediate ribbons acquire the eledtricity of
the higheft or loweft, according as the feparas
tion is begun with the higheft or the loweft.

The following very curious obfervations and
experiments were made by Mr. Symmer. He
lmd bcen accuftomed to wear two palr of filk

ftockings,
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ftockings, a black and:a white; when thefe were
pulled oft both together, no figns of “electricity
appearcd ; ‘bit, on pulling ‘off the black. ones
from the white, he heard.a {nappingior.cracking
‘noife, and'in the ddrk perceived {parks between
‘them, To’produce this-and -the following sap-
‘pearances in-great perfection, it was ‘only ne-
‘¢effary to draw 'his ‘hand feveral -times -back-
ward and ferward over ‘his leg with the ftock-
ings upon-it.
‘When 'the-ftockings'were feparated :anl :held
4t ‘a -diftance from «each other, both of them
-appedred‘to’behighly excited ; the white ftock-
~ing pofitively, the black negativély. ‘While!they
were képt-at a diftance!from each other, 'both of
“them appedred inflited to fuch va degree 2tha:
“they ‘exhibited’ the eatire thapeof the leg. ‘When
*two black ‘or two ‘white ftockings arc held in
~¢nc'hand, they’repel -one anéther with ‘confi-
derable force. “When a'white and ‘black: ftock-
ing are prefented to cach other, they are mu-
tually attracted, and ruth together, if permitted,
with, great violence. As.they approach,-the in-
flation gradually fubfides, and their attradtion
of forcign objects diminifhes, but their attrac-
tion of one another increafes; when they ac-
tually meet, they become flat and joined clofe
'-togcchcr, like fo many folds of filk; when fe-
| parated
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-parated “again, their electric. virtue: does not
feem to be in the leaft impaired for having once
met... The,fame appearanccs ,will be exhibited
‘by them for a confiderable time.

When the: ftockings were -fuffered to meet,

‘they ftuck-together with confidergble force; ‘at
firft Mr. Symmer found they required from one
to twelve ounces to feparate them.  Another
time they raifed 17 ounces. ~ Getting the black
ftockings new dyed, and the white ones walhed,
and whitened in the fumes of riew fulphur,, and
then putting them one within the other,  with
the rough fides together, they. required three
pounds three ounces to feparate them.  When
the white ftocking was put within the bia.‘ck_qne,
fo that the outfide of: the white ‘was contiguous
to the infide of the black,. they raifed  nine
pmmds, ‘wanting a few ounces ;  when thc two
rough furfaces were together, they faifed. fiftcen
pounds, oone penny. weight and a. half

The Rev. Mr, Lyon has made many curious pxpcrx~

ments on dxe attraéhon of nbbons their coheﬁon, &c, Sec
Lyon's Expen{nmtn and Obfervations on Elc&ricity,

CHAP.
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CH AP VI

Or tur ErecTrRIC SPARK.

EXPERIMENT LXXIV:

FIX the wire and ball B o thc .end of the
_ condu&or, as atA ﬁg 29, pl I, tura
'the éylmdcr and then brmg the knuckle, or an-
other metal ball, as C towards B; 1f thc ma-
chine is powcrful a «lo;ig, crooked brxlhant,‘
'elcé’tnc fpaxk with the appearance of ﬁrc, at-
‘tended with'a fnappmg noife, will pafs t bezwcen
the two balls, or between the knuckle and ball,

The exptnments in'the forcgomg chapter
ﬂmcw, that thofe fubftances, which are brought
within the influence of ele&nﬁed bodxes, will
Fbccomc poﬂ'eﬁ'cd of a contrary ele&rxcxty, and
are conﬁquently in a proper ftate to receive a
fpa.rk from any body that is chargcd with elefric
‘matter; and when bxought near enough they
Will receive the fluid i in one cxploﬁon If the

| candué’tor is ncgatwe, it receives the ﬂund from
the approaching body. The {park does not ex-
plode at the greateft dxﬁance ona ngcn body.
‘uhtil it has firlt been made to frike at fome

{maller
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fmaller diftance, which; as it were, entices the
difcharge gradunlly forwands.

The longeft and moft denfe fparks proceed
from that'end of the conductor which is fartheft
from the cylinder, though  long curvilinear
{parks may alfo be taken near. the infulating
pillar which fupports the condactor.

The fpark, or quantity of clectricity difs
‘charged, “is meatly in” proportion to'the fize pf
‘the conductor; fo that larger and longer fparks
are dbrained froth ‘a conduor which has a con-
filerdble furfage, “than from a4mall one. “This
thas ‘been «extended o far, that the force of the
“fpark “froma conductor, has ‘been” equal to a
“fhiock from:a good fized phial.

“The Foumd ‘is ocedfioned by the momentary
agitation into which the air is thrown by the
elettric Avid.

‘If the eleétric Tpark is receivéd on any part of
'the body, it occafions a'ferfation fomething re-
Tembling a‘fmart“Blow, which is more or lefs
péinfill, in proportion to'the tendernefs of the
“part, or ‘the ftrength and weaknefs of the f] park
* "AVhen the quantity* of electricity is{mall, and’
‘incapable of firiking at any conﬁderable dif-
“tance, the fpark appears ftrait; butwherrit’is
“ftrong, and capable of friking at ,greater dil~
‘tance, ‘it ‘aflumes a crooked qr zig-zag direc-

tion;
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tioh ; and this, probably, becaufe the more fluid
electric matter has to pafs with great rapidity
through the denfer and lefs fluid atmofphere,
Avhich reciprocally act upon each other.

If the uninfulated conducting fubftance that
is prefented to the prime conductor, iniorder to
take fparks thercfrom, be broad, round, and
polithed at the end, the fparks will be fhort and
denfe, and will produce a confiderable found.
If lefs broad, the fpark will be long, crooked,
and not fo founding. If the breadth be ftill
more diminifhed, the conductor begins to come
under the denomination of a pointed body ; the
electric fluid paffes to it from the prime con-
dudtor, through a great fpace of air, with a
hifling or ruftling noife, -and in a continual
fiream, A flill greater fharpnefs enables the
eletricity to pafs over a {till greater {pace, bus
Jilently, and nothing is feen but a finall light
upon the point. If a fimilar point iffue from
the prime conductor, and the uninfulated con-
ductor be round and polithed, the fame effets
happen in like fituations 3 but If both be point-
ed, the cle@ricity is more readily difcharged s
and, in all thefe cales, the appearance of the
cleétric matter a¢ the poine of the prime’ con-
ductor will be that which is peculiar to it's
cle@ricity ; @ large divergent cone, if pofitives

O a fmall
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o finall. globular light-or eone, if negative; and
the light at the point’ prefented to the primec
conduétor will be charalleriftic of the contrary
electricity.

Tt will be feen, by a great variety of experi-
ments, that the eleétric fluid is diffipated, unlefs
it is refifted by the preflure-of the atmofphere,
which keeps the fire together in a body, and by
concentrating, it increafes it’s fplendor. . The
fpark which cxplodes in the air is vivid, like
lightning ; but if the' fame is tried in an ex-
hauftéd receiver, inftead of a fpark and explo-
fion, we have only a filent, faint, diluted ftream.

- Beccaria fays, that the air refifts the eleétric
fpark in proportion to it’s denfity, and the
thicknefs of the ftratum it oppofes to the fpark,
or the length of the paffage they open for them-
felves through it’s fubftance. He alfo thews,
by a varicty of experiments, that the air is driven
in every direion by . the eleétric fluid, with a
force, the action of which does not immediately.
{ubfide. It will appear from this, as well as
many other confiderations, that the exceeding,
great velocity and ftrength of the electric fluid
are not owing to a repulfive power among it's
particles, but to the mutual action of the air and
elecric fluid upon themfelves and one another
and that it’s momentum is preduced by the in-

cumbent
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cumbent preflure of the atmofphere on the elec-
tric fluid, and the preffure of one part of this
matter upon another. - This latter preflure muft
be very great, if the particles of the electric fluid
are in contalt, or aét immedidtely one on the
other throughout the wide immenfity of {pace.

The clectric fpark appears of a different co«
lour, according to it’s denfity: when it is rare;
it appears of a blueith colour ; when more denfe,
it is purple ;- when highly condenfed; ir is clear
and white, like the light of the fun.

The middle part of an eleétric fpark often
appears diluted, and of a red or violét colour ;
the ends are more vivid and white, probably
becaufe the fluid meets with the greateft refifx
tance at it’s entrance and exit.

The fpark is fometimes divided ifnto rhany-
ports, as in fig. 3o, pl. Ill.  The rays of the
pencil concentrate where they ftrike the ball,
and form upon it many denfe and fhining
fparks.

ExprrIMENT LXXV.~~T0 fender an dvory dall
Iuminous. Place an ivory ball on the conductor;
take a ftrong fpark, (ot pafs the charge of @
Leyden bottle through the center of it) the ball
will appear perfectly luminous. If the charge
is not taken through the center, it will pafs

over and corrode the furface of the ball.
Q2 ExpEri~
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ExpeRIMENT LXxVI.~T0 oblain & crimfon c-
loured Jpavk. ‘Take a fpark through a ball of
box-wood, and it will appear of a beautiful
crimfon, ‘or rather a fine fearlet colour; or the
fhock may be pafled through pieces .of wood of
“different thicknefles and denfity, which will
afford a very ample field for obfexvation and ex-
periment,

The two foregoing experiments are {o anala-
gous to the famous expcriment of Mr, Hawk{-
bee, and fome others which have been made
fince his timc, that I have fubjoined them, and
bope they will lead to a further invefligation of
"this curious fubject.

ExperiMeNT Lxxvit—~—Mr. Hawkfbee lined
more than half the infide- of a glafs globe with
fealing-wax, he exhaufted the globe, and put it.
in motion, when on applying his hand to excite
it, he faw the thape and figure of it as diﬂinc"tly
on the concave fuperficics of the wax within, as
if only pure glafs had intervened between his
eye and his hand. ‘The lining of wax, where it
was thinneft, would but juft allow the light of
a candle to be feen through it in the datk. In
fome parts the wax was at leaft an eighth part of
an inch thick; yet, even in thofe places, the
fhape and figure of his hand wcre as diftinguifh-

able as any where clle,
Beccaria
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Beccaria difcharged an clectric fhock through
forme brafs duft, fprinkled betwcen two plates
of fealing-wax; the whole was rendered per-
feétly luminous and tranfparent.

ExperimeNt LXXVIIL —The finger rendered
duminons.  ‘This extraordinary experiment was
made by Dr. Prieftley, and is thus defcribed by
bhim. Ilaid a chain, which was in contat with
the outfide of a jar, lightly on my finger, and
fometimes kept it at a {fmall diftance by means
of a thin piece of glafs. If I made the dif-
charge at the diftance of about three inches, the
«<lectric fire was vifible on the furface of the
finger, giving it a fudden concuffion, yhich
feemed to make it vibrate to the very bone; and
when it happened to pafs on that fide of the
finger which was oppofite to the eye, the whole
feemed, in the dark, perfectly tran{parent.

EXPERIMENT LXX1X.—T0 suake a bottle of water
luminous. Connect one end of a chain with the
outfide of a charged jar, let the other end lie on
the table, place the end of another piece of
chain at about one quarter of an inch diftance
from the former, then fet a decanter of water
on thefc feparated ends, and, on making the
difcharge through the chain, the water will
appear perfectly and beautifully luminous.

Do not thefe experiments indicate, that there

O3 is



198 AN ESSAY ON ELECTRICITY,

is a fubtle medium both in ele@ric and non-
cletric bodies, that renders them tranfparent,
~when it is put in motipn?

EXPERIMENT LXXX. — Green fparks. * The
fparks taken over a piece of filver leather, ap-
pear of a green colour.

~ EXPERIMENT -LXXXI. — With 1ke fpiral tube.
E,F, fig. 31, isa glafs tube, round which, at
{mall, but equal diftances from each other,
‘pieces of tin=foil are pafted in a fpiral form,
(hence it is called the fp1ral tube) from end to
‘end ; “this tube is inclofed in a larger one, fitted
with brafs caps at cach end, which are con-
neéted with the tin-foil of the inner tube. Hold
onc end in the hand, and apply the other near
enough tothe prime condutor to take fparks
from it, a beautiful and lucid {pot will then be
feen at each feparation of the tin-foil; thefe
muluply, as it were, the fparks taken from the’
condu&or s for if there was no break in the tin-
foxl thc cledric ﬁrc would pafs oft unperceived.

Ex?nmmn? LXXXIT. — The Juminous -word.
“This experiment s exatly on the fame prin-
ciples as the forcgomg The word is formed
by the froall fcparatxons made in the tin-foil,
which is pafted on a piece of glafs, that is fixed
in a frame of baked wood, as is reprefented in
ﬁg 32. To make the experiment, hold the

frame
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frame in the hand, and prefent the ball G to
the -conduéor, the fpark received.on this will
be communicated to the tin-foil, and follow it
in all it’s windings, till it arrives at the hook
h, and is conveyed from thence to the ground
by a chain: the lucid appearance at each break
exhibits a werd in characters of fire.

ExPERIMENT ' LXXX119.~—T0 lake the ele&ric
Jpark with a metal point. Screw a pointed brafs
wire into one end of a fpiral tube, and prefent
it to the conductor while the machine is in ac-
tion, when a firong fpark will pafs between the
conduor and the point.

EXpERIMENT LXXXIV.—4 flrong fjmrk oblained
by a point. Take a clean dry glafs tube, of about
a quarter of an inch bore, infert a pointed wire
in this tube, keep the pointed end at fome dif-
tance from the end of the tube, let the other
end be conneéted with the ground, bring the
former towards the prime conduétor, and ftrong
zig-zag {parks, attended with a peculiar noife,
will pafs between the conductor and the point.

EXPERIMENT LXXXV.—~ Spiral illumination.
Take a round board, well varnithed, and lay on
it a chain in a {piral form; let the interior end
of the chain pafs through the board, and . con-
nect it with the coating of a large jar; fix the
exterior cnd to a dileharging rod, and then dif-

04 charge
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charge the jar; 3 beautiful fpark will be feen
at every link of the chain. The illuminationg
to be produced by a-chain are capable of an in-
finite variety of modifications.

- EXPRRIMENT LXXXVL.r Luminous difcharger,
Place fpots of tin-foil at equal diftances from
each-other, on a piece of bent glafs, and let the
ends of the glafs be furnifhed with brafs balls,
and a glafs handle be fixed to the middle of the
bent glafs. The jnftrument will ferve as a difs
charger, and at the fame time exhibit, at each
feparation of the tin-foil, the cleGric light. The
fame end is anfwered by conneéting an iron chain
with the two balls.

EXPERIMENT LXXXY 1L Ilumination by a revol-
ving fpark. Fig. 98 reprefents fevera) {piral
tubes, placcd round a board ; a glafs pillar is
fixed to the board, and on this pillar is ce.
mented a metal cap, carrymg a fmall fieq)
point; ‘3 brafs wire, furnifhed with a ball at
each end, and nicgly balanced, is placed on this
paint: place the middle of this wite under g
ball proccedmg from the conduétor, fo that it
may receive a ccntmued fpark from the ball,
then gwc the wire a rotative motion, and the
balls in revolving will give a fpark to each bal]
of the fpiral tube, which will be communicated
ftom thence to the board; forming, from the

brilliancy
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brilliancy of the light and it’s rapid motjon, 2
very pleafing experinent.

_ All thefe experiments on the interrupted fpark
may be pleafingly and beautifully varied, and the
fpark made to appear of different colours, at the
pleafure of the operator.

Fig. 92 reprefents a fmall glafs tube, ftopped
at one end with a piece of cork; k a wire pafs-
ing through a picce of cork, fitted into the other
end of a tubc; the upper part of the wire is
furnithed with a brafs ball, the end of the wire
within the tube is bent at right angles to the
reft of the wire.

EXPERIMENT LXXxVI11L—T0 perforate a glafs
boitle by the eletivic fpark. Take out the upper
cork and wire ; pour fome fallad oil into this
tube, and then fit in the cork, and puth down
the wire, fo that the end of it may be ncar or
rather below the furface of the oil; prefent the
ball towards a prime conductor, holding the
finger or any other non-conductor oppofite the
bent end of the wire, and when a fpark paffes
from the conduor to the brafs ball, another
will pafs from the end of the wire, and perforate
the glafs; the oil will be curioufly agitated.

This experiment appears more beautiful when
it is made in the dark. After the firft hole is

made,
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made, turn the end of the wire round towards
another part of the glafs tube;and a fecond hole
may be made in the fame manner.

© Mr. Lullcn produces very conﬁderable effeéts
by paﬁ'mg ‘the fhock through wires that were
inferted in tubes filled with oil. The [park ap-
pears larger in it’s paffage through oil, than
when it paffes through water,

M. Vilette filled a difh of metal with oxl and
when he had eleCtrified the difh, he plungcd a
needle into the off, and received a very ftrong
fpark as foon as the point of it came withina
fmall diftance of the dith. A fmall cork ball
being made to {wim in this oil, upon the ap-
proach of the thick end of the ftalk of a lime,
it plunged to the bottom, and immediately rofe
'DP agam

The feparation between the pieces of tin-foil,
in experiment 62, forms a refiftance which hin-
ders “the. immediate reception ‘of the electric
ﬂuxd and thus, in fome meafure, prevents the
common action of the point on the conductor ;
or, the power of a point to prevent an explo~
fion, depends on it’s having a perfe uninter-
rupted metallic communication with the earth ;
though this is not always fufficient, as may be
feen by experiment 63, where the fluid is con-

centrated and collected by the non-condulting
fubftance
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fubftance” which furrounds the point; a cale
fimilar, in many refpects, to the conductors
which are ere@ed for the prefervation of build-
ings.

Phofphorsc Experiments.

EXPERIMENT  LXXXIX.—Phofpborus illumi-
nated. 'Take fome of the powder of Canton’s
phofphorus, and by means of a litle fpirit of
wing, ftick"it all over the infide of a clean glafs
phial, then ftop the bottle, and keep it from
the light. ‘To illuminate this phofphorus, draw
feveral ftrong fparks from the conductor, keep-
ing the phial about two or three inches from the
{parks fo that it may be expofed to their light ;
the phial will afterwards appear luminous, and
remain fo for a confiderable time.

ExpsriMENT ¥C.—Cut out in paftcboard, or
foft wood, the figure of a crefcent or any of the
planets ; cover this cqually with the white of an
cgg beat up till it is quite fmooth, over which
fift the phofphorus through a fine lawn fieve,
then let it dry, and blow off all that is not fixed
by‘the egg. To make the experiment, place
the object in the communication between two
directors, and difcharge the jar, when the
whole will become beautifully luminous ; care
;jmﬁ however be taken to hold the dire&lors ata

little
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jitle diftance above the phofphorus, forif it
pafles through it, the whole of the powder in
the track of the fluid will be torn off.

- Place a fmall key on the phofphorus, and dif-
«harge a Leyden phial over the phofphorus, and
then throw the key off from it, and when it is
exhibited in the-dark, the form of the key and
all it’s wards will be perfectly {een.

As the experiments on phofphorus are in
themfelves exceedingly curious, and appear to
ame to be intimately connected with the nature
of elediricity, I hope I fhall not be thought to
have deviated too far from the fubject of this
Effay, by introducing fome experiments of Mr.
Wilfon on, this {fubje& ; the more {o, as the pro-
ducing the prifmatic colours is by no means dif-
ficult, as little more is required than a few
oyfter thells, and a good fire of any kind. Tor,
if thofe fhells‘are thrown carclefsly into the
middle of the fire, and continued there for a
proper time, (which may be for ten minutes, a
quarter, half, or three quarters of an hour, ac-
cording to the thicknefs and compaétnefs of the
fhells, and the degree of firc they are expofed
t0,) they will cxhibit lively prifmatic colours,
after they are removed from the fun into the
dark fuddenly, and the eyes have been previoufly
preparcd a little to receive them. Mr. Wilfon

excited
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excited alfo the light of thefe fhells with electri~
city in the following manner.

ExperiMent xcI.—He placed upon a metal
ftand, which was rounded at top, and about half
an inch in diameter, a prepared thell, that would
exhibit the prifmatic colours very lively on the
upper furface of this fhell, and near the middle,
where the colour-making parts predominated,
he brought the end of a metal rod, and then
conneéted the two metals properly with the
coatings of a charged phial, in order to dif-
charge the fluid. In this circuit there was left,
defignedly, an interval of about three inches,
unoccupied by metal, and next one fide of the
glafsy the difcharge was made by completing
the circuit with metal where the interval was
left. ‘The fhell, at that inftant, was lighted up
to an exceeding great advantage, fo that all the
colours appeared perfeétly diftin@, and in their
refpelive places, anfwering to their different
colour-making parts. Thefe colours continued
vifible feveral minutes, and when they ceafed’to
appear, a white purplifh light occupied their
places, which lafted for a confiderable time.
And notwithftanding this experiment was re=
peated with the fame and other fhells," the co-
lours continued in their refpetive places, and
nearly of the fame degree of brilliancy ; except-

ing,
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ing, that in or near thofe parts where the ex.
plofion took place a few fcales were driven off.

+ EXPERIMENT XCIL.—On firing [pirit of wine by
theelettric fpark. Let any perfon fland on the
infulating ftool, and conne& himfelf by wire or
chain with the prime conductor, he will then
exhibit the fame appearances which are ob-.
taincd from the conductor, and will attract light
bodies, give the fpark, &c. and thus afford a
pleafing mode of diverfifying every experiment.
It is abfolutely neceflary, to the complete fuc-
cefs of:this-‘experiment, that no part of the
cloaths touch the floor, table, &c. and that the
glafs feet be carefully dried: a fbeet of dry brown
paper placed under the ftool, will be foumd of
confiderable fervice, by rendering the infulation
more complete.

If the infulated perfon lays his hand on the
cloaths of one that is not fo, efpecially if they
are woollen, they will:both feel as it were many
pins pricking them, as long as the cylinder is
in motion.

EXPERIMENT XCXtt —T0 fire Jpirits of wine
with the eleciric fpark. Heat the ladle I, fig. 33,
then pour a {mall quantity of fpirits of wine
into it, and fix it by it’s handle to the end of the
prime conductor; or fire the {pirits, and blow
them out a few minutes beforé the experiment

is
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is made; take a fpark through the middle of
the ladle with a brafs ball, and the fpirits will
be fired by it. v

"Or let a perfon, ftanding on an infulating
ftool, and conneéted with the prime conductor,
hold the ladle with the fpirits in his hand, and
let a perfon on the flpor take a fpark through
them, and they will be fired. The experiment,
anfwers cqually well, it the perfon on the floor
holds: the ladle, and the inftlated perfon takes
the fpark.

Experiment xciv.—The foregoing cxperi-
ment may be agreeably diverfified-in the fol-
lowing manner. . Let one eletrified perfon,
ftanding on an infulated ftool, hold the f{pirits.
Let another perfon, ftanding alfo on an infu-
lated fool, hold in his hand an iron poker, one
end of which is made red hot, he may then ap-
ply the hot end to the fpirits,and even immerge
it in them without firing them.  But if he put
one foot on the floor, he may fet the fpirits on
fire with either end.

ExprRIMENT Xcv.—The fpirits cannot be
kindled by an infulated perfon, becaufe, 'as the
electric fluid cannot efcape through him to the
earth, he is incapable of drawing ja fpark fuffi-
ciently ftrong to inflame them, and hot iron will

feldom or never fet {pirits on fire. _
Or



208 AN ESSAY ON ELECTRICITY.

Or INrLAMMABLE AIR, aAND THE PisTOL FOR
FIRING INFLAMMABLE AIR BY Tur ELRCTRIC
SPARK.

A fpecies of air, which is inflammable, is fre
quently generated in coal miness the air alfo
emitted by ftirring the mud . of fome flanding
waters, has been found to be inflammable. Py~
trefcent animal mdtter alfo emits this fluid. It
may be obtained by diftillation from wax, pitch,
amber, coals, and other phlogiftic fubftances.
The following is the moft convenicnt method
of proeuring it: put fome fmall nails or iron
filings into the bottle r, fig. 38; cover thefe
with water, then add to this a little oil of vi«
triol, -about one quarter of the quantity there is
of water-; put the ground cnd of the bent tube
into the mouth of the bottle, and pafs the other
end through the water of the bafon T into the
ncck of the bottle K, which is filled with water,
and inverted in the bafon ; the bottle K muft be
fupported during the operation: in a little time
the -mixture will effervefce, and emit a fluid
which will pafs through the bent tube, go into
the bottle K, and at laft fill it totally, expelling
the water; the bottle is then to be removed,
and corked as expeditioufly as poffible.



AN ESSAY ON ELECTRICITY. 209

Fig. 39 reprefents a brafs piftel for inflam-
‘mable air; ab is the chamber of brafy, to the
mouth ac of which a cork i is fitted, a perforated
picce of brafs g fcrews on to the bottom of this
chamber, (this piece is rcprefented by itfelf: in
fig. 40,) a glafs tube f is cemented into the per-
foration of this piece, and a brafs wire is alfo
cemented into the glafs tube; one end of th:s
wire is furnifhed with a ball, the other ¢ extrcmnty
is bent, fo as to come wuhm about a temh of
an inch of the brafs piece. Fig. 41 is a brafs
cap, -which fcrews on the piftol, to preferve the
glafs/ tube frorm ahy‘ accident, ' The air with
which the piftol is to be charged fhould be kcpt'
ina corked bottle: take out the cork and apply
in the fame inftant the mouth of the piftol to
the opening of the bottle, and the common and
inflammable air will mix together, becaufe the
former bcmg heavier than the latter will natu-
rally defcend ; keep the piftol in this ﬁtuarmn
about 15 feconds, then remove it, and 'cork both
the bottle and piftol with the utmoft expedi-
tion.

If the piftol is held too long over the bottle,
and is murcly filled with inflammable air, it
will dot explode.

P Drscrip-
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DescRIPTION OF ANOTHER APPARATUS FOR
MAKING "INFLAMMABLE AIR, AND' FILLING
rue Air Prsror, &c.

"This apparatus confifts of the following articles.

1. A glafs funnel,

2. A fmall glals tumbler.

3. A bladder tied to a ftop cock.

4. Abrafs pipe paffing through a cork; which
cork is made tapering, to fit the neck of a-com~
mon. wine bottle : the upper part of the pipe has
amale fcrew, to fit the fcrew on the lower end
of the ftop cock.

5. An air piftol furnifhed with a valye at the
end ¢, fig. 395 the wire paffing througb a glafs
tube, and to which the fpark is to be given, is.
fitted into the fide of the piftol. At the end br
of the piftol is a male fcrew which fits the lower
end of the ftop. cock,

6. A box with iron ﬁlmgs

7. A'fmall meafure which will held the pre-
per quantity of iron filings.

8. A brafs tube and hollow Byer; the lower
end of the brafs tube fits the ftop cock.

Soak the bladder in vater which is Iukewarm,.
in order to foften it ; and then render it pliable,,
by blowing air into'it andfqueezing it out again.
After this ferew the conical pipe with, the cork

inte
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into the lower end of the ftop cock, gnd it is
ready for.yfe. Then take a common guart wine
bottle, and put into it a litle hot water, to
warm it. ~ Pour as much oil of vitrjol into the
tumbler, as will aboyt half fill it, and mix this
in another turpbler with about three times the
quantity of cold water. ‘Throw the warm water
out of the hottle, and put a meafure of ;iron
filings dnto it, then pour qut the diluted itriol
through the glats funnel ypon the jron filings.
As foon as the effervelcence begins, put the
cork with it’s pipe into the neck of the bqttlc,
qnd the inflammable air which .is generated by
the mixture, will enter into and gradually:fwell
the bladder. “When this is full, fhut the ftop
cock, and remove the bladder-from the bottle.
The bladder being thus filled, forew the bpt-
tom of the piftal ypon the ftap cock s ,camptefs
the bladder, and introduce by this means aboyt
as much inflajmable air, as you judge will fill
.ane third of it’s capacity, and put.the cork im-
mediagely into .the muzzle of the piftol. Te
form a,cjrcle of fire with .inflammable air, ﬁ§1
the bladder s before, -unfcrew.the comcgl tqbe
from the ftop cock, and fcrew the brafs fly .in
it's place, open the cock, and comprefs the
bladder; the air will pafs through the fly, and
fet it in motion; light the dir at the end of the

P2 pipe,
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pipé, and a beantiful circle of fire will be formed
by the motion of the bent tube, and the fired air
which iffues from it’s points. The piftel is fired
as-in experiment 69.

1f'too gréat a quantity of inflammable air:is
introduced into the piftol, it will not explodc;
to-remedy this, blow :ftrongly into the muzzle
of the piftol, this will force out a quantity of the
inflatmdble air, and occafion z quantity of
common air to enter the piftol, which will then:
readily explode.

The bottle fhould be taken into the open air
and be well wathed, as foon as the bladder is
filled.

ExperIMENT X1, —T0 fire inflavimable air.
Bring the ball of the piflol, which is charged
with' inflammable ‘air, near the pnmc conduc-
tor, or the knob 6f'a charged bottle, the’ Ipark
‘which paﬂ'cs between the end of the wire f and
‘the ‘piece g, fig. 40, will fire the inflammable
air, and drive 'the cork to. a- ‘confiderable dif-
tanceé::* Fhis air, like all other, requires the pre-
{fence either of comrmon air,or Yelfe\ of vital air, to
cnmable it to burn; but, if it ts mixed with a
certain ‘quantity of common air, an explofion
‘will ‘take place in- paling the cle@rie fpark
through it. |

Mr.
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" Mr. Cavallo recommends a'piftol made in the
followmg manner, to thofe who wifh to make
cxperiments’ on the’ cxploﬁon of mﬂammablc
apd dephlogifticated air, or ‘with known quan-
tities of common and mﬂammnblc air. . It con-
fifts of a brafs tube, about one inch in diame-
ter and fix inches long, to one extremity. of
which a perforated piece of wood is fccurcly
fitted ; a brafs wire, about four mches,long, is
covered, except it’s ends, firft with fealing-wax,
then with filk, and afterwards with fealing-wax
again.  This wire is to be cemented in the per-
foration of the wooden piece, fo as to projeit
about two inches within the tube, the reft is on
the outfide; that part of the wire, which is
within, is bent fo as to be only about the
tenth of an inch from the infidc of the brafs
tube.*

To ufe this piftol; fill it with, and then in-
vert it into a bafon of water; make the required
quantity of inflammable and common air in an-
other veflel, by putting in known and propor-
tionable meafures of cach; introduce this mix-
ture into the piftol, and then fop it with a
cork, take the piftol out of the water, and pafs
in the ufual manner the fpark of a charged jar

P3 throygh

# Cavallo on Air, p. 818,
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through it; and thé inflimmablé ait will be
fired.

The inftraments for ﬁrmg thé inflimmable
mr wlth the élc&rrc ﬂ)ark are often made in

,,,,,,

CHAP,
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CHAP IX.

Or EvrcrririeDd Poixts.

EXPLRIMINT XCVI1. — Diffipation of eleBricity
by a point.

) RESENT the pomtcd end of a wire towards

a conductor which is pofitively elerified,

a luc1d globular point or ftar will appear on the

point, and the clecric fluid will be evidently

conveyed away and diffipated from the con-
duor.

ExprrIMENT XcviL—Brufh of eleéivic light,
Prefent a pointed wire towards a conductor that
is eletrified negatively; a lucid cone or bruth
will be feen diverging from the point, and the
quantity of fire will be increafed,

EXPERIMENT XCIX.~—Stay of eleflvic light.
'The lucid flar is feen on the colle&ing points of
a pofitive condutor, while a diverging cone
will appear on a point placed at the end of the
condutor.

To determine the direction of the electric
fluid, has ever been an object of confiderable
lmportancc to the electrician ; as it would enable

P4 hlm
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him to decide on the truth of thofe theories,
which have been 1nv¢nted to dccount for it’s
pheenomena, and greatly affit him inthe pro.
grefs of future dxfcovcry to this end much firefs
has been 1aid ‘on the different appearance of the:
light, which is perceived on the pointed ends
of clefrified ‘conducting fubftances;. as . thefe
have been fuppofed to elucidate fully this irte-
refting queftion.

The cledtric- fluid appears as a diverging
fiream darting forwards into the air, from a
point clerified pofitively. The luminous ap~
pearance on-a point negatively electrified,is that
of a {mall little globule.or Gtar.

Now, as the air is known to refift the motion
of the eletric fluid, the rays of it would by this
refiftance be made to diverge; therefore, when
this fluid is darting from a point into the' air, it
will -aflume the form of a lucid cone or bruﬂn:

‘T'o this it has been objected, that thefe rays
may poflibly: be converging from fo many points
in the air towards the point, and not diverging
from it s .but, as'there does not appear any rea-
“fon why a vifible ray fhould break out from one
place in the atmofphere more than another, the
former account {ecms more conformable to na-
ture, ‘and the known laws of other fluids. ~The
air refifts the motion of the electric fluid equally.

There=
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Therefore, when-this fluid is coming from the
air towards a pomtcd conductor, it would per»
colate flowly and invifibly through the air, but
equally on all fides, till it comes fo near as to be
able to break through the mtmn’iedxate {pace;
but as this will be equal or nearly fo all around,
the negative cle@ricity muft appear like a fteady
‘luminous globule on the point.* Notwithftand-
ing the apparent probability of the above rea.
foning, it may ftill be objected, that no decifive
conclufion’ can be drawn from thefe appear~
ances, as they may be varied by augmenting or
diminifhing the volume of the pointed body, and
by 2 variety of other circumftances.

ExPERIMENT C.—A Jucid econe appears. on - the
colle@or of a negative conductor, and a Jucid flar
on a point placed at theoppofite end of the con-
ductor.

ExprRIMENT c1.—Bring an excited glafs tube
near a point that is fixed at the end of a pofi-
tively eleftrified conducor, and the luminous
brufh will be turned out of it’s direQion by the
action of the excited tube; if the tube is held
direétly oppofite to the point, the bruth will
vanifh. |

Experiment c11.—Fix the point to the end
of the negative conduétor, the lucid ftar will turn

towards the excited tube.
LExpEri~

# Encyclopxdia Britannica, p. 2699
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EXseRIMENT cuil~AZion of flame. Put a
wire, which has'a ball at one end, into the hole
at the <end of a poﬁtwc condu&or, place a
«}xghtcd candle fo-that the middle of the flame
sy be évet with: the' middle: of the ball, and
about an inch from it; turn the machine, and
place the fame wire at the end of the negative
coniduBlor,” the appearance will be reverfed,
aitd the knob will foon be heated by the fame
of the catidle which is cartied towards:it.

ExvtriMent civ.—Eledric fly. Fix a pointed
wire ifi the hole on the upper fide of the con.
du&or, then place the center of the brafs crofs
K, fig.'34, upon the point, - the ends of awhich
¢rofs are all bent one way; eleétr:fy the con-
dudtor, and the crofs will turn upon it’s center
with great rapidity. If the room be darkened,
a circle of light will be formed by the eleéric
fluid oni the points of the wires. 'The re-action
of the sir on the diverging cone of eleéiric mat-
ter gives the retrograde motion to the!polints of
the wire.

The fly tutns round in the fame diretion,
whether it is electrified negatively or pofitively ;
though it will, not move in vacuo, unlefs the
finger, or fome other conductor, is applied to
“the glafs receiver oppofite to one of the points,
it will then begin to move, and continue to do
{o brifkly, till the glafs is charged.

ExprrI-



AN ES$4Y ON ELECTRICITY, 219

Exprrivent cv.—Ele@rify the two infulated
wires M N, o P, figh 3¢, and the refiftance of
the air againft the eletric ftream, from the
poifit of the fly L, (the axis of which réllson
the wires) will force the fly up the declivity of
the inclined plane, M N, o P.

ExperIMENT cvI.—Fig. 36 reprefents &
Jmall crane, which will move from the fame
caufe as the foregoing, and raife a fmall weight,’

ExpeRiMENT cvir~Several flyets say  be
rhtide to turh at the fame time, fee fig. 37, and
miny other pleafing experiments may be cons
trived on the {ame principle ; of, the flyers may
be placed one above another, diminifhing graw .
dually in'fize, and forining, when'cle@trified, a
lufhifous cone ; the circles of light will be more
btilliant,, if the ends of the wires are covered
with a thin coating of greafe, fealing-wax, or
fulphur.

 EXPERIMEINT cVIiL.Spatk from a poin? itta
merfed in oil.  Immerge a metallic point in a
metal veflel nearly filled with oil of vitriol, and
placed on an electrified conductor, foarce any
Jpark will pafs to the point, although it is held
vety tear the bottom of the. veffel. If this is
filled with effential oil of turpentine, a fmall
light may be feen from titne to time in the body
of the fluid. If common oil iz ufed; the point
will
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will take flrong fparks, and the ele€tric fluid, in
endeavouring to reach it, -will occafion an ebul-
lition in the oil.
So that the eleétric fpark depends in a great
- meafure on the conduéting power- of the .mgs~
dium through which it pafies.

Ele8ric Boats.

If {mall boats, or little fwans, &c. are made
of cork or light wood, they may be attracted,
and made to {wim in any diretion, by apply-
ing a finger towards them; a fine needle ftuck
into the end of the boats, in the manncr of a
béwfprit,’ will caufe them to be repelled from
the hand held over it, and they may be I’cccred
by it, ftern foremoft, to what point of the com.-
pals you pleafe. The boats might have the ad-
dition of fails to them, and might then be made
'to move brifkly before an clectrical galc, froy
the point of a wirc held in the hand.

The operator in thefé tyicks would certainly
be looked upon as a magician, if the clectrical
‘machine is kept out of fight. But a more ftrik-
ing fight, would be a number of thefe boats,
with each of them a twirling fly, about an inch
in'length, fixt to the top of the maft ; thg hand
held over them would fet them all in motion ;

in
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in the dark, they would appear as fo many rings
of fire, moving in various courfes, and follow-
ing thie hand in any direction.

Whena few young perfons have nothing elfe
to.do, they might very innocently amufe them=
felves, by makinga reprefentation of a kind of
fea-engagement between thefe boats,  Suppof-
ing each of them large enough to hold a {mal
coated phial without finking, thefe phials may
be charged, fome of them pofitively on the in~’
fide, others negatively ; they may then be
placed at the bow of the boat, with the -wire
ball and uncoated part -of .the phial projecting
over; a fmall brafs chain fhould be made to
touch the outward coating of the phial, and the
other end brought over the ftern of the boat,
and hang fo as to touch the water. ‘The boats
being then put into- a trough of water, and
pretty highly charged, they will foon be in mo-
tion; thofe that are electrified alike, will repel
each ‘other ; and thofe poflefled of a contrary
ele@ricity, will be attracted, till the balls of the
two phials approach pretty near together ; they
will then difcharge their contents with a loud
explofion, and the boats will afterwards fheer
from each other *

"When

* Becket’s Effay on Eleétricity, p. 36.
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When the cle@ric fluid percolates 3 wooden
point, the ftream or cone, which iffues from i,
feems diluted, and fomething fimilar to the
purple electric light, which is obtained in
vacuo. The a&ion of the eleétric fluid on the
* air, by an cleCtrified point, produces a fenfible
aura, or wind, of fufficient force, as is feen
above, to put light bodics in motion, or difturb
the flame of a candle, and occafion an undula-
tion in the fluids: the action of the fluid is fo
modified by points, as-te produce an agrecable
{enfation, refembling a gentle breathing ; this
fenfation may be rendered more or lefs ftimu-
lating, by the refiftance the fluid meets with in
it’s adtion on our bodics, an effect which is
productive of great advantages in medical clec
Aricity.

My. NICHOLSON, npon Lhe luminous appearances
of eleltricity, and the allion of points.

e obferves, that the cfcape of negative clec-
tricity from the ball is attended with the ap-
pearanceof ftrait tharp{parks, with a hoarfc or
chirping noife, When .the ball was lefs than
two inches in diameter, it was ufually covered
with fhort flames of this kind, which were very

UMCrous.
When
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When two equal balls were prefented to each
other, and onc.of them was rendered firopgly
pofitive, while the other remained in connection
with the carth, the pofitive brufh or ramified
{park was feen to pafs from the cletrified ball ;
~when the. other ball was electrified negatively,
.and the ball, which before had been pofitive,
was conneéted with the ground, the deftricity
{paffing the fame way, accoxding to I'ranklin)
exhibited the negauve flame, or denfe ftrait
and more luminows fpark, from the negative
ball ; and when the one ball was electrificd plus,
and the other wmiuus, the figns of both elecei-
cities appeared.  If the interval was not teo
-great, the long zig~zag fpark of the plus ball,
ftruck to the firait flame of the minus ball, ufually
-at the diftanccof about one-third of the length
of the latter from it’s point, rendering the other
two-thirds very bright. Sometimes, however,
the pofitive fpark ftruck the ball at a diftance
from the negative Hame.  Thefe cffedts are re-
-preiented in plate 1. fig. 1, 2, 3.

Two conductors of three-quarters of an inch
~diameter, with fpherical ends of the fame dia-
-meter, were laid parallel to cach other, at the
diftance of about two inches, infuch a manner
as that the ends pointed in oppofite direstions,

and were fix or eight inches afunder. Thefe,
which



284 AN ES8AY ON-ELECTRICITY,

which may be diftinguithed by the Jetters Pand
‘M, were fucceflively electrified as the balls
were inthe laft paragraph. When one conductor,
P, was pofitive, fig. 5, it exhibited the fpark of
-that cle&ricity at it’s extremity, and ftruck the
fide of the other condu¢tor M.. When the laft~
.mentioned conductor M was electrified nega-
tively, fig. 4, the former being in it’s turn con-
neGted with the carth, the fparks ceafed to
ftrike as before, . and the extremity of the elec-
trified conductor M exhibited negative figns,
and ftruck the fide of the other conductor.
And when one condulor was clectrified plus,
and the other minus, fig. 6, both figns appeared’
at the fime time, and continual ftrcams of elec-
tricity pafled between the ecxtremities- of each
conducor to the fide of the other condu&or op-
pofed to it. Ineach of thefe three cafes, the
current of electricity, on. the hypothefis of a
fingle fluid, pafled the fame way,

In drawing the long fpark from a ball of four
inches diameter, it was found of .fome confe-
quence' that the ftem fhould not be too fhort,
becaufe the vicinity of the large prime conduc-
tor altered the difpofition of the electricity to
efcape; a fet of experiments wcre therefore
made, the refule of which fhewed, that the difpo-
fition of balls to reccive or emit elericity is

greatcst
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greateft when they ftand’ remote: from other
furfaces in the fame flate; and that between
this greateft difpofition in any ball, whatever
may be it’s diameter, every poflible lefs dégree:
may be: obtained- by withdrawing-the ball'to~
wards. the broader or lefs convex furfice; out-of
which- it's ftem' projeéts, until at length the
ball; being wholly. deprefléd beneath that fur-
face, lofes the difpofition-entitely. From thefe:
experiments it follows; that a variety-of ballsis:
unneceffary in ele@ricity; becaule any- fmail-
ball, if near the prime-condu&lor; will bé- equi~.
valentto alarger ball whofé ftem islonger. ‘

- From comparing {ome-expetiments, made by’
himfelf’many years ago, with the prefént: fet; he:
«confidered a point: as a ball of an indefinitely
fimall’ diameter, and’ conftrued an inftrument
confifting-of a brafs ball of {ix inches diameter,
through' the axis of which a ftem, carrying a-
fine point; was férewed: When this ftem is
fixed’ in the- prime conductor, if the'ball be
moved on it’s axis in either dire@®ion, it caufes
the fihe pointeithet to protrude througha finall’
hoeléiin it's external{urface, or’to withdrawit=
felfy becaufe by this means thie ball’ runis. along
the flem:  The difpofition-of* the point® to
tranfmit eléricity may thus be madé equal’ to
that of any ball‘whatever,’ from ‘the minuteft’

Q_ fize
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fize to the diameter of fix inches. Sce fig. 7,
let. A.

The action of pointed bodies has been a fub-
je¢t of difcuffion ever fince it was firft difco-
vered, and is not vct ‘well explamcd To thofe
who alcribe this effe¢t to the figure of eleétric
atmofpheres, . and their difpofition to fly off, it
may. be anfwered, that they ought firft to prove
their exiflence, and then fhew why the caife
which accumulated them does not prevent their
efcape; not to 'mention the difficulty of ex-
p,‘,laiinlingér;hc natyre of negative atmofpheres, If
thefe be fuppofed to confift of eletrified air, it
will not be eafy to fhew why a current of air
paffing near a primc conductor does not deftroy
ir’s effefts. “The opinion, fupported by the c¢-
lcbratcd Volta and others, that the poing is the
coatmg to an infinitely finall platc of air, does
not appear better founded; for fuch 3 plate
xnuft be broker; :hxough at a greater dlﬁance
oply | bccaufc higher charged ; whcncc it would
follow, . that _points fhould not act but .at “high
mmnﬁt;cs. Asa proof that thc charge has little
to do_here, if a ball be prefented to the prime
condu@or, at the fame time that a point ‘pro-
cgeds from tbc oppofite ﬁdé of the ball, the

le(fh'lClty will pafs by the point, though it i,
obliged to go round thc ball for that purpofe;
but



AN ESSAY ON ELECTRICITY. 227

but it can hardly be doubted, that whatéver
charge obtains in this cafe is on the furface of
the ball next the conduétor, and not on the re-
mote fide to which the eleCtricity dire&s it’s
courfe. '

Achard’s” experiments. with a numbcr of
pointed cones, fcrewed in a plate of metal and
likewife the pointed apparatus before-defcribed,
thew that the effe¢t of points depends on thg:
remotenefs of their extremities from the other
parts of the conductor. This leads to the fol«
lowing general law.

In any eleﬁrtﬁed coidudtor the tranfifion or ¢fcape
of elediricity, will be made chiefly from that part of
the furface which is the moft vemote from the natural
Siate.

Thus in the apparatus of the ball and ftem,
the point having a communication with the reft
of the whole conductor, conftantly poffeffes the
fame intenfity ; but the influence of the fur.
rounding furface of the ball diminiflies it's capa-
city, ‘This diminution is lefs the farther the
ball 1s thhdxawn, and confequently the point
will really poffefs more clectricity, and be more
difpofed to give it out when it is prominent
than when dcyrcﬁ‘cd ‘The fame explapation’
ferves for negative ele@ricity.

Q.2 The-
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The cffect of a ppﬁave furface, appears, 30
cgtend fur;her than that of a, negative: for the,
pomt aéts hke a_ball when conﬁdcrably more,
»promm;nta,f it be pgﬁxwe, thgn it will if negas,
tive. 'This property was ufed fome years.ago,
for the conftruclion of an inftrument to diftin-
gu\{h the two cle&rxcxtxes.

For, the fakc of conc1fenefs, many facts are,.
pﬂ&downwmmhhmwpmknmdmmnkwwln
the courfe of the experiments on the two clec-
trxcmcs there is, howc\ er, fca;cely any experi-
ment made with the pofitive power, which will
xmu&mdanmkwquqﬂnqmg}ﬁqmmd
with' the negative.

When we ‘confider that our machines can
caufc a ball of an inch and half diameter to a&
like a ;;,mnt and that our apparatus makes a
point aét likea ball ; if at the fame time we re~
mark thc fmall clcvatxon of our condu&prs for,
hgh'tmng above ‘the cxtchdcd furface of the
ground, and the fmall fize of the balls propofed
by fame to be ufed as terminations ; thc difpute
which was fo much_agitated refpecting them,
mNmm@MmbmdeMxmawwmmmc
c1rcumﬁancc, among the many which g govern
the great operations of nature. It does not
feem probable, that any. condu&or would a&

filently
* Introduftion to Natural Philefophy, Vol 1L p. 3za.
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filently if the main courfe of the electricity of a
negative clébd were t péfs through it, and
many would probably receive the ftroke from a
pofitive cloud. ‘It does not, however, follow
from this, that thcy might not conduct it with
[afety.

Q5 CHAP.
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C HAP X

Or Tue Leypen' Purat.

HE experiments upon the Leyderr pkial

are fome of the moft interefting in elec-
tricity; they excited the attention of the philo-
fopher to this fubje&t more than any other ex-
periment, and are till viewed with wonder and
furprize.

ExPeRIMENT C1X.—Charging and difcharging in
general the Leyden phial. Place the brafs ball of
a coated jar in contaét with the prime conduc-
tor while the outfide communicates with the
table, turn the cylinder, and the bottle will in
a little time be charged, or modify the eleétric
flujd in a peculiar manner. To difcharge the
jar, or reftore it to it’s natural ftate, bring one
end of a conduéting fubftance in conta&t with
the outfide coating, and let the other be brought
near the knob of the jar which communicates
with the infide coating, a ftrong explofion will
take place, the electric ligh will be vifible, and
the report very loud. '

" ExPERIMENT cX.—Tbe elefric fock. Charge
the Leyden bottle, then touch the outfide coat~

ing
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iig with one hand, and the knob with the other,
the bottle will be difcharged, and a fudden pe-
culiar fenfation will be perceived, that is called
the eletric thock.

The thock; when it is taken in this manner,
generally affeéts the wrills, élbows, and breaft:
when the fhock is ftrong, it refembles an uni.
verfal blow. This peculiar fenfation-is proba-
‘bly owing to the two-fold and inftantaneous ac-
tion of the electric fluid, which enters and goes
out of the body, and the various parts through
which it paffes, at one and the fame inftant. It
has been alfo obferved, that nature has appointed
a certain modification of the ele@ric fluid in all
terreftrial bodies, which we violate in our €Xe
periments; when this violation is' fmall, the
powers of nature operate in a gentle manner to
rectify the diforder we have introduced; but
when the deviation is confiderable, the natural
powers reftore the original conftitution with ex-
treme violence. |
- If feveral perfons join hands, and the firft
touches the ontfide of a charged jar, and the laft
the knob, the bottle.will be difcharged, and they
will all feel the fhock at the fame inftant; but
the greater the number of perfons that join hands
to take a.fhock, the weaker it is.

The force of she fhock is in proportion to the

Q.4 quantity



232 AN ESSAY ON ELECTRICITY.

quantity of coated furfaces, the thinnels of ‘the
glafs, and the power of the ‘machine; or, ‘the
‘effect of the Leyden phial is increafed, in pro-
portion as we deftroy the equilibrium on the
Murfaces.

A given ‘quantity of elericity, impelled
through our body with a given force, produces
a weaker fenfation, than twice that ‘quantity
impelled with half that force, and conlequently
the ftrength of the fhock depends rather more
on'the quantity of fluid, which pafles through
our body, than on the force with which it is
impclied.  Yet, the force of an explofion feems
to depend more on the degree to which the
fluid is comprefled, than on the quantity ; hence
a fmall phial fully charged will act nearly as
ftrong as a large jar which 15 half charged.

If -a charged jar is coated very high, it will
difcharge itfelf before it has received near the

* charge it 'would take if the -coating was lower.
If it is coated very low, this part of the furface
may be charged very high, but a confiderable
part of the glafs is not charged at all.

When a jar is charged very high, it will often
explode or difcharge itfelf over the glafs from
one coated furface to the other; or, if the glafs
is thin, it will make a hole through it, and
fwell the coating on both fides, the glafs in the

hole
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holc will be pulverized, and very oftena variety
of fiffures will proceed.from ‘it in various direc-
tions. ‘

A Leyden jar very -often recovers it’s ‘gleétri-
city,' in a fmall degree, after a difcharge has
been made; this fecond explofion is called the
refiduum of a charge.

The form or fize of the glafs is'no ways -
terial to the receiving of a-charge. -

To avoid receiving the eleGtric fhock, be
carcful never to touch the top and bottom of the
jar at the fame time, and never to entera circuit
formed berween the infide-and outfide of a jar;
for theseftect of the Lieyden phial dépends-en-
tirely-on the reciprocal adtion of the two fur-
faces, and does not take place, when either is
touched feparately. By attending to this ob-
fervation, jars of any fize may be handled with
fafety. Indeed, the human frame makes fo little
refiftance to the free paflage of this fubtle @gent,
‘that no other inconvenicnce will attend a thock
from a common-fized charged jar, than a'trdn-
fient difagreeable fenfation.

Touch the knob of®® charged jar, ‘tio fhock
will enfue; but the finger, or part that touches
the ball of the jar, will be affected with a fharp
fenfation, as if it had been pricked with a needle.
The difcharge is filent and without an explofion,

’ " when
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when the communication between the two fides
'of the jar is made by imperfect conduétors.

A charged phial fet upon electric fubftances,
may be taken hqld of without dariger, either by
the coating or the wire ; a fmall fpark only will
procaed from either.

Magic picture.  The magic picture is a costed
pane. of glafs, proper to anfwer the purpofe of
the Leyden experiment; over the coatirig on
.one fide is pafted a picture, on the other fide a
/pxccc of white paper is pafted, foas to cover the
whole glafs; it is then put-into a framc, with
the pl&urc uppermoft, and a communication is
formed from the tin-foil of the under fide ta the
bottom rail of the frame of the piture, which
rail is covered with tin-foil.

Lay the pi&ulre‘on the table, with the print
kuppcrmoﬁ énd a piece of money on it; let a
chain fall from the canductor to the print, turn
the. «cylinder, and the plate of glafs will foon
be charged; now take hold of the picture by
the. top rail, and let another perfon take hold
_of the bottom rail, and endeavour to take off the
piece. of money ; in doig® this they will receive
a fhock, .and generally fail in the attempt.

Dk,
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"Dr.. FRANKLIN'S Tunoxw or Tur LevDex
‘BoTTLE

Glafs is fuppofed to contain at all txmcs, on
‘it’s two furfaces, a large quantxty of the eledtric
fluid, which'is fo difpofed, that, if you, increafe
the quantity on one ﬁde, the other muft throw
off an equal ploportlon or, when -one fide is
poﬁtwc, the other muft be negative. . Now, as
no more of the eleric fluid can be forced on
one fide, than can go off on thc other, there is
‘no more in the bortle, after it is charged than
.wag therc before; the quantity is ncxrh‘r in-
creafed or leffened on.the whole, though a
changc may be made in it’s place and ﬁtuatmn-
1. e. we may throw an additiona quantxty on
one of it’s fides, if, at the fame time, an equal
quantity can efcape from the othcr, and not
'otherwife. "This change is. effeted by lmmg
parts of it’s two furfaces with a non-clec-
‘tric; through the mediation of which, we are
‘enabled to convey the eledtric fire to every
"phyﬁcal point of the furface we propofe to
’charge, where it exerrs it's aivity in rcpcllmg
the eledtric particles naturally belonging to the
other fide; all of which have an opportunity of
efcaping by the lining in contact with this fur-

face,



face, which, for that purpofe, muft communi-
‘¢ate ‘With ‘the earth: when the whole quantity
belonging to this furface “has been difcharged,

in confequence. of an equal quantity thrown
‘updn ‘the ‘other furface, the 'bdttle is chargcd
s ‘mitch ‘as it-can poﬁ’ ibly be. The two fur-
*Yaces ‘aredt this time'in a ‘ftate of violence; the
frer, or poI’tlvc Tide, ﬁrongly difpofed to part
“with'it’s ‘additional fire; and the outér, or ne~
gatwl: fide, cqu'ally defirous to attract what it
hias ’lo(‘g but nelther of them capable of having
and dotemporary partmlpauon of the other.

NotWithﬁandmg ‘the vicinity of thefe two fur-
¥aces, 4nd the ftrong difpofition of the electric
Buid cortainied in one of them, to cOmmumcat;
Ws fuperabundance to the other, and of that to
fedelve it, ‘vét théreis an impenetrable barrier
etween thém; for fo impermcablé is gﬁﬁs to
it ele@ric fluid, (though it permits one fide of
t'to 46 upon the other,) that it’s two furfaces
témain in this fate of contrariety, till a com-~
municition is formed between them, ab extra,
by a ‘proper conductor, when the equilibrium i
«Tuddénfy and violently reftored, and the electric
Ruid recovers it’s original Rate of cquality o
the two fides of the glafs.

THE
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“Tue. LevpsNy PHIAL CONSIDERED, IN;: 4. DIf-
FeRENT PornTy o View.

We have already fhewn, that whenever,:a.
quantity of, the cletric fluid is brought within
a, certain, dli’cang:e of the furface of apy:body,,
(whgt,htzr~ meral, weod, ar.glafs,) it will always,
produce on that body a cantrary eledtricity; and
thjs.more, readily, and permancntly, when the-
body has.a communication with the-earth,

The equilibripm will, not be. reftored fo-long;
as.the: Ro,wcr,.,cominues ‘of the. fame: fm:‘c,;:y, and
acting at ‘the, fame diffance ; but the nearer this:
power is brought to the furface, the greater is,
the effe®t it will prpduce. It has. alfo.-been
thewn, that the elefiric fluid will communicate
thefe powers thgpugh,g}afs, neatly;as well as
through air. - )

Now. as . glafg;refifts the. paffage. ofthe fluid
mare than:. wood : or. metal; the. fluid: will be:
longer. in paffing through-a given lengthof glafs;
than through.the fame-length-of wood-or-metal.

‘But by means-of the- metallic coating on one-
fidewofithe. glafs, the ele@ric- Auid-is placedin-
the moftradvantageous fituation for producing 4
firong and uniform action on the contrary fide,
on which the refifance, s leflened. with as. grea

adyantages-
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advantages by the other metallic coating, which
is connected with the carth; and this contra-
riety will continue till' the equnhbrlum is re-
flored’ by connecting ‘the oppofite ‘fide with a
conductor, 7

When an cledtric is excited, the two powers
are faid to be feparated : they are alfo known to
repel their own particles, and attract the con-
trary.. When one fide of a jar is made pofitive,
may i not repel the pofitive ele@ricity from the
othier fide, feparating it from the ncganvc, which
is frongly attracted through the glafs? *.

The outfide of the jar cannot then be faid to
be deprived of it’s clectricity, but only has it’s
fluid changed; and when the fluids are fepara-
ted, they are ever eager to con_)om again.*

CoMBINED AFPPARATUS.

“The apparatus, reprefented fig. 49, will be
found exceedingly convenient for making a va-
riety ‘of experiments on the Leyden phial. I
have endeavoured. to combine the parts of it in
in fuch.manner, as to render the apparatus ex-
tenfively ufeful, without being complicated. A,
is an infulated pillar of glafs, which is fcrewed

to

* Sée‘Eclc;’éjl"hilofo};bx"éél Eﬂ'ayé; Wilfon's Short View
of Ele@ricity s and Milner’s Obfervations on Eleélricity,
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o the wooden foot 'B: all the different parts of
the apparatus may be fcrewed alternately on'
this pillar. C, is an exhaufted tube of glafs, fur-
nithed at each end with brafs caps: at the end
D is a valve, propérly fecured under the brafe
plate; a brafs wire, with 2 ball, projedts from
the upper cap; a pomted wire proceeds from
the bottom plate ; "this tube is called the lumi-
nous conductor. The flafk, reprefented at E,
is called the Leyden vacuum. It is furnifhed
-with a valve under the ball E; this ball un-
fcrews, in order to come mote readily at the
valve: a wire, with a blunt end, projecs a littls
below the neck of the flafk ; the bottom of the
flafk is coated with tin-foil: a female fcrew is
cemented to the bottom, in order to ferew it
on the pillar A.

F, is a fyringe to exhauft the air occafionally,
either from the luminous conductor, or thc
Leyden vacuum, To do this, unferew the ball
of the Leyden vacuum, or the plate of the lumi.
nous conductor, and then fcrew the fyringe in
the place of cither of thefe pieces, being careful .
that the bottom of the female fcrew G bears
clofe againft the leather which covers the fhoul-
derab, cd, then work the fyringe, and in a
few minutes the glaffes will be fufficiently ex.-
haufted. H and Lare two Leyden, bottles, each -

J of
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ofiwhich: Hag: 2. female« forew fitted  to: the Yot
tomm, inorden: that they may' be conwveniently-
ferewed on thespillar-As,  The- bottle H-is fur~
nidhodowithra bejty thae it may fcrew fideways:
on the pillar A, Koand L aretwo ftnall wires,
which are-to - ferews occafionally into either: the.
ball<E, the-knobs e:or fj the cap.c, or the fockes:
g, omthe'top: of the pillar: the: bally may-be
vnderowed: from . thefe: wires, which- will’ thven:
exhibit:a-blunt point: M is a-wooden - table- to-
be ferewed on the-glafs pillar occafionally.

Experiments on Carcing anp Discuarcing
sru e LEYDEN PHTAL, INTENDED TO ELUCIDATE
“AND ‘cONFIRM-DR. FRANKLIN’S THEORY.

- EXPERIMENT cx1.—To Soew, that: except- the
fiutd goes off on: one fide, it can veceive-nane-on the
othars - Scyew.a: Leyden-phial; whofcxcomng»us
fréesfrorh points;: mpan amv infulated: frand;” and-
place it fo that it’s:knols-may be-in contact with
the: conductor, taking:care- that no condéing
~fubftance is nearthe-coating of the-jars turn the:
cylinder-round-a fuffieient- number of' tiines to:
chargesthie.phial; then-examine it- with a- difs’
charging-rod; and!you will'find-it-had received’
no-:charge; - which- fliews -clearly; ' that- except:
the-cledksic flidid can-efeape-from-onefide of the-

Jar,
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jar, it'can receive none on-the other, If there
are any points on the coating, or' damp on the
ftand; the fluid will be carried off by them, and
the jar will receive a fmall charge. The air;
which furrounds the coating, will alfo fomea
times carry off a frall quantity of ele@ricity.

Expiriment cxir.—Place the fame infuldted
phial fo that it’s knob may be about half an
inch from the conductor; and while: the ‘cylin.
der is turning, hold a brafs knob near the.coats
ing of the jar; this knob will receive, a fpark
from the coating for every one that: pafles be-
tween the conductor and the knob, and the jar
will in a litde time be charged, by adding elec~
tricity to one fide,” and taking it away from the
other. ,

- ExperiMENT cxiil—~Screw the phial a, fig.
42, on the infulated pillar d, and bring it’s knob
in contact with the conductor; hold another
bottle c, of the fame fize with a, fo that it’s.
knob may be in contact with the outfide coating
of the bottle a ;. turn the cylinder, and when the
bottle a is charged, place ¢ on the table, then:
unfcrew a from it’s ftand, and place it alfo
on the table, but at fome diftance from the
other; fit a brafs ball to the bottom ftem of the
quadrant electrometer, and hold the eletrometer
by a filk ftring, fo that the brafs ball may touch

R the
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the knob of the bottle; obferve at what height
the index, of the electrometer ftands, and then
remove it to the other bottle, which will raife
the index to the fame height 5 fewing clearly,
' that the bottle has thrown off Sfuom_the oulfide as
much elegiricity as it veceived on the tnfide.

EXPERIMENT ex1v.—Botile charged by the ac-

sion of the two powers.  Place the knob of an in-
fulated bottle in contat with a pofitive conduc-
tor, and connect the outer coating with the
x':‘u{h'ion, or a negative condugtor, turn the cy-
linder, and the bottle will be charged with it's
own cletricity ; the fluid from the exterior
coating ‘being transferred to the interior one;
the bottle is charged in this inftance without
any communication with the earth.
_ ExrerimMznT cxv.—Charge the two. bottles,
fig. 43, pofitively; ‘connect their outfide coat-
ingzs by & wire or chain, then bring their knobs
together, there will be no fpark between them,
and the bottles will not be difcharged, becaufe
néither fide has any thing to communicate to
she other,

EXPRRIMENT CXVE.~— Explofion through flame.
Charge the infulated bottle, fig. 43, negatively,
- ahd the other pofitively s confiect the coating by
& chain, and bring the knobs towards each other,
an explofion will take place, and the bottles will

‘ " be
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be difcharged. If.a lighted candle is placed
between the knobs, the explofion will be made
through the flame in a beautiful manner, and at
fome inches diftance.© Seefig 44+

ExperiMenT Cxvit.—Difobarge by the vontravy
power.  Fix a quadrant eleétrometer to the ball
‘of a Leyden bottle, and. charge it negatively ;
when it has received a full charge, the index
wili ftand at godegrees; then place the bortle
with it’s cleCtrometer at the pofitive condu&or,
turn the cylinder, the eloGrometer will defeend,
and the bottle will be difcharged by the con-
trary eledtricity.

- ExpEriMENT cxviir—Infulate two Lieyden
Jbottles; let their coatings be in contadt, and
while you charge the infide of one pofitively,
et a petfon, ftanding on.the fleor, touch the
top of the other with his finger, and it will be
charged negatively.

ExprrIMENT ox1x.—L M, fig. 4¢, reprefents
a Leyden jar, which is furnifhed with moveable.
<oatiugs of tin; the inner one, N, may be re.
moved by the itk frings f, g, h; the jar thay
be taken from it’s outer coating.

Charge the jar, and then temove the coatings,
.bring a pair of pith balls towards the jar, and
they will be firongly atiracted by it; repiace the
.coatings, and the jar will give a confiderable

R2 fhock ;
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fhock ; which fhews, that the power or force of
the charge is refident in the glafs, and not in the
coatings.. ,

EXpPeRIMENT oxx.~—Spotted bottle. TV, fig.
46, reprefents a bottle, whofe exterior coating
is formed of fmall pieces of tin-foil, placedata
little diftance from: each other. Charge this
bottle in the ufual manner, and ftrong fparks of
cle@ricity will pafs from one fpot of tin-foil to
the other, in a variety of dire@ions; the fepa-
ration of the tin-foil making the paflage of the
fluid from the outfide to the table vifible. Dif-
charge this bottle, by bringing a pointed wire
gradually near the knob, and the uncoated ‘part
of the glafs between the fpots will be pleafingly
illuminated,. and the noife will refemble that of
fmall fired: crackers. If the jar is difcharged
4fuddenly, the whole outfide furface appears il-
fuminated. To produce thefe appearances, the
glafs muft be very dry:

ExperIMENT CXXI.—String a parcel of fhot
on a filk firing, leaving a fmall fpace between
each of them; fufpend this from the conduc-
tor, fo'that it may reach the bottom‘of a coated
phial, which_ is placed on an infilated ftand;
connc& another firing of fhot to'the bottom of
the jar, and-let it communicate ‘with ' the rable,
turn the. machjne, and a vivid fpark will be feen

between
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between each of the thot, both within and with-
“out the bottle, as.if the fire pafled through the
glafs:

Experiment cxxir.—IHold a phial in the
hand which has no coating on the outfide, and
prefent it’s knob towards an electrified conduc-
tor; the fire, while it.ds charging, wilkpafs
from the outfide to the hand, in a pleafing man-
ner; on the difcharge, beautiful ramifications
will proceed from that knob of the difcharger
which is on the outfide all over the jar.

EXPERIMENT CXXIII. —Let a chain be fuf~
pended from the conducor and pafs into an
.uncoated bottle, fo that it does not touch the
bottom ; put the machine in action, and the
chain will move round in order, as it were, to
lay the firc on. the infide of the. jar, and. thus
charge it by degrees. |

ExpsrivenT cxx1v.—Double bottle, Fig. 47
reprelents two Leyden phials, placed one over-
the other. Various experiments may be made
with this double bottle, which are very pleafing,
and ehucidate clearly the received theory,

Brmg the putfide coating of the bottle A in
contact. wuh the prime condu&m, and turn the

machirie till the bottle is charged ; then place
one ball of the difcharging rod upon the qoating
of B, and with the other rouch the knob of the

R3 Jar
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jar A, which will caufe an explofion. Now
place one ball of the difcharger on the knob of

A, and bring the qthcr ball to it’s coating, and
'you have a fecond difchargs. Again, apply
one ball of the difcharger on the coating of B,
and carry the other ta the ceating of A, and it
will produce a third explofion. A fourth is
obtained by’ applying the difcharger from the
coating of A to it's knob,

The outer coating of the upper jar communi-
cating with the infide of the under one, eonveys
the fluid from the conductor to the large jar,
which is therefore chz}rged pofitively; the upper
jar does not charge, becaufe the infide cannot
part with any of it’s eleétric fluid ; but when
3 communication is formed from the outfide of
A to the infide of B, part of the fire on the infide
of A w111 be conveyed to tha negative coating ¢ of
B, and the jar wil] be dlfcharged The fecond
cxploﬁon is occpfioned by the é:fchargre of the
jar A; but as the outfide of this communicates,
by conduamg fubftances, with the pofitive in-
- fide of -the jar B, if the ball of the dlfchargmg
yod') m.mams a fegall rime after the difcharge on
the knob of: A part of the fire of the infide of
A will cfca; «, and be replaced by an cqual
quantity on the gutfide from the jar B, by which
means A is charged a fecond time; the dif-

charge
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charge of this produces the third, and of B the
fourth explofion.

The followz'ng pleafing Variations of the foregoing
Experiment were communicated to me by M.
J. Fsrv, of Ulverfion.

A the upper bottle, B the under hottle.
Knob of A applied to the conductor, apd.the
charge given. '
1t difcharge. Balls of difcharger from coating
of A 1o knob of A. '

ad ditto. From caating of B to knob of A.
3d difcharge. From coating of B to coating
of A.

4th ditto. From coating of A to knob of A.
Coating of A applied to the conductor, and the
' charge given. '
1ft difcharge. Balls of difcharger from coating
: of knab B to knob A.
ad ditto, From coating of A to knob of A,
3d ditto. - From coating of B £o knob of A.

4th ditto. From coating of B 1o coating
. of A. ' '
sthdicro. . From coating of A toknob of A,

Coating of A applicd to the conduflor, and the
charge given, tpuch the knob of A with one
ball of the difcharger, the other ball: com-

R4 municating
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municating with the earth, then proceed as - fol-
lows. ) _ '
1ft difcharge., Balls of difcharger from coating

R - of Atokpob of A,
2d ditto. From coating of B taknob of A,
3d ditto, From coating of A to knobof A.

4th difcharge. From coating of B to knob of A.
Go on thus alternately, and fiftecn, fixteen, or

more difcharges may be produced.

"THE CONTRARY STATE OF THE TWO OPPOSITA

 SmipEs or A CHARGED LEeypen BorrLp,
SHEWN BY THEIR RESPECTIVE ATTRACTIVE
AND REPULSIVE POWERS.

"ExPERIMTNT .cxxv.—Screw " the bottle H,
fig. 49, with the belt fideways, on the infulat-
ing ftand, as in fig. 48, and charge it pofitively,
then touch the knob with a pair of pith balls,
thefe will diverge with' poﬁtxvc eleéricity ; hold.
another pair. to the coating, and they will fepa-
rate with negative clectricity.

- Exppriment cxxvi.—Ele@rify twa pair of
thc pith balls which are fixed to the brafs tubes,
as in- fig. 23, plate IL by the knob Qfa pofi=-
tively charged bottle, and place them at a fmall
diftance from each other, then pufh them toge-
ther till the ends of the tubes are in contad, and

the
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the balls will remain in the fame ftate they were
in. before. they: were brought together, becaufe
their electricity is-of the fame kind. The re.
fult is the fame 1f both pair are elc&nﬁed by
the coating; but, 'if one pair is elerified by
the coaring and the other by ‘the knob, when
they are brought in contact, they unmedxately
clofe.

Exveriment £xxvir.—A cork ball, or an
,artifictal fpider made of burnt cork with legs
of linen thread, {ufpended by filk, will play be-
tween the knobs of two bottles, one of which is .
charged: pofitively, the other negatively, and
will in a little time difcharge them.

ExperimENT cxxvirr.—A ball fufpended on
filk,.and placed between two brafs balls, one
proceeding from the autfide, the other from the
infide of a Leyden jar, when the botile is
charged, will fly from one knob to the other,
and by'thus conveying the firc from the infide
to the outfide of the bottle,  will foon dif-
charge it. ,

ExpERIMENT cxxix.—An - infulated " cork
ball, after having received a fpark, will not
play between, but be equally repelled by twa
bottles which. are charged with the fame

powcr

ExpErIMINT exxx.—At fig. §8 a wire is
fixed
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fixed (o the under part of the infulated coated
phial, b ¢ anather wire fitted to, and at righe
angles with the former, a brafs fly is placed on
the peint of this wire; charge the botile, and
all the time the bottle is charging, the fly will
turn round ; when the bottle is charged the
needle ftops. Touch the top of the bottle with
a finger, or any other conducting fubftance,
and the fly will turn again till the bottle is dif-
charged. The fly will electrify a pair of balls
pofitively while the bottle is charging, and ne-
gatively when difcharging.

ExperiMeNT cxxxi.—Place a clean, dry, and
excited pane of glafs, about one foot fquare, on
an infulated box with pith balls, it will caufe
the balls to diverge with pofitive electyicity, and
they will continue to repel each other upwards
of four hours in dry air. When the balls come
'togcrhcr, remove 'the glafs, and they will opsn
with negative eledtrioity ; replace the glafs, and
they will clofe; remove it, and they will open
agam and thus alternately as long as any glec~
tr1c1ty remains in the glafs,

If the pane of glafs be placed in a frame of
~'wood, and a light pith or cork ball be laid on iv’y
furface; on prefenting towards it the end of 8
ﬂnger, or the point of a pin, the ball will recede
from them with a very brifk. yotion, and may

thus
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thus be driven about on the furface of the glafs,
like a feather in the air by an excited tube. The
bhall heing deprived of it’s eledtricity by the pin,
it inftantly flies to that part of the glafs which
atgracts it maft forcibly.

To excite the panc of glafs; lay it upon a
quire of large paper, well dried, and then rub
it with a piece of clean dry flannel.

THE CONTRARY STATES OF THE DIFFERENT SIDES
oF o Levpen Phian, anp Thg Dirpcrion
or THE Ersctric FLuip 1y THE CHARGE AND
DISCHARGE THERBQF, INVESTIGATED BY THR
Arpearance of THE ELECTRIC LjoHT.

We have already obferved, that the differeng
appearances of light on electrified points was
deemed a criterion of the direction of the elecy
tric fluid; that the luminous ftar thews 3 poing
in recciving the electric matter, whilft the lu-
minaus brufh, or cong, indicates that it is pran
ceeding from a point,

We fhall now examine the ftate of the different
fides of the Leyden bottle by thefe appearances,

ExperIMENT cxxx11,—Screw the jar I on the
infylating pillar, and the pointed wire into the
hole g, place another pointed wire at the end
#f the conductor, bring the knob of the jar near

this
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this’ wire, and then turn the cylinder, a pencil
of rays will diverge from the pointed wire in
the conductor to the knob of the jar, at the
fame timeé another pencil of rays will diverge
from the point at the bottom into the aiy.  See
fig. 0.

. -Repeat this experiment with the negative con-
ductor, and a luminous ftar will. appear on the
end of each wirc. :

. EXPERIMENT CXXXIII —-—Screw a pomtcd wire
into the knobof the jar, (fee. fig. 51,) charge
the bottle pofitively, the fire will: be received
froni the conduétor, by the pointed wire, and
appear there as a luminous ftar, while the wire
‘on the outfide of the jar will throw off a diverg-
ingicone,

# Figi 52.reprefents the foregoing appearances
reverfed] by charging the jar negatively at the
poﬁtiv& ‘conductor.

- This cxperiment may be further varied, by
applymg the bottle to a negative conductor.

EXPERIMENT cxxx1v.— After the jar is
charged, as in the foregoing experiments, turn
that, wire from the cylinder which before was
neareft to it, then put the machine in action,
and the afflux and efflux will be more apparent
than before ; one point . throwing off, and the

- other
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other receiving the fluid with' ektteme avidity,
which will'in a little time difcharge theJar.

ExXPERIMENT CXXXV, — Charge the jar s
before, then touch the wire which. is conneé’ccd
with the negative fide, and the oppafite- wire
will throw off a diverging cone; but ifithe
pofitive fide is touched, a luminous cone"only
will be feen on the other wire,

Experivent exxxvi—Fig. §3'is an electric
jar, BB the tin-foil ‘coating, C a ftand Which
fupports the jar, D a focket of metal which
carries the glafs rod E ; a curved merallic ‘wire,
pointed at éach end, is fixed to the end of the
rod G, which rod is moveable at pleafure in-a
{pring tube N ; that tube being fixed by a i’oCkéc
upon the top of the glafs rod E, the chdrgmg
wire communicatgs: with the different divifiots
of the'infide coating of the jar by horizontal
wires.

‘Place the jar as ufual, and put the machine
in action, a fmall luminous fpark will appear
‘upon the upper point of the wire F, (a plain in-
dlcatxon that the point is then receiving clectri-
city from the upper ring of the comng on’ the
outfide of the jar,) a fine ftream or pcnul of rays
will at the fame time fly off, beaunfully dlvcrg-
ing from the lower poirit of the wire F upon the
bottom ring of the coating on the jar; when
thefe
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thefe appearances ceafe, which they will as foon
as the jar is charged, let a pointed wire be pre-
fented towards the prime conductor, this will
foon difcharge the jar filently, during which the
Jower “point will be illuminated with a {mall
fpark, while the upper point of the wire will
throw off a pencil of rays, diverging towards the
upper ring of the coating.

ExperiMent cxxxvir.—Take a Leyden phial,
the neck of which fhould not be very broad, fet
the coating on the conductor, and charge it ne-
gatively; when charged, if not :too dry, the
upper-cdge of the coating will throw off one or
‘more brufhes of light into the air, which will
vifibly incline towards the charging wire of the
bottle, and fometimes actually reach it. Pre-
fent the knob to: the prime conduélor, and
«charge the jar pofitively, a fmall fpark of light
will firft appear on the ¢dge of the cork in the
neok of the bottle, through which the wire paffes
aftera few turns of the cylinder ; this fpark be-
comes a brufh, darting out from the cork, ‘and
gradually ﬁcrigghening till it forms an arch, the
end of it extending downwards till it reaches
and touches the end of the coating. If the bottle
be dry, it will in both cafés be difcharged fpon-
tancoufly. See fig. 54 and 53.

ExperimeNt cxxxviir—An infulated pofi-

I h tively
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tively charged bottle will give a fpark from jt'g’
knob to an excited ftick of wax, while no fpark
will pafs between it and an excited glafs tube.

EXPERIMENT CXXXIX.~—~Alt analyfis of tbe Lgy-
den phial, by means of the Leyden vacuum K,
fig. 49.~——Screw this on the infulated ftand,
with the pointed wire from the bottom. Flg.
56 reprefents the appearance of the uid on the
pomts when the bottle is charged negatively, at
a conduétor loaded with pofitive elericity.

Fig. 57, the appearances it difplays when i it is
charging pofitivcly at the fame conductor.

Fig. 59 is the fame bottle charging:pofitively
at a negative conductor. Fig. 60, it is charging
negatively at the fame conductor.,

ExperIMENT cxi.—Fig. 61 reprefents the
luminous conductor on the mfulatmg ftand. Set
the colle&ting, point pear the cylinder, and place
she knob of an uncharged phial in conta& with
the bally or hang a chain from it to the table,
and, on working the machine, the ball will be
enveloped in a denfe eleciric atmofphere. If
the point be brought in contaét with an infulated
rubber, and a communication is made from the
ball to the table, the atmofphere will be on the
point inthe tube, If a bottle, poﬁtwely charged,
be pr efented, the appearances in the tube will be

as delincated in fig, 62. But if a bottle nega=
tively



‘25‘6 AN ESSAY ON ELECTRICITY.

‘tively charged be thus’ apphed thc appearance,
will be-as in fig. 61. -

Thxs tube, when mountcd on it’s mfulacmg
ﬁand may ﬁbc ufed mﬂcad of the prime con-
»du&or, “and-all the common exXperiments ‘may
be performed with it; the tube will be lumi-
nous during the whole of the operation.

Or THE DIRECTION or Tar ELEcTRIC MATTER
I8 THE DISCHARGE OF THE LLYDEN Puiar.

ExpERIMENT cXLI.—Place a charged jar on
a fmall glafs ftand under the receiver of an air-~
pump; as the receiver-is exhaufting the eleca
tric fire will iffue from the wire of the phial, in
a very luminous pencxl of rays, and continue
flathing to she coatmg till the air is cxhauﬁcd
when the jar will be found to be difcharged.

If the phial ischarged negatively, the current‘
of fire-will appear to have a different direction
from that which it had before.

From this experiment we may infer the cffeéls
“of the atmofpheric preffure upon the charge of
the Leyden phial, and learn that it is the na-
tural boundary to every charge of eleGricity we
can givey. and, confequently, that a phial- ‘would
contain double the charge, in air doubly con~
denfed, as it does in the common atmofphere

fince
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fince it would increafe the intenfity of the dlec-
tric atmolphere, |

Exprarment cxirr.—Place a fmall: lighted
taper between the two balls of the univerfal dif-
charger, then pafs a very {mall charge of a po-
fitive phial through them, and the flame of the.

taper will be attra¢ted in the dire@ion”of the
fluid towards the co'\tmg See fig. 63.

Experiment cxtur.—The ame fmall charge
from a negative bottle will reverfe the appear-
ance.

In both thefc experiments it is neceflary to ufe
the leaft charge that can be given, jult fufficient
to léap the interruption in the circuit.

Experiment cxriv.—Place a card on the'ta-
ble of the univerfal difcharger, and bring one
of the points under the card, then conhe& this
point with the coating of a jar pofitively chargéd,
place the other point on the top-of the card, and
at about an inch and a half from the former row
complete the circuit, by bringing a difcharging
tod from the laft-wire to the top of a bottle, and
the clectricity will pals through the upper wire,
along the furface of the card, till it comes tothe
point which is underneath, where it will make
a hol¢ in the card, and pafs through the wire to
the coating of the bottle. See fig. 64.

Exper1MiNT oxLv.—Four cork balls, A; B,

s C.D,
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C, D, being placed at equal diftances from eachs
other, from the balls of the difcharging rod, and
from the coating of a pofitively charged bottle ;
on-making -the difcharge, the ball A next the.
rod was repelled to B, which was again repelled:
to C, € remained immevable, but D flew to
the coating of the bottle.

Experiment cxrvi.—Takea card, and paine
both fides with cinnabar about the breadth of’
she finger, fix this card vertically by a little wax
on the table of the univerfal difcharger, let the
pointed end of one of the wires touch one fide
of the card, and the end of the other wire' the
oppofite fide; the diftance of the peints from:
each other muft be proportioned to.the ftrength
of the charge ; difcharge a jar threugh the wires,
and the black mark; left by the explofion-on the
coloured band, fhews that the eleftric fluid
pafied from the wire, communicating with the
infide of the bettle, to that which communi.
vates with the outfide, againft which it makes &
Role,

XEXPERIMENTS. WHICH SEEM TO MILITATE

AGAINST THE RECRIVED Tusory ‘or ELsc-
TRICITY,

ExperIMENT cXLVIL — Let the furfaces of
‘an electric plate be very flightly charged and:
infulated,
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infulated, let an-interrupted circuit be formed,
the two powers will be-vifible, illuminating the
points of the interrupted circuits, "and -each
power will appear to cxtend further from the
furface contiguous to it, the Rronger the charge
that is communicated to the plate ; but if the il
luminations on each fide meet, there will imme=
diately follow an explofion of the whole charge.
The length of the interrupted citcuit ufed for
this experiment was twelve feet.* ;_

Exprriment exivirn—If a cylindrical plate
of air, contained in the receiver of an air-pump,
be charged, it is obferved, the more air that is
exhaufted from between the {urfaces, the miore
eafily the powers will unite.

ExperiMENT cxLix.~~Ifan exhaufted receiver
be made part of the electric circuit, and the
charge fhould not be fufficient to caufe an explo<
fion, ‘an electric light will appear to proceed in
an oppofite dire@tion from the parts communi«
cating with the negative and pofitive furfaces, '

ExprrIMENT cL.~Let -a coated phial be fet
on an infulating ftand, and ler it’s kneb bé
touched by the knob of another phial negatively
cle@rified; a {fmall fpark will be feen bétween
thém, and both fides of the infulated phial will
be inflantly negatively electrified.t

Sa Faften
“* Atwood’s Analyfis of a Courfe of Leftures, p. 121,
+ Encyclopwdia Britannica, Vol 1V. p. 4638,
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Faffen a pith balf cleétrometer by a little wax
to the outfide coating of a jar, charge the jar
flightly with pofitive eleéricity, and fet it onan.
mfula&ed ftand,:the ball wiil either. not diverge,
‘oronly a very little; bring the knob of a bottle,
which is firengly charged- with pofitive electri-
city; near the knob.of the former, -and the balls
will diverge with pofitive electricity.

ExprriMeNT ckr/—Let the farne phial, with
the pith balls affixed to it’s outfide coating, be
flightly charged negatively, and then infulated,
bring the knob of a phial, whichis ftrongly elec-
trified negatively, to that of the infulated one,
and the pith balls will diverge with negative
cleBiricity.

ExPERIMENT €LIT: --Ch-urge a jar poﬁtxvcly,
and then infulate ir, charge another fizongly with
negative electricity, bring the knob of the nega-
tive bottle near that of the poﬁr.xve -one,;;and-a
thread 'will play between' them -but when ‘the
knobs touch each other, the thyeads, after being
attraied, will be repelled by both. . The nega-
tive electricity is fomme how. fuperinduced on the
pofitive, and, for a few minutes after they are
feparated, both will appear negatively eleétri-
fied; bur if the finger is brought near the knob.
of that bottle on which the negative eletricity
was fuperinduced, it will inftantly be diflipated,

o a fmald
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" = fmall fpark will ftrike the finger, and the
" bottle will be pofitively charged as before.

Somé of the pofitions which fupport the
Franklinian bypotbefis, have been already confi
dered; we are now at 4 proper ftage for point-
ing out thofe deficiencies which have been ob-
ferved in other partsof it. ‘To fupport this hy-
pothefis, it is neceffary to maintain, that- glafs

. and other elecvic fubflances, though they contain a
great deal of elefiric matter, are neverthelefs im-
permeable 1o il.

This pofitionappears contraditory at the firft
view; for it is not eafy to conceive, that any {ub-
ftaice can be full of a fluid, and yet impermeable
by it. Efpecially when a confiderable quantity
of this Auid is taken from one fide, and added to
the other; -and what is' more furpnﬁng, the

-thinner the glafs, and the lefs quantity it is ca-
pable of containing, the- more we are able to put ’
into it, ‘and the ftronger will be the charge.*

" The following among other experiments has
been adduced as-a firong argument in favour of
the impcrmeability of glafs. Let,a coated phial
be fet upon an infulated ftand, and the knob of
another coated phial be brought near it; for

S3 cvery

* Encyclopadia Britannica, p. 2687,
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every {park difcharged from the prime conduc.
tor to'the knob of the firft jar, a {park will pafs
from the coating of the firft to the knob of the
fecond ; -now & gemmon.obferver generally ima-
gines, that the fire runs-through the glafs; Dr:
Franklin concludgs it docs not, becaule there is
found a great accumulationof eledricity on the
infide of the jar, which manifes itfelf when
the infide and outfide arc made to communicate
with.each other. But we cannat from this and
funilar experiments conclude that glaf& is imn-
-permeable, except we fuppofe the ¢le@ric mat,
ter to be accumulated on one fide of the glafs,
and deficient on the other; but this has nevey
yet been proved : it has indeed been faid, that if
glafs-was permeable to this fluid, it could never
be charged; but this. refts wholly. on the fuppo-
fition, thac there is an accumulation of the fluid
in bodies pofitively electrified, and a deficiency
in‘thofe:which are negatively fo,*

Mr. Wilfon, to prove the permeability of
glafs, took a very large pane of glafs a ,littlc
warmed, -and holding it upright by one ¢dge,
while the oppofite edge refted uypon wax, he
rubbed ‘the middle part of the furface with his
finger, and found both fides cle&rlﬁcd Pluss he
accounted for this from the electric fluid paling

through
* Ibid, p. 2687,
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through ‘the glals from his finger. But Dr.
Pricftley fays, this appearance sught to take place
on Dr., Franklin’s principles; for the fire given
to the glafs by the ﬁngcr on one fide, repels an
equal quantity from’ the other, which ftands as
an atmofphere, fo that both fides appcear pofi-
tively electrified. M. lefon tried alfo another
cxperiment, which feems more decifive than the
former. Having by him a pane of glafs, one
&ide of which was reugh, and the othcr fmooth,
he rubbed it on one ﬁdc upon domg this, both
fides werc elccrificd’ minus. Dr/ Prieftley at~
tempts to reconcile this %0 Dr. Franklin's hype-
thefis, as the ele@ric fluid, contained in the glafs,
fays he, was kept equal on borh fides by the
common repulfion, If the quantity on one fide
is diminithed, the fluid on the other fide being
efs repelled retircs inward, and leaves that fur-
face minus. But furely thofe words militate
ftrongly againft the fyftem he means to eftablifh.
The quaatity of fluid in one fide being diminifh-
ed, that on the other, he fays, rutires intvard.
But into what does it retire? If into the fub-
ftance of the glafs, then is the glafs permeable
by it, which is the very thing Dr. P. argues

againft.*
S4 De,

* fbid, p. 2688,
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Dr.Grry on 1hE FraANKLINTAN KXPLANAT LION

or Tnur Leyuey Puiar.

Dr. Franklin, in various parts of the fiyft
volume of his experiments and obfervations,
afferts, that the natural quantity of elediric fluid
in glafs cannot be increafed or deercafed ; and
that it is impoflible to wdd any to one furface of
Q plate or jar, unlefs an equal quantity be, at
the fame time, given out fromn the other furface.
This error has been adopted by fucceeding clec-
tricians ; among others, by the late Mr. Henley,
who in one of his laft papcers, printed in the Phi-
lofophical Tranfactions for the year 1977, has the
following words : * According to Dr. Franklin’s
theory, the fame quantity of the cleciric matter
which is thrown upon onc of the furfaces of
glafs, in the operation of charging it, is at the
fame time repelled or driven out from the other
furface; and thus one of the furfaces becomes
r':hargcd plus, the other minns s and that this is
really the cafe, is, 1 think, lht'is{ac‘lorily proved,”
&, A ,
Beccaria alfo has adopted the fame opinion,

faying, that a quantity of cxceffve fire cannot

- be introduced into one furface, but inafinuch as

an cqual dofe of natural fire can quit the other

inrtzcc. o
Fheje
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Thele aflertions are, I apprehend, direétly
contrary to what really happens; inftead of
which, I believe, we-may fafely affert, that glafs,
and cvery other known fubftance, may have it’s
natural quantity of clectric Huid either increafed
or diminifhed to a certain limited degrees
which degree bears no proportion to the quan.
tity of matter contained in a body, but is
(celeris paribus) in proportion to the extent. of
it's furface.

This law, which is perhaps without excep-
tion, may be confidered as one of the funda-
mental laws of eledtricity, and one upon which
many of it’s principal phanomena depend. At
prefent, I fhall only confider it fo far, at it is the
caufe of what is commonly called the charge of
a coated jar: fuppofe fuch a jar infulated, and
connected by it’s knaob to the prime conduétor
of an eletrical machine; if then the machine
be put in adtion, a certain quantity of eleétric
fuid (agreeable to the above-mentioned law) is
added to. the matural quantity belonging to the
inner furface of the jar.. After which, if the
finger, or any other condudting fubftance, be
prefented to the outer coating of the jar, a
quantity of cleflric fluid, nearly equal to that
thrown.in, comes from it. But this departure
of clectric fluid from the outfide . of the jar,.

cannot
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cannot be (as Dr. Franklin {uppofes it) the
caufe which permits the addition of fluid to the
infide, but is merely the confequence of the
action of that fuperfluous quantity which was
thrown in; and the operator may, if he pleafes,
inftead of taking the electric fluid from the out-
fide of the jar, take out again (by touching the
knob) nearly the whole of what he had thrownin,
which he could not do if an equal quantity had
already gone from the outfide of the jar. When
the quantity already fpoken of has been taken
from the outfide of the jar, (the equilibrium
being nearly rcftored) another quantity likes
the firft may again be added to the inner fur-
face ; after which a fimilar quantity may again
be taken from the outfide: thus, by the fuc.
ceffion of a2 fufficient number of the quantitics
allowed by the before-mentioned law, the'jar
may at length be completely charged.
' There are other ways of charging coated glafs;
but if it be allowed, that the charge, in the fore-
going inftance, is produced in the manner I
Jhave fuppofed, it will not, 1 think, bedifputed,
-that all other charges are produced by a fimilar
alternation of fmall quantiries ; this, however,
will appear more clear from the following ob.
fetvations on-the maneer in which the dif-
eharge is produced.

When
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When the aftonifhing velocity, with which
the charge of a jar or battery moves through a
confiderable fpace, is confidered, it mayat firfk
appear impoffible, that the difcharge thould be
made by the alternate givingand recciving fuch
fmall quancities as thofe by which the charge
was produced ; yet a more ample confideration
of the matter will, I think, fhew that it cannot
poffibly be brought about any other way.

I prefume it will be granted, that the charge
of a jar (in difcharging) cither leaves it all at
once, or goes out by the fame fmall quantities
by which it went in. To fuppofe any inter-
mediate manner, would neither leffen the dif-
ficulty, nor would it be confonant to any of the
known laws of clectricity.

If then the whole charge leave the jar all at
once, there muft be a point of time at which the
jar will be without any eledric fluid, either on
one fide or the other ; nay more, fuppofe a large
Jar or battery to be difcharged by means of a few
inches of thin wire, there will then be a point
of time at which the whole quantity of electric
fluid, which conftituted the charge, muft be
contained in a piece of wire, weighing onlya
few grains.

Now, if it be confidered, that time (like
matter) is'infinitely divifible, may we not rather

‘ fuppofc,
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fuppofe, that the difcharge of a jar is nothing
wmore than an inconceivable rapid fucceffion of
fuch fmall quantities as may be fent off, without
caufing fuch a deftruction of the equilibrium as
the laws;of ele@ricity. feem not; to admit,* To
this we may add from other cxpcnments, ‘that
one fide of a charged. electric may contain more
of one power than is fufficient to ballance the con-
trary power on the other fide. For, if a charged
jar is infulated, and the difcharge is made by a
difcharger with a glafé handle, after the explo-
fion, the difcharger, and both fides of the jar,
will poffefs a contrary power to that obtained
on the fide of the jar, which was touched the
Iaft before thc difcharge.

* Dr, Grey's paper, Philof, Tranf, part-1{t, 1788,

CHAP,
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CHAP XL

Or tTut Errcrricar BATTERY, AND THE
LATERAL EXPLOSION OF CHARGED JARs.

O increafe the force of the elecric explo-
fion, feveral Leyden phials are conneied
together in a box ; this collection is termed an
electrical battery. Tlg 65 reprefcnts onc of the
moft approved form. |

The bottom of the box is covered with tin~
foil, to connect the exterior coatings; the ‘in-
ﬁdc coatings of the jars are connccted by the
wires b, ¢, d, ¢, f, g, which meet in the large
ball A; Cis a hook at the bottom of the box,
by which any fubftance may be connected with
the outfide coating of the jars; a ball B pro~
cecds from the infide, by which the circuit may
be conveniently completed.  The fofloWihg
precautions are neceflary to be attended to by
thofe who make ufe of an ele@rical battery.

_ To keep the top'and uncoated part of the jacs
dry and free from duft, and after the explofion
to conneét a wire from the hook to the ball,
which fhould be left there till the battery isto
be charged again, which will totally obviate:the

incons
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‘inconveniences that have occafionally happened
from the refiduum of a charge.

If one jar in a battery is broke, it is impoffi-
ble tocharge the reft till the broken jar is re..
moved.*

To prevent the jars of a large battery breaking
at the time of the explofion, it has been recom-,
mended not to difcharge a battery througl a
good conductor, except the circuit is at leaft
five feet long; but what is gained on one hand
by this method, is loft on the other, for, by
lengthening the circuit, the force of the thockis
weakened proportionably.

I have been informed, that it is very difficule
to break by an explofion the jars which arc made
of green glafs, fabricated at Newcaftle, but have
had no opportunity to make any cxperiments on
this glafs myfelf,

The force of a battery may be confiderably
increafed by concentrating the {park from the
cxploﬁon which is effected by caufing it to pafs
through fmall circuits of non-conduéting fub-
ftances. By this means the refifting medium,
through which the fpark is to pafs, may be fo

prepared

* A cracked jar may be made to receive a charge, by
taking away the cxternal and internal coatings which were
over the crack, fo as to leave a {pace of about one fourth
of an inghbctwean the crack and rematning tin-foil.
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prepared as to augment it’s power. If the {park
is made to pafs through a hole in a plate of glafs,
one twelfth or one fixth part of an inch in dia-
meter, it will be lefs diffipated, mare compact
and powerful. If the part round the hole is
wetted with a little water, the {fpark; by con-
verting this into vapour, may be conveyed to &
greater diftance, with an increale of rapidity,
attended with a louder noife than common.,

Mr. Morgan, by attending to thefe and fome
other circumftances, has melted wires, &c. with
{mall bottles.

ExperIMENT CLIIL—T0 make wire red hot.
Pals, the charge of a ftrong battery through twe
or three inches of fmall wire, it will fometimes
appear red hot, firft at the pofitive fide, and
the rednefs will proceed regularly towards the
other end.

ExpeRIMENT cL1V.—T0 perforate paper. Dife
charge a battery through a quire of paper, 2
perforation will be made through it ; each of
the leaves is protruded by the firoke from the
middle towards the outward leaves, as if the
fire darted both ways from the center. Ifthe
paper is very dry, the fire meets with more
difficulty in it’s paffage, and the hole is fmall.
If that part of the paper, through which the
explofion is made, is wet, the hole is.larges,
the light more vivid, and the explofion louder.

Expe-



272 AN ESSAY ON ELECTRICITY.

ExPERIMENT ¢LV.—T0 give the magnelic poret.
The difcharge of a battery through a fmall ftect
needle /will, if the ‘charge is fufficient, com-
municate magnétifm to the needle.

- EXPERIMEINT CLVL—T0 invert the magnetic
poles. ~The difcharge of a battery through a
fmall and flender magnetic needle, will gene-
- vally deftroy the polanry of the needle, and fome-
times invert the poles thereof. To fucceed in
this experiment, it is often ncceflary to pals
feveral ftrong charges through the needle, be-
fore it is removed from the circuit. ‘

"It appears, from Beccaria’s experiments, that
" the magnetic polarity, which is communicated
to the needle by electricity,” depends on the po-
fition 'of the .needle when the charge is fent
through it, and is not' regulated by the di-
retion of the electric matter in enterfing the
needle.

ExperIMENT cLVIL—diwoed on cellric per-
Sforation. Leta quire of paper be fufpended by
‘a line in the manncr of a pendulum from.any
convenient altitude, fo that it’s planc may be
vertical.  Let the largeft charge from a battery
be caufed to pafs through ir, while quiefcent in
an horizontal duc@uon ‘perpendicular o the
plane, the rods of communication not touching
the paper; the phwnomena are, firft, the

apertuse
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aperture heretofore mentioned, the leaves
being protruded both ways from thé middle:
fecond, not thefmalleft mottanis communicated
to the paper from the force of the difcharge.

A quire of the thickeft and ftrongeft-paper
was. made ufe of for this experiment, the height
from which it was, fufpended fixteen feet. Iris
an extraordinary appearance onthe hypothefis
of a fingle electric fluid, that a force fufficient
to penetrate a {olid {ubftance of great nena‘city
and cohefive force, fhould not communicate the
fmalleft motion to the paper, when a breath of
air wowld ‘caufe fome fenfible vibrarion. in. it.
But this difficulty is not unanfwerable: for a
velogity may be afligned, with which a: body
impinges againft and paffes through a pendu-
lum of any given weight and refifting force, fo
that a {maller angular velocity fhall be com-
municated to it, than any that fhall be propofed,
and we know: no limit to the velocity of the elec-
‘tric power or powers. But the other phaino-
menon, i. e, the oppofite direction in which the
{trengthen the opinion of two oppofite currents.
Perhaps either of thofe phaznomena, confidered
fimply, may admit of an caly folutien from the
hypothefis of a fingle power; whenthey are taken

T both
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both together, st _feems more diffcult to veconcile
2this hypothefis with matter of fact.*

ExpeRIMENT cLVIIL—T0 melt a wire. Dif-
charge a battery through a {lender picce of wire, ‘
ex. grsone soth of an inch in diameter, the wire

will be broken to picces, or melted, fo as to fall
.on the table in glowing balls.

When a wire is melted in this manner, the
fparks fly frequently toa confiderable diftance,
being fcattered by the explofion in all directions.

- If the force of the battery is very grear, the.
wire will be entirely difperfed by the force of
the explofion. Small particles of fuch fubftances
-as cannot be eafily drawn into wire, as platina,
grain gold, ores, &c. may be placed in a groove

-of wax, and then put into the circuit 5 if a dif-
‘charge of fufficient. {trength is pafled: through

“them, they will-be melted.
_The force, by which wires are mclted by a
‘battery, -varies with the length of the circuit, as
the fluid meets with more refiftance in propor-
tion. as the paffage through’ which it is to pafs
is longer. Dr. Prieftley could melt nine inches
of {mall iron wire at the diftance of fifteen feet,
but at twenty feet diftance he could only make
fix inches of itred hot, fo that metals refift with
“confiderable force the paffage of the electric fluid,
and

* Atwood’s Analyfis,
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arid therefore in eftimating the conducting pow-
ers of different fubftances;- their. length muft be
particularly attended to.

ExpsriMeNT cLixi—Inclofe a very flender
wire in a glafs tube, difcharge a battery through
this wire, and it will be thrown into globules of
.different fizes, which may be colle®ted from
the inner furface of the tube: they'are often
found to be hollow; and little more than the
fcoria of the metal,
~ Many experiments have been made, in order
to try the diffetent conducting powers of metals;
by paffing the difcharge of a battery through
them ; but it has not yet been determined; whe-
ther the greater facility with which fome metals.
ate exploded depends on the eafe with which
the fluid pafles through them; or whether it
proceeds from the degree of refiftance they make
to it's paflage, or from a want of dudility in
the metal; which is therefore lefs capable of ex-
panfion. '

ExperIMENT cLx, ~=Difcharge a battery
through a chain which is laid on paper, and
black marks will be left on the paper in thofe
places where the rings of the chain touch each
other ; the rings will be more or lefs melted as
thofe places.

ExperIMeNT cLX1:—T0 flain glafs: TFake two-

T 2 picces.
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pieces of window glafs, of about 3 by 2 inches;
place a flip of brafs or gold leaf between them,
leaving the metallic leaf out beyond the glafs at
each.end ;, then place the twor pieces of glafs. in.
the prefs of the univerfal difcharger, bring the
points.of the wires. ET, EF, fig. 3, to touch
the ends of the leaves, and pafs a difcharge
through them, which will force part of the metal
into the glafs, and fain with a colour which' dif-
fers from the metal that is made ufe of. The
metallic leaf fhould be made narroweft. in the
middle, becaufe the force of the eletric. fire is
in proportion to it’s denfity, which is.increafed
when the fame quantity of fire is compelied to
pafs through fewer conducting particles.

" The explofion in melting the ftripes of leaf-
gold, 8c. renders them non-condudting, and lefs
capable after each difcharge to tran{mit another.
Some particles of the metal are drviven into the
glafs, which is really: melted ; thofe parts of the
metal, which lie contiguous to the glafs, are the:
moft perfe@ly fufed. The piccesof glafs which
cover the flip of metal are generally broken to
pieces by the difcharger.

ExperIMENT CLXIL.—T0 dreak thick pieces of
glafs Place a thick piece of glafs: on the ivory
plate of the univerfal difcharger, fig.'3, pl. 11.
and a thick piece of ivory on the glafs, on whicl

a weight
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.a weight from one to feven pounds is to be
placed; bring the points of the wires EF ET
againft the edge of the glafs; and pafs, the dif-
charge through the wires, by connecting one of
the wires, as EF, with the hook C of the bat-
tery, fig. 65, pl. 1V. and forming a commu-
nication, when the battery ischanged, from the
other wire E'T to the ball, and the glafs will be
broken and fome part of it {hivered to an im-
palpable powder. When the piece of glafs is
flrong ewough to refift the fhock, the glafs is
often ‘marked by the explofion with the moft
fively and beautiful colours. I have been in-
formed by Mr. Morgan, that if the glafs is ce-
smented down, the effect is the fame as when it
is prefled by the weights; and this mode is in
various experiments more convenient,

Place a piece of very dry white wood be-
tween the balls of the univetfal difcharger, the
fibres of the wood to be in the fame direftion
with the wires, pafs the fhock through them,
and the woods will be torn to pieces; ot tun the
points into the wood, and then pafs the fhock
through them.

Exerriment crxitio— To vaife weights. If
the difcharge is paffed under the picce of ivory
with the weights upon it, without any glafs be.
gween the piece of ivory and the table GH of

T3 the
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the univerfal - dilcharger, .the weights will be
lifted up by the lateral force of the-difcharge;
the number of weights muft be proportioned ta
the force of the explofion.

‘EXPERIMENT cLXIV.—Laleral .explofion. - Fig.
g6, a reprefents an infulated rod, nearly touch-
ing a charged jar; b is another infulated rod,
placed-in a'line with and near to the former;
make the difcharge by the rod e, from which a
chain hangs that does not touch the bottom of
the jar, and the rod b will receive an eleétric
fpark, which quits it again almoft in the fame
mf’rant, becaule the fineft threads hung upen it
will not be eleftrified by, the fpark. "

This eletrical appearance, without 'the cir-
cuit of a difcharging jar, is called the /laseral
explofion.

If pieces of cork, or any llght bodies, be
placed near the explofion of a jar or battery;
they will be moved out of their place in all di-
rections from the center of the explofion; and
the greater the force of the explofion, fo much
greater will the diftance be ta which they are
removed. It is not furprifing, therefore, that
heavy bodies thould be removed to confiderable
diftances by a ftrong flath of lightning. Dr.
Pricftlcy apprehends, that this fpecies of lateral
force is produced by the explofion of the aip

from
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from the place through which the electric dif~
<harge paffes.

© This lateral force is net only exerted in the
neighbourhood of an explofion, when it is made
between pieces of metal in the open air, butalfo
when it is tranfmitted through pieces of wire
that are not thick enough to conduct it perfetly,

The fmaller the wire is, and the greater the
fufion, the greater is the difperfion of light bodies
mear fit.

ExperIMENT <LXV.—Courfe of lateral explofion.
If circuits, different in length and of different
fubftances, form a communication between two
charged furfaces of an eleétric plate, it is ob~
ferved, the difcharge will be made through the
beft condutors, whatever be the length of the
others.

2. If circuits of the fame fubftance be differ-
erent im length, the difcharge will be made
through the fhorteft of them,

3. If the circuits be the fame in’every ref-
pe&, the difcharge will be made through many
‘of them at the fame time.*

If one circuit confifts of undried wood, and is
of confiderable length in comparifon of another
which confifts- of metal, the difcharge will be
gnade wholly through the latter, unlefs the charge

T 4 thould

* Atwood’s Analyfis, p. 119, 120,
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fhotld be very great, in which cafe fome fmal}
part will pafs through the wood.

-If a fhort metallic rod and any part of the hu-~
man body form two circuits between the fame
charged furfaces, the difcharge will, in general,
be made wholly through the metallic rod; but
if the charge is very great, or if the rod is very
flender, or if it thould be very long, in either of
thele cafes the difcharge may be perceived to
pafls through that part of the body which forms
one of the circuits.

This will be the cafe when the charge is fmall,
but it may be fo increafed as to pafs through
both the longer and fhorter circuits.

I have been informed by a gentleman, that
it was his cuftom to make a varicty of circuits
for the difcharge of a large jar or battery; and,
that havihg a fufficient number of thefe, he
could introduce himfclf into one of them, and
take his part of the fhock without inconvenience,
it even was not difagreeable; and he could by
this means leflen the fenfation almoft to no-
thing.

Expmmwr cLxV1.—Mr, chlcy made a
double circuit, the firft by an iron bar, one inch
and a half in diameter, and half an inch thick ;
the fecond, by four feet and a half of fimall
chain. On difcharging a jar, containing five

hundred
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hundred fquase inches of coated furface, the
clectricity paffed in both circuits, fparks being
vifible on the {mall chain in many places. On
making the difcharge of three jars, containing
together fixteen fquare feet of coated furface,
through three different chains at the fame
time, bright fparks were vifible in them all,
The chains were of iron and brafs, of very dif-
ferent lengths the thortéft ten or twelve inches,
the longeft many feet in length. When thofe
jars were difcharged through the iron bar be-
fore-mentioned, together with,a {mall chain,
three-quarters of a yard in lcngth the whole
chain was illumined, and covered throughout
with beautiful rays, like briftles, or golden hair,
Having placed a large jar in contad with the
prime conductor, -he affixed to the coating of
it an iron chain, which was alfo connected with
a platc of metal, on which was made the dif-
charge by the difcharging rod: this done he
hooked another chain, much longer, and of brafs,
to the oppofite fide of the jar, and brought the
end of it within eight inches and an half of the
metal plate. In conta@ with this end a {mall
‘oak ftick was laid, cight inches leng, which was
cqvcrcd with faw-duft of fire-wood. On mak-
ing the difcharge upon the plate, both the
ghains were luminous through their whole

lengths,
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kﬁglhs,'_ as was alfo the faw-duft, which was
covered by a- ftreak of light, ‘making a very
pleafing appearance.

At the glafs-houfe there'is génerally a_grear
number of folid fticks of glafs, about one quar-
ter of an inch diameter; if thefe be examined
parrowly, feveral of them will be found tuby-
{at a confiderable length; the diameter of the’
cavity feldom exceeds the 200th part of an inch.
Séléct and break off the tubular part, which
wmay be filled with quickﬁlvcr by fucking, care
being taken that no moifture previoufly infi-
nuates itfelf; the tube will then be prepared for
the expcnment.

ExporiMENT erxvit.—Difplofion of mercary.
‘Pafé’ the fhock' through “this fmall' thread of

urckﬁlvcr, which will be inftantly difploded,
and “will brcak or iph); the tube in, a curious
mannier.®

Expmmn:r cLxy11. —Take a glafs tube,
the bore of which is about one quarter of an
inch - fill it with water, and ﬁop the ends with
cork, “ififert two wires through the corks intg
‘the tube, fo that their ends may nearly touch, .
make the ends of thefe part of a circuit from a
battery; on the difcharge, the water will be

difperfed

* Nicholfon’s Introdu@ion to Philofophy, p. 413,
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difperfed in every direction, and the tube blown
1o pieces by the difcharge.

The eleétric fluid, like common fire, con~
wverts the water into an highly elaftic vapour.
Dr. Franklin, on repeating this experiment with
ink, could not find the leaft ftain upon the. white
paper, on which the tube had been placed.
Beccaria paffed the fhock through a ‘drop of
water, which was{upported, ‘in the center of a
{olid glafs ball, betwcen the ends of two iron
wires, and the ball was fhivered in pieces by the
explofion. On this principle he contrived what
he calls an eleétrical mortar, which will throw a
{mall leaden ball to the diftance of twenty feet.
It is clear;. from feveral of the foregoing experi-
ments, that the cleric fluid endeavours to ex-
plode, in every direction, the parts of the refift.
ing fubftances through which it paffes.

EXPERIMENT €LXIX. — Eledlric earthquake.
Place a building, which is. formed of feveral
loofe ‘pieces of wood, on a wet board in the
middle of a large bafon of water, let the electric
flath from a battery be made to pafs over the
board, er over the water, or over both; the
water will be ftrongly agitated, and the building
thrown down, ‘The report is louder than when
ghe explofion paffes only through the air.

———————————

The
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The eleétric fluid endeavours to pafs near the
furface of the water where it meets with more
refiftance, chan if it is forced o pafs through it.
This partly arifes from the power the ele@ric
£hiid has of raifing an expanfive vapout from the
furface of the water, which drives off the re.
fifting air.
A difcharge pafled over the furface of a piece
of ice will leaveon it fmall unequal cavities, ex-
hibitipg the fame appearance as if a hot chain-
had been placed on it.

A difcharge fent through & green leaf tears
the furface in various directions, leaving an
image in miniature of fome of the effeéts of
lightning. A difcharge will pafs to a certain
diftance over {pirit of wine, without inflaming
‘it buty if the diflance is_increafed, it will {et
it on fire. From hence it appears, that the
facility with which the electric fire is tranfmijt-
ted over the furface of moift fubflances, depends
on the eafe with which they are turned into
vapours. _
~The difcharge, in melting the particles of
metals, diives into it’s paffage the conducting
vapours which arife from them; and in pro-
portion as the parts of any body are more rea-
dily driven into vapour or duft, the fpark will
run to a greater diftance.

EXPERI»
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EXPERIMENT CLXX, —Hire lengthened. 1f a
wire is ftretched by weights, and a fhock is fent
through it that will render it red hot, it is. found
to. be confiderably lengthened after the, dif-
charge. When the wire is loofe, it is faid to.be
fhortened by the explofion.

ExperIMENT Chxx1.—Ifa long narrew trough
of water is made part of the circuit in the dif-
charge of a hattery, and a perfon’s hand be im~
merged in the water af the time of the explom
fion, he will feel an odd vibration in the water,
very different from an ele@rical fhack. The
quick ftroke from the repercuffion of the ajr and
the vapour,, is comnunicated to the hand by she
water, and the hand receives 3 fhock fimilar ta
that received by a fhip at fea during an earth-~
quake. , |

EXPERIMBNT CLXX1V.—Prifmatic rings. Place
a plain piece of metal between the. poimts of the
univerfal difcharger, pafs feveral explofions of a
battery through the wixes, and the difcharges
will gradually form oa the metal different cir-
cles, beautifully tinged with the prifmatic ca=
lours. The circles appear fooner, and are clofcr
10 cach,other, the ncarer the point is te.the fur-
face of the mctal, The numher of rings, oz
circles, depend on the fharpnefs of the point;
the experiment therefore fucceeds better if a

2 tharp
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fharp needle is faftened to one of the points of
the difcharger.

- Several very curious experiments were made
by Dr. Watfon and others, to afcertain the dif-
tance to which the eletric fhock miight be con-
veyed, and the velocity with which it moves.
In his firft experiment, the fhock was given and
fpirits fired by the eleftric matter; which had
been conveyed through the river Thames. In
the next experiment, the electric fluid was made
to pafs through a circuit of rwo miles, croffing
the New-river twice, going over feveral gravel-
pits, and a large field. It was afterwards con-
veyed through a circuit of four miles. It paffed
over thefe fpaces inftantaneoufly as to fenfe.
This fenfible inflantaneity in the motion of the
eleétric fluid was -afcertained by an obferver;
who, though in the room with the charged phial,
was, at the fame txme, in the middle of a circuit
of two miles, and felt himfelf fhocked at the fame
inftant he faw the phial difcharged.

‘Notwithftanding this furprifing velocity, it is
certain, that both fides of a charged phial may
be touched fo quickly, even by thé beft conduc-
tors, that all the eletric matter has not time to
make the circuit, and the phial will remain but
half difcharged; and there are feveral inftances
where the motion appears flow, and not cafily

| reconcilable
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reconcilable with this immeafurable velocity ;
and it is alfo certain, that this fluid is refifted in
it's paflage through, or over, every fubfance. .
The wonderful part of the foregoing experi-
ments will vanifh, if we admit the reafoning of
Dr. Gray and Mr. Volta on this fubjet ; and the
reader will find this reafoning confiderably
ftrengthened by experiments of Mr. Atwood
related in this Effay, though it muft be owned,
thefe experiments feem to lead much further,
and give an idea of the diredion of the eleétric
fuid in the difcharge of the Leyden phial,
which differs altogether from the received theory.

CHAP.
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C H AP XIIL

©Os tar Dterusion aND Susmivisions or
Fruips By ELECTRICITY.

WE are chiefly indebted te the Abbé Nol-

let for what is known on the fubjeét of
this: chapter, which was inveftigated by him
with incredible induftry and patience. I have
only fubjoined the principal refult of his expert-
ments, and muft refer the yeader, for a more
ample account, to the Abbé’s own writings,
or Dr. Prieftley’s Hiftory of Elecricity.

EleGricity augments the natural evaporation
of fluids; fince, excepting mercury and oil, all
the others which were tried fuffered a diminution
‘that could not be afcribed to any other caufe
than electricity.

It increafes the evaporation of thofe fluids
moft, which naturally tend to evaporate readily.
Volatile fpirits of fal-ammoniac loft more than
fpirits of wine, this more than water, &c. ~

Eleéiricity acts ftrongeft upon the fluids, when
the veflels which contain them are non-cleétrics.
The evaporation was greateft in the moft open

veflels, but did not increafe in proportion to
their
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their apertures. It does not make any liquor
evaporate through the pores either of metal qr
glafs. |

“To extend thefe principlesifurther, the Ahbé
.made a great varicty of experiments on elec~
.trified capillary tubes, and.found, that the ftream
would be fub-divided, but it is not fenfibly
accelerated, if the tube is,not lefs than ane tenth
of an-inch.diameter in the infide.

Under this diameter, if the tube is wide
enough tolet the fluid run in a fiream, .electri-
city will accelerate it’s motion in a fmall degree.

If the tubeis fofar capillary that the water
conly ‘iffues from it in drops, the eleétrified jet
‘becomes a continued fream ; it will even be
divided into feveral finaller oncs, and it’s mo-
tion is confiderably accelerated s the fmaller the
diameter of the tube, the greater is the accele-
ration.  When the furface is wider than one
tenth of an inch, eledricity feems rathgr to re-
tard the motion of the fluid.

From fome very accurate experiments made
by Mr. de Sauflure with his new hygrometer,
it appears -that the foregoing theory, which
afferts that eleétricity always promotes cvapora-
tion, is only true under certain reftrictions. It
increafes . the cvaporation from thofe bodies
which are {uperfaturated, .but does not occafion

U any
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‘any evaporation in thofe which do not contain
a {uperabounding quantity of water.

ExperIMENT cuxxiil.  Elefrical jet d'ean.
Fig. 77 reprefents a metal phial, to which a
capillary tube is adapted, which will only permit
water to pafs through it in interrupted drops.
Fill the pail with water, and fufpend it from
the prime conductor, then turn the cylinder,
and the water will pafs through the tube in a
continued ftrcam; this will feparate into-other
ftreams, that will appear luminous in the dark.

ExpERIMENT cLxxIv.—Sufpend one pail from
a pofitive conductor, and another from a nega-
tive one, fo that the end of the tubes may be
about three or four inches from each other, and
the ftream proceeding from one will be attracted
by that which iffues from the other, and form
one ftream, which will be luminous in the dark.

If the pails are {ufpended on two pofitive, or
two negative conductors, the ftreams will recede
from cach other.

ExverIMENT cLXXV.—Elefrical fiveam of wa-
ter. Place a metal bafon on an infulating ftand,
‘and conne& it with the prime conductor; then
pour a {mall ftream of water into the bafon,
which in' the dark will have a beautiful appear-
ance, as the ftream will be divided into a great
number of lucid drops.

ExpERI-



AN ESSAY ON ELECTRICITY. 2Q1

ExrerIMeNT cLxxvi.— Eledrified [ponge. Dip
a fponge in water, and then fufpend it from the
conductor; the water, which before only drop-
ped from it, will now fall faft, and appear in
the dark like fiery rain.

EXPERIMENT CLXXVIT.~~Contrary effelts of elec=
tricity in forming jet d'eaus. Hold a pail, which
is furnifhed with feveral capillary tubes placed
in various directions, near an eleCtrified con-
duétor, and.the water will ftream out of thofe
jets near the conductor, while it will only drop
at intervals from thofe which are oppofite to it.

ExPERIMENT cLXXVII~—Conical drop of water.
"‘I‘h‘c knobof a charged jar will attract a drop of
water from a faucer, &c. This drop, the mo-
ment the bottle is removed from the faucer,
affumes a conical fhape,.and if it is brought near
any conducting fubftance, it is drivgn forcibly
away in {mall ftreams, which are luminous in
the dark.

It appears by this experiment, that the elec«
tric fire not only tends to {eparate the particles
of water, and to diffipate them into vapour as
common fire, but that it effects this with un-
common rapidity.

EXPERIMENT CLXXIX.— Djfcharge a battery
through a drop of water, previoufly placed on the
knob of one of it’s bottles; the whole will be

Uz inflantly
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inftantly exploded into vapour; the {parks will
be much Jongerthan -coernmon, -and more-com-
pact.

Beccarin-obferves, that by fending a.difcharge
to a greater or lefs diﬁance, through-oneorimore
drops of quickfilver, the difcharge -diffufes itfelf
into drops, and drives them into vapour ; part of
1t rifing into the air in the form -of ‘tmoke, :the
other part remains on the glafs.

EXPERIMENT CLXXX.—/ drop of waler banging
Jrom the condenfing ball of an eleétrified-conduélor,
will ftretch towards water placed in a cup under
it, lengthening and fhortening itfelf according
to the force of the eleéricity,

EXPRRIMENT CLXXXI.—Zig-24g [park frow a
-drop of water. Place a drap of water  on the
prime conductor, turn the machine, and long
2ig-zag {parks may be taken from it; the drop
will take a conical figurc; the body that receives
the fpark will be wetted, and the fpark will be
confiderably longer than can -be obtained from
the conductor without the water.*

EXPERIMENT CLXXX11, — Threads fpun from
wayx, Stick a.piece of fealing-wax on the con=
dutor, in fuch a manner that it may be eafily
et on fire by a taper; while it is flaming turn
the cylinder, the wax will become pointed .and

fhoor
* Nicholfon’s Introduétion to Philofophy,
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{Hoot out an almoft invifible thread into the air,
to the length of a yard and mere. If the fila-
ments that arc thrown out by the wax are re-
ceived on a fheet of paper, the paper will be
covered by them ina very curious manner, and
the particles of the wax will be fo far fubdivided
as to refemble fine cotton. To faften the piec;:
of wax conveniently to the conductor, ftick it
firft on a fmall picce of paper, then twift the
end of the paper fo as to fit one of the holes
which are made in the prime condu@or; when.
it is thus placed, it may be readily fired by a
taper,

EXPERIMENT CLXXXIIL — Elefrical fountain.
Infulate a fountain made by condenfed air, and
which emits only one ftream ; ele@rify the foun
tain, and the ftream will be feparated intd a
great number; thefe will diffufe themfelves
equally over a large fpace of ground. By laying
a finger upon the conduclor, and taking it off
again, the operator may command either the
fingle ftream or the divided one, at pleafure,

ExperIMENT cLXXXIV.— Eledrify two fmall
infulated fountains with the different ele@ric
powers; the ftreams of both will be difperfed
into very minute particles, which will run to-
gether ‘at the top, and come down in heavy
drops, like a fhower of rain,

Ujs CHAPD.
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CHAP XII

Or THE Erecrric Ligur 1n Vacuvo,

EXPERIMENT cCLXXXV.
TAKE a tall dry receiver, and infert in the

_ top, with cement, a wire with a rounded
end, then exhauft the receiver, and prefent the
knob of .the wire to the conduétor, and every.
fpark- will pafs through the vacuum in a broad
fiream of light, vifible the whole length of the
recciver, moving with regularity, unlefs it is
folicited and bent out of it’s way by fome non-
“electric, then dividing itfelf into a variety of
beautiful rivulets, which are continually dividing
and ‘uniting in a moft pleafing manner. If the
veflel is grafped by the hand, at every fpark a
pulfation is felt, like that of an artery, and the

fire bends itfelf towards the hand. = This pulfa-
tion is évén felt at fome diftance from the re-

ceiver, and in the dark a light is feen between
the hands and the glafs. The ftreams of light
pals filently through' the recciver, becaufe the
air is.removed, by whofe vibration found is pro-
duced. ’
From fome experiments made feveral years
fince by Mr., Wilfon, with an excellent air-

pump
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pump of Mr. Smeaton, he obferved, that very
fmall differences of air occafioned very material
differences in the luminous effe@s produced by
the electric fluid ; for when all the air was taken
out of the receiver, which this pump at that
time was capable of extracting, no eleétric light
was vifible in the dark. Upon letting in a little’
air by a ftop-cock, a faint electric light was vi-
fible, and by letring in a little more air increafed
the light, which again decreafed on letting in
more air; till at laft, on admitting great quan-
tities, it entirely vanithed. By this experiment
it appeared, that a certain limited quantity of
air was neccflary to occafion the greateft lumi-
nous effect.

EXPERIMENT CLXXXVI.~No repulffve power in
the particles of eleciricity. Fig. 82 reprefents an
exhaufted receiver, ftanding on the plate of an
air-pump, a5 an ele&tified wire difcharging a
ftream 4 ¢ of the electric fluid on the plate of
the air-pump. If the ftratum of air on the out-
fide of the receiver be leflened by the applica-
tion of the finger to the receiver, and by this
means an opportunity be given to the fluid an
the outfide to efcape, the fluid within will be
impelled to that part, as at d e f.

It has been inferred from this experiment,
Ug that
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that no'repulfivé power exifts' betweeh- the par~
ticlés of the clé@ric fluid ; becanfe; if it wasin
itfelf really elaftic, of éidowed with @ repulfive
power of it’s own, if is not probable it could
'pafs in'an unintérrupted ftream) ag at b ¢, When
the réfiftance was taken off; it would thén
fpread viider, and difplay it’s elaftic povef.

Et is more confiftent, fays Dr. Watfon, fo
fuppofe; that the repulfion of thefe particles,
Whi¢h is feeni in the open air, is occafioned by
theé' efiffance 6f the air; and ot by any natural
Lendéncy of the clcétrlc:lty itfelf,

By ¢tonfidering the experiments made with
the electric.fluid i# vacko; we attain a clear idea
of the refiftance the air continually makes toit’s
paffage, and fee that the divergence of it’s rays
is not to be attributed to an imaginary. repulfion,
but to thé refiflance of the ambient air, for the
divergence