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T may be eafily perceived by the title of this
work, that it is not offered to the public as a
finithed piece on the fubjefl. To treat of the
theory and practice of eleéiricity, in the fulleit
manner, would require a larger treatife, and em-
ploy more time than I can devote to a work of
this kind.

The {cience of eletricity i3 now generally ac-
knowledged to be ufeful and important; 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 eletricity from
it’s firlt rude beginnings, or to follow the mind
of man in it’s various and irregular wanderings,
in fearch of the laws by #hich it adts, and the
fource from whence it 1s derived, as this has been
fo well executed by Dr. Prieftley. Our view of
things is fo circumfcribed, and the mylteries of
nature fo profound, that it is not ealy for us to
determine, whether the received theory is founded
on the bafis of truth, and conformable to nature,

a2 or
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or whether we fhall be confidered, by future phi-
lofophers, as mere children, amufed and fatis-
fied with imperfect opinions and ill-digefted
theories. When a variety of things are mixed
together, which have little or no connection, they
naturally create confufion. It has been my en-
deavour, in the following eflay, to collect and
arrange, in a methodical and concife manner,
the effential parts of eletiricity, by thefe means
to render it’s application eafy, pleafant, and ob-
vious to the young praétitioner; and by bring-
ing together cxperiments of the fame kind, make
them mutually illuftrate each other, and thus
point out the ftrength, or difcover the weaknefs,
of the theories that have been deduced from
them. Though the nature and confined limits
of my plan did not admit of much variety of ob-
fervation, or a formal enumeration of every par-
ticular, yet few things, I hope, of ufe and im-
portance have been omitted.

As I do not with to incur the imputation of
plagiarifm, 1 with pleafure acknowledge the af-
fiftance I have received from the different authors
who have written on this {ubject. I have ufed an
unreferved freedom, in felecting from their works
whatever I found to anfwer my purpofe. I am
particularly obliged to Sir Jofeph Banks, for his
politenefs in lending me * Les Memoires de

*1cas
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I’Academie de Berlin,” for 1780, at a time when
I could not procure them clfewhere.

The various interruptions and avocations, from
which, as a tradefman, I cannot be exempt, will,
I hope, induce the reader to make {ome favour-
able allowances for any errors which he may dif-
cover, and kindly corret them for himfelf.

Being encouraged by the very rapid fale of the
firft edition of this work, to offer another to the
public, I have endeavoured to render it more
perfect 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 either enlarged by the addition of new
matter, or improved by a different arrangement
of the old; more particularly, the chapters on
medical electricity and the Leyden: phial.—The
eflay on magneti{m is alfo confiderably enlarged ;
for the prefent difpofition and order of treating
it, I am indebted to the ingenious and kind hints
of Dr. Lorimer. The additions are illuftrated
by two new plates, and an engraved frontifpiece.

I have been engaged by my friends to prefix
an introduction to this work, in order to render
it more ufeful to thofe who are not already ac-
quainted with the principles of this icience, to
which I have fubjoined an account of the prin-

4 cipal
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cipal difcoveries that have been made in eleiri-
city, fince the publication of thefe effays.

I begleave to avail myfelf of this opportunity
to inform the public, that I am engaged in ar-
ranging and preparing for the prefs different
effays on the mechanical parts of mathematical
and philofophical learning, and explaining the
various ufes of the different inftruments in their
prefent ftate of improvement; which, 1 truft,
will greatly tend to facilitate the attainment of
knowledge, and accelerate it’s progrefs. For
this purpofe Ihave been at a confiderable expence
in collecting {uch materials as may enable me to
offer to the public fome effays on this fubject,
which I hope will not be found unworthy of it’s
patronage, and which I mean to publifh with all
convenient {peed.
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Or ELECTRICITY, or ELECTRICS,
AND NON-ELECTRICS.

THERE 1s a natural agent or power, gene-
rally called the electric fluid, which by
frition, or other means, is excited, or brought
into aétion.

This action is manifefted to our fenfes by what

are termed electric appearances.
Thefe appearances are—the attraction and
repulfion of light bodies.—pencils of light dart-
b in_g
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ing from the electrified body, attended with a
{napping noife on the approach of certain {ub-
ftances. -

ExeeriMENTw=Take a glafs tube of an inch and a half
in diameter, and about three feet long, rub this tube from
one end to the other, with the hand, or a piece of diy
filk, and it will exhibit eleftric appearances, or be excited,
The power thus brought into attion will attra&t and then
repel fmall light bodies; fmall pencils of light will alfo dart
from the tube in a beautiful manner, attended with a crack-
ling noife, if the finger, or any other metallic fubftance is
brought near the tube,

Exrerivent,—Put your cylinder in good order, by the
rules laid down in Chap, II, of the following Effay. Then
turn the glafs cylinder, and all the forementioned appear-
ances may be obferved ; but as the ation of the cylinder is
fironger than that of the tube, the effefts will be more vifible
in the former. In thefe two experiments the friftion againft
the tube or eylinder has brought into aftion and rendered
{enfible an agent, which before was appareml}r dormant and

invifible to ws.
With refpeét to the eleftric matter, all fubftances may
be divided into two claffes, eleftrics, or non-eleétrics,

Electrics do not fuffer the electric matter to
pals readily over their furfaces ; hence they are
allo called non-conductors. |

Non-cleitrics permit the eleCtric matter ta
pafs readily over their furfaces; from whence they

are termed conductors.

EXPERIMENT,



INTRODUCTION. xii

ExrERIMENT.—A metallic cylinder being fixed upon a
glafs fupport, and placed near the ele€tric machine, will -
receive the eleétric fluid frem the glafs cylinder, which will
diffufe itlelf over the whole {urface of the metallic cylinder,
It does not however readily pals over the glafs fupport,
but is detained by it on the metallic cylinder, from whence
it may be conveyed by any metallic {ubtance.

A metallic cylinder fupported by glafs, and furnifhed
with fharp-pointed wires to collet the eleftricity from the
glals cylinder, is called the prime conduftor.—It is faid to
be infulated by the glafs fupport, becaufe this obftruéls the
paffage, or cuts off the communication of the eleftric fluid
with the earth.

This experiment will ferve to give a general idea of the
foundation of the general divifion of all {ubftances into elec-
trics and non-eleftrics; but as it is a diftinftien which runs
through the whole bufinefs of eleétricity, we fhall endea-
vour to elucidate it funther, by entering more fully into the
propertics by which thefe fubftances are diftinguifhed.

Electrics, or non-conductors, may have any
part of their furface rendered electrical by friction,
without diffufing the fame kind of clectricity to
any other part of their fubftance.

Non-electrics; or condudtors, cannot be ren-
dered ele@rical by friftion, and when elettrified
by any other means, the electricity is diffuled over
the whole of their furface, and every part thereof
exhibits the fame kind of electricity.

The partial diftribution of the eleftric fluild on non-con-
b 2 duftors
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duttors is eafily fhewn, by only exciting one part of a glafs
plane, or a glafs tube,

The equal diffufion of this fluid is feen by the prime cone
dutor when eleftrified,

A conductor electrified by communication,
parts with the whole of it’s electricity at once to
any conducting fubftance, (that communicates
with the earth) when brought in contact with it;
ora conductor cannot be electrified while it com-
municates with the earth, becaufe all the elec-
tricity is carried off by the communication.
Whereas under the fame circumftances an excited
electric lofes it’s electricity only in thofe parts,
which are near the conducting fubftance, or to
which it is applied.

Experiment,—Toilluftrate this pofition, bring any cen=-
dutting fubftance, that communicates with the earth, in con-
tatt with the prime conduftor, and it will immediately de-
prive it of all the eleftricity it had acquired; but if the
fame condutting fubftance is brought near the excited glafs
cylinder, it will only take off a portion of the cleftric mat-
ter from that part to which it is applied.

Some conducting fubftances are more perfect
than others.

ExreriveNT.—The fluid will pals more readily over a

metal rod, than one of wood.
Among conduétors, metals are the moft perfett 5 fealing-
wax,
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wix, rofin, and glafs, are amongft the beft non-condu@ors,
For a lift of conduting {ubftances, &c. fee page 16,

The electric fluid may be excited by friction,
by heating and cooling.

ExreriMenT.—In working the eleétrical machine, this
fluid is excited by frition. The Tourmalin flone is ex-
cited by increafing or diminifhing it’s heat. See Chap. 1. of
the following Effay, and alfo pages 339 and 368,

Or EXCITATION, AND OF THE CON-

TRARY STATES or tue ELECTRIC
FLUID,

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

Exrerivent.—Rub two pieces of glafs, or fealing-wax,

together, and only a fmall degree of elettricity will be
obtained.

Itis therefore neceffary, that the rubber fhould be a con.
dutting fubftance, and that it fhould not be infulated,

Only a {mall qhantity of electricity can be
produced, when the rubber and conductor of an
electrical machine are both infulated.

ExreriMENT,—Take off the chain, which is generalls
fufpended from the cufhion to the table; turn the machine,

and you will find lefs cletricity than when the cufhion or
rubber communicated with the earth,

If
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If the rubber of an eleéirical machine be infu-
fated, 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 electrified, and will attract and repel
light bodies, and exhibit the fame general ap-
pearances as the prime conduélor.

Exrerimmext.—Conne& an infulated conduftor with
the rubber, place another before the cylinder, and both
will be eleétrified.

The conduétor which is eleftrified by the cylinder will
attratt thofe bodies, which are repelled by the conduftor
that is conneted with the cufhion, and vice verfa,

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

If they be brought into contaél, (or if they are conneéted
together by a chain) the eleélricity of one will deftroy that
of the other; and though the fluid may be feen to circulate
round the cylinder, yet the two conduétors, when thus con-
joined, will exhibit few or no figns of cle@ricity.—From
thefe experiments it may be inferred,

That there are two powers in elcétricity, the
ope termed pofitive electricity, the other negative
electricity; 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 fhall re-confider
the _foregoing experiments on the two condutlors, com-

6 paring
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Faring them with fimilar experiments on two conduétors
elefirified with the fame power. Elettrify two conduftors
equally, by placing them before the cylinder, (that is, clec-
trify both pofitively) and the following obfervations may
be made: 1. That what is attraéted or repelled by the one,
is alfo attralted and repelled by the other ; whereas, in the
foregoing inftance, what the one attrafted, the other repel-
led. 2. That no fparks will pals between two condu@ors
equally cleétrified with the fame power, though they will
pals continually between two eletrified with different
powers. 3. Connett the two conduélors that are before the
cylinder, and [parks may be taken from them, which can-
_not be done from the others when they are united,

The conduétor conneéted with the cufhion, is faid to be
negatively eleétrified,

The conduttor placed before the glafs cylinder is faid to
be pofitively eletrified. (a)

Thele experiments may be eafily exhibited by one con-
duftor, if the rubber be infulated ; by means of the two
direftors with glals handles, that are defcribed page g14.—

Take

{a) Hence every cleftrical machine, with an infulated
rubber, may be confidered as afting in a threefold manner,

1. As a machine producing negative eleftricity; by
conneéling the prime conduétor to the earth by a chain, and
taking the fluid from the cufhion or rubber,

2. As a machine producing pofitive eleftricity. To ef-
feft this, make the rubber communicate with the ground by
a chain, and take the fluid from the conduétor,

8. Ascommunicating the aétion of both powers at oncs,
In this cafe, the rubber and conduftor muft both be infula-

I:E:ﬂ, and the fubftance to be eleftrified placed between twe
direftors connefted with them,
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Take off the chain from the cuthion, and conneét a dire&or
with it by a wire or chain, and conneét another direétor
with the prime conduétor ; turn the cylinder, and on bring-
ing the diretors near to each other, fparks will pafls from
the one to the other; the one will alfo attraét what the
other repels, and when brought into contaft, neither of
them will exhibit any figas of eleftricity.

The eleétricity produced by the excitation of glafs, is
called pofitive eleétricity,

The elettricity produced by the excitation of fealing-
wax, or rofin, is called negative,

Or ELECTRICAL ATTRACTION
AND REPULSION,

If two bodies be electrified, both pofitively,
or both negatively, they repel each other.

If one be electrified pofitively, the other nega-
tively, they attract cach other.

A body not at all electrified will be attracted
by thofe which are electrified, either negatively
or pofitively.

ExperiMENT.—Eleétrify a pair of infulated pith balls
pofitively, and they will repel each other. Sce page 54.

Exreriment.—Eleflrify a pair of infulated pith balls
negatively, and they will repel each other,

ExrerimeNT.~—A pair of infulated pith balls eleftrified
pofitively, will attrat a pair that arc electrified negatively,

EXPERIMENT,
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Exrermmext,—A pair of infulated pith balls cle@rified
negatively, are attrafled by excited glafs, and repelled by
excited wax 3 and the contrarv : for if the balls are eleftrified
pofitively, they will be repelied by excited glafs, and attraét-
ed by excited wax,

Experiment.—~A pairof infulated balls in their natural
flate are attralted both by excited glafs, and excited wax,

The repulfion of balls ele@rified pofitively is
deftroyed by the application of an equal degree
of negative eleétricity. :

Exrerivent.—~Elellrify two pair of pithballs equally,
but one with pofitive cleélricity, the other with negative
bring the cylinders by which the balls are fufpended in con-
tal, and the balls will immediately clofe,

Experiment.—Eleflrify two pair of inlulated pith balls
equally with pofitive eleftricity, bring the cylinders by
which they are fufpended in contaét, the balls will remain
unaltered.

From thefe experiments it may be inferred, that in the
natural ftate of elelricity the two powers are always
united ; that they only become vifible by their feparation,
and that when feparated they manifeft themfelves by thofe
appearances which we term eleftrical. It is highly pro-
bable, that the general phanomena of nature are carried on
by thefe powers when united, and the more particular phz-
nomena, or difcordant notes in the great {yftem of the uni-
verfe, are occafioned by the altion of thefe powers when
{eparated, and their conftant tendency to unite. Bethis as
it may, the foregoing pofitions will be found to illuftrate

c all
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all the experiments on eleftric attra&ion, from whichwe
have leleéted the following, as fome of the moft pleafing.

Exreriment.—Light feathers, hair, &c. connefted with

the conduflor, are, when eleétrified, attrated by any non-
elettric body.

Exreriment.—The hair of any Pﬂrfﬂn that 15 cleftrified
bucnmesrepellﬂnt.

Experiment.—Down feathers, bits of leaf gold, paper

images, and other light bodies brought near the conduétor,
are firlt attrafted, and then repelled,

Exreriment.,—The two outfide bells, fig. 17, commu-
nicate by a chain with the conduor ; the middle bells and
the two clappers are fulpended by filk, which is a non-con-
duftor. The eleétric fluid pafles from the conductor to the
outlide bells, thefe attraét the clappers and impart eleétricity
to them, which they in their turn communicate to the mid-
dle bell, from whence itis conveved by a chain to the earth,
The clappers, in receivingland communicating the fluid, are
alternately attratted and repelled.

Thofe fubftances that are brought within the
influence of clectrified bodies, become pofleffed
of a contrary eletricity ; or, bodies, which are
immerged in an eletric atmofphere, always be~
come poflefled of an electricity contrary to that
of the body in whofe atmofphere they are im-
merged.

See Experiment xviii, XiX. XX, xxi, XX, XXV, Xxv,
of the following Effay.

EXPERIMENT,
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" Exep ERIMENT. — Bring a conduftor (without peinted
wires) near to the glals cylinder, whilft the machine is
working. If the conduétor be not influlated, it will be
negatively eletrificd, tll it is brought {o near as to reccive
fparks from the cylinder, If the conduétor be infulated, it
will, in the fame fituation, be elettrified negatively in the
iparté-ncarc& the glafs cylinder, and pofitively in the parts
more remote ; as may be feen by bringing a glafs tube, which
is pofitively ele€trified, near a ball which is fufpended from
the conductor.

Or ELECTRIFIED POINTS.

The electic fluid appears as a diverging ftream
darting forwards into the air from a pointed
body pofitively eletrified.

It appears as a little globular ftar on a point

‘negatively electrified. (a)

EXPERIMENT.

fa) Mr. Nicholfon has fhewn, that it is the property of
all fhort-pointed conduétors rifing out of another f{urface
nearly plane, to give a fpark when pofitively clettrificd,

" but none when negatively ; hence he contrived an initru-
ment for diftinguifhing the two eleflricities, which is repre-
{ented at fig. 10, in the plate facing the end of the fupplement,
A and B are two metallic balls, which may be placed at
different diftances from each other by means of the jointc;
the two legs ¢ A, ¢ B, are of varnifhed glafs ; from one of
the balls A proceeds a fhort point towards the other ball
B: along fpark will pafs from the ball A towards B, when
c2 it
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Exreniment.—Thele appearances are to be obferved in
a dark room on the extremity of a pointed wire fixed upon
a condutor pefitively or negatively eleftrified; or on a
wire held in the hand, and prefented to a pefitively er
negatively eleétrified eonduttor.

ExrerimenT,—Thele phaenomena are beautifully ex«
hibited by the luminous eonduétor,

A current of air 1s occafioned from an cféﬂri-
fied point.

Exreriment,—Place a pointed wire in the conduflor,
and hold the hand over it when the machine is in aftion,
a very fenfible wind will be felt by the hand,

Exreriment-—Stick feveral pieces of paper or card like
vanes in a cork, through the center of which a needle or
fteel pin paffes, fulpend the whole by a magnet, prefent one
of the vanesto a pointed wire inferted in the conduétor,
and they will be put in motion by the current occafioned by
the point, and will turn with rapidity. See alfo experiments
Ixxvii, lxxviil, Ixxix. &e, of this Effay.

A pointed wire placed on or brought near to
an eletrified conductor, gradually and filently
diflipates the cleétric fluid.

It

it is pofitively eleétrified ; but the elefiricity will pals with-
out fparks, and fcarce any noife, when it is eleétrified nega-
tively.~Nicholfbn’s Introduftion to Natural Philofophy,
2d, edit. p, 320,



INTRODUCTION. xxii

It is tobe obferved here, that if the point is brought withe
in certain limits, it will not difcharge the conduftor in the
manner exprefled in the foregoing pofition, but by a fue-
ceflion of fmall explofions very quickly following each
other, which leads to the following pofition,

If an electrified point be fituated in fuch cir-
cumflances as to caufe the fluid to accumulate
on the conductor ; or, in other words, if it is
fo fituated, that the power of the fame name with
that of the conductor cannot be readily difcharged
from it, it will then receive the eleCtricity from
the conductor in the form of a firong fpark.

Exreriuexte=Place a pointed wire on the end of a
fpiral tube, and it will take a fpark. Sec alfo experiment
kxiii, clv, and elvii, of the following Effay, :

Or tue LEYDEN PHIAL.

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

If one fide of this jar is elerified, while the
other fide communicates with the earth, it is faid
%0 be charged.

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

flance) after it has been charged, an explofion

6 will
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‘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 earth,

As the apparatus reprefented at fig. 49, pl. I1. is the moit
ready, and beft adapted for illuftrating the phnomena of the
Leyden phial, we fhall confine ourfelves principally to it
in this part of the prefent Summary.

ExrErIMENT,—Screw the phial with the belt on its
infulated ftand, as at fig. 48 ; bring the coating in contaft
with the condu&or, turn the machine flowly, and after a
few turns remove the phial from the conduétor ; then form
a communication between the outfide and the infide of th®
phial, by placing one end of the difcharging rod firlt 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.

Experiment.—Hang a chain from the brafs ball of the
phial to the table, then bring the coating in contat with
the conduftor, and after a few turns of the machine re-
move the phial as before; then apply the dilcharger, an
explofion will be heard, and the bottle will be difcharged ;
for in this cale, the infulation of the infide is deftroyed
by the chain, and the phial becomes capable of receiving a
charge, |

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

EXPERIMENT,
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ExrerimenT.—Place the coating of the jar, fig, 48, in
contaét with the conduétor, and the knob of another equal
fized jar (as L, fig. 49)in contatt with the knob of the firft ;
turn the machine a few times, then remove the jars from
each other, and from the conduttor; apply a difcharger, as
before direfted, 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 reccived from the
machine, See allo exper, lxxiv. :

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

ExperiMeNT,—Charge the jar, fig. 48, by bringing the
coating in contatt with the conduflor, and letting a chain
fall from the ball to the table. 'When it is charged, remove
the jar from the conduftor, and the chain from the knob.
The coating of the jar will eleftrify a pair of infulated
pith balls pofitively, and the knob will eleétrify a pair nega-
tively; evincing that the infide and outfide of the jar are
in contrary ftates.

Reverfe the forcgoing experiment, by bringing the knob
of the jar in conta&t with the conduétor, and letting a chain
fall from the outfide coating to the table; charge the jar,
and remove the chain, the coating will now clettrify the

infulated pith balls negatively, and the knob will eletrify
them pofitively,

ExrerimeNT,—Charge the jar, fig. 48, pofitively ; con-
neét a direttor with the chain from the coating, and bring
the ball of the direfior towards the knob of the bottle; a

cork
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cork ball, or an artificial {pider, fufpended by a filk ftring,
will play between the two balls till the bottle is difcharged,
carrying the fluid from one to the other, till it has reftored
the equilibrium,

A jaris faid to be pofitively electrified, when
the infide receives the fluid from the conductor,
and the outfide is connected with the earth.

It 1s faid to be negatively electrified, when
the outfide receives the fluid from the conduétor,
and the infide communicates with the earth. (4)

The contrary ftates of the Leyden phial {hewn
by the charge and difcharge thereof.

Exrperiment,~~Take two bottles of the fame fize, as H
and I, fig. 49, charge both pofitively, and conneék the coat-
ings of each, as in fig. 43, bring the two knobs together,
and no explofion will take place, and the bottles will not be
difcharged ; becaufe the infide and outfide of each bottle is
in the {ame fate, or endued with a power of the fame kind,
and have thercfore no tendency to unite, The {ame happens
-if both are charged negatively.

ExperimMenT,—~—Charge one pofitively, the other nega-
tively; 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,
Im

[a) Itis neceffary that ajar charging negatively fhould be
infulated, becaufe the fluidis, in the firft inftance, convey-
ed to the coating, and would, if uninfulated, be igmediately
carrigd to the earth, :
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In the foregoing experiments it will be found very conve-
nient for the difcharge of the jars, to {crew 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 ealily brought to touch the infulated jar,

The contrary {tates of the fides of a Leyden phial may be
exhibited by the appearance of the elettric light, or pointed
wires conncéted with the coating, or 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. ;

Exrerivent.—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 upper metallic plate by an infulated handle ; take
up the glals plates, and place it between two other plates of
metal uneleftrified and infulated, and the plate of glafs thus

coated afrefh will {till be charged,

The pafling of the electric fluid from one fide
of a charged jar to the other, is apparently in-
ftantancous, through whatever length of a me-
tallic or other good conductor it is conveyed.

ExperimMent.—Let any number of perfons make a part
of the gircuit of communication, and the fluid will pafs in-
{tantaneoufly through the whole,

d The
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The difcharge of a charged jar gives a painful
fenfation, calleq the clefiric thock, to any animal
placed in the circuit of commynication.

1f the circuit be interrupted, the fluid will become vifible;
and if refifted init’s paﬂhge, will leave an impreflion upon
the intermediate or refilting bodies. (a)

Exreriment.—Let the fluid pafs through a chain, or
through any metallic bodies, placed at fmall diftances from
cach other ; the fluid, in a dark room, will be vifible be-
tween the links of the chain, or between the metallic bodies,

Exreriment.—If the cireuit be interrupted by feveral
folds of paper, a perforation will be made through it, :md
gach of the leaves will be protruded by the ftroke from the
middle towards the outward leaves, ' i

Exzerivext.—If {pirits of wine, or gun-powder, be
macle part of the circuit, it will be fired.

The force of an eletric charge does not de-
pend on the {hape of the charged furface.

Let the fame quantity of coating be placed upon a jar, and
upon a plute of glafs, the effett will be found to be nearly
the. fame n each.

When the furfaces of an ele@ric jar are char-
ged with a certain quantity of the two powers, it
is obferyed, that no additional elericity can be
communicated to them, however great an exci-
tation is applied for that purpofe.

Jr Or
(#) Enficld’s Inflitutes of Natural Philofophy. L
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Or tue ELECTRIC BATTERY.

The force of the electric charge may be in-
creafed, by augmenting the furface of ceated
glafs.

The ufual method of effeting this, is to form a commu-
nication between the infide of a number of coated glafs jars,
and another communication between the external coating;
jars fo difpofed are called an eleétrical battery.

Fine matallic wire may be melted by a battery, {mall
animals may be killed, thick pieces of glafs be fhattered to
pieces, and other curious effeéts produced, the greater pait
of which are deferibed in Chap. viii, of the following Effay,

The electric fluid and lightning are the fame
{ubftance.

Their properties and efle€ts are the fame; flathes of light-
ning form irregular lines in the air ; the eleétric fpark, when
{ftrong, has the fame appearance. Lightning ftrikes the
highelt and moft pointed objefts, takes in it’s courfe the
beft conduftors, fets fire to bodies, melts metals ; in which,
and many other particulars, it agrces with the phanomena
of the eleftric fluid, Laltly, the lightning being brought
from the clouds to an eleftrical apparatus, will exhibit all
the appearance of the elettric fluid.

It is fuppofed that buildings may be fecured

from the effects of lightning, by fixing 2 pointed
d 2 ~ metallic
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metallic rod higher than any part of the building,
and continuing it, without interruption, to the
ground or nearelt water.

‘See Chap. ix. of the following Effay. The experiment
moft gencrally ufed to illuftrate this pofition, is that of the
thunder-houfe, which isa boatd fhaped like the gable end
of a houfe, and fixed perpendicularly upon an horizontal
‘board ; 1in the perpendicular board a Iquare hole i1s made,
into which a fquare piece of wood is to be fitted, fo that it
may cafily fall out of it’s place; a wire is fixed diagonally
into this {quare piece ; another wire, terminated with a brafs
ball, is faftened to the upper part of the perpendicular
board, with it’s ball abeve the board, and it's lower end in
rontaét with the diagonal wire ; in the {quare piece of wood,
acommunication is continued from the other end of the dia-
gonal wire, by a wire to the bottom of the perpendicular
board. 1fthe wires, in this ftate, are made part of a circuit
of communication, on difcharging the jar, the fquare piece
of wood will not be difplaced ; but if the communication be
interrupted, by changing the direftion of the diagonal wire,
the fquare piece of wood will, on the difcharge, be driven
out of it’s place. Sce fig. 68.

If, inflead of the upper brafs ball, a pointed wire be
placed above the perpendicular board, the dilcharge may be
drawn off without an explofion,

OfF A PLATE or AIR,

As theair is an eleltric, it will receive a charge,
and give a fhock like any other electric fubftance.

This
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This is effefted by means of two large boards, covered
with tin foil, the one connefted with the condutlor, the
other placed parallel to iton an infulated fland ; thefe boards
may be confidered as the coatings to a plate of air; and if
a communication be formed between them by touching the
uninfulated board with one hand, and applying the other
hand to the conduttor, the fhock will be felt. See Chap.
x. of this Effay, and Nicholion’s Introduttion to Natural
Phiiofophy. .

¢ A great part of the eleftric phznomena, are the confe-
quence of the air being thus charged, Thus the prime con-
dultor imparts it's eleétricity to the furface of air imme-
diately contiguous to it, and when the {park is drawn, the
difcharge is made to the non-cleétrics in the room, which
are in contaét with the oppofite furface,

¢ It is a confequence of the air being charged, that
broad non-elettric furfaces draw large fparks from the con-
duétor, for the {parks are the dilcharges of a large plate
of interpoled air ; a lefs furface will draw a lefs {park, be-
caule the fame machine charges lefs furfaces higher than
greater ; the fpontaneous difcharge through the body of the
eleftric air, will be made at a greater diltance of the fur-
faces ; thatis to fay, the fparks will be longer. If the fur-
face of the prefented plate be {till fmaller, the fparks will alfo
be fmaller, and emitted to a greater diftance ; and if the fur-
face be indefinitely fmall, or in other words, if the non-
eleétric be pointed, the fj park may be fo imall asto be in-
vifible, and the diftance to which it can be emitted, may
be unlimited.”

Or MEDICAL ELECTRICITY.

The fatisfaftory experiments that have been made on this
| head,
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head, by fome of the firflt charafters in the medical line,
particularly at St, Thomas's Hofpital, by Mr, Birch, have
eftablifhed the reputation of eleétricity in medicine, as they
have clearly proved, that when ufed by the fkilful, it is
as certain in it’s effefts as any medicine in the whole ma«
teria medica, and more extenfive in it’s application,

In medicine, it has been very judicioufly confidered as
atting under three forms.

t. Tue Fruip, which may be confidered as a fedative.
2. THE Srark, or friftion, which may be ranked under
the title of a {timulant.

8. Tue Suoeck, which may be confidered as a power«
ful deobftruent,

The fluid may be thrown upon or extracted
from the patient.

This is always beft effeted by a wooden point.

1. Infulate the patient, and conneft him with the pos
fitive conduftor; then prefent the weoden point of the
direftor towards him, and it will gradually draw the fluid
from him,

2. Let the patient communicate with the ground, and
conneft the metal part of the direétor with the pofitive con-
duétor, and the fluid will be gently thrown upon the pa-
tient,

9. Conneét the infulated patient with the cuthion, then
he will receive the fluid from the direftion heldin the
hand.

4. Conne& the direftor with the cufhion, and the fluid
will be extrafted from the patient,

Of
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Of the electric fpark, or friction.

What has been faid with refpelt to the fluid, is equally
applicable to the eleétric frittion ; only here the point is to
be unfcrewed from the direftor, and the brafs ball ferewed

on in it’s {tead,

In the fri€tion, 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 fparks, it is to be removed a
little diftance from the body,

To increafe the denfity of the fluid, or {park,

Fix the medical bottle to the conduétor, let a chain fall
from the hook at the bottom thereof to the table, place the
eleftrometer on the conduélor, (asit is reprefented in the
frontifpiece to this work,) let the ball of the elefrometer be
placed at fome little diftance from the conduftor, and then
connett your direftor, by means of a wire, with the exterior
ball of the eleftrometer; after this preparation, you may
turn the machine, and when the fluid has attained {fufficient
force to pafs from the conduélor to the ball of the elettro-
meter, you may apply the direftor to the patient, who will
receive a denfe fiream therefrom ; the machine to be kept
turning during the operation. Or, conne& an infulated pa-
tient with the eleftrometer, and then, on applying the
direétor to him, you will extra& a denfe ftream from him,

&. B, Whenever the direfor is ufed without being con-
nected with the conduétor or cufhion, the hand fhould com-
pmnwa.tn with the brafs part thereof, '

Tn
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To pafs a ftream of the electric fluid through
any part of the body, without giving the fhock.

1. Conneét one direGor with the i:ufhinn, and another
with the conduétor; place the part, through which you
want the ftream to pafs, between the direétors.

N. B. The denfity of this ftream is augmented, if the
bottle is fulpended agrecable to the diretions in the preco-
ding article, and one direétor joined to the elettrometer.

2. Infulate the patient, and apply a direétor that com-
municates with the conductor, (or with the ele€trometer and
bottle) to one part, and a brals ball to the other.

To give the fhock,

Sufpend the bottle from the conduétor, put the eleétro-
meter in it’s place, (fee the plate that faces the title-page of
this work) and remove the inner ball a fmall diftance from
the conduétor ; then conneft one direétor by a wire with
the hook at the bottom of the bottle, and the other with the
exterior ball of the elettrometer ; the part through which
the fhock is to pafs, muft be placed between thele balls 3
there will be a fhock every time the fluid has acquired fufhi-
cient force to pafls from the conduétor to the eleCtrometer,

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

The direfiions in the preceding article apply immediately
tothe prelent, with only this difference, the ball of the
ele€trometer may be removed further off, and the long wire
1s to be taken out of the tube of the bottle. '

Or
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Or ATMOSPHERIC ELECTRICITY,

The atmofphere is always ele@rified, fome-
times negatively, but moft commonly with
pofitive electricity. In ferene weather, the
electricity is always pofitive, and the quantity is
proportional to the quantity of moifture.

Hail is always accompanied with elettricity.

Rain generally fo.

Low and thick fogs ftrongly eleftrical, though generally
more {o after a froft,

In fummer, the eleétricity of the atmofphere is very weak ;
it grows ftronger at fun-rife, and increafes in {trength with
the elevation thereof ; at fun-fet it again becomes weaker.

Impetuous winds generally leflen the force of the atmo-
{pheric eleétricity,

A ftrong eleétricity often rifes with the dew, particularly
if the feafon is cold, the fky clear, and very little wind.

flro a8 A B KT El kS

Air rarified to a certain degree, permits the
electric fluid to pafs eafily through i.

As the air is a non-condu@or, it refifts the motion of the
elettric fluid ; therefore, the remaval of it facilitates the ef-
fort this fluid makes to efcape from the fubjeft 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 pref-

e furg
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Containing an Account of the PrincipAL
DiscoveERrRI1Es made in that Science,
fince the Publication of the firft Edition,
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An Extrall from Mr. De Sauflire’s Inquiries and
Obfervations on Atmofpherical Electricity. (a)

T HE ele@trometer ufed by Mr, De Sauflure is nearly the

fame as that of Mr, Cavallo’s, which is defcribed in
my Effay, at page 260, and at fig. 76, The following are
the molt material circumftances in which they differ ; firft,

the

— |

-

(a) This eleétrometer may be ufed inftead of the condenfer
of M. Volta, by only placing it on a piece of oiled filk,
fomewhat larger than the bafe of the infirument; but in this
cale, it is the bafe, and not the top of the inftrument, which
muft be brought into conta& with the fubftance whofe elec-
tricity is to be explored,

¢'s By
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the fine wires, by which the balls are fufpended, fhould not
be long enough to reach the tinfoil which is palted on the
infide of the glafs, becaufe the eleétricity, when {trong, will
caufe them to touch this tinfoil twice confecutively, and
thus deprive them in a moment of their eleétricity. To pre-
vent this defeft, and yet give them a fufficient degree of
motion, it is neceflary to ufe larger glafles than thofe that are
generally applied to Mr. Cavallo’s eleftrometer ; two or three
inches diameter will be found to anfwer the purpofe very
well. But asit is neceflary to carry off the eleftricity which

may

e

~ By this inftrument, it is ealy to afcertain the degree of
condutting power in any {ubftance, For example, if it is
placed on an imperfet conduftor, as dry wood or marble,
and if the inftrument is eleftrified {trongly, and after-
wards the top is touched, the eleétricity will appear to be
deftroyed ; but on lifting up the inftrument by the top, the
balls will again open, becaufe the imperfett conduftor
formed with the bafe a kind of eleftrophorus, by which
the elettric fluid was condenfed, and loft it's tenfion, till
the perfeét conduétor was feparated from the imperfett one ;
whereas, if the conduétor had been more perfeft, it would
have been deprived of it’s elelricity immediately on the ap-
plication of the hand.

It is eafy to difcover allo, by this inftrument, the eleftricity
of any fubftance, as of cloaths, hair of different animals,
&c. For this purpofe, it muft be held by the bafe, and the
fubftance rubbed brifkly (only once) by the ball of the elec-
trometer ; the kind of eleétricity may be afcertained in the
ulual manner. It is proper, however, to obflerve here, that
as the top of the eleftrometer afts in this cafe as an infulated

rubber, the eleétricity it acquires is always contrary to that
af the rubbed body.
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may be communicated to the infide of the glafs, and thus be
confounded with that which belongs to thofe fubftances that
are under examination ; four pieces of tinfoil fhould be
palted on the infide of the glafs ; the balls fhould not be
more than 1-2oth of an inch diameter, fufpended by filver
wire, moving freely in holes nicely rounded. The bottom
of the ele@rometer fhould be of metal; for this renders it
more ealy to deprive them of any acquired eleftricity, by
touching the bottom and top at the fame time. (8)

In order to collett a great quantity of eleétricity from the
air, the cle@trometer is furnifhed with a pointed wire, 15
inches, or two feet long, which unfcrews in three or four
picces, to render the inftrument more portable ; fee fig. 4.
When it rains or fnows, the {mall parapluie, fig. 5, is to be
fcrewed on the top of the inftrument, as by this it's infulation
15 preferved, notwithftanding the rain.

This inftrument indicates not only the electricity of fogs,
but that alfo of ferene weather, and enables us to difrover
the kind of eletricity which reigns in the atmofphere ; and
to a certain degree, to form an eftimate of its quantity,
and that under two different points of view, the degree of
intenfity, and the diftance from the carth at which it firft
begins to be fenfible.

A conduttor (c) exhibits figns of eletricity, only when
the eleétric fluid is more or lefs condenfed in the air, than
in the carth, Though the air refifts the paflage of the ciec-
tric fluid, it is not ablolutely impermeable to it; it fuffers
it to pafs gradually, and generally with more e

ale in pro.
portion as it’s mafs or thicknefs is lefs, It

is therefore in-

tere ﬂing

—

(4) Voyage dans les Alpes par H. B. De Sauflure,

Tom, fecond,

(€) A condullor raifed for the purpole of making at-
mofpherical experiments s meant here, -

1
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terefting to difcover at what height it is neceffary to be
elevated, in order to find a fenfible difference between
the eleétricity of the earth, and that of the air, A very
fenfible difference may be generally difcovered by this in-
firument, at the diftance of four or five feet from the
ground ; fometimes it may be feen if the inftrument 1is
placed even on the greund, while at others, it mufl be
raifed feven or more feet before the balls will open; fome-
times, though feldom, this height is not fufficient. This
diftance is generally greateft when the eleétricity is ftrong-
eft, though neceflarily modified by a variety of circum-
ftances, {fome of which are known, as the degree of dry-
nefs or humidity of the air, and others are unknown.

The degree of intenfity, at a given height, may be difco-
vered thus; raife the eleftrometer, and judge by the divi-
fions which are placed on the edge thereof, the degree of
their divergence. To find the relation between this degree
of divergence, and the force of the eleftricity, M. De
Sauflure took the following method, as he could not with
certainty double or triple a given quantity of eleflricity;
yet, as a given force may be reduced one half, a fourth, or
cighth, &c. by dividing it between two equal and fimilar
bodics, the eleélricity contained in one 5 he took two ef his
unarmed ele&trometers, which were as fimilar as poflible,
and eleftrified one of them, fo that the balls feparated pre-
cifely 6 lines ; he then touched the top thereof by the top
of that which was not eleftrified ; in an inftant the eleftri-
city was equally divided between them, as was evident by
the divergence of the balls, which was 4 lines in each ;
confequently, a diminution of half the denfity had only
leffened the divergence one third, One of thefe eleétro-
meters was then deprived of it's eleftricity, and was after-
wards brought in contat with the other, as before; the re-

4 maining
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maining eletricity divided itfelf again between them, and
the balls fell from 4 to 28 lines, nearly in the fame propor-
tion as before; in the third gperation they fell to 193 in
the fourth to one, where he was obliged to flop, as there
was not now fufficient force in -the fluid to pafs from one
eleCtrometer to the other, and diftribute itfelf uniformly
between them. The fame experiment repeated feveral
times, gave very nearly the fame refults, Negative elec-
tricity decreafed alfoin the fame proportion as the pofitive.
The following table may therefore be confidered as giving
a general, though not exaf idea (un apergu) of the increafe in
force, which correfponds to different degrees of divergence
in the balls; it is only calculated to every fourth of a line ;
the force of eletricity is always expreiled by whole num-
bers, as it would be ridiculous to put a greater degree of
exatnefs in the numbers, than is to be found in the ex-
periments which form the bafis of the calculation, (d)

;}iﬂanm of the balls ,Cnrrefpunding forces
in fourths of a line. of eleétricity,

1 1

2 2

3 3

4 4

b — T 5

6 ——— — 6

Diftance

—_—

(d) Mr. De Sauffure, in a lon g note, anticipates the gh-
jettions that may be made to the foregoing method of efti-
mating the force of cleﬁricit:,r; but as at the moft they only
fhew that this fcience is at prefent in a ftate of confiderable

impcrfeﬁion, it will be unneceflary to take notice of them
here,
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Of the manner of obferving the eletricity of
the atmofphere with the ele¢trometer.

The firft thing is to bring the eleftric fluid contained in
the eleftrometer, to the fame degree of denfity with that at
the furface of the earth; this is eafily done by letting the
bettom and top touch the ground at the {ame time; fee fig. 6;

then

difcharge. For Mr. Volta has fhewn, that the force of a
difcharge depends principally on the quantity of the eleélric
fluid which pafles from one body to another., Now the re-
pulfive force of the eleftrometer only indicates the ratio of
this quantity, in equal and fimilar bodies, and which arealfo
fimilarly fituated. If equal quantities of the eleftric fluid
were imparted to two unequal and feparate conduétors, the
eleftric fluid being lels condenfed on the largeft, would
att with the leall force on the cletrometer; though it is
probable, the force of the difcharge in the two conduttors
would be equal. The repulfive force ferves, however, to
fhew what Mr, Volta calls the elefirical capacity of abody,
the quantity of the eletric fluid it attvally contains, or is
capable of containing. To effe€t this, and have points of
comparifon, we fhould ufe light metallic balls, of different
fizes, {ufpended by filk thread. One of thefe balls, uneletri-
fied, being brought into contaét with the fubftance whofle
eletricity is to be explored, will diminifh the tenfion, or
repulfive force of this fubftance ; and the quantity diminifh-
ed by the contaét of the ball, will give the ratio of the
capacity of this fubftance with that of the ball. Let us
fuppofe a Leyden phial uninfulated, but fo concealed, that
only the knob is vifible, and we are therefore ignorant of
it's fize, and the flrength of the fhock it will give, Let the

f top
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then raife the point, keeping the bottom ftill in contaét
with the ground, from whence it may be lified up in a
vertical pofition, till the balls are level with the eye.

The {econd circumftance is to render the divergence
of the balls, which is occafioned by the elettricity of the
air, permancnt.  This is effetted by touching the top of the
elettrometer with the finger ; but here the acquired elec-
tricity becomes contrary to that of the body, by which they
are elettrified. Let us fuppofe, for example, that the elec-
trometer is at five feet from the ground, and the balls di-
verging ; touch the top of the eleftrometer with the Eng:r,'
and the balls will clofe; but they will again open, if the
clettrometer is withdrawn from the influence of the elec-
tricity of the air, by being brought nearer the ground, or .
into the houfe. Mr. De Sauflure only employed this me-
thod, when the eleétricity was fo weak, that he could not
perceive any until the eletrometer was raifed confider-
ably above hiseye; asin this cafe, he could not perceive
the divergence of the balls, he always endeavoured to ob-
‘tain a permanent eleflricity in the foregoing manner.

; To

top of M. De Sauffure’s eleftrometer be in contaét with
the knob of the bottle, and the balls of the cleftrometer
feparate 6 Fines,—from this folitary fatt, we fhall gain no
information relative to the force of the fhock; becaufe, if
the jar 1s very large, this degree of tenfion will give a very
painful fenfation; when, if it is very fmall, with the fame
indicated tenfion, the {enfation may be almoft imperceptible.
But if 1 bring a ball, of a foot.diameter, in contatt with the
knob of the bottle, and after having thus taken a part of the
fluid therefrom, the eletrometer is again put in contaét with
the knob thereof, the remaining quantity of repulfive force
will fhew the relation between it's contents and that of the
globe of metal, and by this mgans the intenfity of it’s charge.
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To know whether the balls feparate with pofitive or ne-
gative eleltricity, bring a piece of excited wax gradually
near the top of the eleftrometer ; if the balls feparate fur-
ther on the approach of the wax, they are negatively elec-
trified, or of the fame nature with the eleftricity of the
wax ; if on the other hand they come nearcr together, on
the approach of the wax, then the elcétricity is pofitive,
orin a contrary ftate tothat of the wax, If glafs is ufed,
the refults will be exaftly the reverle of the preccding.

The following example will render the ufe of the fore-
going obfervations more familiar. Choofe an open fitua-
tion, free from trees and houfes, ferew the conduétor on
the top of the eleftrometer, lay hold of it by it’s bafe,
and place it fo that the bale and condultor may touch -thg
ground at the {ame time, then elevate it to the height og :
the eye, and obferve the quantity of lines, or fourths of a
line, that the balls have diverged ; now lower it till the balls
almoft touch each other, andoblerve at what diftance the
top of the conduétor is from the ground ; and this is the
height from the ground, at which the eleétricity of the air
begins to be fenfible. If the eledtricity of the air is fufli-
ciently {trong to make the balls diverge when it ftands upon
the grdund, one of the lengths of the eleclrometer mult be
unfcrewed from it. If the balls however fuill diverge, the
other parts af the conduttor Thould alfo be un fcrewed, and
you may mark down, that the eleétricity 1s {enfible at zero,
or on the furface of the earth.  If, on the contrary, the elec-
tricity is fo weak, as not to caufe 'the balls to diverge,
when they are even with the eye, and confequently when
the conduétor is two feet higher, or 7 feet from the ground,
you fhould then raile it a foot higher ; while it is thus cle-
vated, touch the top with the other hand ; when this hand
js taken away, lower the cle@trometer, and if it is cleéiri-

fe fied,
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fied, you may {ay the eleftricity is fenfible at § feet; if it
is not, raile it as high as thearm can reach, and repeat the
fame operation; if any eleftricity is found, write down
eleftricity {enfible at g feet ; if not, mark o, or no eleélricity
relative to this inftrument, and this mode of employing
it ; for figns of ele€tricity may {hill be obtained, by throw-
ing a metallic ball 50 or 6o feet into the air, which is at
the fame time conneéted with the eleftrometer by a metallic
thread.

One advantage of this inftrument is, that it will often
exhibit figns of eleftricity, when none can be obtained from
a conduttor of a hundred feet in height, becaule it can
more ealily be preferved from humidity, &c. which de-
droy the infulation of the large conduétors.

Aerial eleftricity varies according to the fituation ; it is
generally firongeft in elevated and infulated fituations, not
to be obferved under trees, in fircets, in houfes, or any in-
clofed places; though it i1s fometimes to be found pretty
firong on quays and bridges. It is alfo not fo much the
ablolute height of the places, as their fituation ; thus a pro-
jetting angle of a high hill will often exhibit a ftronger
elefiricity than the plain at the top of the hill, as there
are fewer points in the former to deprive the air of it's
elettricity.

The intenfity of the atmofpheric eleftricity is varied by
a great many circumitances, fome of which may be ac-
counted for, others cannot. When the weather is not ferene,
it is impofMible to affign any rule for their variation, as no re-
gular correfpondence can then be perceived with the dif-
ferent hours of the day, nor with the various modifications
of the air. The reafon 1s evident; when contrary and
variable winds reign at different heights, when clouds are
rolling over clouds, thefe winds and clouds, which we can-
! perceive by any exterior lign, influence however the

* ftrata
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firata of air in which we make our experiments, produce
thele changes of which we only fee the refult, without be.
ing able to aflign either the caufe, orit’s relation. Thus, in
ftormy weather, we fee the clelricity ftrong, then null,
and in a moment after arile to it’s former force : one inftant
pofitive, the next negative, without being able to aflign
any rcafon for thefe changes, Mr. De Sauflure fays, that
he has feen thefe changes fucceed with fuch rapidity, that
he had not time to note them down,

When rain falls without a {torm, thefe changes are not
fo fudden; they are however very irregular, particularly
with refpet to the intenfity of force ; the quality thereof
is more conftant. Rain, or fnow, almoft uniformly gives
pofitive eleétricity, '

In cloudy weather, without rain or ftorms, the eleétricity
follows generally the fame laws as in ferene weather,

Strong winds generally diminifh i’ intenfity, they mix
together the different ftrata of the atmofphere, and make
them pals fucceflively towards the ground, and thus diftri.
bute the eleétricity uniformly between the earth and the air;
Mr, De Sauffure has obferved a ftrong cleétricity with a
ftrong north wind (la bife),

The {tate of the air, in which the elettricity is ftrongeft,
is foggy weather ; this is always accompanied with eleétri-
€ity, except when the fog is going to refolve intq rain,

The moft interefting obfervations, and thofe which throw
the greateit light upon the varigus modifications of elec-
tricity in our atmolphere, are thofe that are made in ferene
weather,  In winter, (during which moft of Mr., De Sauf-
fure’s obfervations were made) and in ferene weather, the
eletricity was generally weakeft in an evening, when the
dew had Fallen, until the moment of the fun’s pi fing 5 it’s
ntenfity afterwards augmented by degrees, fometimes fooner,
and fometimes later ; but generally before noon, it at.

taincd
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tained a certain maximum, from whence it again-declined,
t1ll the fall of the dew, when it would be fometimes {tronger
than it had been during the whole day; after which, it would
again gradually diminifh during the whole night; but is
never quite deftroyed, if the weather is perfettly ferene,
Atmofpherical eleéiricity {ecems, therefore, like the fea,
to be fubjell to a flux and rcllux, which caufes it to increafe
and diminifh twice in 24 hours. The moments of it's great-
elt force are fome hours after the rifing and fetting of the
fun; thole when it 1s weakeft, precede the rifing and fetting
thercof. This will be further explained in the following
pages. .
Mr. DeSauflure has given an in{lance of this periodic flux
in eleftricity, on the 22d of February, 1785, (one of the
coldeft days ever remembered at Genevas) the hygrometer
and thermometer were fufpended in the open air, on a ter-
race expofed to the fouth-weft ; the eleftrometer, from it’s
fituation, indicated an eleftricity equal to what it would
have fhewn if it had been placed on an open plain, The
height of the barometer is reduced to what it would have
been if the mercury had been conftantly at the temperature
of 10 degrees of Reaumur's thermometer. The place of ob-
fervation was elevated 6o fect above the level of the lake.
The oblervations of the day preceding and following this
great cold, are inlerted in the following table; becaule it is
plealing to have the obfervations which precede and follow
any fingular phanomena., There was a weak S. W. wind
during the whole three days; and it is rather remarkable,
that moft of the great colds, which have been obferved at
Geneva, were preceded by, or at lealt accompanied with,
a litde §, W, breeze.

T A BL E.
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- - S E,
d, h, m. I-E::T:“;:?;ﬂh Thermometer. Hygrom. Eleftrom.
21 9i5M 206 71— 8 318g 3j2 o] Pale fun, cloud;
1? :g M|26 6 5| — 4 3{ Bg 3 t 6| Bright fun 5
2 10E |20 6 1|~— o0 2{6g 6|1 1| The fame
5 E|266 1|— 23|77 2|1 1] Setting lun
6 Ee|266 o|l— 52|85 |1 o]|CloudyintheS, W.
7 £,206006 27j— 68;8g |1 8] Perfeltly clear
8 £|266 3|—i00|g5 |2 ofldem
9' e|266 g|—106 97 5|+ 8| Idem
10 E|260 1|— 99g|g5 |1 2| Liecl athoriz.S.
11 E|266 o] —12 3 99 1|15 Id. more to S. W,
12 Eleb 515]—12 5| ¥ |t 2| Idem
22 1 M |[2066 o|—i4 g|Idem|o g|Idem
2  M|266 8|—i14 5/Id. |1 2] Clo.incr. &approa,
615M)265 7| —150]Id. | o 8] Clear
730m|20 5 4| —14 7|[Id. |1 2| Light fog
8iom'26 5 2| —142|Id. |1 1] Idem
9 1oM |26 415| —107|Id. |1 6| Idem
10 10M (36 413 | — 8 2|Id, )2 2| Thickerfog
11'10m (26 4 3] — 48|1d. |1 8| Idem
110E({26 4 ol— 49|ld. |1 7|Idem
2 20e |26 314]| 4 0682 1 4 | Weak fog, pale fun
8 30E|26313]|— 09|81 g|1 1| Cloudy pale fun -
5. E|26313]— 43|89 |1 2| Lefscloudy
6 £ 26314|— 44|01 2|2 2| Morefo
7 ©E|l26314]|— 6109y 1 7 | Idem
8 =Er|26313]— 59|Id. |3 7] Clou fog.inS. W.
23 O 45M — 41| Id. 11 o[ Clou. with morelog
8 s5mMi265 ol— 10|81 3]1 2| Ildem
10 7M|265 5|— 00|76 |o 8] Idem
345E[266 8]+ 05|76 |Id. | Cloudy pale fun
g E|26 614} — 03175 3|1 o] Cloudy
E{267 3|— 07|74 |o 8] Idem
i E|1267 91— 1 7179 7| 2 2| Veryclear
8 =©E|26714|— 3 7!87 3|1 7| Cloudy
12 Ef269 1|— 3 0|92 o 5| Moaorelo

n for Morning, & for Evening.

From
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From the firft 18 obfervations of this table, when the ky
was quite ferene, we fee that the eleétricity was pretty ftrong
at g in the morning, that from thence it gradually diminifh-
ed till towards 6 in the evening, which was it’s firft mini-
mum ; after which it increafed again till 8, it's fecond max-
imum, from whence it again gradually declined till 6 the
next morning, which was the time of it's fecond minimum 3
after which, it again increaled till ten in the morning, which
was the firlt maximum of the following day; as this was
cloudy, the elefiric periods were not {o regular.

The eleétricity of {erene weather is much weaker in fum-
mer than in winter, which renders it more difficult to oblerve
thefe gradations in fummer than in winter ; befides a variety
of accidental caules, which at the fame time render them
more uncertain. In general, in fummer, if the ground has
been dry for fome days, and the air is dry alfo, the
elettricity generally increafes, from the rifing of the fun till
g or 4 in the afternoon, when it is ftrongeft; it then di-
minifhes till the dew begins to fall, which again reanimates
it; though after this it declines, and is almoit extinguifhed
during the night.

But the ferene days that fucceed rainy weather in fummer,
generally exhibit the fame diurnal periods or ftates of elec-
tricity, as are to be oblerved in winter.

The air is invariably pofitive in {erene weather, both in
winter and fummer, day and night, in the fun or in the
dew. It would feem, therefore, that the eleétricity of the
air is effentially pofitive, and that whenever itappears to be
negative, in certain rains or in florms, it probably arifes
from fome clouds, which have been expofed to the preflure
of the eleftric fluid contained in the upper part of the atmo-
{phere, or to more elevated clouds, that have difcharged a
part of their fluid upon the earth, orupon other clouds.

4 In
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In orderto find out the caufe of thele phacnnmcﬁa, Mr. De
Sauffure inftituted a fet of experiments on evaporation,
avoiding the ufe of Mr, de Volta’s condenfer.

" To produce a flrong eyaporation, he threw a mafls of red
hot iron into a {mall quantity of water, which was contained
in a coffee pot, with a large mouth, and fufpended by filk
ftrings; by this he obtained a ftrong pofitive eleéiricity,
though, according to Mr!Volta’s {yftem, it ought to have
been negative ; the expesiment was repeated feveral times,
varying fome of the circumitances, but the refult was always
the {ame,

As itwas not eafy to think fo able a philofopher as Mr,
Volta was deceived, it was neceflary to try the experiment
in a manner more analagous to that of Mr. Volta. A {mail
chafing-difh was therefore infulated by filk cords, and the
coffee-pot, with a fmall quantity of water, placed on it ; one
electrometer was connetted with the coffee-pot, and another
with the chafing-dith ; the fire was raifed by a pair of bel-
lows; when the water had boiled ftrongly for a few minutes,
both eleftrometers exhibited figns of elefricity, which, on
examination, was found to be negative ; proving the truth of
Mr, Volta’s experiment. The evaporation produced by the
effervefcence of iron in the vitriolic acid, and by that of
chalk in the fame acid, gave alfo negative ele&tricity,

Itwas now neceffary to inquire, why the vapour, excited
by the heated iron, produced pofitive cleftricity 3 while that
from boiling water, in any other way, produced a negative
cleétricity.

Mr. De Sauflure fufpefted, that the intenfity of heat to
which the water is expofed, by the conta& of a body in a
ftate of incandefcence, was the caufe of the eleftricity pro-
duced by it’s evaporation, and that a combination was then
formed, by whicha new quantity of the ele@ric fluid was

g produced,
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produced. T his conjefture may at firft fight feem improbables
but the quantity of eleétricity produced by this experimenty
will aftonifh thole that repeat it ; and this quantity is the
more fl.g{P]:Ezing, becaufe, if it is true, according to. the
fyftem of Mr. Volta, that the vapours abforb, while they are
forming, a quantity of the eleétric fluid, there muft, therea
fore, be enough developed in this experiment, for the fors
mation of the great quantity of vapours produced by the
heated iron, and afterwards a fufficient quantity to eleétrify
{ftrongly the apparatus, and all thefe vapours.

This experiment fhews cleariy the caufe of that prodigious
quantity of eleétricity, which is unfolded in the eruption of
volcanos ; as it is probable, that the water in thefe, from.
many circamitances, acquires a much greater degree of heat
than is given to itin our experiments,

To verify this conjeéture, that it was in fome meafure the
combuftion of the water, or the iron, that produced the pofi-
tive eleftricity, it was proper to try whether, by a regular
moderation of the heat of the iron, pofitive eleétricity would.
always be obtained. This was effayed in the following
manner: A large jf{\p,crul:ihle, 5 inches high, 4in diameter,
and 6 lines thick, was heated red hot, then infulated ; afters
which, fmall quantitiesof water were thrown into. it, each
pmjc&iun of the water cooling more and more the crucible ;.
thus defcending by degrees, till there was only fufficient
heat to boil the water ; carefully obferving, and then des
flroying the elefiricity produced at each projeétion, The elec-
tricity was always pdﬁtive or null ; at the firft projeétions.
it was very flrong ; it gradually diminithed to the twelfih,
whea it was fcarce fenfible, though always with a tendency.
to e pofitive,

On repeating this experiment, and varying it in different:
ways, a remarkable circumftance was oblerved: When a

4 {mall



SUPRPLEMENT. hii

fmall quantity of water was thrown into the crucible, the
moment it was taken from the fue, while it was of a pale
red, approaching what is called the white heat, no clectri-
city was obtained.

This faét feemed to have fome conneflion with another
mentioned by Muflchembrock, that water evaporates more
flowly on a metal, or any other incandefcent body, than on
the fame body, heated only a fmall degree above boiling
water. To examine thisrelation, and to find whether there
was any between the periods of evaporation, and the produc-
tion of ele&ricity, Mr, De Sauflure made a great number
of experiments, which are molt accurately defcribed in his
excellent work ; but as the detail would be much too long to
be introduced in this Supplement, I muft content myfelf
with prefenting the reader with the heads thereof, and a
delcription of the apparatus,

The apparatus confifted of a pot of clay, well baked or
annealed, 15 lines thick, and 4 inches diameter; this was
infulated by a dry glafs goblet ; upon this pot was placed
the crucible, or any other heated fubflance, on which the
water was to be thrown, in order to be reduced into va-
pours; the crucible was contiguous to a wire connefted
with an ele€irometer ; a meafure, containing: 54 grains
weight of diftilled water, was thrown upon the heated cru-
cible ; the time employed in the evaporation thereof was
obferved by a lecond watch; the eleftricity produced by
this evaporation was noted. When this meafure of water
was reduced into vapour, the eleétricity of the apparatus is
deltroyed, and a frefh mealure of water is thrown into the
crucible, proceeding in the fame manner till the crucible is
_ almolt cold,

The firft experiment was with an iron crucible, from
which it was found, that Muflchembrock was not right, in
faying that the evaporation was floweft when the iron was

g 2 hotteit ;
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hotteft ; for at the inftant it was taken from the fire, it re-
quired 19 feconds to evaporate the water, and tock more
time till the third projettion, when it took 35 feconds,
though from that period it employed lefs time, or in other
words, the evaporation accelerated in propertion as the
iron cooled.

With refpeél to the eleftricity, it wasat firft o, then po-
{itive, afterwards negative, then o, and afterwards pofitive
to the end of the experiment. The vapour was not vifible
till the 7th projeftion,

Inthe fecond experiment with the fame crucible, though
every endeavour was made ufe of to render them as fimilar
as poflible, the eleftricity was conftantly pofitive.

The third experiment was with a copper crucible ; here alfo
the eleétricity was pofitive, and the longeft time employed in
evaporation was not the inftant of the greateft heat. It was
very curious to fee the water endeavouring to gather itfelf
into a globule, like mercury on glafs, to be fometimes im-
moveable, and then to turn on itfelf horizontally, with
great rapidity; fomectimes throwing from fome of it's
points a little jet, accompanied with an hifling noife,

The fourth experiment was with the fame crucible ; the
eletricity was at firft negative, then conftantly politive.

The fifth was with acrucible of pure filver; aconfiderable
time was employed here in evaporating the fame quantity
of water ; even in the inftant of the greateft heat it took g
minutes, 6 feconds; the eleftricity was weak, three times
no clefiricity was perceived, five times negative ele€tricity
was difcovered.

Ina fixth experiment with the fame crucible, a pofitive
elefiricity was obtained, at the fecond projeftion, after
which none of any kind was perceived,

The leventh with the fame, gave at firft a firong negative

clc&ﬁcit}',
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eleftricity, the fecond and third projeftion gave a weak
pofitive eleftricity. _

The eighth was made with a porccelain cup; here the eva-
poration was flower at the fecond, than the firft projection ;
but from this it took longer time till it was cold, contrary
to what happened with the metals ; the cleftricity was al-
ways negative,

The ninth and tenth experiments with the fame cup,
produced fimilar effeéts. *

The eleventh experiment was with fpirits of wine ina
filver crucible ; here there was no eleétricity produced at
the two firft projeftions, and what was afterwards obtained
was negative.

Twelfth experiment with ether; here the eletricity was
alfo negative, Thefe two inflammable fluids, in evaporating,
followed the fame laws as water, being diffipated at firft
moft rapidly in the greateft heat, afterwards taking a longer
and longer time before they were evaporated, to a certain
period, then employing lefs time, or evap

orating quicker,
till the crucible was nearly cold,

Now as chinaand filver always produced negative elec-
tricity, while iron and copper have generally given pofitive
eleétricity, we may conclude, that cleétricity is pofitive
with thofe bodies that are capable of decompofing water,
or of being decompofed themfelves by their contaét with the
water ; and negative with thole which are not at all de-
compoled or altered,

From hence Mr. De Sauflure conjetures, that the elec-
tric fluid may be looked upon,
fire with fome unknown prin
logous to inflammable air, bu
This analogy feems to him {uffic
mation of the ele&ric fluid, a
air in which this inflammat;

as formed by the union of
ciple, perhaps a fluid ana-
t exceedingly more fubtil,
iently proved by the inflam-
nd by the diminution of the
on is made. Though many
doubts



Ivi SUPPLEMENT.

doubts have been attempted to be thrown on ‘this inflmma.
tion, there feems to be one reafon which forees us to ad-
mit it, which is the lofs of a quantity of this fluid at
every fpark ; we may diminifh at pleafure any quantity of
this fluid, (enle faifant et inceler) by taking a number of
fparks from it, From whence alio it may be inferred, that
a confiderable quantity is deftroyed every day by thunder.

According to this {yltem, when the operation, which
converts water into vapour, produces at the fame timea
decompofition, it then generates the eleftric fluid. A part
of this fluid combines itfelf immediately with thefe vapours,
and ferves even to form them. The wveflel, in which this
operation is performed, will acquire a pofitive eleéiricity,
none at all, or a negative; according as the quantity of
the fluid generated is {uperior, equal, or inferior to that
which the formation of the vapours confumes. When no
decompofition accompanies the evaporation, the eleétricity
ought to be conftantly negative, becaufe there is nothing
to replace the quantity of this fluid, which is employed in
forming the vapour.

If in the foregoing experiments, thofe fubftances which
were {ufceptible of calcination had conftantly given a pofi-
tive elettricity, and thofe which do not calcine had always
given the negative ; every thing would have been explained
by thele principles, and they would thence have acquired
a greater degree of probability. But the phaenomena have
not always followed this law. We have {feen iron and
copper fometimes give a negative eleftricity, and filver the
pofitive. The firlt cale is not difficult to account for; it
is well known with what facility iron and copper calcine
in abrifk fire; they become covered with a fealy cruft,
which is not fufceptible of any further alteration with the
{ame heat. If the bottom of the crucible acquires this

crufly coating, the drop of water placed thereon will be no
longer
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longer in contaét with a calcinable fubftance ; there will'Be
nofurther decompofition, no generation of the e]c&.ric fluid ;
the vapours, however, which are ftill formed, will abforb
a-part of the fluid naturally contained in the apparatus, and
this will therefore be eleétrified negatively, If fome of t}.:c
fcales fhould be fo far detached, that the water may gain
fome points of contalt, the quantity thus generated may
compenfate for what is abforbed by the vapours, and 1}131:
the eleéiricity will be null, If more are defached, it will
fuper-abound and be pofitive. From the {ame realons, a
large mals of water, by attacking the iron in a greater num-
ber of points, always gives pofitive eleétricity ; and hence,
elfo, a ftrong pofitive eletricity is obtained, by throwing
a piece of red-hot iron into a mafs of water, /
It is not fo eafy to explain why filver gives fometimes a
pofitive eleétricity, but by fuppofing it to have been mixed
with fome fubftances, capable of calcination 5 anq this the
more, as the white porcelain always gave negative eleétri-
city.  This fuppofition was verified by fome lubfequent
experiments, in which the fame filver, when purified,
always gave a negative elericity,

Mr. De Sauflure owns himfelf incapable of ex

lefs itcan beattributed to the promptitude with which (o rare
a fubftance lofes it's heat, by the conta® of water,

One fa&t aftonifhed him, namely, that by combufticn
properly fo called, although it is an Cvaporation, nay, the
higheft degree of evaporation, he never obtained any figns
of eleétricity ; though he tried 1o obtain it in Variety of
ways. Probably, the current produced by the flame, dif.
perfes and diflipates the eletricity-as foon ag jt 1s formed.,
The cafe, however, muft not be looked Upon as general, be-
caufe Mr; Volta obtained figns of eletricity from bodjes in
sembuftion, by means of his condenfer, |

Another
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Another fingular faét was, his not being able to obtain
cletricity without cbullition, though he cndeavoured to
compenfate by the quantity of furface for the quantity of va-
pours that were elevated by boiling water ; and indeed, the
fame quantity of water, if extended over too large a furface,
will not give any eletricity,

Notwithftanding the uncertainty thefe experiments throw
upon the {yltem, it does not at prefent {eem poffible to find
another realon, which fo fatisfattorily accounts for the pofhi-
tive eleftricity which reigns in the air. The prodigious
quantity of this fluid, which continually defcends from the
upper part of the atmofphere, filtrating through the air to
penetrate the interior parts of the earth, muft neceflarily be
brought back again by fome means; for otherwife, the air
would be exhaufted of it's fluid, or the earth would be fatu-
rated. The perpetual circulation of this fluid, which is
carried on by means of vapours, is a ftriking circum(tance ;
it rifes invifible and inative, concealed in their bofom, but
difplaying afterwards it’s energy. When the vapours have
changed their form, it defcends attive, animated with a
penetrating and expanfive force; the tops of trees, the
points of leaves, the beards of different grains, attrattand
force it to pafls through the vegetables, of which it becomes,
(perhaps) when dccnmpufﬁd, the moft aétive and favoury
part. This allo may be one of the realons, why exercile
in the open air is much more conducive to health than that
which is taken in covered or clofe places ; for it {feems evi-
dent, that the foft and gentle eleétrization, which every one
mult partake of in the open air, mufl have an influence
upon our organs, onthe circulation of the blood, the fecre-
tion of the humours, and infenfible tranfpiration.

In further purfuing this {ubjeft, we mult confider, that
vapour fometimes afts as the producing caufe of aerial
elefiricity 3 at other times, asa conduttor of this fame fluid ;

and
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and fometimes, both together. Towards the end of the
night, the eleftricity of the air is very weak, either becaufe
there is no evaporation, or becaufe the humidity of the pre-
ceding evening, and that of the fore part of the night, have
tranimitted to the earth the eletricity that was accumulated
in the air : but as {foon as the fun warms the earth, and in
proportion as he rifes above the horizon, the aerial eleétri-
city augments; becaule the vapours which then rife, cary
this fluid into the air. But when thé {fun has attained the
meridian, the heat increafes in a greater proportion than the
evaporation, the air becomes dry, and hardly tranfmits the
fluid which is accumulated in the upper part of the atmo-
{phere; the elettrometer, therefore, exhibits lefs figns of
eletricity, though it is {till accumulating in the upper part
of the atmofphere. Laitly, when the fun is near fetting,
the air grows cool, becomes humid, and tran{mits more
abundantly to the earth the eleftric fluid that was accumu-
lated in the higher regions ; the cleftrometer, therefore, rifes
again with the dew, till two or three hours after fun-fet,
when the air is exhauited, and the cleétricity again diminithes
till the next day,

In fummer, the eleétricity of a ferenc atmofphere is much
weaker than in winter, and that, becaufe the air is then warm
and dry, to a greater height, and therefore refifts more pow-
erfully the tranimiflion of this fluid, that is accumulated in
the higher regions of the atmofphere. This uninterrupted
accumulation accounts at the {fame time, very naturally, for
the violence and frequency of ftormsat this {eafon, But the
increafe of eleétricity, from the heat of the fun, in the dry
and hot days of fummer, from it’s rifing, till four or five in
the afternoon, is not fo eafily accounted for. It is not im-
probable, that the dry exhalations from the carth, which are
occafioned by the heat, may produce this augmentation of
efeftricity, and favour the defcent thereof from the upper

h part
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part of the atmofphere. It appears, however, in general,
both in winter and fummer, that when the air is perfetly
tran{parent, the aerial eleétricity always diminifhes in the
hotteft part of the day. It is known, that the air is gene-
rally moft tranfparent and difengaged from vapours, in the.
ferene weather that follows great or heavy rains.~Mr. De
Sauflure defires that this fyltem may be only looked upon as
{o many conjeftures, propoled with a view to animate other
philofophers to the obfgrvation of thefe phaznomena, and
the invefligation of their caufe,

The author refers alfo to his ¢ Effais fur I' Hygrometrie
for the proofs, That the elettric fluid is only necelfary to form
or fufpend the grofs veficular vapours. Thofle which are
diffolved, or are elaftic, {upport themf{elves by the expanﬁve}
force, which they acquire from the element of fire combined
with them, without the afliftance of any other agent. And
thefe grofs vapours, which require the eleétric fluid for their
formation, Pil.ll'l: with it, if they are refolved into water, or
into an elaftic fluid. Thus the grofs vapours that are form-
ed in the morning of a fine day, and which difturb a little
the tranfparency of the inferior {trata of air, carry this fluid
with them, but part with it when they come into a more
pure and dry air, where they are diffolved, taking the form
of an elaftic fluid,

This explains the diminution of the aerial clc&r'icit}r,
when clouds are forming in an atmolphere that was ferene ;
for the eleftric fluid, which was diffeminated in the air,
combines with the vapours when they take the veficular
form; the frata, or {triated appearance that is then feen
among the clouds, which is one of the moft fure indica-
tions of rain, feem to announce the prefence of the cleftric
fluid, endeavouring to reltore an equilibrium, and re-place
thatwhich has beenemployed in the formation of theveficles,
of which the clouds confift. Many experiments fhew, that

6 this
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this fluid, condenfed by art, difpofes in parallel and conver.
ging lines, like the clouds, thofe particles of duft through
which it is made to pals ; .while on the other hand, the in-
creale of aerial elefiricity, which is obferved when the air
is getting clear and ferene after rain, arifes from this fluid,
which the veficular vapours part with when diffolved in
air, e

Many other curious cbfervations ar to be found in Mr,
De Sauffure’s work, which are too long to be inferted here,
My intention is, at a future period, to give a fecond
volume of Effays on Eleflricity 5 in which I fhall endeavour
to digeft all the obfervations and experiments which have
been made fince the publication of the firft edition of this
work,

Fig. 3, of the plate at the end of this Supplement, repre.
fents an improvement of the atmofpherical cleftrometer, by
Mr. Abraham Bennett, of Wirk{worth, Derbyfhire ; it was
tran{mitted to me by a very ingenious friend. The principal
advantage of this little inftrument, is the delicacy of the
materials of which it is compoled,

1t confifts of two flips of leaf gold, which are palled to the
fides of a peg, which fits into a {mall tube, in the under fide
of the cap. Thecap, orcover, is flat, in order that plates,
books, or other articles, on which experiments arc to ' be
made, may be placed upon it, It has alfo a rim to keep off
the rain, and maintain the infulation, when it is ufed in
the open air.  There is a fmall tube on one fide of the cap,
to fix wire or any other occafional fubftance to s the picces
of leafgold are about 3 inches long, and 1-5th of an inch
broad. The cover may be taken off at plealure, to repair
any accident happening to the leaf gold. The glafs pre-

he vents’
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vents the leaf gold from Leing agitated ; two pieces of
tin foil are faltened on oppolite fides of the internal furface
of the glafs, to preventthe glafs from being charged, and
thus interfering with the  repulfion of the eleftrometer ;
therefore the cover fhould be {o turned, that the leaf
gold may [trike againft the tin foil,

The following experiments fhew the great {enhibility of
this little inftrument,

1. Powdered chalk was put into a bellows, and blown
upon the cap; it was eleftrified pofitively by the ftream of
chalk, when the nozzle of the bellows was only 6 inches
 diftant from the cap; but the fame ftream cleftrified it
negatively at the diftance of three fect. In this experi-
ment, the quality of the cletricity is changed from pofitive
to negative, by difperfing or widening the {tream, and
making it pals through a longer tratt of air; it is alfo
changed by paffing the {ftrcam through a bunch of fine
wires, filks, or feathers placed upon the nozzle of the bel-
lows; it is negative when blown from a pair of bellows,
the iron pipe being taken off to enfarge the ftream. This
laft experiment feems to anfwer belt in damp weather, The
pofitive eleftricity generally remains, but in the negative
the leaf gold collapfes as foon as the cloud of chalk is
pailed. -

2. A picee of chalk drawn over a brufh, or powdered
chalk put into a brufh and projeéted onthe cover, eleétrified
it negatively, The eleéiricity was not permanent.

3. Powdered chalk blown (with the mouth, or a pair of
bellows,) from a plate placed upon the cover, gavea perma-
nent pofitive eletricity. Ifa brufh is placed upon the co-
ver, and a piece of chalk is drawn overit, when the hand
is withdrawn, the leaf gold gradually expands with pofitive
eleétricity, asthe cloud of chalk difperles.

4. Pow-
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4. Powdered chalk falling from one plate to another,
placed on the inftrument, electrified it negatively, Many
other experiments have been tried, as projeéting it from a
goole wing, chalking the edges of a book, &c. The in-
{trument being placed in = dufly road, the duft ftruck up
with a ftick near it, eleftrified it pofitively ; wheat flour
and red lead gave a ftrong negative eleftricity, in all cafes
where the chalk gave pofitive.

5. Place a metal cup upon the cap with a red hot coal
m it, a {poonful of water thrown upon the coal eleirifies
the cup negatively. If a bent wire be placed upon the
cover, with a piece of paper faftened to it, to increafe it's
furface, itwill exhibit the pofitive eleétricity of the afcend-
ing vapour, when introduced into it. The elettricity of
rain may probably be illuftrated by pouring water on hot
coals placed in an infulated cullender; the afcending vapour
is pofitive, the defcending drops are negative,

6. The fenfibility of this inftrument may be increafed,
by placing a candle upon the cap ; by this means a cloud of
chalk, which would but juft open the leaf gold before,
will caule them to {trike the fides for a long time together,
and the eleftricity is now communicated o ftrong, that the
leaves will be repelled by a ftick of excited wax at 1o or
12 inches diftance. A cloud of chalk made in one room will
eleftrify this infirument, brought from another room, and
at a confiderable diftance,

A thunder cloud paffing over the inftrument, caufed the
leaf gold to ftrike the fides at every flafh of lightning.
No fenfible eleétricity has been difcovered by it on the ex-
plofion of gun-powder, or the projeftion of fincke, or
flame over it, |

Excited fealing-wax will often make the leaf gold firike
the fides of the glafs more than 12 times: when the fealing-

Wak
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wax recedes, it will firike it again, nearly the {fame numa
ber of times; butif the approach is quicker than the re-
ceflion, the number of times will fometimes be greater.
The quantity of eleftricity neceflury to caule a repulfion of
the leaf gold is fo finall, that the fharpelt points or edges
do not draw it off, unlefs they are brought in contat
with it : hence it is unneceflary to avoid points or edges
in the conftruétion of this inftrument.

This eleftrometer may alfo be conveniently united with
Mr. Volta’s condenfer, by making the cap ferve as the upper
plate of the condenfer, and by applying a marble or vars
nifhed wooden plate upon it, with a metallic handle for the
lower plate. In fome experiments, a candle may be con-
nefted at the fame time by a wire with the upper part of
the eclettrometer; and thus increafe the advantages to be
obtained from it. When this apparatus is ufed, the opera-
tor mult touch the metallic handle, and the eledlricity will
enter by the candle, between the cap and upper plate ; this
being lifted up, the inflrument will exhibit the eleétricity.

N. B. This is an inverted condenfer, the under plate
being infulated inftead of the upper one.

e e O T ——

A Defcription of a very large Electrical Ma-
chine placed in Teyler’s Mufeurn, in Haarlem.

This machine was conftruéted by Mr. John Cuthbertion,
an Englifh mathematical inftrument maker, in Amfterdam;
it conlifts of two circular plates of glafs, each of 65 inches
diameter, which are made to turn upon the fame horizontal
axis, atthe diftance of 7 4 inches from ‘each other. Thefe

plates
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plates are excited by eigilt rubbers, each 15 I inches in
length; and to the diftance of 16 £ inches from the center,
they are covered on both fides with a refinous compofition,
whichis defigned to prevent their breaking, and to hinder the
excited c:lcn‘?kricily from being carried off by the axis, The
prime conduétor, which confifts of {everal pieces, is very
large, and is fupported by three glafs pillars, each 57 inches
high. The plates are made of French glafs; asthis is found
to fucceed better than any other kind, except the Englith
flint, which could not be procured of fo large a fize. This
machine is furnifhed with nine eleétrical batteries, each con-
taining fifteen jars, and each Jar having about a fquare foot
of coated glafs; fo that the grand battery, in which all thefe
are combined, confifts of above 130 fquare feet of coated
glals,

This machine, when thus completed, was altonithingly
powerful, From the prime conduétor, fparks have been
taken 24 incheslong ; thefe, when feen in the dark, ap-
peared of the fize of a common goofe-quill, feemed to dart
in ferpentine lines, and emitted many collateral rays, fome
of which were fix, leven, and even eight inches in length.
¥ven upon the fharpett fieel points that could be made, fparks
of half an inch have been received from the conduétor,

Another proof of the cxtraordinary power of this ma.
chine is, that from a brafs ball, 4 £ inches in diameter, and’
projecting 5 inches from the end of the conduétor, a pencil
or plume of elefirical fire was emitted, which extended 16
inches in length and breadth,

By the fpark from the prime conduétor alone, without
ufing any coated glafs, gunpowder has been fired, and tin-
der, rofin, and matchbeen [ ghted ; being at different times
made to pals through oil of turpentine, and oil of olives.
they canght fire from it; and it entirely melted a piece of
gold leaf, 20 inches long, and half a line in breadth,

When
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When this machine was ftrongly excited, fpe€fiators have
been affefted, at the diftance of five, fix, and fometimes of
eight feet from the prime conduftor, with that fenfation
which is ufually compared to a cobweb playing on the face
and hands; and the air in the mufeum was fo powerfully
eleclrified, that at the further extremity of the apartment,
which is 4o feet from the conduttor, the balls of My, Ca-
vallo’s eleftrometer diverged half an inch,

e T S e

Experiments on Eleéric Light, by Mr.
WiLLiam Morgan.

1. There is no fluid or folid body, in it’s paffage through
which the eleéiric fluid may not be made luminous ; in wa-
ter, {pirits, oil, animal fluids of all kinds, the difcharge of
a Leyden phial, of almolt any fize, will appear very fplen-
did, provided we take carc to place them in the circuit, fo
that the fluid may not pafs through too great a quantity of
them. The general method is, to place the fluid, on which
the experiment is to be made, in atube three quartersof an
inch in diameter, and four inches long; {ftop up the orifices
of the tube with two corks, through which pufh two point-
ed wires, {o that the points may approach within one-cighth
of an inch to each other ; the fluid, in paffing through the
interval which feparates the wires, is always luminous, if
a force be ufed fufficiently ftrong; the glafs tube, if not
very thick, always breaks when this experiment fucceeds,
To make the paflage of the fluid luminous in the acids, they
mufl be placed in capillary tubes, and two wires introduced,
as in the preceding experiment, whofe points fhall be very
near each other, Itis a well-known fa&t, that the difcharge

of
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of a fmall Leyden phial, in pafling over a ftrip of gold, filver,
or Dutch metal leaf, will appear very luminous, By con-
veying the contents of a jar, meafuring two gallons, over a
ftrip of gold leaf, one-eighth of an inch in diameter, and a
yard long, it will frequenily give the whole a dazzling
brightnefs, 'Wemay give this experiment a curious diver-
fity, by laying the gold or filver leaf on a piece of glafs, and
then placing the glafs in water ; for the whole gold leaf will
appear moft brilliantly luminous in the water, by expofing
it, thus circumftanced, to the explofion of a battery.

II. The difficulty of making any quantity of the eleétrical
fluid luminous in any body, increafes as the conduéting

power of that body increafes,

- Exreriment 1.—In order to make the contents of a jar
luminous in boiling water, a much higher charge is necel-
fary, than would be fufficient to make it luminous in cold
water, which is univerfally allowed to be the worlt con-
duélor,

ExrerimenT 15.—There are various reafons for believ-
ing the acids to be very good conduftors; if, therefore,
into a tube filled with water, and circumftanced as has been
already defcribed, a few drops of either of the mineral acids
are poured, it will be almoft impoflible to make the fluid
luminous in it's paffage through the tube,

ExpeErIMENT 111.—IF a ftring, whofe diameter is one-
eighth of an inch, and whole length is fix or eight inches, is
moiftened with water, the contents of a jar will pafs through
it luminoufly ; but no fuch appearance can be produced by
any charge of the fame jar, provided the fame ftring be

moiltened with one of the mineral acids. To the preceding
1 inftance



Ixviit SUPPLEMENT.

inftance we may add the various inftances of metals which
will conduét the eleftrical fluid, without any appearance of
light, incircumftances the fame with thofe in which the

fame force would have appeared luminous in pafling through
other bodies, whole condutting power is lefs,

III, That the eafe with which the eleftrical fluid is ren,
dered luminous in any particular body, is increafed by in-
creafing the rarity of the body. The appearance of a fpark,
or of the dilcharge of a Leyden phial, in rarefied air, is
well known, Butwe need not relt the truth of the preceding
obfervation on the feveral varieties of this faft; fimilar

 phxnomena attend the rarefaltion of ether, of fpirits of
wine, and of water,

Exrerimment 1v.—Into the orifice of a tube, 48 inches
long, and two-thirds of an inch in diameter, cement an iron
ball, fo as to bear the weight which prefles upon it when
the tybe is filled with quickfilver, leaving only an interval
at the open end, which contained a few drops of water.
Having inverted the tube, and plunged the open end of it
into a baion of mercury, the mercury in the tube ftood
nearly half an inch lower than it did in a barometer at the
fame inftant, owing to the vapour which was formed by the
water. But through this rarefied water, the eleftrical fpark
pafied as luminoufly as it does through air equally rarefied.

ExrzriMeNT v.—If, inftead of water, a few drops of {pi-
ritsof wine are placed on the {urface of the mercury, phano-
mena, {imilar to thofe of the preceding experiment, will be
dilcovered, with this difference only, that as the vapourin
this cafe is more denfe, the eleftrical fpark, in it's paflage
through it, is not quite fo luminous as it is in the vapour of
water,

6 - EXPERI®
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ExrerIMENT vI.—Good ether, {ubftituted in the room
of the {pirits of wine, will prefs the mercury down fo low
as the height of 16 or 17 inches, The elefrical fluid, in
pafling through this vapour, (unlefs the force be very great
indeed,) is {carcely luminous ; but if the preflure on the
furface of the mercury in the bafon, be gradually leffencd
by the aid of an air-pump, the vapour will become more
and more rare, and the eleftric fpark, in paffing through it,
more and more luminous,

ExperiMENT vir.—It has not been difcovered, that any
vapour does efcape from the mineral acids when expofed in
vacuo. To give them, therefore, greater rarity or tenuity,
different methods are found neceflary, With a fine camel-
hair pencil, dipped in the vitriolic, the nitrous, or the
marine acid, draw upon a piece of glafs a line, about one-
cighth of an inch broad. In fome inftances, you muft ex-
tend this line to the length of 27 inches, and you will find
that the contents of an eleftric battery, confifting of ten
pint phials coated, will pafs over the whole length of this
line with the greateft brilliancy, If, by widening the line,
or by laying on a drop of the acid, it’s quantity be increafed
in any particular part, the charge, in paffing through that
part, will not appear luminous, Water, fpirits of wine,
circumftanced fimilarly to the zeids in the preceding expe-
riments, will be attended with fimilar, but not equal effeéts;
becaule, in confequence of the inferiority of their condu@-
ing power, it will be neceflary to make theline, through
which the charge pafles, confiderably fhorter,

IV, The brilliancy or {plendor of the eleftric fluid, in
it's paflage through any body, is always increafed by leflen-
ing the dimenfions of that body; that is, a fpark, or the
difcharge of 4 battery, which we might fuppofe equal to a

12 {phere
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{phere one quarter of an inch in diameter, will appear much
more brilliant, ifthe [ame quantity of fluid is comprefied in-
to a {fphere one-eighth of an inch in diameter.  This cbfer-
vation is the obvious confequence of many known fafts; if
the machine be large enough to afford a {park, whofe length
is nine or ten inches, this fpark may be feen fometimes
forming itlelf into a brufh, in which {tate it occupies more
room, but appears very faintly luminous; at other times,
the fame fpark may be feen dividing itlelf into a variety of
ramifications, which fhoot into the furrounding air. In
this cale, likewife, the fluid is diffufed over a large {urface,
and in proportion to the extent of that furface, fo is the
faintnels of the appearance. A [park, which in the open
air cannot excced one quarter of an inch in diameter, will
appear to fill the whole of an exhaufled receiver, four
inches wide and eight inches long : but in the former cafe
it is brilliant, and in the latter it grows fainter and fainter,
as the fize of the receiver increafes. This obfervation is
further proved by the following experiments. -

ExreriMENT viI1.—To an infulated ball, four inches in
diameter, fix a filver thread, about four vards long. This
thread, at the end which is remotell from the bail, muft be
fixed to another infulated {ubftance. Bring the ball within
the firiking diftance of a conduétor, and the fpark, in pafling
from the conduéior to the ball, will appear very brilliant ;
the whole length of the filver thread will appear faintly
luminous at the fame inftant, “When the {park is confined
within the dimenfions of a fphere, ane-cighth of an inch in
diameter, it will be bright ; but when diffufed over the fur-
face of air which received it from the thread, it’s hight will
be fo faint as to be feen only in a dark room. If you leflen
the furface of air which receives the {park, by fhortening

the
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the thread, it will not fail to increafe the brightnefs of the
appearance,

ExreriMeENT 1X,—To prove that the faintnefs of the
eleftric light in vacuo, depends on the enlarged dimen-
fions of the {pace through which it is diffufed ; we have no-
thing more to do than to introduce two pointed wires into
the vacuum, {o that the fluid may pafs from the point of the
one, to the point of the other ; when the diftance between
them is not more than the one tenth of aninch, in this
cale we fhall find a brilliarcy as great as in the open air,

ExperimMenT x,—Into a Torricellian vacuum, 36 inches
long, convey as much air as will fill two inches only of the
exhaufted tube if it were inverted in water; this quantity
of air will afford refiltance enough to condenfe the fluid as
it paffes through the tube into a {park, g8 inches in length,
The brilliancy of the {park in condenfed air, in water, and
in all fubftances through which it paffes with difficulty,
depends on principles fimilar to thofe which acceunt for
the preceding faéts.

V. That in the appearances of eleftricity, as well asin
thofe of burning bodies, there are cafes in which all the rays
of light do not efcape ; and that the mofk refrangible rays are
thofe which efcape firlt or moft eafily. The elefrical
brufh is always of a purple or bluifh hue. Ifyou convey a
fpark through a Torricellian vacuum, made without boiling
the mercury in the tube, the brufh will difplay the indigo
rays, The [park, however, may be divided and weakened,

even in the open air, fo as to yield the moft refrangible
rays only.

ExpERIMENT x1.—To an infulated metallic ball, four
inches in diameter, fix a wire a foot and a half long ; this
wire
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wire fhould terminate in four ramifications, each of which
mufl be fixed to a metallic ball half an inch in diameter,
and placed at an equal diftance from a metallic plate, which
muit be communicated by metallic conduftors with the
ground, A powerful fpark, after falling on the large ball
at one extremity of the wire, will be divided in i’s paffage
from the four fmall balls to the metallic plate. When you
examine the divifion of the fluid in a dark room, you will
difcover fome little ramifications, which will yield the in-
digo rays only: indeed at the edgesof all weak fparks,
the fame purple appearance may be difcovered. You may
likewile obferve, that the nearer you approach the center
of the fpark, the greater is the brilliancy of it's colour.

VI. That the influence of different media on eleftrical
light, is analogous to their influence on folar light, and
will help us to account for fome very fingular appearances,

ExeeriMENT x11.—Let a pointed wire, having a me-
tallic ball fixéed to one of it’s extremities, be forced ob-
liquely into a piece of wood, foas to make a fmall angle
with the furface of the wood, and to make the point lie
about one eighth of an inch below the furface. Let an-
other pointed wire, which communicates with the ground,
be forced in the fame manner into the fame wood, fe that
it’s point likewife may lie about one eighth of an inch be-
low the {urface, and about two inches diftant from the
point of the firft wire. Let the wood be infulated, and a
{trong {park, which ftrikes on the metallic ball, will force
it’s pallage through the interval of wood which lies be-
tween the points, and appear as red as blood. To prove
that this appearance depends on the wood’s abforption of
all the rays but the red ; when thefe points were deepeft
below the {urface, the red only came to the eye through a

prilm ;
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prifm ; when they were raifed a little nearer the furface,
the red and orange appeared; when nearer {till, the yel-
low; and fo on, till, by making the fpark pafs through
the wood very near it’s furface, all the rays were at length
able to reach the eye. If the points be only one eighth of
an inch below thefurface of foft deal wood, the red, the
orange, and the yellow rays will appear as the {park pafics
through it ; but when the points are atan equal depth in a
bharder piece of woed, (fuch as box) the yellow, and per-
haps the orange, will difappear. As a farther proof that the
phanomena, thus defcribed, are owing to theinterpofition
of the wood, as a medium which abforbs fome of the rays,
and fuffers others to efcape; it may be obferved, that
when the [park firikes very brilliantly onone fide of the
piece of deal, on the other fide it will appear very red. In
hke manner, a red appearance may be given to a {park
which ftrikes brilliantl}r over the infide of a tube, merely

by fpreading fome pitch very thinly over the outfide of the
{ame tube,

ExPERIMENT x111.—eIf into a Torricellian vacuum, of
any length, a few drops of ether are conveyed, and both
ends of the vacuum are ftopped up with metallic conduc-
tors, fo that a fpark may pafs throughit; the fpark in it's
paflage will aflume the following appearances. When the
eye is placed clofe to the tube, the {park will appear per-
feftly white; if the eye is removed to the diftance of fix
or feven yards, the colour of the fpark will be reddifh.
Thelfe changes evidently depend on the quantity of medium

through which the light paffes, and the red light of a diftant
candle, or abeclouded fun,

ExrerIiMENT X1v.e—Dr, Prieftley long ago obferved
the red appearance of the fpark when pafling through in-

flammable
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flammable air; but this appearance is very much diverfi-
fied by the quantity of medium, through which you look at
the fpark. When ata very confiderable diftance, the red
comes to the eye unmixed ; but if the eye is placed clofe to
the tube, the fpark appears white and brilliant. In cons
firmation, however, of fome of thefe conclufions, you muft
obferve, that by increafing the quantity of fluid which is
conveyed through any portion of inflammable air, or by
condenfing that air, the {park may be entirely deprived of
it’s red appearance, and made perfeétly brilliant. All weak
explofions and fparks, when viewed at a diftance, bear a
reddilhhue. Such are the explofions which have paffed
through water, {pirits of wine, or any bad conduétor, when
confined in a tube whofe diameter is not more than an inch,
The reafon of thefe appearances feems to be, that the weaker
the {park or explofion is, the lefs is the light which efcapes ;
and the more vifible the effett of any medium, which has a
power to ablorb fome of that light.

Chalk, oyfterfhells, together with thofe phofphoric
bodies, whofe goodnels has been very much impaired by
long keeping, when finely powdered, and placed within
the circuit of an elettrical battery, will exhibit, by their fcat-
tered particles, a{hower of light; but thefe particles will
appear reddifh, ortheir phofphoric power will be {ufficient
only to detain the yellow, orange, and red rays. When
{pirits of wine are in a fimilar manner brought within the
circuit of a battery, a fimilar effeft may be difcovered ; it's
particles diverge in feveral direétions, dilplaying a molt
beautiful golden appearance. The metallic calces are, of
all bodies, thofe which are rendered phofphoric with the
greateft difficulty; but even thele may be fcattered into a
fhower of red luminous particles by the eleétric itroke.

Eleétrical



SUPPLEMENT. Ixxv

Eleftrical experiments made in order to afcer-
tain the non-conducting power of a perfect
vacuum, &c. by Mr. WiLLiam Morcan.

The non-conduéting power of a perfe&t vacuum, isa faft
in elelricity which has been much controverted among
philofophers, The experiments made by Mr. Walfh,
F. R. S. in the double barometer tube, clearly demonftrated
the impermeability of the eleftric light through a vacuum ;
not was it, I think, precipitate to conclude from them the
- impermeability of the eleétric fluid itfelf, But this conclu-
fion has not been univerfally admitted, and the following
“experiments were made with the view of determining it’s
truth or fallacy.

A mercurial gage B, fig. 1, about 15 inches long, carc4
fully and accurately boiled, till every particle of air was
expelled from the infide, was coated with tin-foil, 5 inches
down from it’s fealed end (A), and being inverted into mer-
cury through a perforation D, in the brals cap E, which
covered the mouth of the ciftern H; the whole was cement-
ed together, and the air was exhaulted from the infide of
the ciftern through a valve C, in the brafs cap E juft men-
tioned; which producing a perfeft vacuum in the gage B,
afforded an inftrament peculiarly well adapted for experi-
ments of this kind. Things being thus adjufted, a {mall
wire, F, having been previoufly fixed on the infide of the
ciftern, to form a communication between the brafs cap E,
and the mercury G, into which the gage was inverted;
thz coated end A was applied to the conduétor of an eleétri-
cal machine ; and, notwithftanding every cffort, neither the
fmalleft ray of light, nor the flighteft charge, could ever be
procured in this exhaufted gage. It is well known, that if

a glafs tube be exhaufted by an air-pump, and coated on the
k outfide,
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outfide, both light and a charge may very readily be pro-
curcd. IF the mercury in the gage be imperfeétly boiled,
the experiment will not fucceed ; but the colour of the
eleftric light, which, in air rarefied by an exhaufter, is
always violet or purple, appears in this cafe of a beautiful
green ; and what is very curious, the degree of the air’s
rarefaftion may be ncarly determined by this means. There
have been inftances known, in a courfe of experiments,
where a {fmall particle of air having found it's way into the
tube B, the elcétric light became vifible, and as ufual of a
green colour; but the charge being often repeated, the gage
has at length cracked at it’s fealed end, and in confequence
the external air, by being admitted into the infide, has gra-
dually produced a change in the elefitic light, {from greento
blue, from blue to indigo, and fo on to violet and purple,
till the medium has at laft become fo denfe, as no longer to
be a conduftor of eletricity, There can be littie doubt,
from the above experiments, of the non-conduéting power
of a perfett vacuum; and this faét is {till more ftrongly con-
firmed by the phznomena which appear upon the admiflion
of a very minute particle of air into the infide of the gage,
In this cafe, the whole becomes immediately luminous, up-
on the {lighteft application of eletricity, and a charge takes
place, which continues to grow more and more powerful,
in prﬂpﬂl’til:m as frefh air is admitted, tll the denfity of the
conduéting medium arrives at it’s maximum, which it
always does when the colour of the eleftric light is indigo or
violet. Under thefe circumftances, the charge may be fo
far increafed, as frequently to break the glals. In fome
tubes, which have not been completely boiled, they will
not condutt the eletric fluid, when the mercury 1s fallen
very low in them ; yet upon letting in air into the ciftern
H, fothat the mercury fhall rife in the gage B, the eleétric
fluid, which was before latent in the infide, f{hall now be-

: come
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come vifible, and as the mercury continues to rife, and of
confequence the medium is rendered lefs rare, the light (hall
grow more and more vifible, and the gage fhall at lail be
charged, notwithitanding it has not been near an eleflrical
machine for two or three days. This feems to prove, thag
there is a limit even in the rarefaflion of air, which fets
bounds to it’s condufling power; or, in other words, that

the particles of air may be {o far {eparated from each other,

as no longer to be able to tranfmit the eleéiric fluid ; that

if they are brought within a certain diitance of each other,

their condutting power begins, and continually increafes,

till their approach allo arrives at it’s limit, when the parti-

cles again become {o near, as to refilt the paffage of the

fluid entirely, without employing violence, which is the

cale in common and condenfed air, but more particularly in

the latter.

It 1s furprifing to oblerve, how readily an exhaufted tube
is charged with elefricity. By placing it at ten or twelye
inches from the condultor, the light may be feen pervading
it’s infide, and as ftrong a charge may fometimes be procu-
red, as if it were in contaét with the conduflor. Nor does it
fignify how narrow the bore of the glafs may be ; for even
a thermometer tube, having the minuteft perforation pofhi-
ble, will charge with the utmoft facility ; and in this expe-
riment, the phnomena are peculiarly beautiful,

Let one end of a thermometer tube be fealed hermetical-
ly; let the other end be cemented into a brafls cap with a
valve, or into abrals cock, fo that it may be fitted to the
plate of an air-pump. When it is exhaulted, let the fealed
end be applied to the condufor of an eleftrical machine,
while the other end is either held in the hand, or connefted
to the floor.  Upon the flighteft excitation, the eleétric fluid
will accumulate at the fealed end, and be difcharged through
the infide in the form of a fpark ; and this accumulation and

kg difcharge
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difcharge may be inceflantly repeated, till the tube is broken.
By this means, a fpark 42 inches long may bc.pmcul:ed ;
and if a proper tube could be found, we might have a fpark
three or four times that length: if, inltead of the fealed end,
abulb be blown at that extremity of the tube, the ele@ric
Yght will fill the whole of that bulb, and then pafs through
the tube in the form of a brilliant [park, as in the foregoing
experiment ; thuygh in this cafe, the charge, after a few
trials, will make a fmall perforation in the bulb. If, again,
a thermometer, filled with mercury, be inverted into a
ciftern, and the air exhaulted in the manner before deferibed
for making the experiment with the gage, a Torricellian
vacuum will be produced ; and now the eleftric light in the
bulb, aswell as the fpark in the tube, will be of a vivid
green; but the bulb will not bear a frequent repetition of
charges, beforeit is perforated in like manner as when it
has been exhaufted by an air-pump. It can hardly be necel-
fary to ﬂbﬁ:rvc, that in thefe cafzs the cle@ric fluid affumes
the appcarancc of a fpark * frc-m the narrownefs of the Pa['
fage through which it forces it’s way. Ifa tube, 40 inches
long, be fixed into a globe, 8 or ‘g inches in diameter, and
the whole be e:xhaufttd the elefric fluid, after paffing in
the form of a brnll:antfpark throughout the length of the
tube, will, when it gets into the infide of the gl{:bc ex-
pand itfelf in all diretions, EntirJv filling it with a violet

and purple light, and El]llblilﬂg a ﬂ:nkmg inftance of lhe
vaft elafticity of the eletric fluid, =

Mr. Brook’s method of making mercurial gages is ncaiI}
as t'c:l ows. Lt:t a gla.fs tuht: L ﬁg 2, i'-:alcd lltrmnuca]l} at one

end,

* By cementing the ftring of a guittar into one end of a
thermometer tube, a fpark may be obtained, as well as iE
thc tubﬂ had bctﬂ fealed hﬁrmﬁucall}r.
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end, be bent into a right angle within two or three inches of’
the other end ; at the diftance of about an inch or lefs from’
the angle, let a bulb K, of about  of an inch in diameter,

be blown in the curved end, and let the remainder of this

part of the tube be drawnout as to I, fo as to be fufficiently

long to take hold of, when the mercury is boiling. The

bulb K is defigned as a receptacle for the mercury, to pre-

vent it's boiling over, and the bent figure of the tube is
adapted for it's inverfion into the ciftern; for by breaking.
off the tube at M, within § or § of aninch of the angle,
the open end of the gage may be held perpendicular to the

horizon, when it isdipped into the mercury in the ciftern,
without obliging us to bring our finger, or any other fub-

ftance, into contat with the mercury in the gage, which

never fails to render the inftrument imperfeft. It is ne-.
ceflary to obflerve, that if the tube be fourteen or fifteen

Anches long, it will be neceflary to boil it for three or four

hours ; nor will it even then fucceed, unlefs the greateft

attention be paid that no bubbles of air lurk behind, which

will frequently happen, if the tube is not made very dry

before the mercury is put into it. If this caution be not

obferved, the inftrument can never be made perfe&.

——__—_—-—-——

Experiments on air, by Henry Cavenpisy, Efg.

The apparatus ufed in making the experiments was as
follows. The air, through which the fpark was intended
to be pafled, was confined in a glafs tube M bent to an aa-
gle, asin fig. 7, which, after being filled with quickfilver,
was inverted into two glaffes of the fame fluid, as in the
figure, The air to be tried, was then introduced by means

: : of
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of almall tube, fuch asis ufed for thermometers, bent in
the manner reprefented by A B C, fig. 8, the bent end of
which, after being previoully filled with quickfilver, was
ntroduced, as in the figure, under the glals D E F, inverted
into water, and flled with the proper kind of air, the end
C of the tube béing kept ftopped by the finger; then, on
yemoving the finger from C, the quickfilver in the tube
delcended in the leg B C, and it's place was [upplied with
air from the glals D EF. Having thus got the proper
quantity of air into the tube A B C, it was held with the
end C uppermoft, and ftopped with the finger ; and the
end A, made {maller for that purpofe, being introduced into
one end of the bent tube M, fig. 7, the air, on removing the
finger from C, was forced into that tube by the preflure
of the quickfilver in the leg B C. By thefe means he was
enabled to introduce the exaft quantity he pleafed of any
kind of air into the tube M ; and by the fame means,
could let up any quantil}r of {oap-lges, or any other liquor
which he wanted to be in contat with the air.

In one cale, however, in which he wanted to introduce
air into the tube many times in the fame experiment, he
ufed the apparatus reprefented in fig. g, confifting of a
tube A B of a fmall bore, aball C, and atube D E of a
larger bore. This apparatus was firft filled with quick-
filver, and then the ball C and the tube A B were filled
with air, by introducing the end A under a glafs inverted
into water, which contained the proper kindof air, and
drawing out the quick{ilver from the leg E D by a lyphon.
After being thus furnifhed with air, the apparatus was
weighed, and the end A introduced into one end of the
tube M, and kept there during the Experiment; the way
of forcing air out of this apparatus into the tube, being by
thrufting down thetube E D a wooden cylinder, of fuch a
fize as almoft to fill up the whole bore, and by occafion.

ally
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ally pouring quickfilver into the fame tube, to fupply the
place of that pufhed into the ball C.  After the experiment
was finithed, the apparatus was weighed again, which
fhewed exaftly how much air had been forced into the tube
M, during the whole experiment; it being equal in bulk
to a quantity of quickfilver, whole weight was equal to the
increale of weight of the apparatus.

The bore of the tube M ufed in moft of the following
experiments, was about one tenth of an inch ; and the length
of the column of air, occupying the upper part of the tube,
was in general from 1 £ to £ of an inch,

It is fcarcely neceffary to inform any one uled to eleca
trical experiments, that in order to force an eleftrical fpark
through the tube, it was neceffary, not to make a commus
nication between the tube and the condufte r, but to place
an infulated ball at fuch a diftance from the conduttor, ag
to receive a fpark from it, and to make a communication
between that ball and the quickfilver in one of the glafles,
while the quickiilver in the other glafs communicated with
the ground,

When the eleétric fpark was made to pafs through com-
mon air, included between {hort columns of a folution of
litmus, the folution acquired a red colour, and the air was
diminithed conformably to what was obferved by Dr.
Prieftley. When lime-water was ufed inftead of the lolu-
tion of litmus, and the fpark was continued till the air
could be no farther diminifhed, not the leaft cloud could
be perceived in the lime-water ; but the air was reduced to
two thirds of it’s original bulk ; which is a greater diminu-
tion than it could have fuffered by mere phlogiftication, as
that is very little more than one-fifth of the whole.

The experiment was next repeated with fome impure
dephlogifticated air. The air was very much diminifhed,
but without the lealt cloud being produced ia the lime-

water ;
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water ; neither was any cloud produced when fixed air was
let up to it; but on the further addition of a little cauftic
volatile alkali, a brown fediment was immediately perceived.

Hence we may conclude, that the lime-water was f{atura-
ted by fome acid formed during the operation; as in this
cafe it is evident, that no earth could be precipitated by the
fixed air alone, but that cauftic volatile alkali, on being
added, would abforb the fixed air, and thus becoming mild,
would immediately precipitate the earth ; whereas, if the
earth in the lime-water had not been faturated with an acid,
it would have been precipitated by the fixed air, Asto the
brown colour of the fediment, it moft likely proceeded from
fome of the quickfilver having been diffolved.

It muft be obferved, that if any fixed air, as well as acid,
had been generated in thefe two experiments with the lime-
water, a cloud muft have been at firlt perceived in it, though
that cloud would afterwards difappear, by the earth being
re-diffolved by the acid ; for till the acid produced was {uf-
ficient to diffolve the whole of the earth, fome of the re-
mainder would be precipitated by the fixed air ; fo that we
may fafely conclude, that no fixed air was generated in the
operation.

When the air is confined by foap-lees, the diminution
proceeds rather fafter than when it is confined by lime-
water ; for which reafon, as well as on account of their
containing fo much more alkaline matter in proportion to
their bulk, foap-lees feemed better adapted for experiments
defigned to inveftigate the nature of this acid, than lime-
water. Accordingly fome experiments were made, to deter-
mine what degree of purity the air thould be of, in order
to be diminifhed moft readily and to the greatelt degree ; and
it was found, that when good dephlogifticated air was uled,
the diminution was but {mall; when perfettly phlogifticated

air was ufed, no fenfible diminution took place ; but when
' five
4
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five parts of pure dephlogilticated air were mixed with three
parts of common air, almoft the whole of the air was made
to difappear, It muft be confidered, that common air con-
fifts of one part of dephlogifticated air, mixed with four of
phlogifticated ; fo that a mixture of five parts of pure de-
phlogifticated air, and three of common air, is the fame
thing as a mixture of {even parts of dephlogifticated air with
three of phlogifticated.

Having made thele previous trials, introduce into the tube
a little foap-lees, and then let up fome dephlogifticated and
common air, mixed in the above-mentioned proportions,
which rifing to the top of the tube M, divided the loap-lees
into it's two legs, as faft as the air was diminifhed by the
eleCtric fpark ; continue adding more of the fame kind, till
no further diminution takes place; after which, a liule
pure dephlogiflicated air, and after that a little common air,
were added, in order to fee whether the ceilation of diminu-
tion was not owing to fome imperfeftion in the proportion
of the two kinds of air to each other, but without effeét.
The {oap-lees being then poured out of the tube, and {epara-
ted from the quickfilver, feemed to be perfeétly neutralized,
as they did not at all difcolour paper, tinged with the juice
of blue flowers. Being evaporated to drynefs, they left a
fmall quantity of falt, which was evidently nitre, as appear-
ed by the manner in which paper, impregnated with a {olu-
tion of it, burned.

For more fatisfation, he tried this experiment over again,
on a larger {cale, About five times the former quantity of
foap-lees were now let up into a tube of a larger bore ; and a
mixture of dephlogifticated and common air, in the fame
proportions as before, being introduced by the apparatus re-
prefented in fig, g, the {park was continued till no more air
could be made to difappear, The liquor, when poured out of
the tube, fmelled evidently of phiogifticated nitrous acid,

1 This
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This falt was found, by the manner in which paper, dippcrf
into a folution of it, burned, tobetruenitre. It appeared, by
the teft of terra ponderofa falita, to contain not more vitri-
olic acid than the foap-lces them{elves contained, which was
excellively little ; and there is no realon to think, that any
other acid entered into it, except the nitrous.

A circumf{lance, however, occurred, which at fr{t feemed
to fhew, that this falt contained fome marine acid ; namely,
an evident precipitation took place, when a folution of fil-
ver was added to fome of 1t diffolved in water though the
foap-lecs ufed in it's formation were perfeflly free from ma-
rine acid, and though, to prevent all danger of any precipi-
tate being formed by an excels of alkali init, fome purified
nitrous acid had been added to it, previous tothe addition
of the f{olution of filver.. On confideration, however, he
fufpected, that this precipitation might arife from the nitrous
acid in it being phlogifticated ; and therefore tried, whether
nitre, much phlogifticated, would precipitate filver fromit's
{olution. For this purpofe, he expofed fome nitre to the
fire, inan carthen retort, till it had yiclded a good deal of
dephlogifticated air; and then having diffolved it in water,
and added to it fome well purified {pirit of nitre, ull it was
fenfibly acid, in order to be certain that the alkali did not
predominate, he dropped into it fome folution of filver,
which immediately made a very copious precipitate. This
folution, however, being deprived of fome of it's phlo-
gifton by evaporation to drynels, and expolure for a few
weeks to the air, loft the property of precipitating filver
from it’s folution ; a proof that this property depended only
on it's phlogiftication, and not on it's having abforbed fea
falt from the retort, or by any other means.

Hence it is certain, that nitre, when much phlogifticated,
15 capable of making a precipitate with a {olution of filver;
and therefore there is no reafonto think, that the precipitate,

which
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which our falt occafioned with a folution of filver, pro-
ceeded from any other caufe than that of it’s being phlo-
gifticated ; efpecially as it appeared by the fmell, both on firft
taking it out of the tube, and on the addition of the {pirit
of nitre, previous to dropping in the folution of filver, that
the acid in it was much phlogifticated. This property of
phlogifticated nitre is worth the attention of chemifts; as
otherwife they may fometimes be led into miftakes, in in-
veftigating the prefence of marine acid by a folution of filver.

In a former paper Mr. Cavendifh has aflerted, that when
nitre is detonated with charcoal, the acid is converted into
phlogifticated air; that is, into a fubltance which, as far
as he could perceive, poflefles all the propertics of the
phlogifticated air of our atmofphere: from which he con-
cluded, that phlogifticated air is nothing elfe than nitrous
acid united to phlogifton. According to this conclufion,
phlogifticated air ought to be reduced to nitrous acid by
being deprived of it’s phlogifton ; but as dephlogifticated
airis only water deprived of phlogifton, it is plain, that
adding dephlogifticated air to a body, is equivalent to de-
priving it of phlogilton, and adding water to it; and there-
fore phlogifticated air ought alfo to be reduced to nitrous
acid, by being made to unite to, or form a chemical com-
bination with dtph]ngifﬂcatcd air; only the acrd formed
this way will be more dilute, than if the phlogifticated air
was fimply deprived of phlogiiton.

This being premiled, we may fafely conclude, that in
the prefent experiments the phlogifticated air was enabled,
by mecans of the eietrical fpark, to unite to, or form a che-
mical combination with the dephlogifticated air, and was
thereby reduced to nitrous acid, which united to the foap-
lees, and formed a folution of nitre; for in thele experi-
ments thofe two airs aftually difappeared, and nitrous acid
was attually formed in their room; and as, moreover, it

6 has
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Or ELECTRICITY IN GENERAL.

T muft appear furprifing to every fearcher
after truth, that eleftricity, which is now
allowed to be one of the principal agents em-
ployed in producing the phznomena of nature,
fhould have remained fo long in obfcurity ; for,
comparatively {peaking, it’s exiftence was not
known to the ancients. They were not, indeed,
altogether ignorant of the peculiar properties of
thofe bodies that we now term eletrics PR sk ;
neverthelefs their knowledge was circumfcribed,
being confined to the obfervation only of thofe
B ph@&nomena



10 AN EssAy oN

phanomena 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 philofopher was
emancipated from the chains of hypothetic rea-
{foning, and the uncertainties of vague conjec-
ture.

The exiitence of this fubtle, and in moft cafes
invifible, power, was then traced, and many of
it’s properties developed ; fs agency was dif-
covered to be univerfal, and it’s extent unli-
mited.

Electricity has been dignified in a peculiar
manner, by engaging the attention of the philo-
fophic hiftorian ; who, by delineating the gra-
dual progrefs of it’s difcoveries, defcribing the
different theories which have been invented to
account for it's effects, and pointing out the
pestDERATA which f{till remain to be explored,
has contributed, in a high degree, to enlarge the
boundaries of eletricity, and to increale the
number of thofe who cultivate it.

Since the publication of Dr. Prieftley’s hif-
tory, the clectrical apparatus has been confider-
ably augmented, and many new experiments

have
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have been made. To defcribe the one, and to
arrange the other, under fuch heads as will point
out the connection between the experiments and
the received theory of electricity, was one of the
principal views I had in compofing this effay.
1 alfo wifhed to put into the hands of my cuf-
tomers a tract, which might enable them to ufe,
with eafe and fatisfation, the ele¢trical machines
and apparatus which I recommend.

As elericity is in it’s infancy, when confider-
ed as a fcience, it’s definitions and axioms can-
not be ftated with geometric accuracy. I fhall
endeavour to avoid, as much as poffible, the ufe
of pofitive expreflion, 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 ftate of eleétricity, and which gave rife to
the principal technical terms made ufe of 1n this
{cience.

ExperIMENT I.—Rub a dry glals tube with

a piece of dry filk, prefent light bodies, as fea-
thers, pith balls, &c. to it, they will be at-
trafted, 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
B 2 tube;
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tube: foft new flannel fucceeds well with fealing
wax.

ExreriMenT 11.—Rub a dry ftick of fealing
wax, it will firft attract and afterwards repel
thofe light bodies that are brought near to it.

The friction in the two preceding experiments
has put in action an agent, or power, which at-
tracts and repels light bodies; this power is cal-
led ELECTRICITY.

A certain quantity or natural fhare of the elec-
tric fluid, is {fuppofed to be diffeminated in all
bodies, in which ftate it makes no impreffion on
our {enfes; 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 effects are produced which we
term eleélrical, and the body is faid to be LEC-
TRIFIED.

Any fubftance, that is made by friction to
exhibit ele€tric appearances, is faid to be ex-
CITED. !

Amber, filk, jet, dry wood, and a variety of
other fubftances, being excited, attra¢t and
repel light bodies; thefe are called rrrcTrICS,
Such fubflances, as metals, water, &c. the fric-
tion of which will not produce this power of

: 2 attraction
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attraflion and repulfion, are called Non-ELEC-
TRICS.

When the excited glafs tube, or ftick of feal-
ing wax, is in good order, and the particles of
electricity are fufficiently united to a& on the
organs of vifion; pencils of light will dart
from the tube in a beautiful manner, and a
fnapping noife will be heard on the approach of
any corductor.

Electricity is often excited by other caufes as
well as friction.  Thus it may be produced by
heating or cooling of fome fubftances, by blow-
ing of air violently on a body, &c. 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 electric
fluid.

The difcharge of large cannon, and the

blowing up of powder magazines, has been
known to electrify glafs windows.

ExperIMENT 11I.—Let a metallic cylinder
be placed upon filk lines, or upon glafs, bring
an excited electric near to it, and every part of
the metallic cylinder will attract and repel light
bodies, as forcibly as the excited electric itfelf,

ExXPERIMENT

J
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ExPerIMENT 1v.—Support a dry glafs rod on
filk lines, or by glafs, bring an excited electric
near it, and no attraction or repulfion will take
place; becaufe the electricity cannot be tran{-
mitted through it.

From thefe experiments is deduced the diftinc-
tion between thofe bodies which produce the
clectric fluid and thofe which do not.

Thofe bodies which@s the power of tran{-
mitting eletricity, arcealled conpucTors and
NON-ELECTRICS.

Thofe {ubftances, which are impervious to
electricity, are called NoN-coNDucTORs, or
ELECTRICS, _

A body which communicates with nothing
but eleétrics, 1s faid to be INSULATED.

If all {ubftances poffeffed an equal power of
retaining or parting with the electric fluid, the
greater part of it’s phenomena would have re-
mained unknownto us; but, as it pafles readily
ouly over the furface of fome fubftances, while
others refift it’s paflage, or are nearly impermeable
toit, we are enabled to accumulate, condenfe,
and retain it on the laft, and thus fubject it
eafily to the teft of experiment.

From the third and fourth experiments we
learn, that excited ele@rics will communicate

the elefiric powers to conducting {ubftances
which
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which are infulated, that thefe will then atrract
and repel light bodies, &c. fimilar to the elec-
tric itfelf ; with this difference only, that a con-
ductor, which has received electricity, parts
with it at once, when it is touched by another
conductor that communicates with the earth;
whereas the excited eleétric, under the fame
circumﬁances,eﬁnly lofes it’s electricity partially.

ExperimenT v.—Eleétrify, with excited grass
or SEALING WAX, two infulated cork balls, fuf-
pended by lines about fix inches long, and the
balls will feparate from and repel each other.

ExperiMext vi.—Eletrify one ball with
GLAss, the oTHER with seaLiNG wax, and they
will be mutually attracted. .

Thefe two oppofite and remarkably diftinct
effe€ts in the attractive and repulfive powers of
electricity, whereby one attracts what the other
repels, were difcovered at an early period of the
hiftory of this {cience.

The electric power produced by the excitation
of glafs, is called posiTIvE ELECTRICITY, and the
power produced by the excitation of fealing wax
is called NeGaTIVE ELEcTRICITY. This differ-
ence was at firft thought to depend on the electric,
and it was then fuppofed that the two kinds of

eleftricities
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electricities were effentially diftinét; but it is
now known, that each of thele powers may be
produced from the excitation of either glafs or
fealing wax.

Ele&ricians have been engaged, by the dif-
covery of the two foregoing diftinétions, to ex-
amine the electric properties of moft bodies, to
afcertain whether they pofiefled the pofitive or
negative powers; by this means the catalogue
of cleétrics has been confiderably increafed, and
it was foon found that every {ubfiance, we were
acquainted with, had more or lefs affinity with
the electric fluid.*

CatarLocueE of CoONDUCTING SuUBSTANCES.
1. Stony Subflances.

Stony fubftances in general condu&t very
well, though dry and warm.

Lime-ftone and lime juft burnt are equally
imperfect conductors. ,

Marbles conduct confiderably better than

free-ftone, and there is found very little differ-
ence

# See Dr, Prieftley’s Hiftory. Cavallo on Eletricity.
Marit, Recherches fur I'eleétricité,
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ence among any of the Ipecimens of marble
that have been tried.

A large piece of white fpar with a tinge of
blue and femi-tranfparent, will hardly conduct
in the leaft degree : pretty ftrong fparks may be
taken from the prime conductor, while it is in
contact with 1t.

A piece of agate, femi-pellucid, receives the
electric {park into it’s fubftance ; though it will
pals over about three quarters of an inch of it's
furface to reach the finger that holds it, and it
difcharges the battery but flowly.

A piece of {late, {fuch as is commonly ufed to
write on, is a much better conduétor than a
piece of free-ftone, which conduéts but poorly.

‘Touch-ftone conducts pretty well.

A piece of gypfum and plafter of Paris con-
ducts very well, only the latter having a {moother
furface takes a ftronger [park.

A piece of afbeft from Scotland, juft as it is
taken from it’s bed, will not conduét. While
in contaét with the conductor, {fparks may be
taken at the diftance of half an inch with a mo-
derate clectrification.

A piece of Spanith chalk conducts much like
marble.

A piece of Egyptian granite condués confi-
derably better than free-ftone,

C 2, Saline
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2. Saline Bodies.

Oil of vitriol conducts very well.

The metallic falts in general conduct Letter
than any ncutrals.

Vitriol of copper and of iron conduct very
well, though they will not tran{mit a thock.

Vitriolated tartar gives a fmall fhock.

Salt-petre does not conduct fo well as fal-am-
moniac. If the electric explofion paflfes over
it’s furface, it difperfes into a great number of
fragments, in all diretions, with confiderable
violence.

Volatile fal-ammoniac gives a {fmall thock.

Rock-falt conducts, but not quite fo well as
allum ; the eleétric 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; fo that it {fcems made up of an
infinite number of the fineft points,

Salenitic falts conduct but poorly.

By allum the explofion is attended with a
peculiar hiffing noife, like that of a {quib.

3. Inflammable Bodies.

A picce of pyrites, of a black colour, takes
2 {parks
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fparks at a confiderable diftance from the prime
conductor, like fome of the inferior pieces of
charcoal.

Another picce of pyrites, which has been part
of a regular fphere, confifting of a fhining me-
tallic matter, will not conduct near fo well,
though much better than any other ftony fub-
ftance. It is a medium betwixt a ftone and an
ore.

Black-lead in a pencil conducts a fhock feem-
ingly like metal or charcoal. A f{mall lump of
it takes as full and ftrong a fpark from the
prime conduétor as a brafs knob.

4. Metals and Ores.

A piece of gold ore from Mexico is bardly to
be diftinguifbed in this refpect from the metal
itfelf. |

A piece of filver ore:from Potofi, though
mixed with pyrites, conducts very well.

Two pieces of copper ore, one the moft va-
luable that is known, and another of only half
the value, are hardly to be diftinguifhed from
one another in their conducting powers.

Lapis-hamatites conducts pretty well.

Black-fand from the coalt of Africa, which
is a good iron ore, and part of which is affected

2 by
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by the magnet as much as fteel filings, is found
to conduct eletricity, but not a fhock. Sepa-
rating with the magnet all that will be eafily
attracted by it, it conducts a fhock very weil ;
the reft would hardly condué atall.

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

Ores that contain mnothing but the earth of
the metal, conduct eleétricity little better than
other ftones.

Lead, tin, iron, brafs, copper, filver, and
gold. '

8. Fluids.

‘The fluids of an animal body.

All fluids, excepting air and oils.

Fluids appear, in general, to be better con-
dultors in proportion as they contain lefs in-
flammable matter,

Mr. Cavendith has fhewn, that iron wire
conducts about four hundred millions of times
better than rain or diftilled water; i. e. the
clettricity meets with no more refiftance, in
paffing through a piece of iron wire four hundred .
million inches long, than through a column of

watey
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water of the fame diameter only one inch long.

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

The effluvia of laming bodies.

Snow, {moke, the vapour of hot water, the

vacuum produced by an air pump, charcoal,
dec.

Erzcaoanrnie Bopicrs,

Amber, jet, pitch, and fulphur ; likewife all
the precious ftones, as diamonds, rubies, ga'r-
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, &ec.

I do not know whether it is altogether proper
to add to this lift of electrics, the Torpedo and
Surinam Eel, living electrics, whofe ele@ricity
1s put in action by the will of the animal.

The real and intrinfic difference between
eleCtrics and non-ele@rics, remain among the
ele€iric defiderata ; for nothing more is afcer-

tained,
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tained, than that the condu&ing power, in
fome meafure, depends upon, or is governed by
heat. Glafs, refin, and many other articles, are
made conductors by heat ; while on the contra-
ry, cold, -if not attended with moifture, renders
every electric fubftance more eleric.

Mr. Achard, of Berlin, has publifhed, in
Rozier’s Journal de Phyfique, a very ingenious
paper on this fubject ; in which he proves, by
experiment, 1ft, That certain circumftances
will caufe a body to conduct eletricity, which
before was a non-conductor. 2d, That thefe
circumftances are the degrees of heat to which
this body is fubjected. He endeavours to fhew,
that the principal changes which take place in
any fubflance from an increafe of heat, are an
augmentation in the fize of it’s pores, and an
increafe of velocity in the igneous particles con-
tained in, and atling on, that body. He then
proves, that the laft circumftance does not oc-
cafion the alteration in the eleétric properties ;
and infers, agreeable to the {yftem of Mr. Euler,
that the principal difference between conductors
and non-conductors of eletricity confifts in the
fize of the pores of the conftituent parts of the

body.

A List
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Pofitive  Sealing wax,

Black filk Negative Hare’s, wealel’s, and ferret's
{kins, loadftone, brafs, filver,

iron, the hand,

Pofitive Metals,

Scaling wax Nt Hare’s, weafel's, and ferret's
& fkins, hand, leather, woollen

cloth, paper.

Boleal e Pﬂﬁt.ﬁ'ﬁ Silk,
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 electricity. Though this in many cafes
holds true, with refpeét to filk ribbons, yet
Mr. Bergman fays, that if the ribbon A be black,
it will never become pofitive, unlefs B be black
likewife. With pieces of glals the effect is con-
trary ; for, if they are both equal, the piece A,
which is drawn acrofs the piece B, becomes
negative; and B, which fuffers the greateft
friction, becomes pofitive. Heating by fire
produces the fame effect as the greater friction,
If one piece of glafs be thicker than the other,

the former becomes pofitive, the latter negative.
Coloured
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Coloured glafs, even when heated, becomes
negative, if rubbed with common white glafs.
If a piece of blue glafs is rubbed againfta green
one, the blue glafs becomes firongly pofitive,
&e. Bergman, Swedifh Tran. 1765.

The electricities produced by hair and glafs
rubbed together feem to ballance each other, and
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, 1is
pofitive ; and here, the glafs, which fuffers the
greateft friction, is negative. But if the glafs
tube be drawn acrofs the amimal’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 hair is a little greafed with tallow, the
fame effe¢t is produced as with living hair,
Wilke Swed. Tran. 1769.

EleCtrics 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 effets of the excitation,

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

D Glafs
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Glafs appears to have the advantage in exhi-
biting the cleétric light, attraétion, and repulfion
in quick fucceffion, in a very vigorous, though
not a durable manner.

Negative electrics, as amber, gum-lac, ful-
phur, refin, and all refinous fubftances, exhibit
the electric appearances for the greateft length
of time. A fingle excitation is fufficient to
make them do {o for many weeks, in favourable
circumftances. They are alfo remarkable for
the ftrong cletric powers which they communi-
cate 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 clafles of eletrics and non-electrics are not
fo ftrongly marked by nature as to enable the
cleltrician to arrange every fubftance with pro-
priety : hence the fame {ubftance has been
placed by different writers in a different clafs.
Befides this, the eleétric properties of the fame
" {ubftance vary on a change of circumftances ;
thus a piece of green wood is a conductor ; the
fame piece, after it has been baked, becomes a
non-conductor ; charred and formed into char-
coal, it again conduéts the electric fluid; but

when reduced to afhes, is impervious to it.
2 But
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Or e Evrcrricar Macuine; witu Direc-
TIONS FOR EXCITING IT.

AS foon as the properties of eletricity were
in fome meafure developed, the philofo-
pher and the artift concurred in contriving and
executing a variety of machines to excite and
accumulate this extraordinary agent. The
greater part of thefe have been laid afide, in
proportion as the {cience advanced, and it’s
boundarics were extended. 1 fhall, therefore,
only defcribe that electrical machine which 1s
now in general ufe, whofe conftruction is fimple,
and well adapted to produce the electric fluid
in great quantities, and tranfmit it in full and
continued ftreams to the prime conductor,

That the operator may fucceed in producing
this effe, I fhall firft enumerate thofe parts of
the machine which require moft attention ; then
defcribe the machine itfelf, and afterwards give
inftructions to enable him to -excite 1t power-
fully.

The following are the parts of an electrical
machine, which fall more immediately under
the care of the eleélrician,

1. 1The
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1. The eleftric, which is to be excited, as
the glafs cylinder.

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

3. The cuthion and it’s appendages.

4. The conductor or conducters.

Fig. 1 and 2, plate L. reprefent two clectrical
machines made on the moft approved conftruc-
tion. They are both mounted and ufed in the
fame manner, and differ only in the mechanifm
by which the cylinder is put in motion.

The cylinder of the machine, fig. 2. is turned
round by means of the two wheels ab, cd,
which act on each other by a catgut band, part
of which is feen at e and f.

The cylinder of the machine, which 1s repre-
fented in fig. 1, is put in motion by a fimple
winch, which is lefs complicated than the multi-
plying wheel, and therefore not fo liable o be
out of order. * Moft practical eletricians,
however, prefer a machine which is moved by a
multiplying whecl, as it fatigues the operator
lefs than that which is moved by a fimple winch;
while at the fame time a moderate increafe of

velocity

® I have lately improved the machines made with a mul-
tiplying wheel, rendered them more durable, and not more

liable to be put out of order than thofe which turn {me
with a winch,
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velocity in the cylinder augments the momentum
of the eleftric fluid, and produces a greater
quantity of 1t in the fame time, and thus pre-
vents it's being abforbed by the cuthion. And
further, when the machine is fixed to a table,
the pofition of the lower multiplying wheel is
more advantageous to the operator, giving him a
greater power over the cylinder and fatiguing
him lefs ; it may alfo be turned with the right
hand, which cannot be done conveniently with
the other. *

As the two machines, which are reprefented
in fig. 1 and 2, plate 1. are nearly {imilar, the
fame letters of reference are ufed in deferibing
them.

Fig. 1 and 2. ABC reprefent the bottom
board of the machine.

D and E, the two perpendicular fupports,
which fuftain or carry the glafs cylinder FG
H I

The axis of the cap K paffes through the fup-
port D; on the extremity of this axis either a
fimple winch is fitted, as in fig. 1, or a pulley, as
in hig. 2.

The axis of the other cap runs ina fmall hole
which is made in the top of the fupport E.

OP is

* It may be proper to remark, that thole with a fimple
winch are cheaper than thofe with a multiplying wheel.
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OP is the glafs pillar to which the cufhion
is fixed, T a brafs fcrew at the bottom of this
pillar, which is to regulate the preflure of the
cufhion againft the cylinder. This adjufting
{crew is peculiarly advantageous. By it the ope-
rator is enabled to leffen or increafe gradually
the preflure of the cufhion, which iteffects in a
much neater manner than it is poffible to do when
the infulating pillar is fixed on a fliding-board, a
method that difgraces the maker.

g hi A piece of filk that comes from the
under edge of the cufhion, and lies on the
cylinder, paffing between it and the cufhion, till
it nearly meets the collecting points of the con-
duétor. :

On the top of the pillar OP is a conductor,
which is conneéled with the cufhion, which is
called the negative conductor. In both figures
this conductor is fuppofed to be fixed clofe to the
cufhion, and to lie parallel to the glafs cylinder.
In fig. 1, it is brought forwards, or placed too
ncar the handle, in order that more of it may be
in fight, asat R S; in fig. 2, the end RS enly
1s feen.

Y Z, Fig. 1 and 2, reprefents the pofitive
prime conductor, or that which takes the elec-
tric fluid immediately from the cylinder, LM
the glafs pillar by which it is {upported and

infulated,
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infulated, and V X a wooden foot or bafe for
the glafs pillar. In fig. 1, this conduétor is
placed in a direCtion parallel (which is the beft
pofition) to the glafs cylinder; infig. 2, it ftands
at right angles to the cylinder ; it may be placed
in either pofition occafionally, as is moft conve-
nient to the operator. In general, electrical ma-
chines are fold with a fingle conductor; though
there are many experiments where two are con-
venient, and from fome improvements I have
lately made in the apparatus, they are rendered
exceed:ng proper for experimental inquiries.

DIRECTIONS FOR FEEPING THE MACHINE IN
ORDER.

»

Before the eleétrical machine is put in mo-
tion, examine thofe parts which are liable to
wear either from the friction of one furface
againft another, or to be injured by the dirt, that
may infinuate itfelf between the rubbing furfaces ;
fuch as the axes which work in the wooden fup-
ports D E, and the axis of the large wheel ¢ d,
hg. 2.

If any grating or difagreeable noife is heard,
the place from whence it proceeds muft be dif-
covered, wiped clean, and rubbed over with a

fmall quantity of tallow: a little {weet oil or
tallow
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tallow fhould alfo be occafionally applied to the
axis of the cylinder.

The fcrews that belong to the frame fhould
be examined, and if they are loofe, they fhould be
tightened.

The different working parts of the machine
having been looked into, and put in order, the
glafs cylinder, and the pillars which fupport the
cuthion and conductor, fhould be carefully wiped,
to free them from the moifture which glafs at-
tracts 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.

Glafs pillars have been fometimes ufed to fup-
port the cylinder, but they can be of no ufe,
unlefs the foregoing circumftance is conftantly
attended to; and if thatis obferved, they are fu-
perfluous.

Take care that no duft, loofe threads, or fila-
ments adhere to the cylinder, it’s frame, the con-
ductors, or their infulating pillars; becaufe thefe
will gradually diffipate the electric fluid, and pre-
vent the' machine from acting powerfully.

Rub the glafs cylinder firlt with a clean, coarfe,
dry, warm cloth, or a piece of wafh leather, and
then with a piece of dry, warm, foft filk; do
the fame to all the glafs infulating pillars of the

E machine
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machine and apparatus ; thefe pillars muft be
rubbed more lightly than the cylinder, becaufe
they are varnifhed.

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

Or Tue CIRCUMSTANCES NECESSARY TO BE AT-
TENDED TO, IN ORDER TO EXCITE A LARGE
Quantrty or THE Erzerric Fruip.

In order to find out an effectual mode of ex-
citing powerfully an electrical machine, it is ne-
ceffary to frame fome idea of the mechanifm by
which the cylinder extracts the electric fluid from
the cufhion, and thofe bodies which are con-
nected with it; I have, therefore, fubjoined thofe
conjeftures on which I have worked, and by
which I have been able to excite, in the moft
powerful manner, the machines which have
paffed through my hands.

It appears to me, that the refiftance of the air
is leflfened, or a kind of vacuum is produced,
where the cufhion is in clofe contact with the cy-
linder; that the electric matter, agreeable to the
law obferved by all other elaftic fluids, is prefled
towards that part where it finds leaft refiftance ;
the fame inftant, therefore, that the cylinder is

feparated
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{eparated from the cufhion, the fire iffues forth in
abundance, becaufe the refiftance made to it by
the ation of the atmofphere is leflened at that
part; a further circumftance is alfo to be taken
into this hypothefis, namely, the effect which arifes
from the deftruétion of the attraétion or cohefion
between the cylinder and cufhion. 'The more
perfe€t the continuity is made, and the quicker
the folution of it, the greater is the quantity
which will proceed from the cufthion. But, as
the fluid in this fituation will enter with avidity
every conducting {ubftance that is near it, if any
amalgam lies above that part of the cufhion
which is in contat with the cylinder, it will ab-
forb and carry back part of the electric fire to the
relervoir from whence it was extracted.

If thefe conje€tures be true, to excite an elec-
trical machine effetually, we muft,

1{t, Find out thofe parts of the cufhion which
are prefled by the glafs cylinder.

2d, Apply the amalgam only to thofe parts.

3d, Make the line of contact between the
cylinder and cufhion as perfect as poffible.

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

About the year 1772, 1 appliéd a loofe flap
of leather to the front of the cufhion ; the amal-
gam was fpread over the whole of the flap ;

E 2 the
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the 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 fucceffive expe-
riments that {ituation was difcovered which pro-
duced the greateft effect; for, by this means,
the quantity of amalgam acting againft the
cylinder was leflened, and the true line of con-
tact in fome meafure afcertained. Hence I was
naturally led to contract the breadth of the
cufhion, and afterwards to place it in fuch a
manner that it might be eafily raifed or lowered.

To find the line of contact formed between
the cylinder and cufhion, place a line of whit-
ing, which has been previoufly diffolved in fpirits
of wine, on the cylinder; on turning this round,
the whiting is depofited on the cufhion, and
marks thofe parts of it which bear or rub againft
the cylinder. ‘The amalgam is to be put on
thofe parts only, which are thus marked by the
whiting : this line may alfo be afcertained, by
obferving the parts of the cufthion which gather
the duft from the cylinder, and laying the
amalgam only on thofe parts.

The line of contact being found, and the
amalgam placed on it, the cylinder is to be
rubbed with a piece of leather which is cover-
ed with amalgam, which will render the con-
tact between the cylinder and cufhion more

perfect,
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perfe&, becaufe it fills the fmaller pores of the
glafs with amalgam, and depofits the {uperfluous
particles on the cufhion ; it is alfo probable that
the amalgam, thus depofited on the furface of
the glafs, forms a continued feries of conduéting
particles, which carry the fire to the prime con-
duétor, and will confequently, under certain cir-
cumftances, carry it back again to 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 carefully.
If the machine has not been ufed for fome time,
it will be proper to place it, fora few minutes,
before a fire, and to take off the cufhion and dry
the filk thereof.

If the electricity of the cylinder grows lefs
powerful, it is eafily renewed by turning back the
filk which lies over it, and then rubbing the
cylinder with the amalgamated leather, or by
occafionally altering the preflure of the adjufting
{crew. '

A very fmall quantity of tallow placed over
the amalgam, is obferved to give more force to
the electric 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
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afterwards wiping the cylinder with a clean
cloth.

ExperiMent vi.—When the cylinder is put
into good action, a number of circular lines of
fire will iflue from the cufhion ; prefent a row of
metallic points towards thefe, and they will dif-
appear. This experiment fhews, the conduéling
fubftance collets the eleiric fluid before it can
take thole appearances, or be diffipated into the
air.

Hence we learn, that to prevent a lofs of the
eletric fluid which is excited, we muft prevent
the air from acting on the fluid, which is put in
motion by the excitation; becaufe the air not
only refifts the emiffion of the fluid, but alfo
diffipates what is collected on account of the con-
ducting fubftances, which are continually floating
in it,

Thefe ends are effetually anfwered by letting
a non-conducting fubftance, as a piece of black
- or oiled filk, proceed from the line of contact to
the collecting points of the prime conductor, and
placing thefe points within it’s atmofphere. The
ftreams of fire, which proceed from the cufhion
over the cylinder, fhew whether the cufhion
bears uniformly againft the cylinder; for they are

moft copious and denfe at thofe parts where the
preflure
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preflure is greateft, but are uniformly denfe, when
the preflure is equable.

When the zinc amalgam is ufed, the filk will
fometimes adhere fo ftrongly to the cylinder as
to render it very difficult to turn ; to obviate this,
wipe the filk perfectly clean, and then rub it over
with a very fmall quantity of aurum mufivum, or
a lictle whiting.

The operator ought not to think his machine
in good order till it pours forth the fire in great
abundance, and firong denfe fparks are obtained
in quick fucceffion from the conductor, When
the conductor is removed, the fire thould {parkle
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 fhops. I find it diffi-
cult, after many trials, to fay which of thefe a&
the beft. To make either amalgam adhere clofely
to the filk, it is neceffary to greafe it, wipe off the
fuperfiuous greafe, and then {pread the amalgam.

The following experiment illuftrates and con-
firms the foregning conjectures on the mechanifm
by which the fluid is extracted from the cufhion,
and thofe bodies which are connected with ir.

ExpE-
2
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ExperiMENT viir.—Breaka ftick of fealing wax
in two picces; thofe extremities that were con-
tiguous will be found electrified with contrary
powers; one will be pofitively, the other nega-
tively, electrified.

ExeerIMENT 1x.,—Put the machine in aflion,
connect the cufhion by a chain with the ground,
and thofe bodies which communicate with the
pofitive conduttor will be electrified pofitively.
Connett the pofitive conductor with the carth by
a chain, take off the chain from the cufhion, and
thofe bodies which communicate with the cufhion
or negative conductor will be electrified nega-

tively.

ExperiMENT X.—Connelt the pofitive con-
ductor by a chain with the table; turn the cylin-
der, and the cufhion will be found to be nega-
tively eleétrified. Take the chain oftf from the
pofitive conductor, and both will exhibit figns
of electricity ; but any eleétrified body, which is
attratted by the one, will be repelled by the other.
If they are brought fufficiently near to each other,
{parks will pafs between them, and they will act
on cach other ftronger than on any other bodies.
If they are connected together, the electricity of

the one will deftroy that of the other ; for though
the
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the fire feems to proceed from the cufhion to the
conductor, the two, when thus conjoined, will
exhibit no figns of electricity, becaufe the fire is
continually circulating from one to the other, and
is therefore kept always in the fame flate.

We fee, by this experiment, that electric ap-
pearances are produced both in the eleCtric which
is excited, and the fubftance by which it is ex-
cited, provided that fubftance be infulated ; but
their eleétric powers are directly reverfe of each
other, and may be diftinguifhed by oppofite
effects.

ExperiMeNT x1.—If the cuthion and the con-
duélor are both infulated, it is obferved, that the
lefs eleCtric fluid is obtained, the more perfect
the infulation is made.

The moifture which is at all times floating in
the air, together with the {mall points, from
which it is impoffible totally to free the cuthion,
do not permit it to be perfetly infulated, fo as
to afford no fupply of eletric matter to the
cufhion. -

If the air, and other parts of the apparatus, are
very dry, little or no electricity will be produced
in the above-mentioned circumf{tances.

From this experiment it is inferred, that the
electric powers do not exift in the electrics them-

F {clves,
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felves, but are produced from the earth by the
excitation of electrics ; or that the electric matter
on the prime conductor is not produced by the
frition of the cylinder againft the cufthion, butis
collected’by that operation #fom it, and from
thofe bodies which are conneéted with it.

As Dr. Franklin feems to have fuggefted this
idea firft that the eleétric fluid is colleéted from
the carth, I have {ubjoined his own account of the
experiment which led him to this conclufion.

ExperiMent x11.—Let one perfon ftand on
wax (or be infulated) and rub a glafs tube, and let
another perfon on wax take the fire from the firft,
they will both of them (provided they do not ftand
{o near as to touch cach other) appear to be
electrified toa perfon ftanding on the floor; that
is, he will perceive a {fpark on approaching
either of them with his knuckle.

2. But if the perfons on wax touch one another
during the excitation of the tube, neither of them
will appear to be electrified.

3. If they touch one another after the exciting
the tube, and draw the fire as aforefaid, there will
be a ftronger {park between them, than was be-
tween ecither of them and the perfon on the

tloor.

4. After

[y |
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4. After fuch a ftrong fpark neither of them
difcover ANY ELECTRICITY.

Thefe appearances he accounts for thus: he
{uppoles the eleétric fire is a common element,
of which each of the three perfons has his equal
{hare before any operation is begun with the
tube.

A, who ftands upon wax and rubs the tube,
collelts the eleétrical 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, paffing his
knuckle along the tube, receives the fire which
was colletted from A, and being infulated he
retains this additional quantity.

To C both appear electrified; for he, having
only the middle quantity of electrical fire, receives
a {park on approaching B, who has an over quan-
tity, 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 rouch there is no fpark
between either of them and C, becaufe the
eletrical fluid in all is reduced to the original
equality. If they touch while electrifying, the
equality is never deftroyed, the fire is only

3 circulating 3
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circulating : hence we fay, that B is eleétrified
poficively, A negatively.

As thofe experiments have been defcribed,
which are the foundation of our prefent know-
ledge in electricity, I hope it will not be deemed
improper to introduce in this place thofe hypo-
thefes which have been built on them.

Dr. Franklin’s hypothefis depends on, and
may be reduced to, the following principles.

1. That the atmofphere and all terreftrial
fubftances are full of electric matter.

2. That the operations of electricity depend
on one fluid sur GEnEeris, extremely fubtle and
elaftic.

3. Glafs and other electric fubftances, though
they contain a great deal of ele€tric matter, are
IMPERMEABLE tO 1L,

4. That the electric matter violently repels
itfelf, and attra&s all other matter.

5. That conducting fubftances are permeable
to the eleftric matter through their whole fub-
ftance, and do not condu& merely over their
furface.

6. Pofitive electricity is when a body has
more than it’s natural fhare of the electric
fluid, and negative electricity when it has lefs
than it’s natural fhare.

The
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The following hypothefis is extralled from
the analyfis of a courle of leCtures by Mr.
Atwood, to which, and Mr. Eeles’s philofo-
phical effays, I muft refer the reader for a fuller
account of it ; in the courfe of this eflay many
obfervations will occur, which tend to confirm
this, and refute the foregoing hypothelfis.

=Y POTH ESY S

1. That two cletric powers exift together
in all bodies.

2. Since they counterat each other when
united, they can be made evident to the fenfes
only by their {eparation.

3- The two powers are feparated in non-
elettrics by the excitation of eletrics, or by
the application of excited eleltrics.

4. The powers cannot be feparated in eletric
fubflances. '

5. The two eclectricities attract each other
ftrongly through the fubflance of electrics.

6. Electric fubftances are impervious to the
two electricities.

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

A DescriprioN
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A Descrirrion or soME PARTs oF THE ELECTRIC
APPARATUS, WHICH COULD NOT BE REGULARLY
INTRODUCED IN THE Bopy or THE Work,

Fig. 1, plate IL. reprefents a common difcharg-
g rod; it is generally made of brafs wire, with
a ball ateach of it’sends. To difcharge a Leyden
bottle with it, hold the femicircular part in the
hand, place one ball of the difcharging rod on the
coating of the phial, then bring the other to
touch the knob of the wire which communicates
with the infide, when an explofion will enfue,
and the phial will be dilcharged.

Fig. 2, plate IL is a jointed difcharging rod
with a glafs handle, the legs of which may be
moved, and fet to any given diftance from each
other by means of the joint C; the extremities
of the legs are pointed, the points enter into
the balls a, b, which fcrew on the legs, and
from which they may be unicrewed at pleafure ;
fo that either the balls or the points may be ufed
as occafion requires.

Fig. 3, plate II. reprefents the univerfal dif-
charger ; an inftrument which is of very exten-
five ufe in forming communications to diret or
convey the electric fhock through any part ofa
given fubftance. Many examples of the utility

of this inftrument will occur in the courle of this
effay.
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effay. When the univerfal difcharger is made on
a large fcale, it is a convenient apparatus to enable
a perfon to electrify himfelf; fee fig. 87.

A B. fig. 3, is the bafe of the univerfal dif-
charger ; on this are fixed two perpendicular glafs
pillars C, D; on the top of each of thefe is
cemented a brafs cap, to which is fixed a double
joint, or one which has both a vertical and hori-
zontal motion ; on the top of each joint is a fpring
tube which receives the wires E T, EF; thefe
wires may be fet at various diftances from each
other, and turned in any direCtion; the extre-
mities of the wires are pointed, the points are
covered occafionally by the brafs balls, which are
made to fit on the wires by {pring fockets: G H
is a fmall wooden table, on the furface of which
a flip of ivory is inlaid ; this table is furnifhed
with a cylindrical ftem, which fits intoa cavity
of the pillar I; it may be raifed occafionally to

various heights, and fixed at any one of them by

the fcrew K.
Fig. 4, plateIL. 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 each other by means of the
fcrews a a,

Fig.
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Fig. 5, plate IL. is Mr. Kinnerfley’s ¢lec-
trical air thermometer; a b isa glafs tube, on
each end of which a brals cap is cemented; ¢ d
is a {fmall glafs tube, open at both ends, which
pafles 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 ofthis tube; g is a brafs wire with a
ball on it, which is fcrewed to the under plate,
a fimilar wire f h is made to pafs through a collar
of leathers on the upper plate, and may be placed
atany convenient diftance from the lower wire.

Electricians have long wifhed for an inftru-
ment which would afcertain, in an exaét and
invariable manner, the degree of electricity
excited when any experiment is made. For this
purpofe a great many contrivances have been
propofed and executed, which, upon trial, are
all found to be very defective.

An eletrometer ought ta have the following
properties,

1. It fhould be fimple in it’s conftrutlion, and
not compofed of many parts.

2. It fhould not be effefied by the variations
of the atmofphere,

g. It fhould indicate fmall as well as large
degrees of eletricity.

i -INot
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4. Not to be adjufted to any fixed mea-
{ure.

5. The electric power fhould be exprefled
by a fixed and invariable force, as that of
gravity.

6. That the obferver be enabled to read off
the divifions at a diftance, which will prevent
his weakening the influence of the electric
powers.

Plate 11. fig. 6, reprefents the quadrant
cleCtrometer, the moft ufeful inftrument of the
kind yet difcovered, as well for meafuring
the degree of eleltricity of any body, as to
alcertain the quantity of a charge before an ex-
plofion; and to difcover the exa&® time the
electricity of a jar changes, when without making
an explofion, it is difcharged by giving it a
quantity of the contrary electricity. The pillar
L M is generally made of wood, the graduated
arch N O P of ivory, the rod R S is made of very
light wood, with a pith ball at the extremity ;
it turns upon the center of the femicircle, fo as
always to keep near it’s furface ; the extremity
of the flem L M may either be fitted to the
conductor or the knob of a jar. When the ap-
paratus is electrified, the rod is repelled by the
ftem, and moves along the graduated arch of the

{femicircle, {o as to mark the degree to which
& the
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the conductor is eleétrified, or the height to
which the charge of the jar is advanced.

Beccaria recommends fixing the index between
two femicircles, becaufe when it is placed over
one only, the electricity of this repels and coun-
teracts the motion of the index. Other improve-
ments and variations have been made in this
inftrument, which will be defcribed hereafter.

Plate I1. fig. 9, is an eleftrometer which
was contrived many years fince by Mr. Townfend,
to alcertain the real force of the electric explofion.
a b is a fmall ivory plate, c a loofe cone of ivory
to be placed on the platea b, e f g, a circle which
turns freely on two centres, an arm, d, of wood
proceeds from this circle and lies on the cone of
ivory. The difcharge is made to pafs under the
cone which throws up the armd, the elcvation
of which is marked by the index h ; a piece of
filk firing is fixed at one end to the bottom board
at 1, and paffes over the wheel ; a weight k is tied
to the other end to regulate the friction of the
circlee fg.

Fig. 8 is an infulating flool ; the feet are of
glafs. When it 1s ufed, the infulation will be
rendered more perfect by placing a fheet of pa-
per well dried under the feet of the ftoal.

CHAP
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THe ProperTIES OF ELECTRIC ATTRACTION AND
REPULSION, ILLUSTRATED BY EXPERIMENTS ON

LIGHT Bobpiks.

NATURAL philofophers were originally

incited to confider the nature of eletricity
from it’s ftrong attractive and repulfive powers.
The phanomena exhibited by thofe myfterious
properties are fo various and fo pleafing, that
they were led, as by enchantment, to purfue the
fubject; and have been richly rewarded by the
difcoveries, which are both interefting and
important.

The powers of genius have been exerted .with
induftrious ardour to inveftigate the caufes of
thofe properties ; but they are ftill involved in
deep obfcurity, and we are ftill totally ignorant
of that mechanifm by which light bodies, when
clectrified, approach to ot recede from each other,

To enter into a difcuffion of the difficulties *
which perplex this fubjeét, would lead me to

G2 far

* % Qui pourroit concevoir qu'un corps agit ou il n'eft

“ pas ; fans aucun intermede ? Deux particules de matiere
“ font



52 AN Essay oON

far from the defign of this effay ; 1 fhall, there-
fore, proceed to ftate thole general properties,
or modes of action, which are obferved in eleCtric
attraction and repulfion, and then defcribe the
experiments from which thofe properties have
been deduced, or by which they are illuftrated.

Grenerar PrRoPERTIES oF ELECTRICAL ATTRAC-
TION AND REPULSION,

t. The cledric fluid, when in action, difpofes
or places light bodies in fuch manner as will beft
facilitate it’s tranfimiffion 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
cach other.

3. Bodies ele@rified negatively repel each
other.

4. Bodies ele@rified by contrary powers
attract each other ftrongly.

5. Bodies that are ele€trified, attraét thofe
fubftances which are not electrified.

6. Thole

¢ font i cent milles lieues, ou & cent milliemes parties d’'un
« ligne de diltance l'un de 1’ autre, fans aucune communi-
¢ cation materielle entrelles, et a l'ocafion de l'unc 'autre
« fe mouvroit ! 1 De Luc, Lettres Phyfiques, &e.
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6. Thofe fubftances that are brought within the
influence of electrified bodies, become poflefled of
a contrary eleCtricity ; or eleltrified fubftances,
without parting with their own eleétricity, act
upon other bodies in their neighbourhood, pro-
ducing in them an eletricity which is contrary
to their own ; or bodies which are immerged in
an electric atmofphere always become pofiefled
of an eletricity contrary to that of the body in
whofe atmofphere they are immerged.

The experiments defcribed in this chapter are
fimple, eafily performed, and certain in their
refults; and, though they may at firft fight
appear to be trifling, yet, on an attentive exami-
nation, they will be found of confiderable import-
ance, as they afford a clue to inveftigate and
explain a variety of eleCtric phznomena, and
exhibit, in a ftrong point of view, fome of the
contrary effets of negative and pofitive elec-
tricity.

Thefe experiments may all be made with a
{fmall and portable apparatus ; confifting generally
of two brafs tubes, as A and B, fig. 22; each of
thefe is fupported on a glafs pillar G, which
fcrews into a wooden foot H ; a pair of fmall pith
balls fufpended on linen threads, as I, K, fit
upon each tube by means of a {mall brafs ring;

thefe tubes, with a piece of fealing-wax or a glafs
tube,
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tube, are fufficient to illuftrate the greater part
of the experiments in this chapter, as well as
fome of the principal phanomena in eleltricity.

The apparatus will be rendered more complete,
when it confifts of four brafs tubes with their
ftands.

Mr. Wilfon, in a mafterly tract on this fub-
je&t, entitled, “ A fhort View of Electricity,”
has, with a fimilar apparatus, explained and

illuftrated all it’s general principles.

ExperiMeENT X11r.—Toucha pair of infulated
pith balls with an excited glafs tube, they will
become electrified, and will feparate from each
other; the balls are eleétrified pofitively, and are
thercfore attracted by excited wax, and repelled
by excited glafs.

As thofe light fubftances, which poflefs the
fame eleétric power, repel each other; we can
eafily difcover whether they are electrified pofi-
tively or negatively, by prefenting an excited ftick
of fealing-wax or glafs to them. If they are at-
tracted by the glafs they are nf:cratweiy, if repelled
by it they are pofitively electrified ; on the con-
trary, if repelled by the excited wax, they are
negative, if attracted, pofitive.

In afcertaining the nature of the eleltric

5 powers,
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powers, we muft avoid bringing the bodies to
be tried near each other fuddenly; or one with
a {trong eleCtricity near another which is weakly
fo; as it may render the experiment doubtful by
attracting and not repelling the light body.

ExperiMENT x1v.—Hold an excited glafs tube
over one of the brafs tubes, but at fome diftance
from it, part of the natural quantity of eletricity
contained in the brafs tube will be driven into the
pith balls that are annexed to it, by the excited
glafs, the balls will diverge with pofitive elec-
tricity ; remove the excited glafs, the balls will
then return to their natural flate, and clofe.

If the excited glafs continues in it’s place, the
balls will continue to be repelled ; for the excited
electric will always continue to feparate the
powers of electricity, or in other words to force
a quantity from the furface of the tube ; and will
alfo prevent it’s return, fo long as it continues of
the fame force, and acts at the fame diftance.

The nearer the excited electric is brought, the
greater is the effect.
~ The fphere of ation of an excited eleCric has
been diftinguifhed into two parts, one termed the
SPHERE OF INFLUENCE, In which the balls will
{eparate, but clofe when the elefiric is removed;
the other is called the sPrEr: or coMMUNICA~

TION,
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110N, in this the force acquired by the balls
remains after the excited electric is removed.

ExperiMent xv.—EleGrify 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-electrified ; the ftock of eletricity 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.

ExperiMeNT xvi.—Ele@rify the tubes A and
B, fig. 27, equally and with the fame power, put
the ends of the tubes together, and the diver-
gence of the balls will not be altered.

ExpsriMENT xvirn—Electrify the tubes
equally, but with the different 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 experiments, that the
pofitive and negative powers counteract each
other; whence, if both are applied at the {ame
time to any body, the ele€lricity it acquires will
be only the difference of the two, and confe-
quently that of the ftrongeft.

EXPERIMENT
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ExperiMeENT xviIT.—Hold an excited glafs
tube to one of the brafs tubes, touching this
tube at the fame time with your finger, part of
_ thenatural quantity of the cle€trical fluid refident
in it will be forced by the excited glafs tube into
the finger ; remove at the {fame inftant the finger
and glafs, and the balls will remain negatively
electrified.

ExperIMENT x1x.—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€tric 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 {tate;; bring them together again,
and the balls will clofe.

The tube A was in the foregoing experiment
eleCtrified with the negative power, B with the
pofitive ; but when they were brought together
the equilibrium was reftored; evincing that no
addition of eleflric matter was communicated
to them ; but that the natural powers of elec-
tricity refident in the tubes were feparated by
the atmofphere of the excited electric; and
proving the co-ex1sTeNcE of the two powers in
every fubftance. For the elcétric fluid, accord-
ing to Mr. Ecles, confifts of two elaftic me-

H diums,
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diums, which equally and ftrongly attract each
other, and are attratted by all other matter.
'Therefore when any body is immerged in an elec-
tric atmofphere, this atmofphere repels the power
which is of the fame kind in the body, and
equally attraéts 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 end. But when the elettric is
removed, the two powers inftantly join, and be-
coming equal do not exert any fenfible action.

Exprriment xx.—Infulate a long metallic
rod, fufpend a pair of pith balls from cach end
of it, place onc of the ends at about two inches
from the prime conduélor, the other end as far
from it as poffible, electrify the conductor, and
the electric fluid in the rod will be driven to that
end which is furtheft from the conductor ; fo that
one end will be electrified negatively, the other
end pofitively, as will be feen by the balls.

ExperiMenT xx1.—Apply a flick of excired
wax to the tube D, fig. 23, as at A, while it
remains there the balls 1 open with negative
electricity ; raife the wax, as at B, and the balls

will
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will clofe ; raife it ftill higher to C, and they
will open with pofitive electricity.

Experiment xxir.—Excited glafs held over
the middle of the tube A, fig. 24, forces fome
part of the’ natural quantity of eleétricity of A
into the balls, and fome part out at the two ends
into the air.  During this experiment, the balls
of A are repelled by glafs, and are therefore in
a pofitive ftate ; but, after the excited glafs is
removed, they in a very little time change to
a negative ftate, becaufe part of the natural
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 courfe return, and diffufe itfelf
equally in the tube, but as this is not fufficient
to ballance the lofs {uftained, the tube, thread,
and balls muft be in a negative ftate.*

EXPERIMENT xx111.—Place three tubes, A,
B, C; fig: 25, 1n a line near to, or in contaét
with, each other; excited glafs held over A
forces out part of the natusal quantity of fluid
contained in A into B and C; feparate A from
Band C, A will be electrified negatively, B and’
Cwillbe ina pofitive ftate.  Put the three tubes

5 ) Into

* Willon’s Short View of Eleétricity, p. 7.
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into their former fituation, the equilibrium will
be refiored, and the balls will collapfe.*

 Exprriment xxiv.—Place four tubes, as A,
B, C, D, fiz. 26, in contact with each other;
excited glafs held over A forces part of the fluid
contained in itinto B, the quantity received in
B will force outa certain portion from C into D ;
the moment before the excited glafs is removed
from A, feparate Band D from A and C, afier
which it will be found, that A and Care 1n a
negative, and Band Din a pofiuve ftate.*

ExprriMment xxv.—Excited glafs held at
about one inch diftance from the end B, of a
folid cylinder of glafs B, D, fig. 28, Plate III.
which is fix feet long, and about half an inch
diameter, will force part of the fluid at the end
B towards the remote end D; but, in doing this,
the natural quantity belonging to the glafs will
undergo feveral alterations, which are difcovered
by the effect an excited glafs tube has on a num-
ber of pith balls, which are fulpended at equal
diftances from each other between Band D; in
a little fpace of time the electricity of thefe is
changed, thofe that were pofitive will become

negative,
* Ibid, p. 8.
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negative, and thofe that were negative will be-
come pofitive.

If the excited glafs is held in contaét 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 former, and afier a
little time will alfo be reverfed.

It may be inferred from thefe experiments,
that whenever the 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
elaftic fluid, continue to ofcillate many times
backwards and forwards before the fluid can be
at reft ; though, when thefe motions are weaken-
ed to a certain degree, they are imperceptible to
the obferver.*

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

It is not improbable that the attractive and
repulfive motions of ele@rified bodies are ow-
ing to the alternate condenfation and dilatation of
the electric fluid on the furface of thefe bodies,

a3
* Ibid, p. 18,
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as they are naturally carried where they meet
with the leaft refiftance.

That there is a vibratory motion, or ftruggle,
between the ele@ric fluid, when in action, and
the air, is evident from that fenfation which i1s
felc when a ftrongly excited electric is brougnt
near any part of the human bedy ; and is fuch
as would be occafioned by a {pider’s web drawn
lightly along the fkin. This circumftance is
rendered more clear by an experiment made by
Dr. Prieftley, inorder to difcover whether elec-
tricity was concerned in the freezing of water.

ExperiMenT xxvi.—He placed two difhes
with water in the open air in the time of a
fevere froft, one of them he kept ftrongly elec-
trificd, and 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 cbferved, on each fide of the eletrified
wire, the fame dancing vapour which is feen
near the f{urface of the earth in a hot day, or at
any time near a body ftrongly heated.

EXPERIMENTS
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EXPERIMENTS ON THE ATTRACTION AND REi-
PULSION OF EXCITED Sirk Risgpox.

ExperiMENT xxviL.—Put a black and white
ribbon together, and draw them through the
fingers; by this operation the white ribbon will
be electrified pofitively, the black negatively,
and will confequently attract each other.

ExperIMENT xxviir.—Lay either of the
ribbons upona quire of paper, and draw over it
amber, fealing-wax, or any other negative elec-
tric, the ribbons will be excited pofitively.

If pofitive electrics are drawn over the rib-
bons, they will be excited negatively,

Exper1MENT xx1X.—A piece of flannel and
a black ribbon will excite as well together as a
black and white ribbon.

ExPERIMENT xxx.—Dry two white filk rib-
bons at the fire, extend them on any fmooth
plane, draw the edge of a fharp ivory rule over
them ; while they continue on the plane they do
not feem to have acquired any electricity, yet
when taken up feparately, they are obferved to
be negatively electrified, and repel each other.

When
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When they are feparated from each other,
electric {parks are perceived between them, but
when they are again put on the plane, no light
is perceived without a fecond friction.

ExperiMeNT xxx1.—Place the ribbons on a
rough conducting fubftance, rub them as before,
and they will, on their feparation, {hew contrary
elericities, which will alfo difappear when they
are joined together,

1If the ribbons are made to repel each other
and then joined together, and placed on the
fore-mentioned rough {ubftance, they will in a
few minutes be mutually attracted ; the upper-
moft being pofitively, the undermoft negatively,
electrified.

When two white ribbons receive their fric-
tion on a rough furface, they always acquire
contrary electricities ; the upper one is ne-
gatively, the lower one pofitively, electrified.

ExperiMENT xxx1i.— When two ribbons are
made to repel each other, draw the point of a
needle lengthways down one of them, and they
will ruth together.

EXPERIMENT XXx1i1.—Bring an clectrified
ribbon near a fmall infulated metallic plate, it
2 will
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will be attracted but feebly ; bring a finger near
the plate, afpark will be obferved between them,
though both together fhew no figns of cleétricity;
on the feparation of the ribbon they again appear
to be electrified, and a fpark is perceived between
the plate and the finger.

ExperIMENT XXX1V.—Lay a number of sib-
bons of the fame colour upon a fimooth conducting
fubftance, 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 fanie with the conductor ; they
are all negatively electrified. Take them from
the plate together, they will all cohere in one

mafs, which is negatively eletrificd on both
fides.

ExPERIMENT XxXXV.~—Let them be placed on
a rough conducting fubftance, and then be
feparated fingly, beginning with the lowermoft,
fparks appear as before, but all the ribbons will
be eleirified pofitively except the uppermoft.
If they receive the fri¢tion upon the rough con-
ductor, and are a!l taken up at once, all the
intermediate ribbons acquire the eleGricity of the
higheft or lowetft, according as the feparation is
begun with the higheft or the loweft.
I The
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The following very curious obfervations and
experiments were made by Mr. Symmer. He
had been accuftomed to wear two pair of filk
ftockings, a black and a white, when thele were
pulled off both together no figns of electricity
appeared ; but, on pulling off the black ones
from the white, he heard a fnapping or cracking
noife, and in the dark perceived fparks between
them. To produce this and the following ap-
~ pearances in great perfection, 1t was only necef-
fary to draw his hand feveral times backward
and forward over his leg with the ftockings upon
it.

When the ftockings were feparated and held
at a diftance from each other, both of them
appeared to be highly excited ; the white ftock-
ing pofitively, the black negatively. While they
were kept at a diftance from each other, both of
them appeared inflated to fuch a degree that they
exhibited the intire fhape of the leg.  When two
black or two white ftockings are held in one
hand, they repel onc another with confiderable
force. When a white and a black ftocking are
prefented to each other, they are mutually attrac-
ted, and rufh together, if permitted, with great
violence. As they approach the inflation gra-
dually fubfides, and their atrraction of foreign
objects diminifhes, but their attration of one

anothes
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another increafes ; when they a€tually meet, they
become flat and joined clofe together, like fo
many folds of filk ; when feparated again, their
electric virtue does not feem to be in the leaft
impaired for having once met. The fame ap-
pearances will be exhibited by them for a con-
fiderable time.

When the ftockings were fuffered to mect,
they ftuck together with confiderable force; at
firt 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 wafhed,
and whitened in the fumes of new fulphur, and
then putting them one within the other, with
the rough fides together, they required three
pounds three ocunces to feparate them. *When
the white ftocking was put within the black one,
{o that the outfide of the white was contiguous to
the infide of the black, they raifed nine pounds,
wanting a few ounces ; when the two rough
furfaces were together, they raifed fifteen pcunds,
one penny weight and a half,*

* The Rev. Mr. Lyons hae made many curious expe-
riments on the attrattion of ribbons ; their cohefion, &c.
Sce Lyon’s Experiments and Obfervations on Eleftricity.

g CHAP
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G 5 G e

ExterTaInING EXPERIMENTS BY THE ATTRAC=
TION AND REPuLsioN oF LIGHT Bopigs, wiTH
SOME REMARKS ON ELECTRICAL ATTRACTION.

i W philofophical fciences afford fo much

entertainment as ele€tricity : in it the ufeful
and agreeable are intimately blended; and the
philofopher, while he is inveftigating the abitrufe
parts, 1s entertained by the variety and beauty
of the experiments, which confirm or ‘diiprovg
the hypothefis he wifhes to eftablifh.

ExPiRIMENT XXXVI.—Fix the end A of the
wire A B, fig. 10, in the finall hole which is
at the end of the prime conductor; turn the
cylinder, and the feathers, which are conneéted
with the wire by linen threads, will feparate
from each other; the fibrous and downy parts
will become turgid, and cxpand in a pleafing
manner, in a varicty of directions,

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

they



REECTRICITY, 69

they will approach each other, and cling round
the non-electric body.

I'he feathers feparate from each other, and
tend towards unclectrified bodies, from the
effort made by the electricity which is commu-
nicated w them to diffufe itfelf, and the refift«
ance 1t meets with from the air.

ExpertmenT xxxvir.—Fix the end C of the
wire C D, fig. 11, into the hole at the end of
the conductor, put the machine in action, and
the two fmall balls, ¢ d, will recede from each
other. Bring a conduéting fubftance within
the fphere of their action, and they will fly
towards it; touch the conductor with a non-
electric, and they will immediately come toge-
ther.

The balls do not always diverge fo much as
might be expected from the action of their at-

mofpheres, becaufe they are influenced by that
of the conductor.

The balls, or feathers, will feparate, &c. in
the fame manner, if they are annexed to a ne-
gative conductor.

ExpER1MENT XXXVITT.—Prefent afine thread
towards an ele@rified conductor ; when it isat a

proper diftance, it will fly towards, and ftick to
the
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the conductor, and convey the electric fluid from
it to the hand ; remove the thread to a finall
diftance from the conductor, and it will fly
backwards and forwards with great velocity, and
in a very pleafing manner: prefent the fame
thread towards one that hangs from the conduc-
tor, they will attract and join each other. Bring
a non-eleétric body, as a brafs ball, near thele
threads, the ball will repel that held by the hand,
and attract that which is affixed to the conductor :
the upper thread renders the brafs ball negative,
and therefore goes towards it; while the under
thread, which is alfo negative, is repelled.  Let
the ball be brought near to the lower part of the
under one, and it will be attracted by it. The
junction of the threads arifes from the effort the
electric fluid makes to diffufe itfclf through

them,

ExperIMENT xxx1x.— To the edge of the brafs
hoop b ¢ d, fig. 12, are faftened, at equal
diftances from cach other, fix or feven pieces
of thread, about four inches long; a wire pro-
ceeds from the hoop, which fits into a cavity in
the pillar D; z e is a brafs wire, to onc end of
which are faftened feveral fmall pieces of thread ;
fit the plain end of the wire into the hole at the

end of the conductor, place the hoop b cd at
right
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right angles to the wire z e, and directly over the
threads at the end z; turn the cylinder, and the
threads tied to the hoop will be attracted by
thofe which are fatened to the wire z e, and will
point towards each other as {fo many radiiof a
circle. The electric fluid pafles from the threads
of the wire into thofe of the hoop, and thus
occafions the {eeming attraction between them.

Place the hoop b ¢ d on an infulating ftand,
and when it 1s {faturated with the eleétric matter,
the threads which are tied to it will be repelled
by thofe of the wire ; touch the hoop, and they
will be again attracted. If the hand is brought
near the threads, they will quit their central
direction, and move towards it. The ends of
the threads appear luminous in the dark.

ExperiMenT xr.—Sufpend the {mall metal
plate F, fig. 13, to the conductor by the hook
H ; place the ftand I diretly under it, and the
large plate G on the top of the ftand ; the upper
part of the ftand 1 is moveable, lo that the diftance
of the two plates from each other may be oc-
cafionally varied. Lay {mall paper images, or
any other light fubftances, on the under plate,
then put the machine in action, and the light
badies will be attracted and repelled by each

plate,
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plate, and move from one plate to the othes
with confiderable velocity.

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 attradled by it, and acquire the fame eclec-
tricity with it ; they are then repelled, and part
with this ele@ricity to the ftand, and are again
in a proper ftate to be attracted by the upper
plate. That thefe bodies cannot be attrated by
the upper plate, till they have acquired a power
contrary to it, or till the equilibrium of the fluid
in them is difturbed, will be evident from the
following experiment.

ExperIMENT XLI.—Remove the under plate
and ftand, hold in it’s flead, by one corner, a
pane of glafs, which bas previoufly been made
very clean and dry ; now, as glafs does not tranf-
mit eletricity, no contrariety in the electric
ftates of the conductor and the light {ubftances
can be occafioned, and therefore no attraction or
repulfion is oblerved.

If a finger is prefented to the under fide of
the glafs plate, the light bodies will be attracted
and repelled : the caufe of this will be feen
" ‘when the nature of the Leyden phial is ex-

plained.
6 Mr.
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Mr. Ecles,* fpeaking of this alternate attrac
tion and repulfion, fays, they may be agreeably
varied, by wetting firft the head of the paper
nnages, 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
“dry; this will therefore afcend 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 attracted power as will ballance againft
“it’s weight, than there is of the contrary power
* which proceeds from the condu&or, the image
“ will be fufpended between the two plates.

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

K ExpErIMENT

* Philofophical Effays, Preface, page 25.
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ExperIMENT xL1n.—Place a {quare 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 touching
either of them. Prefent a metal point towards
the leaf, and it will immediately fall down.

 Experiment xLirl.—Place a brafs ball at K,
fig. 14, at the end of the conduétor, and when
the leaf of brafs is fulpended 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 between.
the two metal plates F G, fig. 13, to prevent
bran, fand, or other light fubftances, being
thrown off.

FxperiMENT xLTv.—Place two wires directly.
- under, and parallel to, each other, fufpend one
from the conduétor, let the other communicate
with the table; a light image placed between
thefe, will, when the conductor 1s electrified,
appear like a kind of cleftrical rope dancer.—3ce

fig. 15.

EXPERIMENT
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ExperimenT xLv.—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 eleétrified conductor, and when the
Ieaf brafs 1s within it’s atmofphere, let it go; it
will then fix itfelf to the conductor by the apex
of it’s obtufe angle, and, from ir’s continual
wavering motion, will appear to be animated.

The next experiment requires confiderable
attention to make it fucceed ; as a fmall differ-
ence in the apparatus, or in the force of the
machine, &c. will make it fail : when it an{wers,
it generally affords pleafure to, and excites admi-
ration in, the [pectators.

ExperiMenT xLVI.—Fix the ring N O P, fig.
16, to the end of the conductor ; place the plate
G, fig. 13, on it’s ftand I under it, and at a
little diftance from /it, puta very light hollow
glafs ball upon the plate, but within the ring ;
turn the cylinder, 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 rotation
are nearly at right angles to the plane of it’s
orbit.

ExperimeNT XLviL—Fig. 17 reprefents a
fmall fet of bells, the two exterior ones are con-

K2 netted
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nected to the wire VY, by a brafs chain, the
middle bell and the clappers are fufpended
on filk.

Hang the bells on the condutor 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 electricity continues.

The brals chain, which connefls the two
exterior bells to the condullor, conveys the
electric fluid ro them, which attracts the clap-
pers; thefe, when they have received the elettric
fluid, are repelled by the exterior bell, and at-
tratted by the middle one, on which they depofit
their eleétricity; they are then again attrafted
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 eleétric fluid com-
municated by the clappers to the ground.

Fig. 18 reprefents a more elegant form of
mounting the bells. When this is ufed, the
knob a fhould communicate with the con-
duélor.

Fig. 19 reprefents another kind. In this the
clapper is fufpended from the fly b ¢ d, 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
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frecely in, and is fupported by, a hole in the brafe
piece g. Bells of different tones are placed round
the board h I K. Remove the prime conductor,
and place this apparatus in it’s ftead near the
cylinder ; when this is in action, it will caufe
the fly to turn round, the clapper will ftrike cach
bell in rotation, and thus produce a pleafing and
harmonious {ound.

ExperiMeNT xLvirr.—Take ten of 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 threads, when electrified, endeavour to
recede from each other, and the knot at the bot-
tom rifing upwards as the repulfion of the thread
increafes, will form them into a {pheroidal
figure.

ExperiMeNnT XL1x.—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 firlk fly towards the tube, but
when it is faturated with the ele@ric matter, it
will recede from it, and may be driven about
the room by the excited tube, till it touches fome
non-conductor, to which it can Impart it’s
electricity. The fame fide of the feather is always

turned
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turned towards the tube ; becaufe the eleltricity
acquired by the feather is forced, by the action
of the tube, to that fide which is fartheft from
it, which is therefore repelled. -

It is cafy to perceive, fiom this and the
foregoing experiments, that it is not the mere
matter which is attracted, but that the different
phﬁ-ﬁomena are occafioned by the ftate of the
electric fluid, in thofe fubftances which are
influenced by the machine.

FxpeRIMENT L.—Put a pointed wire into one
of the holes which are at the end of the conduc-
tor, hold a glafs tumbler over the point, then
eleétrify the conductor, and turn the tumbler
round, that the whole interior {furface. may re-
ceive the fluid from the point ; place a few pith
balls on the table, and cover them with this glafs
tumbler, the balls will immediately begin to
leap up and down as if they werc animated, and
will continue to move for a long time. See
fig. 21.

" This experiment may be agreeably varied with
two tumblers. Ele@rify the infide of one pofi-
tively, of the other negatively ; put the balls in
one tumbler, and then bring the mouths of both

in contact, the balls will pals from on¢ to the
other,
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other, till the contraricty between them is
deftroyed.

An electric fubftance contained between pa-
rallel furfaces, however difpofed, is called an
electric plate.

Experiment p1.—Eleétrified fubftances will
attract thofe which are not electrified, although
a thin electric plate be interpofed between them.

Experiment Lir.—Bodies ele@rified with
contrary powers, attratt each other ftrongly, al-
though an eleclric plate is interpofed between
them: and indeed all thofe phanomena, which
depend on the influence of the elediric atmo-
{pheres, may be produced, although an electric is
interpofed between the body and excited elec-
tric.

To account for any of the phenomena of
eleltric attraction and repulfion, is very difficult,
but more {o to thew why bodies, which are elec-
trified with the fame power, repel each other,
particularly thofe which are negatively electrified.
Philofophers have invented various folutions of
this difficulty ; the following is efteemed the
beft. -

* * To underftand why bodies, poffeffed of the

fame

* Cavallo’s complete Treatilc of Eletricity, p. 110,
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fame eleCricity, repel each other, the reader
muft be reminded of the following principle, viz.
that the eleétric fluid, proper toabody, can be
neither augmented or diminifhed on the furface
of that body, except the faid furface is contiguous
to an electric, which can acquire a contrary
clectricity at a little diftance; from whence it
follows, that no ele@ricity can be difplayed on
the facing furfaces of two bodies, which are
fufficiently near each other, and both poffefled of
the fame electricity, becaufe the air that lies
between them has no liberty of acquiring a con-
trary eleGtricity. This being premifed, the
explanation of electric repulfion becomes eafy.
Suppofe, for inftance, that two {mall bodies are
frecly fufpended by infulated threads, fo that,
when they are not clectrified, they hang con-
tiguous to each other : now fuppofe thefe bodies
to be eleftrified pofitively or negatively, and they
muft repel each other; for either the increafed
or diminifhed quantity of the electric fluid in
thefe bodies, will endeavour to diffufe itlelf
equally over every part of the furfaces of thefe
bodies, and this endeavour will caufe the bodies
to recede from each other, fo that a quantity of
air may be interpofed between their furfaces
fufficient to acquire a contrary eleflricity, at a

little diftance from the faid furfaces : otherwile,
if
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if the bodies poflefled of the fame eletricity do
not repel each other, fo that a fufficient quantity
of air may be interpofed between their furfaces,
the increafed quantity of electric fluid, when the
bodies are electrified pofitively, or the remnant of
it, when they are electrified negatively, cannot
be diffufed equally over the furfaces of thefe
bodies ; for no elericity can appear upon the
furfaces of bodies in contact, or that are very
near cach other: but the electric fluid, by at-
tracting the particles of matter, endeavours to
diffufe itfelf cqually over the furfaces of thefe
bodies, and the bodies are by this endeavour
forced to repel each other,”

“* The difficulty is not, however, folved
by this theory, which only explains one fat by
another, which requires as much explanation
as the firlt : but overlooking this, it is ftill infuf.
ficient ; for granting that bodies negatively
cle@rified, ought to repel each other, till the
electricity is equally diffufed over their furfaces,
yet when this is accomplifhed, the repulfion
ought to ceale. Further, there is no reafon for
fuppofing the electrification to rake place while
the bodies are in contact, or nearly fo. One
may be eleétrified negatively in one corner of a
room, and another in the other. The elecrifi

L cation
* Encyclopxdia Britannica, p, 2683,
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cation may alfo be continued for any length of
time we pleafe. So that the eleéiric matter muft
have diffufed itfelf equally over the furfaces of
both. Yet, if we attempt to bring thefe bodies
together, they will repel each other, which
ought not to be the cafe on the preceding fup-
pefition.”

«# Pofitive electricity bas been fuppofed by
another to confift of a vibratory motion in the
air and ele&ric fluid, in which the force of the
vibration is directed outwards from the ele€tric
body : that in negative electricity there is alfo
a vibratory motion, but the force is directed
inwards. Now let us fuppofe a body pofitively
clectrified, fufpended by a fmall thread, at a
diftance from any other, the vibratory metion
being kept up by an equal preflure on all fides,
the body is neither moved to one fide nor ano-
ther; but when a negatively electrified body 1s
brought near, the force of the vibration being
directed outwards in the one, and inwards in
the other, the preffure of the fluid in the inter-
mediate {pace between them 1s greatly leflencd,
and confequently the preflure on the other fide
drives them both together, and they are faid to
attract each other. If a body electrified pofitively
is brought near the firft, the force of the vibra-

tions
* Ibid. p. 2699.
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tions are direCtly oppofed to each other, and
therefore the bodies recede from each other.
The cafe is the fame with two bodies regatively
electrified ; for here the vibration being directed
towards both bodies, as towards two centers,
muft caufe them to recede from each other, be-
caufe if they remained in contad, the vibratory

motions would interfere with each other.
“When a {mall body is brought within the
{phere of another’s electricity, the equable pref-
fure of that vibratory or electrical fphere is
{fomewhat leflfened upon the fide near which the
body is brought, and it is therefore impelled
towards the firft by the action of the furrounding
fluid, inorderto keep up the equilibrium. As
foon asitarrives there, the vibrations of the fluid
around the firft body being communicated to
that within the poresof the fecond, it acquires a
{phere of cleCtricity as well as the firft, and is
confequently repelled : the repulfion continues
till the vibration ceafes, either by the action of
the air, or by the body coming in contact with
another larger than itfelf, in which cafe it’s
electricity is faid to be difcharged. If, after this
difcharge, the fecond body is ftill within the
fphere of the firft, it will be immediately at-
tracted, and very foon afier repelled, and fo on
L2 alternately,
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alternately, till the eletricity of the former
totally ceafes.”

From {everal experiments of Beccaria’s, it
appears, that, if the air is thoroughly exhaufted
froma glafs receiver, the attraction and repulfion
of electrified light bodies within the receiver
grows languid, and foon ceafes altogether. This
is confirmed by an experiment of Mr. Caval-
lo’s. A pith ball electrometer was fufpended
within a receiver of an air pump, by it’s brafs
cap; this was then electrified ; the balls diverged
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 atall; and that,
whether a fmall or large quantity of electricity
was communicated to the cap.*

* Phil. Tranf, vol. 73, p» 452-

CHAF.
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Or THE ELECTRIC SPARK.

ExXPERIMENT LIII

I X the wire and ball B to the end of the

conductor, as at A, fig. 29, turn the cy-
linder, and then bring the knuckle, or another
metal ball, as C, towards B; if the machine is
powerful, a long, crooked, brilliant, eleétric
{park, with the appearance of fire, attended with
a fnapping noife, will pafs between the two balls,
or between the knuckle and ball.

The experiments in the foregoing chapter
{hew, that thofe fubftances, which are brought
within the influence of eleétrified bodies, will
become pofleffed of a contrary eletricity, and
are confequently in a proper ftate to receive a
fpark from any body that is charged with cleftric
matter ; and when brought near enough, they
will receive the fluid in one explofion. If the
conductor is negative, it receives the fluid from
the approaching body. The fpark does not ex-
plode at the greateft diftance on a given body,
until it has firfl been made to firike at fome

\ fmaller
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{fmaller diftance, which, as it were, entices the
difcharge gradually forwards,

The longeft and moft denfe fparks proceed
from tha: end of the condutor which is fartheft
from the cylinder, though long curvilinear
{parks may allo be taken near the infulating pillar
which fupports the conduétor.

The fpark, or quantity of electricity dif-
charged, is nearly in proportion to the fize of
the conductor ; fo that larger and longer fparks
are obtained from a conductor which has a con-
fiderable furface, than from a fmall one. This
has been extended fo far, that the force of the
{park from a condultor, has been equal to a
fhock from a good fized phial.

The found is occafioned by the momentary
agitation into which the air is thrown by the
electric fluid.

If the electric fpark is received on any part of
the body, it occafions a fenfation fomething re-
{fembling a {mart blow, which is more or lefs
painful, in proportion to the tendernefs of the
part, or the ftrength and weaknefs of the {park.

When the quantity of electricity is fmall, and
incapable of ftriking at any confiderable diftance,
the {park appears ftrait; but when it 1s ftrong,
and capable of ftriking at a greater diftance, it

affTumes a crooked or ziz-zag direttion; and
this,
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this, probably, becaufe the more fluid electric
matter has to pafs with great rapidity through
the denfer and lefs fluid atmolphere, which re-
ciprocally act upon each other.

It will be feen, by agreat variety of experi-
ments, that the electric fluid is diffipated, unlefs
it is refifted by the preffure of the atmofphere,
which keeps the fire together in a body, and by
concentrating, it increafes it's {plendor. The
Ipark which explodes in the air is vivid, like
lightning ; but if the fame is tried in an ex-
haufted receiver, inftead of a fpark and explo-
fion, we have only a filent, faint, diluted ftream.

Beccaria fays, that the air refifts the eletric
{park in proportion to it’s denfity, and the thick-
nefs of the ftratum it oppofes to the fpark, or
the length of the paflage they open for them-
felves through it’s fubftance. He alfo fhews,
by a variety of experiments, that the air is driven
in every direction 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 eletric fluid,
are not owing to a repulfive power among it’s
particles, but to the mutual action of theair and
electric fluid upon themfelves and one another;
and that it’s momentum is produced by the in-

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

The eleétric 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, it is clear
and white, like thelight of the fun.

The middle part of an electric {park often ap-
pears diluted, and of a red or violet colour ; the
ends are more vivid and white, probably be-
caufe the fluid meets with the greateft refiftance
at it’s entrance and exit.

The {park is fometimes divided into many
parts, as in fig. 30. The rays of the pencil
concentrate where they ftrike the ball, and form
upon it many denfe and fhining fparks.

Experiment Liv.—Place an ivory ball on the
conductor, take a ftrong fpark, (or pafs the
charge ofa 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,
EXPERIMENT
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ExperIMENT Lv.—Take a fpark through a
ball of box-wood, and it will appear of a beau-
tiful crimfon, or rather a fine fcarlet colour ; or
the fhock may be paffed through picces of wood
of different thicknefles and denfity, which will
afford a very ample field for obfervation and ex-
periment.

The two forgoing experiments are fo anala-
gous to the famous experiment of Mr. Hawk(.
bee, and fome others which have been made
fince his time, that I have fubjoined them, and
hope they will lead to a turther inveftigation of
this curious {ubject.

ExPERIMENT LvI.—Mr. Hawk{bee lined more
than half the infide of a glafs globe with {ealing-
wax, heexhaufted the globe, and put it in mo-
tion, when, on applying his hand to excite it,
be faw the fhape and figure of it as diftinélly on
the concave fuperficies of the wax within, as if
only pure glafs had intervened between his eye
and hishand. The lining of wax, where it was
thinneft, would but juft allow the light of a can-
dle to be feen through it in the dark. In fome
parts the wax was at leaft an cighth part of an
inch thick ; yet, even in thofe places, the fhape
and figure of his hand were as diftinguithable ag
any where elfe.

M Beccaria
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Beccaria difcharged an elecric fhock  through
fome brafs duft, fprinkled between two plates of
fealing -wax ; the whole was rendered perfectly
luminous and tran{parent.

ExperiMenT Lvir.—This extraordinary cx-
periment was made by Dr. Prieftley, and 13
thus defcribed by him. Ilaid a, chain, which
was in conta& with the outfide of a jar, lightly
on my finger, and fometimes Kept it at a {mall
diftance by means of a thin piece of glafs. 1f 1
made the difcharge at the diftance of about three
inches, the eledtric fire was vifible on the furface
of the finger, giving it a fudden concuilion,
which 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 tranfparent.

ExprrimeENT LviIL.—Conneét one end of a
chain with the outfide of a charged jar, let the
other end lie on the table, place the end of ano-
ther piece of chain at about one quarter of an
inch diffance from the former, then fet a de-
canter of water on thefe feparated ends, and, on
making the difcharge through the chain, the
water will appear perfectly and beautifully lu-
minous. This experiment was communicated

2 to
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to me by Mr. Haas, the inventor of an improved
alr-pump.

Do not thefe experiments indicate, that there
is a {ubtle medium both in eleétric and non-
electric bodies, that renders them tranfparent,
when it is put in motion ?

ExperiMENT L1x.—The fparks taken over a
piece of filver leather, appear of a green colour.

ExperiMENT Lx.—E F, fig. 31, is a glafs
tube, round which, at fmall, but equal diftances
from each other, pieces of tin-foil are pafted in
a {piral form, (hence it is called the {piral tube)
from end to end; this tube is inclofed ina larger
one, fitted with brafs caps at each end, which
are connected with the tin-foil of the inner tube.
Hold one end in the hand, and apply the other
near enough to the prime condutor to take
fparks from it, a beautiful and lucid fpot will
then be feen at each feparation of the tin-foil ;
thefe multiply, as it were, the fpark taken from
the conduétor; for if there was no break in the
tin-foil, the clectric fire would pafs off unper-
ceived.

ExperiMeNT Lx1.—The luminous word. This

experiment is exatly on the fame princi ples as
M 2 the
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the foregoing. The word is formed by the (mall
{eparations made in the tin-foil, which is pafted
on a piece of glals, that is fixed in a frame of
baked wood, as is reprefented in fig. 32. To
make the experiment, hold the frame in the
hand, and prefent the ball G to the conductor,
the {park 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 word in
characters of fire.

Experiment Lx11.— Lotake the electric fpark
with a metal point, {crew a pointed brafs wire
into one end of a fpiral tube, and prefent it to
the condu¢tor while the machine is in action,
when a ftrong fpark will pafs between the con-
ductor and the point.

ExperiMenT LX11L.—Take a clean dry glafs
tube, of about a quarter of an inch bore, infert
a pointed wire in this tube, kecp the pointed
end at fome diftance from the end of the tube,
let the other end be conneéted with the ground,
bring the former towards the prime conductor,
and firong zig-zag {parks, attended with a pe-
culiar noife, will pafs between the conductor
and the point,

The
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The feparation between the pieces of tin-foil,
in experiment 62, forms a refiftance which hin-
ders the immediate reception of the electric fluid,
and thus, in fome meafure, prevents the com-
mon action of the point on the conduétor; or,
the power of a point to prevent an explofion,
depends on it's haviug a perfect uninterrupted
metallic communication with the earth: though
this is not always fufficient, as may be feen by
exper. 63, where the fluidis concentrated and
collected by the non-conducting fubftance which
furrounds the point: a cafe fimilar, in many
refpects, to the condu&tors which are erefted
for the prefervation of buildings.

ExperIMENT LX1V.—Let any perfon ftand on
the infulating ftool, and conne¢t himfelf by wire
or chain with the prime conducor, he will then
exhibit the fame appearances which are obtained
from the conduor, and will attract hight bodies,
give the fpark, &c. and thus afford a pleafing
mode of diverfifying every experiment. It is
abfolutely neceffary, to the complete fuccefs of
this experiment, that no part of the cloaths
touch the floor, table, &c. and that the glafs
feet be carefully dried: a fheet of dry brown
paper placed under the ftool, will be found of

confiderable fervice, by rendering the infulation
more complete,

If
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If the infulated perfon lays his hand on the
cloaths of one that is not fo, cfpecially if they
are woollen, they will both feel as it were many
pins pricking them, as long as the cylinder is
in motion. |

ExperIMENT Lxv.—To fire fpirits of wine
with the electric {park, heat the ladle I, fig.
33, then pour a fmall quantity of {pirits of wine
into it, and fix it by it’s handle to the end of the
prime condu@or; or fire the {pirits, and blow
them out a few minutes before the experiment
is made ; take a fpark through the middle of the
ladle with a brafs ball, and the fpirits will be
fired by it.

Or let a perfon, ftanding on an infulating
ftool, and connected with the prime conductor,
hold the ladle with the fpiritsin his hand, and
let a perfon on the floor take a fpark through
them, and they will be fired. The experiment
anfwers equally well, if the perfon on the floor
holds the ladle, and the infulated perfon takes
the {park.

Experiment Lxvi.—The foregoing experi-
ment may be agrecably diverfified in the fol-
Jowing manner. Let one electrified perfon, ftand-

ing on an infulated ftool, hold the fpirits. Let
another
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another perfon, ftanding alfo on an infulated
ftool, hold in his hand an iron poker, one end
of which is made red hot, he may then apply
the hot end to the fpirits, and even immerge it
in them without firing them. But if he put
onc foot on the floor, he may fet the {pirits on
fire with either end.

ExperimMENT LXVIL—The fpirits cannot be
kindled by the infulated perfon, becaufe, as the
electric cannot cfcape through him to the earth,
he is incapable of drawing a fpark fufficiently
ftrong to inflame them, and hot iron will {eldom
or never {et {pirits on fire.

If oil of turpentine is fet on fire in a vefli]
which is placed on the conducor, and the fimoke
is received on a plate, held by a perfon ftanding
on an infulated ftool, he will be ele@rified there.
Dy, and enabled to fire {pirits of wine, &c. If
the infulated perfon holds a brafs wire at the
top of the flame of burning fpirits of wine, which
1s connected with the conduétor, he will alfo be-
come eleltrified. Hence we find, that either
{fmoke or flame conduéls the electrical fluid,

Mr. Volta has fucceeded in obtaining un-
doubted figns of electricity from the imple eva-
poration of water, and from various chemical
effervefcences,

ExPERIMENT
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ExperiMenT Lxviin.—Infulate a fmall cruci-
ble, containing three or four lighted coals,
throw a fpoonful of water on the coals, and in
a fhort fpace of time, an ele¢trometer, which
communicates with the coals by means of a wire,
will diverge with negative electricity.

From hence it would feem, that the vapour
of water, and, in general, thofe parts of a body
that are feparated by volatilization, carry away
an additional quantity of elettric fluid, as well
as of elementary heat ; and that the body, from
which thofe volatile parts have been feparated,
remains both cooled and electrified negatively ;
and that thofe, which are refolved into a vo-
latile elaftic fluid, have their capacity for hold-
ing common fire, and the eleGtric fluid augmen-

ted.

Or INFLAMMABLE AIR, AND THE PISTOL FOR
INFLAMMABLE AIR.

A fpecies of air, which is inflammable, is fre-
quently generated in coal mines: the air allo
emitted by ftirring the mud of fome ftanding
waters, has been found to be inflammable. Pu-
trefcent animal matter alfo emits this fluid. It
may be obtained by diftillation from wax, pitch,

amber, coals, and other phlogiftic fubftances.
The
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"The following is the molt convenient method of
procuring 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 vitriol,

about one quarter of the quantity there is of
water, put the ground end of the bent tube into
the mouth of the bottle, and pafs the other end

through the water of the bafon T into the neck

of the bottle K, which is filled with water, and

inverted in the bafon; the bottle K muft be {up-

ported during the operation: ina 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.

Fig. 39 reprefents a brafs piftol for inflam-
mable air; a bis the chamber of brafs, to the
mouth a ¢ of which a cork is fitted, a perforated
piece of brafs g fcrews on to the bottom of this
chamber, (this piece is reprefented by itfelf in
fig. 40) a glafs tube fis cemented into the per-
foration of this piece, and a brafs wire 1s allo
cemented into the glafs tube ; one end of this
wire is furnithed with a ball, the other extremity
is bent, {0 as to come within about a tenth of
an inch of the brafs piece. Fig. 41 1s a brafs
cap, which {crews on the piftol, to preferve the

N glafs
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glals tube from any accident. The air with
which the piftol is to be charged fhould be kept
in a corked bottle : take out the cork and apply
inthe 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 being heavier than the latter will naturally
defcend ; keep the piftol in this fituation about
15 feconds, then remove it, and cork both the
bottle and piftol with the utmoft expedition.

If the piftol is held too long over the-bottle,
and is intirely filled with inflammable air, it
will not explode.

IDDESCRIPTION - OF ANOTHER APPARATUS FOR

MAKING INFLAMMABLE AIR, AND FILLING
THE AIR Pistor, &ec.

This apparatus confifts of the following articles.

1. A glafs funnel.

2. A fmall glafs tumbler.

3. A bladder tied to a ftop cock.

4. A brafs 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
a male fcrew, to fit the fcrew on the lower end
pf the ftop cock.

5. An air piftol furnifhed with a valve at

*- the
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the end 4 fig. 39 ; the wire pafling through a
glafs tube, and to which the fpark is to be
given, is fitted into the fide of the piftol. At
the end b of the piftol is a male fcrew which fits
the lower end of the ftop cock.

6. A box with iron filings.

7. A fmall meafure which will hold the pro-
per quantity of iron filings.

8. A brafs tube and hollow flyer ; the lower
end of the brafs tube fits the ftop cock.

Soak the bladder in water which is lukewarm,
in order to foften it; and then render it pliable,
by blowing air into it and fqueczing it out again,
After this {crew the conical pipe with the cork
into the lower end of the ftop cock, and it is
ready for ufe. Then take a common quart
wine bottle, and put into it a little hot water,
to warm it. Pour as much oil of vitriol into
the tumbler, as will about half fill it, and mix
this in another tumbler with about three times
the quantity of cold water. Throw the warm
water out of the bottle, and put a meafure of
iron filings into it, then pour the diluted vitriol
through the glafs funnel upon the iron filings.
As foon as the effervefcence begins, put the
cork with it’s pipe into the neck of the bottle,
and the inflammable air which is generated by
the mixture, will enter into and gradually fwell

N 2 the
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the bladder. When this is full, fhut the ftop
cock, and remove the bladder from the bottle.

The bladder being thus filled, {crew the bot-
tom of the piftol upon the ftop cock ; comprefs
the bladder, and introduce by this means about
as much inflammable air, as you judge will fill
one third of it's capacity, and put the cork im-
mediately into the muzzle of the piftol. To
form a circle of fire with inflammable air, fill
the bladder as before, unfcrew the conical tube
from the ftop cock, and fcrew the brafs fly in
it's place, open the cock, and comprefs the
bladdet; the air will pafs through the fly, and
fet it in motion; light the air at the end of the
pipe, and abeautiful circle of fire will be formed
by the motion of the bent tube, and the fired air
which iffiies from it’s points. The piftol is fired
as in experiment 6g.

If too great a quantity of inflammable air 1s
introduced into the piftol, it will not explode;
to remedy this, blow ftrongly into the muzzle of
the piftol, this will force out a quantity of the
inflammable air, and occafion a quantity of com-
mon air to enter the piftol, which will then
readily explode.

The bottle fhould be taken into the open air
and be well wafhed, as {oon as the bladder is

filled.
5 EXPERIMENT
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ExprriMent Lxix.—Bring the ball of the pif-
tol, whichis charged with inflammable air, near
the prime conductor, or the knob of a charged
bottle, the fpark which paffes between the end of
the wire f and the piece g, fig. 40, will fire the
inflammable air, and drive the cork to a con-
fiderable diftance. 'This air, like all other, re-
‘quires the prefence either of pure air, or the
nitrous acid, to enable it to burn; but, if it is
mixed with a certain quantity of common air,
an explofion will take place in paffing the electric
{park through it.

Mr. Cavallo recommends a piftol made in the
following manner, to thofe who wifh to make
experiments on the explofion of inflammable and
dephlogifticated air, or with known quantities
of common and inflammable air. It confifts of
a brafs tube, about one inch in diameter and {ix
inches long, to one extremity of which a per-
forated piece of wood is fecurely fitted ; a brafs
wire, about four inches long, is covered, except
it’s ends, firft with fealing-wax, then with filk,
and afterwards with fealing-wax again. This
wire isto be cemented in the perforation of the
wooden piece, fo as to projet 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
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be only about one tenth of an inch from the in-
fide 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 ano-
ther veflel, by putting in known and propor-
tionable meafures of each ; introduce this mix-
ture into the piftol, and then ftop it with a cork,
take the piftol out of the water, and pafs in the
ufual manner the {park of a charged jar through
it, and the inflammable air will be fired.

The inftruments for firing the inflammable
air with the electric {park, are often made in the
fhape of a cannon.

* Cavallo on Air, p, 818,

CHAZL
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C X AP YL

Or Evecrririep PornTs.

EXPERIMENT Lxx.

PRESENT the pointed end of a wire towards

a conductor which is pofitively electrified,
a lucid globular point or ftar will appear on the
point, and the eletric fluid will be evidently

conveyed away and diflipated from the con-
ductor.

EXPERIMENT LXX1.—Prefent a pointed wire
towards a condu®or that is elerified nega-
tively; a lucid cone or brufh will be feen di-

verging from the point, and the quantity of fire
will be increafed.

EXPERIMENT LXxX1r.—The lucid ftar is {een on
the collecting points of a pofitive conductor,
while a diverging cone will appear on a point
placed at the end of the conductor.

To determine the direction of the eleCtric
fluid, has ever been an object of confiderable
Importance to the eleCtrician; as it would
enable him to decide on the truth of thofe theo-

ries,
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ries, which have been invented to account for
it’s phenomena, and greatly aflift him in the
progrefs of future difcovery: To this end much
firefs has been laid on the different appearance
of the light, which is perceived on the pointed
ends of electrified conducting fubftances; as thefe
have been fuppofed to elucidate fully this in-
terefting queftion.

The electic fluid appears as a diverging ftream
darting forwards into the air, from a point elec-
trified pofitively. “The luminous appearance on
a point negatively clectrified, is that of a {mall
little globule or {ftar.

Now, as the air is known to refift the mo-
tion of the electric fluid, the rays of it would by
this refiftance be made to diverge; therefore,
when this fluid is darting froma point into the
air, it will affume the form of a lucid cone or
brufh, which is agreeable to experiments 71
and 72. -

Tothis it has been objected, that thefe rays
may poflibly be converging from {o many points
in the air towards the point, and not diverging
* from it ; but, as there docs not appear any reafon
why a vifible ray fhould break out from one
place in the atmofphere more than another, the
former account feems more conformable to na-

ture, and the known laws of other fluids. The
ar
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air refifts the motion of the eleétric fluid equally.
Therefore, when this fluid is coming from the
air towards a pointed conduttor, it would per-
colate flowly and invifibly through the air, but
equally on all fides, till it comes {o near as to be
able to break through the intermediate {pace;
but as this will be equal or nearly {o all around,
the negative electricity muft appear like a fleady
luminous globule on the point,* Notwithftand-
ing the apparent probability of the above rea-
foning, it may ftill be objetted, that no decifive
conclufion can be drawn from thefe appearances,
as they may be varied by augmenting or dimi.
nifhing the volume of the pointed body, and by a
variety of other circumftances,

EXPERIMENT Lxx11.—A lucid cone appears
on the collector of a negative conductor, and a
lucid ftar on a point placed at the oppofite end
of the conductor.

ExperiMenT LXX1v.—DBring an excited glafs
tube near a point that is fixed at the end of a
pofitively electrified conductor, and the luminous
bruth will be turned out of it’s direction by the
action of the excited tube ; if the tube is held di-
rectly oppofite to the point, the bruth will vanith,

O ExperiMent

* Eacyclopedia Britannica, p. 269g.
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ExperIMENT LXXV.—Fix the point to the end
of the negative conductor, the lucid ftar will turn
towards the excited tube.

Thele two experiments coincide with and
confirm experiments 70, 71, 72, 73> and lead
to the fame conclufion, viz. that the brufh is
a fign of pofitive, and the ftar an indication
of negative cletricity, which is flill further
confirmed by the following experiment.

FxperIMENT LXXVI—Put a wire, which has
a ball at one end, into the hole at theend of a
pofitive condudlor, place a lighted candle fo that
the middle of the flame may be even 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 conductor, the appear-
ance will be reverfed, and the knob will foon be
heated by the flame of the candle which is carried
towards it,

ExPERIMENT LXXVIL.—Fix a pointed wire
in the hole on the upper fide of the conductor,
then place the center of the brafs crofs K, fig 34,
upon the point, the ends of which crofs are all
bent one way ; clectrify the conductor, and the
crofs will turn upon it’s center with great rapidity.

If
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If the room be darkened, a circle of light will be
formed by the electric fluid on the points of the
wires, The re-action of the air on the diverging
cone of electric matter gives the retrogade motion
to the points of the wire.

The fly turns round in the fame direftion,
whether it is electrified negatively or pofitively ;
though it will not move in vacuo, unlefs the fin-
ger, or fome other conductor, isapplied to the
glals receiver oppolite to one of the points, it
will then begin to move, and continue to do fo
brifkly till the glafs is charged.

ExperiMENT Lxxvir.—Electrify the two
infulated wires M N, o P, fig. 35, and the
refiftance of the air againft the electric {ftream,
from the point of the fly L, (the axis of which
rolls on the wires) will force the fly up the
declivity of the inclined plane M N, o P.

ExperiMent rxxix.—Fig. 36 reprefents a
fmall crane, which will move from the fame
caufe as the foregoing, and raife a fimall weight.

ExperiMENT LxXX.—Several flyers may. be
made to turn at the fame time, fee fig. 37, and
many other pleafing experiments may be cons

trived on the fame principle ; or, the flyers may
02 be
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be placed one above another, diminifhing gra-
dually in fize, and forming when electrified a
luminous cone; the circles of light will be more
brilliant, if the ends of the wires are covered
- with a thin coating of greale, fealing- wax, or
fulphur.

EXPERIMENT LXXXL.—Immerge a metallic
point in a metal veflel nearly filled with oil of
vitriol, and placed on an cleétrified conductor,
{carce any fpark will pafs to the point, although
it is held very near the bottom of the veffel. If
this is filled with eflential oil of turpentine, a {mall
light may be feen from time to time in the body
of the fluid. If common cil is ufed, the point
will take ftrong fparks, and the eletric fluid, in
endeavouring to reach it, will occafion an ebulli-
tion in the oil.

So that the electric fpark dependsin a great
meafure on the conduéting power of the medium
through which it paffes. |

If fmall boats or little fwans, &c. are made
of cork or light wood, they may be attracted,
and made to fwim in any direGtion, by apply-
ing a finger towards them; a fine needle fluck
into the end of the boats, in the manner of a
bowfprit, will caufe them to be repelled from
the hand held over it, and they may be fleercd

2 by
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by it, ftern foremoft, to what point of the com-
pafs you pleafe. The boats might have the
addition of fails to them, and might then be
made to move brifkly before an eleétrical gale,
from the point of a wire held in the hand.

The operator in thefe tricks would certainly
be looked upon as a magician, if the electrical
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; the hand
held over them would fet them all in motion: in
the dark, they would appear as fo many rings of
fire, moving in various courfes, and following the
hand in any direétion.

When a few young perfons have nothing elfe
to do, they might very innocently amufe them-
felves, by making a reprefentation of a kind of
fea-engagement between thefeboats.  Suppofing
each of them large enough to hold a fmall coated
phial without finking, thefe phials may be
charged, fome of them pofitively on the infide,
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 coat-
ing of the phial, and the other end brought over
the ftern of the boat, and hang fo as to touch the

watcr,
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water. The boats being then put intoa trough
of water, and pretty highly charged, they will
foon be in motion ; thofe that are electrified alike,
will repel each other; and thofe pofieffed of a
contrary electricity, will be attracted, till the
balls of the two phials approach pretty near to-
gether ; they will then difcharge their contents
with a loud explofion, and the boats will after-
wards fheer from each other.*

When the electric fluid percolates a wooden
point, the ftream or cone, which iffues from it,
feems diluted, and fomething fimilar to the pur-
ple elettric light, which is obtained in vacuo.
The action of the electric fluid on the air, by an
clectrified point, produces a fenfible aura, or
wind, of fufficient force, as is {een above, to
put light bodies in motion, or difturb the flame
of a candle, and occafion an undulation in the
fluids : the action of the fluid is {fo modified by
points, as to produce an agreeable f{enfation,
refembling a gentle breathing: this fenfation
may be rendered more or lefs ftimulating, by the
refiftance the fluid meets with in it’s action on
our bodies, an effeét which is productive of greas
advantages in medical electricity.

* Becket’s Ellay on Elericity, p. g6,

CHAF
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. A P ViIL

Or THE LEvDEn PriaL,

THE experiments upon the Leyden phial
| are fome of the moft interefting in elec-
tricity ; they excited the attention of the philo-
fopher to this fubject more than any other expe-
riment, and are ftill viewed with wonder and
furprize.

The phanomena attending this very extra-
ordinary experiment feemed total ly inexplicable,
till they were elucidated by the ingenious theory
of Dr. Franklin; which, in a plain and clear
manner, accounts for moft of the difficulties
which attend this intricate branch of clectricity ;
and accommodates itfelf fo cafily and fatisfactorily
to a variety of appearances, as to make us almoft
lofe fight of the objections againft it,

ExPERIMENT Lxxx11.—Place the brafs ball of
a coated jar in contact with the prime conduétor
while the outfide communicates with the table,
turn the cylinder, and the bottle will ina little
time be charged, or modify the electric fluid in
a peculiar manner. To difcharge the jar, or
reffore it to it’s natural ftate, bring onc end of

d COll-
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a conducting fubftance in contact 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 light will be vifible, and the report
very loud.

ExperiMENT Lxxxiir.—Charge the Leyden
bottle, then touch the outfide coating with one
hand, and the knob with the other, the bottle
will be difcharged, and a fudden peculiar fenfa-
tion will be perceived, that is called the electric
fhock. The fhock, when it is taken in this man-
ner, generally affects the wrifts, elbows, and
breaft : when the fhock is ftrong, it refembles an
univerfal blow. This peculiar {enfation is proba-
bly owing to the two-fold and inftantancous ac-
tion of the electric fluid, which entersand goes out
of the body, and the various parts through which
it pafles, at one and the fame inflant. It has been
alfo obferved, that nature has appointed a certain
modification of the ele@tric fluid in all terreftrial
bodies, which we violate in our experiments;
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 extreme violence.

If
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If feveral perfons join hands, and the firft
touches the outfide of a charged jar, and the laft
the knob, the bottle will be difcharged, and they
will all feel the thock at the fame inftant ; but the
greater the number of perfons that join hands to
take a thock, the weaker it js. -

The force of the thock is in proportion to the
quantity of coated furfaces, the thinnefs of the
glafs, and the power of the machine ; or, the
efiect of the Leyden phial is increafed, in pro-
portion as we deftroy the cquilibrium on the
furfaces.

A given quantity of clectricity, impelled
through our body with a given force, produces
a weaker fenfation, than twice that quantity
impelled with half that force, and confequently
- 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 im=
pelled. 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 {mall
phial fully charged will act nearly as firong as 3
larger jar which is half charged.

If a charged jar is coared very high, it will
difcharge itfelf before it has reccived near the
charge it would take if the coating was lower.
IFit is coated very low, this part of the furface

P may
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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
will be pulverized, and very often a variety of
fiffures will proceed from it in various directions.

A Leyden jar very often recovers it’s electricity,
in a fmall degree, after a difcharge has been
made ; this fecond explofion is called the refi-
duum of a charge.

The form or fize of the glafs is no ways material
to the receiving of a charge.

To avoid receiving the eleftric thock, be
carcful never to touch the top and bottom of the
jar at the fame time, and never to enter a circuit
formed between the infide and outfide of a jar;
for the effect of the Leyden phial depends entirely
on the reciprocal action of the two furfaces, and
does not take place, when either is touched fepa-
rately. By attending to this obfervation, jars of
any fize may be handled with fafety. Indeed,
the human frame makes fo little refiftance to
the free paflage of this fubtle agent, that no
other inconvenience will attend a {hock from a

common-
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common-fized charged jar, than a tranfient difa«
greeable fenfation.

Touch the knob of a charged jar, no fhock
will enfue ; but the finger, or part that touches
the ball of the jar, will be affected with a fharp
fenfation, as ifit had been pricked with a needle.
The difcharge is filent and without an explofion,
when the communication between the two fides
of the jar is made by imperfect conductors.

A charged phial fet upon eleétric fubflances,
may be taken hold of without danger, either by
the coating or the wire ; a fimall fpark only will
proceed from cither,

Dr. FRANKLIN’S THEORY OF THE LEvyDEN
BorTLE.

Glafs is fuppofed to contain at all times, on
it’s two furfaces, a large quantity of the electric
fluid, which is fo difpofed, that, if you increafe
the quantity on one fide, the other muft throw
off an equal proportion ; or, when one fide is
pofitive, the other muft be negative. Now, as
no more of the electric fluid can be forced on
one {ide, than can go off on the other, there is
no more in the bottle, after it is charged than
was there before; the quantity is neither in-
crealed or leflened on the whole, though a change

P g may
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may be made in it’s place and fituation ; 1. e. we
may throw an additional quantity on one of it’s
fides, if, at the fame time, an equal quantity
can elcape from the other, and not otherwife,
That this change is elfected by lining parts of
it’s two {urfaces with a non-electric ; through the
mediation of which, we are enabled to convey
the electric fire to every phyfical point of the
furface we propofe to charge, where it exerts it’s
activity in repelling the eletric particles natu-
rally belonging to the other fide; all of which
have an opportunity of efcaping by the lining
in contat with this furface, which, for that
purpofe, muft communicate with the earth:
when the whole quantity belonging to this fur-
face has been difcharged, in confequence of an
equal quantity thrown upon the other furface,
the bottle is charged as much as it can poifibly
be. The two {urfaces are at this time in a ftate of
violence; the inner, or pofitive fide, ftrongly
difpofed to part with it’s additional fire ; and the
outer, or negative fide, equally defirous to attract
what it has loft ; but neither of them capable of
having a change in it’s ftate effected, without the
equal and cotemporary participation of the other.
That notwithftanding the vicinity of thele two
furfaces, and the flrong difpofition of the electric
fluid contained in one of them, to commnunicate

1t’s
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it’s fuperabundance to the other, and of that to
receive it, yet there is an impenetrable barrier
between them; for fo impermezble is glafs to
the electric fluid, (though it permits one fide of
it to aét upon the other,) that it's two furfaces
remain in this ftate of contrariety, till a commu-
nication is formed between them, ab extrq, by a
proper conductor, when the equilibrium is
fuddenly and violently reftored, and the electric
Huid recovers it’s original ftate of cquality on the
two {ides of the glafs.

Tue Leypen Purac CONSIDERED IN A DIF-
FERENT PoINT oF Vipw,

We have already fhewn, that whencver a
quantity of the eleétric fluid is brought within a
certain diftance of the furface of any body,
(whether metal, wood, or glats,) it will always
produce on that body a contrary electricity ; and
this more readily, and permauently, when the
body has a communication with the earth.

The equilibrium will not be reftored fo long
as the power continues of the fime force, and
acting at the fame diftance; but the nearer this
power is brought to the furface, the greater is
the effect it wil produce. Ithasalfo been fhewn,

that the clectric fluid will communicate thefe

B powers
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powers through glafs, nearly as well as through
air.

Now as glafs refifts the paflage of the fluid
more than wood or metal, the fluid will be longer
in pafling through a given length of glafs, than
through the fame length of wood or metal.

But by means of the metallic coating on one
fide of the glafs, the electric fluid is placed in
the moft advantageous fituation for producing a
ftrong and uniform action on the contrary fide,
on which the refiftance is leffened with as great
advantages by the other metallic coating, which
is connected with the earth ; and this contrariety
will continue till the equilibrium is reftored by
connecting the oppofite fide with a conductor.

When an eletric is excited, the two powers
are faid to be feparated : they are allo known to
repel their own particles, and attract the con-
trary. When one fide of a jar is made pofitive,
may it not repel the pofitive eletricity from the
other fide, feparating it from the negative, which
is ftrongly attracted through the glafs 2

The outfide of the jar cannot then be faid to
be deprived of it’s electricity, but only has it's
fluid changed ; and when the fluids are {eparated,

they are ever eager to conjoin again.*
CoMBINED

# See Eeles’s Philofophical Effays; Willon’s Short View
of Eleftricity ; and Milner’s Obfervations on Eleétricity,
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CoMBINED APPARATUS.

The apparatus reprefented fig. 49, will be
found exceedingly convenient for making a va-
ricty of experiments on the Leyden phial. I
have endeavoured to combine the parts of it in
fuch manner, as to render the apparatus exten-
fively ufeful, without being complicated. A is
an infulated pillar of glafs, which is fcrewed to
the wooden foot B : all the different parts of the
apparatus may be {crewed alternately on this
pillar. Cisan exhaufted tube of glafs, furnifhed
at each end with brafs caps: at theend D is a
valve, properly fecured under the brafs plate;
a brafs wire, with a ball, prnje&s from the up-
per cap; a pointed wire proceeds from the
bottom plate ; this tube is called the luminous
conductor. The flafk, reprefented at E, is cal-
led the Leyden vacuum. It is furnithed with a
valve under the ball E; this ball unfcrews, in
order to come more readily at the valve : a wire,
with a blunt end, projes a little below the neck
of the flatk ; the bottom of the flafk is coated
-with tin-foil : a female fcrew is cemented to the
bottom, in order to fcrew it on the pillar A.

Fis a fyringe to exhauft the air occafionally,
either from the luminous conductor, or the

Leyden
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ILeyden vacuum. To do this, unfcrew the ball
of the Leyden vacuum, or the plate of the lumi-
nous condu@or, and then fcrew the fyringe in
the place of either of thefe pieces, being careful
that the bottom of the female {crew G bears clofe
againft the leather which covers the fhoulders a
b, ¢ d, then work the fyringe, and in a few
minutes the glaffes will be fufficiently exhaufted.
H and I are two Leyden bottles, each of which
has a female {crew fitted to the bottom, in order
that they may be conveniently {crewed on the
pillar A. The bottle H is furnifhed with a belt,
that it may be fcrewed fideways on the pillar A,
K and L are two fmall wires, which are to {crew
occafionally into either the ball E, the knobs e
or f, the cap c, or the focket g, on the top of
the pillar: the balls may be unfcrewed from
thefe wires, which will then exhibit a blunt
point. M isa wooden table to be fcrewed on
the glafs pillar occafionally.

ExPERIMENTS
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ExrERIMENTS oN CHARGING AND DiscHARGING
THE LEYDEN PHIAL, INTENDED TO ELUCIDATE
AND CONFIRM DR, FRANKLIN'S THEORY.

ExperiMeNT 1xxx1v.—Screwa Leyden phial,
whofe coating is free from points, upon an infu-
lated ftand, and place it fo that it’s knob may
be in contact with the conduétor, taking care that
no conducting {ubftance is near the coating of the
jars turn the cylinder round a fufficient number
of times to charge the phial, then examine jt
with a difcharging rod, and you will find it had
received no charge ; which fhews clearly, that
except the electric fluid can efcape from one fide
of the jar, it can receive none on the other. If
there are any points on the coating, or damp on
the fland, the fluid will be carried off by them,
and the jar will receive a fmall charge. The air,
which furrounds the coating, will alfo fometimes
carry off a fmall quantity of ele@rici ty.

EXPERIMENT xxXV.—Place the fame infu-
lated phial fo that it’s knob may be about haifap
inch from the conduttor, and while the cylinder
is turning, hold a brafs knob near the coating of
the jar ; this knob will receive a fpark from the
coating for every one that pafles between the
conductor and the knob, and the Jjar will in a
9] ligtle

T
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little time be charged, by adding eleftricity @
one fide, and taking it away from the other.

ExPERIMENT LXXXVI.—Screw the phial a, fig,
42, on the infulated pillar d, and bring it’s knob
in conta 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 bot-
tle a; turn the cyhnder and when the bottlea
is charged, place ¢ on the table, then unfcrew
a from it’s ftand, and place it al{o on the table,
but at fome diftance from the other; fit a brafs
ball to the bottom flem of the quadrant elec-
trometer, and hold the cleftrometer by a filk
firing, fo that the brafs ball may touch the knob
of the bottle; oblerve at what height the index
of the eleGtrometer ftands, and then remove it
to the other bottle, which will raife the index to
the fame height ; {hewing clearly, that the bottle
has thrown oft from the outfide as much elec-
tricity as it received on the infide.

FxperrMeNT Lxxxvir.—DPlace the knob of an
infulated bottle in contat with a pofitive con-
dulor, and conneé the outer coating with the
cufhion, or a negative conductor, turn the cy-
linder, and the bottle will be charged with 1t’s
own eledtricity ; the fluid from the exterior

i coating
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coating being transferred to the interior one;
the bottle is charged in this inftance without
any communication with the earth.

ExperiMent pxxxvitr.—Charge the two
bottles, fig. 43, pofitively; connect their out-
fide coatings by a wire or chain, then bring their
knobs together, there will be no fpark between
them, and the bottles will not be difcharged,
becaufe neither fide has any thing to communi-
cate to the other.

Experiment vxxxix.—Charge the infulated
bottle, fig. 43, negatively, and the other pofi-
tively ; connect the coating by a chain, and bring
the knobs towards each other, an explofion will
take place, and the bottles will 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:
See fig. 44.

ExperiMENT x¢.—Fix a quadrant ele@lro-
meter to the ball of a Leyden bottle, and charge
it negatively ; when it has received a full charge,
the index will ftand at go degrees; then place
the bottle with it's eletrometer at the pofitive
conductor, turn the cylinder, the electrometer

Q.2 will
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will defcend, and the bottle will be difcharged
by the contrary electricity.

ExperimenT xcr.—Infulate two Leyden bot-
tles; let their coatings be in contact, and while
you charge the infide of one pofitively, let a
perfon, ftanding on the floor, touch the top of
the other with his finger, and it will be charged
negatively.

ExperiMenT xc11.—L M, fig. 45, reprefents
a Leyden jar, which is furnifhed with moveable
coatings of tin; the inner one, N, may be re-
moved by the filk ftrings f, g, h; the jar may be
taken from it’s outer coating.

Charge the jar, and then remove the coatings,
bring a pair of pith balls towards the jar, and
they will be ftrongly attrafled by it; replace the
coatings, and the jar will give a confiderable
fhock ; which fhews, that the power or force of
the charge is refident in the glafs, and notin the
coatings.

Experiment xcri.—T V. fig. 46, reprefents

a bottle, whofe exterior coating is formed of
{mall pieces of tin-foil, placed at a little diftance
from cach other. Charge this bottle in the ufual
manner, and ftrong fparks of electricity will pais
trom
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from one fpot of tin-foil to the other, in a va-
riety of directions; the feparation of the tin-foil
making the paffage of the fluid from the outfide
to the table vifible. Difcharge 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 fuddenly, the whole our-
fide furface appears illuminated. To produce
thefe appearances, the glafs muft be very dry.

ExperiMENT xC1v.—String a parcel of thot on
a filk ftring, leaving a fmall fpace between each
of them; fufpend this from the conductor, fo
that it may reach the bottom of a coated phial,
which is placed on an infulated ftand; connect
another ftring of fhot to the bottom of the jar,
and let it communicate with the table, turn the
machine, and a vivid fpark will be feen between
each of the fhot, both within and without the
bottle, as if the fire paffed through the glafs.

ExperimentT xcv.—Hold a phial in the hand
which has no coating on the outfide, and prefent
it's knob toewards an ele&trified conductor; the
fire, while it is charging, will pafs from the out-
fide to the hand, ina pleafing manner; on the

difcharge,
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difcharge, beautiful ramifications will pmcvzeé
from that knob of the difcharger which is on the
outfide all over the jar.

ExprrimMent xcvi.—Let 4 chain be fufpended
from the conductor and pafs intoan uncoated
bottle, fo that it does net touch the bottom ;
put the machine in action, and the chain will
move round, in order, as it were, to lay the fire
on the infide of the jar, and thus charge it by
degrees.

FxpERIMENT XcvII.—Fig. 47 reprefents two
Leyden phials, placed one over the other. Va-
rious experiments may be made with this double
bottle, which are very pleafing, and clucidate
clearly the received theory.

Bring the outfide coating of the bottle A in
contact with the prime conduéor, and turn the
machine till the bottle is charged, then place
one ball of the difcharging rod upon the coating
of B, and with the other touch the Knob of the
jar A, which will caufe an explofion. Now place
one ball of the difcharger on the knob of A, and
bring the other ball to it’s coating, and you have
a fecond difcharge. Again, apply one ball of
the difcharger on the coating of B, and carry
the other to the coating of A, and it will pro-

4 duce
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duce 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, conveys
the fluid from the conductor to the large jar,
which is therefore charged pofitively; the upper
jardoes not charge, becaufe the infide cannot
part with any of it’s eletric fluid; but when
a communication is formed from the outfide of
A to the infide of B, part of the fire on the infide
of A will be conveyed to the negative coating of
B, and the jar will be difcharged. The fecond
explofion is occafioned by the difcharge of the
jar A; but as the outlide of this communicates,
by conducting fubftances, with the pofitive infide
of the jar B, if the ball of the difcharging rod
remains a fmall time after the difcharge on the
knob of A, part of the fire of the infide of A will
clcape, and be replaced by an equal quantity on
the outfide from the jar B, by which means A is
charged a fecond time; the difcharge of this

produces the third, and of B the fourth explo-
fion,

THE
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‘THE FOLLOWING PLEASING VARIATIONS OF THE
FOREGOING IEXPERIMENT WERE COMMUNICA~
7ep To ME BY MR. J. FeLr, or ULVERSTON.

A the upper bottle, B the under bottle.
Knob of A applied to the conduélor, and the
charge given.
it difcharge.  Balls of difcharger from coating
of A to knob of A.

2d ditto. From coating 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 B to knob of A.
=d ditto, From coating of A to knob of A.
3d ditto. From coating of B to knob of A.
4th ditto. From coating of B to coating
of A.
¢th ditto. I'rom coating of A to knob of A.

Coating of A applied to the conduélor, and the
charge given, touch the knob of A with one
ball of the difcharger, the other ball com-
municating with the carth, then proceed as
follows,

it dif-
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1t difcharge.  Balls of difcharger from coating

of A to knob of A.
2d ditto. From coating of B to knob of A.
3d ditto. From coating of A to knob of A.

4th difcharge. From coating of B to knob of A.
Go on thus alternately, and fifteen, fixteen, or
more difcharges may be produced.

THE CONTRARY STATE OF THE TWO OPPOSITE
SiDES OF A CHARGED LEYDEN BoTTLE, sHEWN
BY THEIR RESPECTIVE ATTRACTIVE AND RE-
PULSIVE PowERs.

ExperIMENT XcviiL.—Screw the bottle H,
fig. 49, with the belt fideways on the infulating
ftand, as in fig., 48, and charge it pofitively,
then touch the knob with a pair of pith balls,
thefe will diverge with pofitive eletricity ; hold
another pair to the coating, and they will fe-
parate with negative electricity.

- Experiment xcrx.—Electrify two pair of the
pith balls which are fixed to the brafs tubes, as
in fig. 22, plate IL. by the knob of a pofitively
charged bottle, and place them at a {mall diftance
from each other, then pufh them together till
the ends of the tubes are in contad&, and the
balls will remain in the fame flate they were in

R before
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before they were brought together, becaufe their
clectricity isof the fame kind. The refult is the
fame if both pair are eletrified by the coating ;
but if one pair is electrified by the coating and
the other by the knob, when they are brought
in contact they immediately clofe.

ExperiMexT c.—A cork ball, or an artificial
{pider made of burnt cork with legs of linen
thread, {ufpended by filk, will play between the
knobs of two bottles, one of which is charged
pofitively, the other negatively, and will in a
little time difcharge them.

Experrment cr.—A ball fufpended on filk,
and placed between two brafs balls, one proceed-
ing from the outfide, the other from the infide
ofa Leyden jar, when the bottle is charged, will
fly from one knob to the other, and by thus
conveying the fire from the infide to the outfide
of the bottle, will foon difcharge it.

ExperiMenT cil.—An infulated cork ball,
after having received a fpark, will not play be-
tween, but be equally repelled by two bottles
which are charged with the fame power.

EXPERIMENT
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ExperIMENT cirt.—At fig. 8 a wire is fixed
to the under part of the infulated coated phial,
b ¢ another wire fitted to, and at right angles
with the former, a brafs fly is placed on the
point of this wire ; charge the bottle, and all the
time the bottle is charging the fly will turn
round ; when the bettle is charged the needle
ftops. Touch the top of the bottle with a finger,
or any other conducting f{ubftance, and the fly
will turn again till the bottle is difcharged. The
fly will electrify a pair of balls pofitively while
the bottle is charging, and negatively when dif-
charging.

- ExperimenT crv.—Place a clean, dry, and
excited panc of glafs, about one foot {quare, on
an infulated box with pith balls, it will caufe
the balls to diverge with pofitive electricity, and
they will continue to repel each other upwards
~of four hours in dry air. When the balls come
together, remove the glafs, and they will open
with negative ele€tricity ; replace the glafs, and
they will clofe ; remove it, and they will open
again ; and thus alternately as long as any elec-
tricity remains in the glafs.

If the pane of glafs be placcd in a frame of
wood, and a light pith or cork ball be laid on it’s
{urface, on prefenting towards it the end of a

% 2 finger,
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finger, or the point of a pin, the ball will recede
from them with a very brifk motion, and may
thus be driven about on the furface of the glafs,
like a feather in the air by an excited tube. The
ball being deprived of it's electricity by the pin,
it inftantly flies to that part of the glafs which
attracts it moft forcibly.

To excite the pane 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
"ofF A Leypen Puiar, ano Tt DirecTion
ofF THE ELecTRIc FLUuID IN THE CHARGE AND
DiscHARGE THEREOF, INVESTIGATED BY THE
AprPEARANCE OF THE ELEcTRIC LIGHT.

In Chap. VI. we obferved, that the different
appearances of light on electrified points was
deemed a criterion of the direction of the elec-
tric fluid ; that the luminous flar fhews a point.
in receiving the electric matter, whilft the lu-
minous brufh, or cone, indicates that it is pro-
ceeding from a point.

We fhall now examine the ftate of the different
fides of the Leyden bottle by thefe appearances.

ExpErRIMENT
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ExperimenT cv.—Screw the jar I on the in-
fulating pillar, and the pointed wire into the
hole g, place another pointed wire at the end
of the conduor, bring the knob of the jar near
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 time another pencil of rays will diverge
from the point at the bottom into the air. See
fig. so.

Repeat this experiment with the negative con-

ductor, and a luminous ftar will appear on the
end of each wire,

ExperiMENT cvi.—Screw a pointed wire into
the knob of the jar, (fee, fig. 51) charge
the bottle pofitively, the fire will be received
from the conductor by the pointed wire, and
appear there as a luminous ftar, while the wire
on the outfide of the jar will throw off a diver-
ging cone.

Fig. 52 reprefents the foregoing appearances
reverfed, by charging the jar negatively at the
pofitive conductor.

- This experiment may be further varied, by
applying the bottle to a negative conduétor.

EXPERIMENT
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ExperimenT cvir.—After the jar is charged;
as in the foregoing experiments, turn that wire
from the cylinder which before was nearcit 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 receiving
the fluid with extreme avidity, which will in a
little time difcharge the jar.

Exreriment cvirr.—Charge the jar as before,
then touch the wire which is conneéted with the
ncgative fide, and the oppofite wire will throw
off a diverging cone; but if the pofitive fide
is touched, a luminous cone only will be feen on
the other wire.

Experiment cix.—Fig. 53 is an electric jar,

B B the tin-foil coating, C a ftand which fup-
ports the jar, D a focket of metal which carries
the glafs rod E; a curved metallic wire, pointed
at each 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 focket upon
the top of the glafs rod E, the charging wire
communicates with the different divifions 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
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upon the upper point of the wire F, (a plain
indication that the point is then receiving elec-
tricity from the upper ring of the coating on
the outfide of the jar) a fine ftream or pencil
of rays will at the fame time fly off, beautifully
diverging from the lower point of the wire F
upon the bottom ring of the coating on the jar;
when thefe appearances ceafe, which they will
as foon as the jar is charged, let a pointed wire
be prefented towards the prime conductor, this
will foon difcharge the jar filently, during which,
the lower 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 cx.—Take a Leyden phial, the
neck of which fhould not be very broad, fet the
coating on the conductor, and charge it nega-
tively ; when charged, if not too dry, the upper
edge 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. Prefent the
knob to the prime condvctor, and charge the
jar pofitively, a fmall fpark of light will firft ap-
pear on the edge of the cork in the neck of the
bottle, through which the wire pafles after a few

6 turns
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turns of the cylinder; this fpark becomes a
bruth, darting out from the cork, and gradually
lengthening 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, 1t
will in both cafes be difcharged [pontancoufly.
See fig. 54 and 535,

Experiment cxI.—An infulated pofitively
charged bottle will give a fpark from it’s knob
to an excited ftick of wax, while no fpark will
pafs between it and an exciccd glafs tube.

Exper1MENT cxi1.—An analyfis of the Ley-
den phi';d, by means of the Leyden vacuum E,
fig. 49.——Screw this on the infulated ftand,
with the pointed wire from the bottom. Fig.
g6 reprefents the appearance of the fluid on the
points when the bottle is charged negatively, at
a conductor loaded with pofitive electricity.

Fig. 57, the appearances it difplays when 1t is
charging pofitively at the fame conductor.

Fig. g9 is the fame bottle charging pofitively
at a negative conductor. Fig. 60, it 1s charging
negatively at the fame condudtor.

Fxperivent exin.—Fig. 61 reprefents the
luminous condudtor on the infulating ftand.  Set
the
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the colleCting point near the cylinder, and place
the knob of an uncharged phial in contact with
the ball, or hang a chain from it to the table,
and, on working the machine, the ball will be
enveloped in a denfe electric atmofphere. If
the point be brought in contact with an infulated
rubber, and a communication is made from the
ball to the table, the atmofphere will be on the
point in the tube. Ifabottle, pofitively charged,
be prefented, the appearances in the tube will
be as delineated in fig. 62. But if a bottle ne-
gatively charged be thus applied, the appearance
will be as in fig. 61. -

This tube, when mounted on it's infulating
ftand, may be ufed inftead of the prime con-
ductor, and all the common experiments may
be performed with it ; the tube will be luminous
during the whole of the operation.

Or e DIRECTION OF THE ErecTric MaTTER
IN THE DIscHARGE oF THE LEYDEN PRIAL,

ExprrIMENT cx1v.—Place a charged jar on

a fmall glafs ftand under the receiver of an air-
pump; as the receiver is exhaufting the elec-
tric fire will iffue from the wire of the phial, in
2 very luminous pencil of rays, and continue
S flathing
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flathing to the coating till the air is exhaufted,
when the jar will be found tobe difcharged.

If the phial is charged 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 effelts
of the atmofpheric preflure upon the charge of
the Leyden phial, and learn that it is the na-
tural boundary to every charge of electricity we
can give ; and, confequently, that a phial would
contain double the charge, in air doubly con-
denfed, as it does in the common atmofphere,
fince it would increafe the intenfity of the elec-
tric atmofphere. |

ExperimMent cxv.— Place a {mall lighted ta-
per between the two balls of the univerfal dif-
charger, then pafs a very fmall charge of a po-
fitive phial through them, and the flame of the
taper will be attracted in the dircction of the
fluid towards the coating.  See. fig. 63.

Experiment cxvi.—The fame fmall charge
from a negative bottle will reverfe the appcar-
ance.

11 both thefe experiments it 1s neceflary to ule
the leaft charge that canbe given, juft {ufficient
to leap the interruption in the circuit.

A EXPERIMENT
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ExperIMENT cxvII.—Place a card on the ta-
ble of the univerfal difcharger, and bring one
of the points under the card, then connett this
point with the coating of ajar pofitively charged,
place the other point on the top of the card, and
at about an inch and a half from the forme rnow
complete the circuit, by bringing a difcharging
rod from the laft wire to the top of a bottle, and
the eletricity will pafs through the upper wire,
along the furface of the card, till it comes to the
point which is underneath, where it will make
a hole in the card, and pafs through the wire to
the coating of the bottle. Sce fig. 64.

ExperIMENT cXviiL—Four cork balls, A,
B, C, D, being placed at equal diftances from
each 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 wasagain
repelled to C, C remained immoveable, but D
flew to the coating of the bottle.

ExperRIMENT cx1Xx.—Take a card, and paint
both fides with cinnabar about the breadth of the
finger, fix this card vertically by a little wax on
the table of the univerfal difcharger, let the
pointed ends of one of the wires touch one fide

S 2 of



140 AN Essay onN

of the card, and the end of the other wire the
oppofite fide; the diflance of the points from
each other muft be proportioned to the ftrength
of the charge; difcharge a jar through the wires,
and the black mark, left by the explofion on the
coloured band, thews that the eleltric fluid paffed
from ‘the wire, communicating with the infide
of the bottle, to that which communicates with
the outfide, againft which it makes a hole.

EXPERIMENTS WHICH SEEM TO MILITATE AGAINST
THE RECEIVED THEORY oF ELECTRICITY,

ExperIMENT cxx.—Let the f{urfaces of an
electric plate be very {lightly charged and infula-
ted, 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 extend farther from the furface conti-
guous to it, the ftronger the charge is commu-
nicated to the plate; but if the illuminations
on each fide meet, there will immediately fol-
low an explofion of the whole charge. The
length of the interrupted circuit ufed for this ex-
periment was twelve feet,®

ExperiMent cxxr.—If a cylindrical plate of
air,

* Atwood’s analyfis of a courle of lettures, p. 121,
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air, contained in the receiver of an air-pum p, be
charged, it is obferved, the more air that is ex-
haufted from between the furfaces, the more
eafily the powers will unite.

ExperiMent exxir.—Ifan exhaufted receiver
be made part of the eletric circuit, and the
charge fhould not be fufficient to caufe an ex-
plofion, an eleftric light will appear to proceed
in oppofite direction from the parts communis
cating with the negative and pofitive furfaces.

EXPERIMENT cxxrir,—Let a coated phial be
fet on an infulating ftand, and let it's knob be
touched by the knob of another phial negatively
clefirified, a fmall fpark will be feen between
them, and both fides of the infulated phial wil!
be inftantly negatively eletrified.*

Faften a pith ball eleGrometer by a little wax
to the outfide coating of a jar, charge the jar
flightly with pofitive eletricity, and fet it on an
infulated ftand, the ball will either not diverge,
or only a very little ; bring the knob of a bottle
which is ftrongly charged with pofitive cleétricity
near the knob of the former, and the balls will
diverge with pofitive clectricity,

Experiment

* Encyclopzdia Britannica, Vol, IV, p. 2608,
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ExperIMENT cxxv.—Let the fame phial, with
the pith balls affixed to it’s outfide coating, be
flightly charged negatively, and then infulated,
bring the knob of a phial, which is ftrongly elec-
trified negatively, to that of the infulated one,
and the pith balls will diverge with negative

electricity.

ExprrIMENT cxxvi.—Charge a jar pofitively,
and then infulate it, charge another ftrongly with
negative electricity, bring the knob of the nega-
tive bottle near that of the pofitive one, and a
thread will play between them; but when the
knobs touch each other, the threads, after being
attracted, will be repelled by both. The nega-
tive electricity is fome how fuperinduced on the
pofitive, and, fora few minutes after they are
{eparated, both will appear negatively eletrified ;
but if the finger is brought near the knob of
that bottle on which the negative electricity was
fuperinduced, it will inftantly be diffipated, a
fmall fpark will ftrike the finger, and the bottle
will be pofitively charged as before.

One of the pofitions which fupport the Frank-
linian hypothefis, has been alrcady confidered ;
we are now at a proper ftage for pointing out
fome of thofe deficiencies which have been ob-

ferved in other parts of it. To fupport this hy-
pothefls,
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pothefis, 1t 1s neceflary to maintain THAT GLASS
AND OTHER ELECTRIC SUBSTANCES, THOUGH THEY
CONTAIN A GREAT DEAL OF ELECTRIC MATTER,
ARE NEVERTHELESS IMPERMEABLE TO IT.

This pofition appears contradittory at the firft
view, for it is not eafy to conceive, that any fub-
ftance can be full of a fluid and yet impermeable
by it. Efpecially when a confiderable quantity
of this fluid is taken from one fide, and added to
the other ; and what is more furprifing, the thin-
ner the glafs, and the lefs quantity it is capable
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 ftrong argument in favour of
the impermeability of glafs. Let a coated phial
be fet upon an infulated ftand, and the knob of
another coated phial be brought nearit; for every
fpark difcharged from the prime conductor to
the knob of the firft jar, a fpark will pafs from
the coating of the firft to the knob of the fecond :
now a common obferver generally imagines that
the fire runs through the glafs; Dr. Franklin
concludes it does not, becaufe there is found a
great accumulation of electricity on the infide of
the jar, which manifefts itfelf whea the infide and
outfide are made to communicate with each

other.

# Encyclopzdia Britannica, p. 2687.
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other. But we cannot from this and fimilar ex-
periments conclude that glafs is impermeable,
except we fuppole the eleftric matter to be ac-
cumulated on one {ide of the glafs, and deficient
on the other; but this hasnever yet been proved,
it has indeed been faid, that if glafs was perme-
able to this fluid, it could never be charged, but
this refts wholly on the fuppofition, that there
is an aceumulation of the fluid in bodies pofitively
cletrified, and a deficiency in thofe which are
negatively {o.*

Mr, Wilfon, to prove the permeability of
glafs, took a very large pane of glafls a little
warmed, and holding it upright by one edge,
while the oppofite edge refted upon wax, he
rubbed the middle part of the furface with his
finger, and found both fides electrified pLus; he
accounted for this from the eleétric fluid paffing
through the glafs from his finger. But Dr.
Prieftley fays this appearance ought to take place
on Dr. Franklin’s principles; for the fire given
to the glafs by the finger on one fide, repels an
equal quantity from the other, which ftands as
an atmofphere, fo that both fides appear pofi-
tively eleétrified. Mr. Wilfon tried alfo another
experiment, which {eems more decifive than the
former. Having by him a pane of glafs, one

fide
* Ibid, p. 2687,
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fide of which was rough, and the other fmooth ;
he rubbed it on one fide, upon doing this both
fides were electrified minus. Dr. Pricftley at-
tempts to reconcile this to Dr. Franklin’s hypo-
thefis, as the eletric fluid, contained in the glafs,
fays he, was kept equal on both fides by the
common repulfion. If the quantity on one fide
is diminifhed, the fluid on the other fide being
lefs repelled retires INwARD, and leaves that fur-
face minus. But furely thofe words militate
ftrongly againft the {yftcm he means to eftablifh.
The quantity of fluid in one fide being diminifh-
ed, that on the other, he {ays, RETIRES INWARD.
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.*

Dr. Franklin’s theory refts upon the following
pofition, * That pofitive electricity is an ac-
“ cumulation, or too great a quantity of eleric
“ matter contained in a bedy; and negative
“ electricity is when there is too little.” Of
this however there is not one proof, and all the
attempts that have hitherto been made to prove
it, are only arguing in a circle, or proving the
thing by itfelf. Thus, for inftance, a body elec-
trified pofitively, attrats one that is electrified

£ & negatively,
* Ibid, p. 2688,
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negatively, becaufe the firft has too much and
the other too little electric matter. But how do
we know that one has too much and the other too
little electricity ? Becaufe they attract each other.

Again, it has been proved, that when a jaris
electrified pofitively, thereis as conflant a ftream
of fire from the outfide coating, as there is from
the conductor to the infide coating. There-
fore, it is faid, the outfide has too little, and the
infide too much eleélricity. But how is this
known to be the cafe? Becaule in the above
experiment one fide has too much and the other
too little eleéitricity. Thus, in every inftance,
the arguments for Dr. Franklin’s hypothefis re-
turn into themfelves, and no conclufion can be
drawn from them.¥

If the reader withes to inveftigate this fuh-
ject further, he may confult Eeles’s Philofophi-
cal Effays, Willon’s fhort View of Eleltricity,
Marit's Récherches Phyfique fur 1I'Eletricité,
Milner's Obfervations, Lyon’s Obfervations and
Experiments on Electricity, and the Encyclos
padia Britannica, .

# Ibid, p. 2691,

CHAY.
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- BTATE Vil

Or THE ELrrerricar BATTERY, AND THE
LATERAL EEXPLOSION OF CHARGED JaRs.

TO increafe the force of the electric explofion,
feveral Leyden phials are conneéted to-

gether in a box; this collection is termed an
 cleftrical battery. Fig. 6 reprefents one of the
molft approved form.

The bottom of the box is covered with tin-
foil, toconnect the exterior coatings ; the infide
coatings of the jarsare connected by the wires b,
¢, d, e 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 out-
fide coating of the jars; a ball B proceeds from
the infide, by which the circuit may be con-
veniently completed. The following precautions
are neceflary to be attended to by thofe who make
ufe of an ele¢trical battery.

To keepthe top and uncoated part of the jars
dry and free from duft, and after the explofion
to connect a wire from the hook to the ball,
which fhould be left there till the battery is to
be charged again, which will totally obviate the

i - incona
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inconveniencies that have occafionally happened
from the refiduum of a charge. -

If one jar in a battery is broke, it is impof-
fible to charge 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 diicharge a battery through a
good conductor, except the circuit is at leaft
five feet long; but what is gained on one hand
by this method, is loft en the other, for, by
lengthening the circuit, the force of the fhock is
weakened proportionably.

I have been informed, that it is very difficult
to break by an explofion the jars which are made
of greenglafs, fabricated at Newcaftle, buthave
had no opportunity to make any experiments on
this glafs myfelf.

The force of a battery may be confiderably
increafed by concentrating the fpark from the
explofion, which is effected by caufing it to pafs
through fmall circuits of non-conducting 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 external and internal coatings which were
over the crack, foas to leave a fpace of about one fourth
6f an inch between the crack and remaining tin-foil,
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prepared as to augment it’s power.  If the fpark
15 made to pafs through a hole in a plate of glafs,
one twelfth or one fixth part of an inch in dia-
meter, 1t will be lefs diflipated, more 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 conveved to a
greater diftance, with an increafe of rapidity,
attended with a louder noife than common.

Mr. Morgan, by attending to thefe and fome
other circumftances, has melted wires, &c. with
fmall bottles. I hope he will be inductd to
communicate this, as well as the reft of his im-
portant difcoveries, to the public.

Exprriment cexxvir.—Pafs the charge of a
ftrong battery through two 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 cxxviin.—Difcharge a battery
through a quire of paper, a perforation will be
made through it; each of the leaves is protruded
by the firoke from the middle towards the out-
ward leaves, as if the fire darted both ways from
the center. If the paper is very dry, the fire
meets with more difficulty init’s paffage, and the

6 hole
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hole is fmall. If that part of the paper, through
which the explofion is made, is wet, the hole is
larger, the light more vivid, and the explofion
louder.

Experiment cxxix.— T he difcharge of a bat-
tery through a fmall fteel ncedle will, if the
charge is fufficient, communicate magnetiim to
the needle.

ExperIMENT cxxx.— Lhe difcharge of a bat-.
.~ tery through a {mall and flender magnetic needle,
will generally deftroy the polarity of the ncedle,
and fometimes invert the poles thereof. To fuc-
ceed in this experiment, it is often neceflary to
pafs feveral ftrong charges through the needle,
before it is removed from the circuit.

Itappears, from Beccaria’s experiments, that
the magnetic polarity, which is communicated
to the needle by electricity, depends on the po-
Gition of the needle when the charge is fent
through it, and is not regulated by the di-
reftion of the electric matter in entering the

needle.

ExpERIMENT cxxxr.—Let a quire of paper
be fufpended by a line in the manner of a pen-

dulum from any convenient altitude, fo that it’s
plane



ELECTRICITY, i51

plane may be vertical. Let the largeft charge
from a battery be caufed to pafs through it,
while quiefcent in an horizontal direétion per-
pendicular to the plane, the rods of communi.
cation not touching the paper; the phznomena
are; firft, the aperture mentioned in Exp. 128,
the leaves being protruded beth ways from the
middle : fecond, not the fmalleft motion is com-
inunicated to the paper from the force of the dif-
charge.

A quire of the thickeft and ftrongeft paper
was made ufe of for this experiment, the height
from which it was fufpended fixteen feer. I is
an extraordinary appearance on the hypothefis
nfafmgedﬂhmfmm,ﬂmta&memﬁdmw
to penetrate a folid fubflance of great tenacity
and cohefive force, fhould not communicate the
{malleft motion to the paper, when a breath of
air would caufe fome fenfible vibration n it,
But this difficulty is not unaniwerable: for a
velocity may be affigned, with which a body
impinges againft and paffes through a pendu-
lum of any given weight and refifting force, fo
that a {maller angular volocity 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 phano-
inenon, 1. e. the oppofite direcion in which the

leaves



152 AN EssAay oN

leaves are protruded, tends very much to
ftrengthen the opinion of two oppofite currents :
perhaps ecither of thole phenomena, confidered
fimply, may admit of an cafy folution from the
hypothefis of a fingle power ; when they are taken
both together, it feems more difficult to reconcile
this hypothefis with matter of fact.*

ExperIMENT cxxxit.—Difcharge a battery
through a flender piece of wire, ex. gr. one soth
of an inch in diameter, the wire will be broken
to pieces, or melted, fo as to fall on the table
in glowing balls. :

When a wire is melted in this manner, the
{parks fly frequently to a confiderable diftance,
being fcattered by the explofion in all direftions.

If the force of the battery is very great, the
wire will be entirely difperfed by the force of
the explofion, Small particles of {uch fubftances
as cannot be eafily drawn into wire, as platina,
grain gold, ores, &c. may be placed in a groove
of wag, and then put into the circuit ; if a dif-
charge of fufficient ftrength is paffed through
thera, they will be melted.

The force, by which wires are melted by a
battery, varies with the length of the circuit, as
the fluid meets with more refiftance 1n propor-

tion
* Atwood’s Analyfis,
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tion as the paflage through which it is to pafs
is longer. Dr. Prieftley could melt nine inches
of {mall iron wire at the diftance of fifteen feer,
but at twenty feet diftance he could only make
fix inches of it red hot, fo that metals refift with
confiderable force the paffage of the electric fluid,
and therefore in eftimating the conducting pow-
ers of different fubftances, their length muft be
particularly attended to.

Experiment cxxxrr.—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 colleted 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 different conducting powers of metals,
by pafling the difcharge of a battery through
them; but it has not yet been determined, whe-
ther the greater facility with which fome metals
are exploded depends on the eafe with which
the fluid paffes through them, or whether it
proceeds from the degree of refiftance they make
to it’s paflage, or from a want of ductility in
the metal, which is therefore lefs capable of ex-
panfion,

U EXPERIMENT
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ExreriMeENT cxxxiv.—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 at
thole places.

Experiment cxxxv.—Take two pieces of
window glafs, of about 3 by 2 inches, place a
{lip of brals or gold leaf between them, leaving
the metallic leaf out beyond the glafs at each
end; then place the two pieces of glafs in the
prefs of the univerfal difcharger, bring the points
of the wires ET, EF, fig. 33, to teuch the
ends of the leaves, and pafs a difcharge through
them, which will force part of the metal into the
glafsand ftain it with a colour which differs from
the metal thatis made ufe of. The metallic leaf
fhould be made narroweft in the middle; becaufe
. the force of the clefiric fire 1s in proportion to
it’s denfity, which is increafed when the fame
quantity of fire is compelled to pafs through
fewer conducting particles. ,

‘The explofion in melting the ftripes of leaf-
gold, &c. renders them non-conduéling, and lefs
capable after each difcharge to tranfmit another.
Some particles of the metal are driven into the
glafs, which is really melted ; thofe parts of the

metal,
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metal, which lie contiguous to the glafls, are the
moft perfectly fufed. The picces of glafs which
cover the flip of metal are generally broken to
pieces by the difcharger.

ExperiMENnT cxxxvI.—Place a thick piece of
glafs on the ivory plate of the univerfal dif-
charger, fig. 3, Pl 1l. and a thick piece of ivory
on the glafs, on which 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 pafls the difcharge through the wires, by
connecting one of the wires, as EF, with the
hook Cof the battery, fig. 65, Pl. IV. and form-
ing a communication, when the battery is
charged, from the other wire ET to the ball,
and the glafs will be broken, and fome part of it
fhivered to an impalpable powder. When the
piece of glafs is ftrong enough to refift the thock,
the glafs is often marked by the explofion with
the moft lively and beautiful colours. I have
been informed by Mr. Morgan, that if the glafs
1s cemented down, the effect is the fame as when
it is prefled by the weights; and this mode is
1n various experiments more convenient,

Place a piece of very dry white wood be-
tween the balls of the univerfal difcharger, the
fibres of the wood to be in the fame dircction

U2 with
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with the wires, pals the fhock through them,
and the woods will be tore to pieces, or run the
points into the wood, and then pafs the fhock
through them,

Exporiment cxxxvir.—If the difcharge is
pafled under the picce of ivory with the weights
upen it, without any glals between the picce
of ivory and the table GH of the univerfal dif-
charger, the weights will be lifted up by the
lateral force of the difcharge; the numben of
weights muft be proportioned to the force of the
explofion.

ExperiMENT cxxxvIrL.—Fig. 66, a reprefents
an infulated rod, nearly touching a charged jar,
b is another infulated rod, placed ina 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 electric fpark, which quits it again
almoft in the fame inftant, becaule the fineft
threads hung upon it will not be clectrified by
the fpark.

This clectrical appearance, without the cir-
cuit of a difcharging jar, is called the Lateral
Explofion.

If pieces of cork, or any light bodies, be

placed
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placed near the explofion of a jar or battery, they
will be moved out of their place in all directions
from the center of the explofion; and the greater
the force of the explofion, fo much greater will
the diftance be to which they are removed. It
is not furprifing, therefore, that heavy bodies
fhould be removed to confiderable diftances by
a itrong fiafh of lightning. Dr. Prieftley ap-
prehiends, that this f{peciesof lateral force is
produced by the explofion of the air from the
place through which the electric difcharge paffes.

This lateral force is not only exerted in the
neighbourhood of an explofion, when it is made
between picces of metal in theopen air, but alfo
when it is tranfmitted through pieces of wire
that are not thick enough to conduct it perfectly.
The f{maller the wire is, and the greater the
fufion, the greater is the difperfion of light bodies
near it.

Exprriment cxxxix.—If circuits, different in
length and of different fubftances, form a com-
munication between two charged furfaces of an
electric plate, it is obferved, the difcharge will
be made through the beft conductors, whatever
be the length of the others.

2. If circuits of the fame fubftance be different

in
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in lengrh, the difcharge will be made through
the fhorteft of them.

3. If the circuits be the fame in every ref-
pect, the difcharge will be made through many
of themat the fame time.*

If one circuit confifts of undried wood, and is
of coniiderable length in comparifon of another
which confifts of metal, the difcharge will be
made wholly through the latter, unlefs the charge
fhould be very great, in which cafe fome {inall
part will pafs through the wood.

Ifa 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 red; but
if the charge isvery great, or if the rod is very
flender, orif it thould be very long, in either of
thefe cafes the difcharge may be perceived to
pafs 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 {o 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 variety of circuits
for the difcharge of a large jar or battery ; and,
that having a fufficient number of thefe, he

could
Atwood's Analyfis, p.119, 120.
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could introduce himfelf into one of them, and
take his part of the thock without inconvenience,
it even was not difagreeable; and he could
by this means leflen the f{enfation almoft to
nothing.

ExperiMENT cxr.—Mr. Henly made adouble
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 fmall chain.
On difcharging a jar, containing five hundred
fquare inches of coated furface, the ele@iricity
pafled in both circuits, {parks being vifible on
the fmall chain in many places. On making the
difcharge of three jars, containing together fix-
teen {quare feet of coated furface, through three
different chains at the fame time, fig. 67, bright
{parks were vifible in them all. The chains
were of iron and brafs, of very different lengths ;
the fhorteft ten or twelve inches, the longefk
many fect in length. When thofe jars were dif-
charged through the iron bar before-mentioned,
together with a fmall chain, three-quarters of
a yard in length, the whole chain was illumined,
and covered throughout with beautiful rays,
like briftles, or golden hair. Havipg placed a
large jar in contact with the prime conductor,
and affixed to the coating of it an iron chain,

6 which
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which was alfo connected with a plate of metal,
on which was made the difcharge by the dif«
charging rod: this done he hooked another
chain, much longer, and of brafs, to the op-
pofite fide of the jar, and brought the end of it
within eight inches and an half of the metal
plate. In conta&t with this end a fmall oak ftick
was laid, eight inches long, which was covered
with faw-duft of fire-wood. On making the
difcharge upon the plate, both the chains were
luminous through their whole lengths, as was
alfo the faw-duft, which was covered by a
fireak of light, making a very pleafing appear-
ance.

At the glafs-houfe there is generally a great
number of folid fiicks of glals, about one quarter
of an inch diameter; if thefe be examined nar-
rowly, feveral of them will be found tubular a
confiderable length ; the diameter of the cavity
feldom exceeds the 200th part of an inch.  Se-
lect and break off the tubular part, which may
be filled with quickfilver by fucking, care being '
taken that no moiture previoufly infinuates it-
felf ; the tube will then be prepared for the
experiment,

ExperiMent cxri.—Pafs the fhock through

this fmall thread of quickfilver, which will be
inftantly



ELEGTRICITY 161

inftantly difploded, and will break or {plic the
tube in a curious manner,*

ExperiMeNT cxLil.—Take a glafs tube, the
bore of which is about one quarter of an inch,
fll it with water, and ftop the ends with cork,
infert two wires through the corks into the tube,
{o 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 in
every direction, and the tube blown to pieces by
the dilcharge.

‘The electric fluid, like common fire, con-
verts 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 pafled the fhock through a drop of
water, which was {upported, in the center of a
folid glafs ball, between 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 electric fluid endeavours to ex-

W plode,

* Nicholfon’s Introduétion to Philofophy, p. 413-
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plode, in every direction, the parts of the refifling
fubftances through which it pafies.

FxperiMENT cxL1TT.— Place a building, which
:s formed of feveral loofe picces of wood, on a
wet board in the middle of a large bafon of
water, let the electric flafh from a battery be
made to pafs over the board, or over the water,
or over both ; the water will be ftrongly agitated,
and the building thrown down. The report is
louder than when the explofion paffes only
through the air. The electric fluid endeavours
to pafs near the furface of the water where 1t
meets with more refiftance, than if it is forced
to pafs through it. 'This partly arifes from the
power the electric fluid has of raifing an expan-
five vapour from the furface of the water, which
drives off the refifting air.

A difcharge pafled over the {urface of a piece
of ice will leave on it fmall unequal cavities, €X~
hibiting the fame appearance as if a hot chain
had been placed onit.

A difcharge fent through a green leaf tears
the furface in various direétions, leaving an
image in miniature of fome of the effects of
lightning. A difcharge will pafs to a certain
diftance over fpirit of wine, without inflaming
it; but, if the diftance 1s increafed, it will fet

1t
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it on fire. From hence it appears, that the
facility with which the eletric fire is tranfmitted
over the {urface of moift fubftances, depends
on the eafe with which they are turned into
vapours.

The difcharge, in melting the particles of
metals, drives into it’s paflage 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.

ExperIMENT cxLiv.—If a wire is ftretched
by weights, and a fhock is fent through it that
will render it red hot, it is found to be confider-
ably lengthened after the difcharge. When the
wire is loofe, itis faid to be fhortened by the

explofion.

ExrerimenT cxLv.—Ifa long narrow trough
of water is made part of the circuit in the dif-
charge of abattery, anda perfon’s hand be im-
merged in the water at the time of the explofion,
he will feel an odd vibration in the water, very
different from an eleétrical thock. The quick
ftroke from the repercuflion of the air and the
vapour, 1s communicated to the hand by the
water, and the hand receives a fhock fimilar to

Wa that
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that received by a fhip at fea during an earth-
‘quake.

ExperiMenT ¢xLvi.—Place a plin piece ‘of
metal between the points of the univerfal dif-
charger, pafs {everal ex‘iﬂuﬁdm of a battery
through the wires, and the difcharges will gra-

“dually form on the metal different circles, beaun-
“tifully tinged with the prifmatic colours. The
circles appear fooner, and are clofer to each
other, the nearer the pointis to the furface of
the metal. The number of rings, or circles,
depend on the fharpnefs of the point; the ex-
periment therefore, fucceeds better if a fharp
“heedle is faftened toone 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 eleétric fhock might be con-
veyed, and the velocity with which it moves.

“In his firlt experiment, the fhock was given ‘and
fpirits fired by the eledtric ‘matter, which had
been conveyed through the river Thames. In
the next experiment, the electric fluid was made

“to pafs through a circuit of two miles, croffing
‘the New-river twice, going over feveral gravel-

pits, and a large ficld. It ‘was afterwards con-
veyed through a circuit of four miles. It pafled
6 over
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over thefe'fpaces inftantaneoufly as to fenfe,
This fenfible inftantaneity in the motion of rhe
electric fluid was alcertained by an obferver,
who, though in the room with the charged phial,
was, at the fame time, 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 the beft condic-
tors, that all the eleétric 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 with ‘this immeafurable velocity ;
and it is alfo certain, that this fluid is refifted in
it’s paflage through, orover, every fubftance.
The wonderful part of the foregoing experi-
ments will vanifh, if we admit the reafloning of
Mr. Volta on this fubje&; and the reader will
find his reafoning confiderably ftrengthéned
by experiments 120, 121, 122 of this Effay,
‘which were originally made by Mr. Atwood ;
though it muft be owned, thefe experimerits
{eem to lead much further, and give an idea of
the direction of the ele€tric fluid in the difcharge
of the Leyden phial, which differs altogether from

the received theory.
The
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The following account is extralted froma
very long paper of Mr. Volta, in the Journal de
Phyfique for 1779 :

Let us fuppofe that a, 4, ¢, d, ¢, f, g b, 1,
k I, m, n, o, hold bands; let grafp the out-
fide of a charged Leyden phial, and o touch :ne
knob ; at the inftant o receives the fire difcharged
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 #, tom, &c.in
the mean while the lofs of 4 is compenfated from
5, and 4 is furnifhed with frefh matter from ¢,
and foon. It is ftill true, that there is but one
ftream, if we confider only the direction of the
fluid, which is excited fimultancoufly at the two
extremities, and moves at the fame inflant of
time ; though, to fpeak more accurately, it is not
one {tream, but two united in one. It the ex-
treme rapidity with which the fire pafles, did not
prevent our perceiving the fucceflive commotions
received by the perfons who form the chain, we
fhould find they did not follow the order o, 7,
m, I, but were felt fimultancoufly, firft at the
two extremities 0 and a, thenat zand &, m and ¢,
&c. advancing towards the middle of the chain.
Agrecable to this, if the bottle is fmall, the lon-
ger the circuit is made, thofe who are furtheft

from the extremities find the {hock weaker.
To
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To render this account more clear, feparate
the circuit, and form on a dry floor two rows,
a, b, ¢, d—e, f, g, b, interrupted in the middle ;
let ¢ grafp the bottle by the outfide, and a excite
the difcharge by touching the knob of the bottle ;
now, if the electric fire was obliged to take the
thorteft courfe to come to the exterior and nega-
tive furface, it ought to defcend to the feet of e,
pafs over the boards to the feet of ¢, and then
through him to the outfide, without aéling on
£, g, b, which would be out of it’s circuit. But,
contrary to this, the fluid goes out of the direct
courfe, to follow that of the conducting perfons,
which afford it a proper receptacle, and comes
to the outfide by another fource. The fire which
goes from the infide from ¢ to f, g, b, gives
them a fenfible fenfation in their hands and
their heels, fhewing itfelf by a fpark, if the
hands and the feet are {eparated a little from each
other, and finithes by diffipating itfelf in the
common refervoir. In the fame manner d, who
firft gives the fire to the outfide, receives it fuc-
ceflively from ¢, 4, a, who all draw it in from
the floor. The ftream therefore, which proceeds
from the knob of the bottle, paffing through the
conducting fubftance, lofes itfelf in the general
fource ; while, from the fame {ource, a fufhicient
quantity
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quantity is taken to fupply the deficiency of the
exterior furface.

If £, g, b, donot form a chain, but are irre-
gularly placed round e, the pofitive part of the
fluid may be feen to fpread itfclf on different
fides, and divide itfelf in different branches to
reach the floor. The fluid will in the fame
manner rifc from the floor to reach 4, if 4, 4,
and ¢, are irregularly placed round him ; fo that
each furface excites it’s own ftream; one that
enters the bottle, the other proceeding from it.
Thus alfo, in the foregoing experiments of Dr.
Watfon, where it has been fuppofed that the
ele¢tric fluid has made fuch amazing circuits
through rivers, over fields, &c. "the fluid from
the infide was difperfed in the river, at theinftant
that the outfide collected, from the fame fource,
fupplies for it’s own deficiency.

It appears alfo, from other experiments, 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 acharged
jar is infulated, and the dilcharge is made by a
difcharger witha'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.
CH A%
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¢ WA P I

Ox tue InFLuence or PoinTED CoNDUCTORS
ror BUILDINGS.

HE importance of eletricity, as well as it’s
univerfal agency, becomes more confpicu-

pus, in proportion as our acquaintance with it
increafes. We find no fubftance in nature which
is not acted on by it, either as a conduclor or
non-conductor ; and difcover, that the furprifing
phznoména of thunder and lightning owe their
origin to, and are’ of the fame nature with it,
Very little progtrefs had been made in electricity,
when the analogy between the electric fpark and
lightning was difcovered : but the {ublime idea
of realizing thefe conjectures, and proving that
the fire which flafhes in the fky, is the fame
agent which explodes and gives a fhock in our
experiments, was given to Dr. Franklin; who
alfo firlt fuggefted the utility of pointed conduc-
tors of metal, to preferve buildings from the
dreadful cffects of lightning; an idea which
was received with general applaufe and approba-
tion. Since this period, many eledtricians have
been induced to change their opinion relative to

the utility of thefe conductors ; and among thofe |
X who
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who underftand the fubjeét well, it has been
difputed, whether the preference fhould be given
to a conduttor with a pointed end, or to one
which has an obtufe termination.

The experiments which have been made on
this {ubject are very numerous ; but the greater
part appear tome very inconclufive, and prefent
only a very partial view of the fubjet. Among
thefe we may reckon thofe in which different
fubftances have been introduced, to reprefent
the aflion of condutors on clouds; fince the
various fubftances made ufe of in thefe experi-
ments, were cohering malfles, in which they
differ effentially from the clouds which float in
the air. It appears alfo, from many inflances,
that lightning does not pafs in one undivided
trat, but that neighbouring bodies carry off
their fhare, according to their quantity and
conducting power.

A pointed conductor, which communicates
with the carth, has not any particular power of
attracting eleciricity, and acts only as any other
conducting fubflance, which dees not refift the
paflage of the electric fluid.

It is true, that electricity pafles with more
cale from an eleétrified body to a conductor
which is pointed, than to one which is flat or
lobular ; becaufe, in this cafe, the elafticity of

the
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the electric fluid, and it’s power to break through
the air, are weakened by the flat furface, which
acquires a contrary electricity, and compenfates
the diminifhed intenfity more than a point can ;
the point being eafily rendered negative, while
the cffort of the fiuid to efcape from the clectrified
body, is greater than when it is oppofed by a
flat furface. So that it is not the particular pro-
perty of a point, or flat, but the different ftate
of the clectrified body, which caules it to part
with it’s eleCtricity eafier, and from a greater
diftance, when a pointed conducting {ubftance
is prefented to it, than it does to a flat or globu-
lar conductor.*®

The capacity of conductors to hold clectricity,
is in proportion to the furfaces which are free, or
uninfluenced by a fimilar atmofphere ; a circum-
ftance which will, more or lefs, affect thofe con-
duéors which are applied to buildings, according
to the ftate of the clouds and their atmofphere,
the time their influence has been exerted, the
pature of the conduding firata of the earth, and
it's electric fituation.

Befides, the eleétric powers muft be feparated
before any body can be ele@rified ; and the point
muft be in a ftate to give one kind of eletricity,
before it can receive the other. They cannot att

X3 beyond
¥ See Volta’s Paper, Phil, Tran, vol. 73,
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beyond the ele&ric atmofphere of the body te
which they are prefented, and their altion is
differently modified by the flate of the air.

Fig. 68 reprefents the gable end of a houfe,
fixed vertically on the horizontal board F G
a fquare hole is made in the gable end ath i, into
which a piece of wood is fitted ; a wireis inferted
in the diagonal of thus little piece; two wires are
alfo ficted to the gable end ; the lower end of
one wire terminating at the upper corner of the
fquarc hole; the top of the other wire is fixed
to it's lower corner; the brafs ball on the
wire may be taken off, in order that the pointed
end may be occafionally expofed to receive the
explofion.

ExprrIMENT cxivil.—Place a jar with it's
knob in contact with the conductor, connect
the bottom of the jar with the hook H, then
cbarge the jar, and bring the ball under the
conduétor, and the jar will be difcharged by an
explofion from the condutlor to the ball of the
houfe. The wires and chain being all in con-
neélion, the fire will be conveyed ta the outfide of
the jar, without affecting the houfe: but if the
fquare piece of wood is placed fo that the wires
are not connected, but the communication cut off,

the eletric fluid, in paffing to the outfide of the
~ bottle,
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- bottle, will throw out the little picce of wood to
a confiderable diftance, by the lateral force of
the explofion. See fig. 68.

Unfcrew the ball, and let the point which is
underneath be prefented to the conductor, and
then you will not be able to charge thejar; for
the fharp point gradually draws the fire from the
conductor, and conveys it to the coating on the
outfide of the jar.

The prime conductor is fuppofed to reprefent
a thunder cloud difcharging it’s contents on a
weather-cock, or any other metal, at the top of
a building. From this experiment many have
inferred, that if there is a conneétion of metal
to conduét the eletric fluid down to the earth,
the building will receive nodamage; but where
the connection is imperfect, it will firike from

one part to another, and thus endanger the whole
building,

ExperiMenT cxLviiL.—Mr. Henly affixed to
the top of a glafs ftand a wire, three-eighths of
an inch 1n diameter, terminated at one end by
a ball, three-fourths of an inch in diameter, and
at the other end by a very fharp point ; (fee fig.
69.) round the middle of this wire hung a chain,
twelve inches long ; he conneted the chain with
the coating of a charged bottle, and brought the

knob
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knob of it very gently towards the ball on the
infulated wire, in order to obferve precifely, at
what diftance it would be difcharged upon 1t,
which conftantly happencd at the diftance of
half an inch, with a loud and full explofion.
Then charging the bottle, he brought it in the
fame gradual manner towards the point of the
infulated wire, to try alfo at what diftance it
would be ftruck but this, in many trials, never
happened atall 5 the point being approached in
this gradual manner, alwgys drew oft the charge
imperceptibly, leaving fcarce a a fpajk in the
bottle.

Experiment cxLix.—The fame gpnﬂgman
connected a jar, containing go9 fquare inches
of coated furface, with the prime conductor ; fee
fig. 68. 1f thejar was fo charged as to raife the
eleétrometer to 60°, by bringing the ball on the
wire of the thunder houfe, to halfan inch dif-
tance from that connefted with the prime con-
du&or, the jar would be difcharged, and the
picce in the thunder houle thrown out to a con-
fiderable diftance. Ufing a pointed wire as a
conductor to the thunder houfe, inftead of the
knob, the charge being the fame, the jar was
difcharged filently, though fuddenly, and the
piece was not thrown out.

EXPERIMENT
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ExpcriMeNt cL.—He afterwards made a
double circuit to the thunder houfe; the firlt by
a knob, the fecond by a fharp pointed wire, at
an inch and a quarter diftance from each other,
but exaltly the fame height. The charge being
the fame, the knob was firft brought under the
prime conduétor, which- was half an inch above
it, and followed by the point at an inch and a
quarter diftance, yet no explofion fell upon the
ball, as the point drew ofF the charge filently, and
the picce in the thunder houfe remained un-
moved.

ExperIMENT cLI.—He infulated a large jar,
and connected, by chains, with the external
coating, on one fide, a knob, on the other a
fharp pointed wire, both being infulated, and
ftanding five inches from each other, (fee
fig. 70,) and placed an infulated copper ball,
eight inches in diameter, fo as to ftand
exactly at half an inch diftance both from the
knob and the point; the jar was then charg-
ed, and the difcharge made by the difcharging
rod on the copper ball, from whence it leaped
to the knob A, which was three quarters of an
inch in diameter, the jar was difcharged by a

loud and full explofion, and the chain was very
luminous.

ExPERIMENT
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ExperiMeNT cLir.—Mr. Henly fufpended by 2
flk ftring, from one end of a wooden bar, which
turned freely in an horizontal direction upon
the point of a needle, a large bullock’s bladder,
gilded with leaf copper ; the bladder was bal-
lanced by a weight at the other end of the arm ;
(fee fig. 71;) he gave a frong fpark from the
knob of a charged phial to the bladder ; he then
prefented towards it a brafs ball, two inches in
diameter, and obferved that the bladder would
come towards it at the diftance of three inches;
and when it got within an inch, would throw
off it’s eleétricity in a full fpark. He then gave
it another fpark, and prefented a pointed wire
towards the bladder, which never approached
to the point, nor ever gave any fpark, the elec-
tricity being carried off.

ExperiMent cLiir.—Take two or three fine
tocks of cotton, faften one of them to the con-
ductor by a fine thread, another lock to that, and
a third to the {econd, put the machine in action,
and the locks of cotton will expand their fila-
ments, and will extend themfelves towards the
table. Prefent a fharp point under the loweft,
and it will fhrink up towards the fecond, and
this towards the firft, and all together towards

the
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the prime conduétor, where they will continue
as long as the point remains under them.

ExperiMenT cr1v.—Faften a number of fine
threads, or hair, to the end of the prime conduc-
tor; when the cylinder is turned, thefe will
diverge like rays proceeding from a center: con-
tinue turning the cylinder, and prefent a point
towards one fide of the condutor, and the
threads on one fide will hang down, and lofe
their divergence, but thofe on the other fide
will ftill continue to diverge ; which thews, that
the power of points to draw off eletricity, does
not extend round the eleétrified body, when
means are ufed to keep up the fupply of eleétri-
city.

- Fig. 72 reprefents an oval board, three feet
long and two feet broad, coated on both fides
with tin-foil, and fufpended by filk lines from
a double hook ; this turns on an axis, which is
faftened to one arm of a nice ballance, and coun-
terpoifed at the other arm by a weight; part of
the table underneath the board is to be cover-

ed with tin-foil, and communicate to the floor
by a chain.

Exrerivment cLv.—Conne&t the pendulous
board with the prime conductor by a fimall wire,
: Y a few
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a few turns of the machine will eleétrify the
apparatus. When this experiment was made,
the board was attracted by the table at fifteen
inches diftance, and difcharged itfelf with a
ftrong {park. The fame happened to a metal
ball which was placed on the table, the board
approaching till it was about one inch from the
ball, and then difcharging itfelf by a fpark. If
a point is fixed on the board inftead of a knob,
the pendulous board, though it begins to ap-
proach, ftops at about four or five inches from
the table, and it will not approach nearer, or
give a fpark: a fmall light is fcen upon the
point in the dark. A Leyden phial was then
connected with the prime conductor; it now
required more turns of the machine to charge
the apparatus ; the effet was the famc as before.
The counterpoife was now held, that the board
might not difcend till it had received a full
charge : when fet at liberty, it was pot only
attracted by, but allo gave a loud explofion on
the point, infomuch, that the tin-foil round it
was ftained by the overflowing of the fire.
The following experiment 1s extracted from
« An Account of Experiments made at the
Pantheon, on the Nature and Ufe of Conductors,”
by Mr. Wilfon. It was made in order to point
out what he deemed erronecous 1n an experiment
of
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of Mr." Henly, which is the 151ft of this
Effay. '

The circuit of communication was divided
Mo two parts.

A bent rod of brafs, with a ball of the fame
metal, three quarters of an inch in diameter,
fcrewed on to the lipper extremity of it, and a
copper ball, fiveinches in diameter, {crewed on
to the lower end, forms one of the parts. This
part was fupported by a ftand of wood that had a
cap of brafs at the top, into which the brafs rod
was occafionally {crewed.

The other part of the circuit confifted of a
brafs rod alfo; one end of which branched out
in the form of a fork, with two prongs that
pointed towards the center of the copper ball;
and thofe prongs were fo conftruéied, that either
of them could be made longer or fhorter, juft as
the experiment required. On the end of one of
the prongs was fixed a ball of brafs, three quarters
of an inch in diameter, and on the other a fharp
{teel point or ncedle. The fhoulder of this fork
{crewed into a fmall plate of iron, that was fixed
on the infide of a wooden veflel, which contained
the greateft part of a cylindrical glafs jar, twelve
inches three quarters high, and about four
iches in diameter.  This glafs was rather thick
than otherwife, and the coating of it (which

x4 was
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was tin-foil) meafured nearly 144 fquare inches
on each furface. Befides this coating, part of
the infide of the wooden veflel was coated alfo
with tin-foil, for the purpofe of making a fecure
communication between the iron plate and the
outward coating of the jar. Within the jar itfelf
was fitted a cylinder of wood, that was covered
with tin-foil alfo, to make a communication
between the infide coating of the glafs and a brafs
rod, that was fixed upright in the center of the
wooden cylinder. This upright rod having a
ball of brafs at the end, three quarters of an inch
in diameter, was bent towards the firft part of
the circuit ; fo that the two balls A and B, in fig.
73, being upon a level, looked towards each
other, but were placed from time to time at
different diftances, as occafion required ; and

thus anfwered the purpofe of an eleCtrometer.
Mr. Wilfon began the experiments where the
cleCtrometer was ftruck at the greateft diftance,
and then adjufted the diftances of the ball ac~
cordingly ; fo that if the point was ftruck when
they were adjufted, the moving of the ball the
thirty-fecond part of an inch would occafion the
ball to be ftruck in preference to the point, and
vice verfa. Afterwards he leflened the ftriking
diftance of the electrometer, in every experiment,

till he artained the leaft diftance, :
Upon
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Upon reverfing part of the apparatus, and
fixing the ball to the bottle, and the fork to the
ftand, all thofe experiments were repeated again ;
the copper ball being put neareft to the glafs, in
the place of the forked part, and the forked part
in the place of the copper ball. "This fet of experi-
ments being completed, he made others, where
the ball only was oppofed ; and after them, where
the point only was oppofed to the copper ball.

Having gone through all thefe experiments,
as they are fet down in the firft table, he then
repeated the experiment with the chain, after
Mr. Henly’s manner. The refult of which, and
with the apparatus reverfed, will appear in the
fecond table,

TABLE
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ExperiMeNT cLvi.— If an interruption 1is
made in each of two fimilar circuits, which
form communications between the charged fur-
faces of an electric plate, and if the fpace of air
in one of the interruptions is terminated by
points, and in the other by balls, the difcharge
will be made through the circuit of which the
points make a part, although the length of the
interrupted fpace of air is confiderably greater
than that in the other circuit.

Before any difcharge takes place, the two
powers are fufpended on the oppofite furfaces of
the charged electric.

An electric plate may be difcharged two ways,
cither filently in fome {enfible portion of time,
or by explofion in an inflant: in cither cafe ex-
periments abundantly fhew, that, ceferis paribus,
the difcharge will be made through a pointed
bedy in preference to a round termination.

When a pointed body is prefented to any
charged furface, a cylindrical plate of air, of
evanefcent diameter, is charged with the con-
trary electricities firongly attraéting each other
through it; and the guantity of air being fo
fmall, there will be little refiftance to their
union ; the difcharge will be made by explofion
in preference to the gradual difcharge, according
as the oppofite furfaces (the pointed body and

4 the
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the furface oppofed to it) are larger, as they are
nearer each other, and as the charge is greater;
for it will be obferved, that a point, or very {fmall
{pherical termination, which is in a phyfical
fenfe a point, will difcharge any quantity of
electricity filently and gradually without explo-
fion, while it is at a fufficient diftance from the
oppofite charged furface: by bringing it nearer,
the method of difcharge will be altered ; which
will now be a fucceflion of {mall explofions very
quickly following each other. The reafon of
thjs feems to be, that whenthe charged {urfaces
are very near, there is not fufficient time for
the contrary powers to unite gradually, nor fuf-
ficient room in which they may be diffufed
among the furrounding air.

This is confirmed by again removing the two
oppofed furfaces to {uch a diftance, that the dif~
charge may be made gradually; in this cafe, if
the parts of the apparatus are fo difpofed, by any
kind of contrivance, that the difcharge muft
neceffarily be made {uddenly, the method of
difcharge will be again altered, becoming now a
fucceflion of explofions, inftead of a gradual cur-
rent between the oppofed furfaces: this fudden-
nefs of the difcharge may be effected by a proper
ufe of interruptions in the circuit; it may alfo

be caufed by motion; ifeither furface be moved
Z brifkly
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brifkly toward the other, the explofion of the
charge will be promoted.
Elevated conductors applied to buildings, as
a fecurity from the effects of lightning, will con-
tribute to difcharge the elettricity from a cloud
that pafles over them : and a greater quantity of
the difcharge wilt pals through a pointed con-
ductor, than through one which is terminated
by a ball; but whether the difcharge will be
made by a gradual current, or by explofion, will
depend on the fuddennefs of the difcharge, on
the proximity of the cloud, it's motion, and the
quantity of the electricity contained in it. If a
{mall cloud hangs fufpended under a large cloud
loaded with electric matter, pointed conductors
on a building underneath will receive the dif-
charge by explofion, in preference to thofe ter-
minated by balls, the fmall cloud formingan in-
terruption, which allows only an inftant of time
for the difcharge. If a fingle clectric cloud is
driven with confiderable velocity near to a pointed
conductor, the charge may be caufed to explode
upon it by the motion of the charged body. In
other cafes, pointed conductors contribute to
difcharge a' thunder cloud gradually without
explofion.
M. Wilfon’s experiments, publifhed in the
Philofophical Tranfactions 1778, have contri-
buted
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buted greatly to explain the effects of points in
difcharging the elettric matter.

Ifa conical pointed body were inferted into a
fimilar hollow cone, formed into an electrified
folid, the furfaces of the two cones being equi-
diftant, no greater dilcharge of the eclectrics
would follow, than if the two conical furfaces
had been plain, and oppofed to cach other at
the fame diftance.

ExperiMenT cLvin.—Iftwo cle@ric plates be
charged, and a communication formed between
the pofitive fide of one, and the negative fide of
the other, no difcharge will follow ; unlefs a
communication be formed between the other
two furfaces at the fame time.

The natural ele€lricity in the atmofphere is
frequently difcharged in this manner: Two
clouds being electrified with oppofite powers,
the furfaces of the earth immediately under them
are likewife eleftrified with powers contrary to
thofe in the cloudsabove them ; and the moifture
of carth forming a communication between the
two contiguous charged furfaces, whenever the
rwo clouds meet, there will follow a difcharge,
both of the clouds and furfaces on the carth op-
pofed to them. If the earth fhould be dry, and
confequently afford a refitance to the union of

Z 2 the
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the two clecricities accumulated on or undes
it’s {urface, there will follow an explofion in the
earth as well as in the atmofphere, which will
produce concuffions and other phaeenomena which
have frequently been obferved to happen in
dry feafons, particularly in thofe climates which
are the moft liable to ftorms of thunder and
hghtning.

OBSERVATIONS ON THE ACTION OF CoNDUCTORS,

“ Ever fince the difcovery of the identity of
cleéiricity and lightning, it has been allowed
by all parties, that conductors of fome kind are
in a manner neceflary for the fafety of buildings
inthofe countries where thunder ftorms are very
frequent. The principle on which they a& is
this; that the eleétric fluid, when impelled by
any power, always goes to that place where it
mects with the leaft refiftance, Now, as metals
arc found to give the leaft refiftance to it’s
paflage, it will always choofe to run along a
metalline rod, in preference to a paflfage of
any other kind. But it is neceffary to obferve
here, that ele@ricity never ftrikes a body merely
for the fake of the body itfelf, but as by means
of that body it can arrive at the place of it’s
deflinationa  When a quantity of electricity is

collected
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collected from the earth, by means of an ele&ric
machine, a body communicating with the earth
will receivea ftrong fpark from the prime con-
ductor ; it receives this fpark, not becaufe it is
capable of containing all the electricity of the
cyhinder and conductor, but becaufe the natural
fituation of the fluid being difturbed by the mo-
tion of the machine, a ftream of it is fent off
from the earth. The natural powers, therefore,
make an effort to fupply what is thus drained off
from the carth; and as the individual quantity
which comes out is moft proper for fupplying
the deficiency, as not being employed for any
natural purpofe, there is always an effort made
for returning it to the earth. No fooncr, then,
is a conducting body, communicating with the
earth, prefented to the prime conduélor, than
the whole effort of the elettricity is directed
againft that body ; not merely becaufe it is a con-
ductor, but becaufe it leads to the place where
the fluid is direted by the natural powers by
which it is governed, and at which it would find
other means to arrive, though that body were
not to be prefented. That this is the cafe, we
may eafily fee, by prefenting the fame conduc-
ting fubftance in an infulated ftate to the prime
conductor of the machine, when we fhall find
enly a {mall fpark will be produced, In like

manner,
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manner, when lightning ftrikes a tree, a houfe,
or a thunder-rod, it is not becaufe thefe objects
are high, or in the neigbourhood of the cloud,
but becaufe they communicate with fome place
below the furface of the ground, againit which
the impetus of the lightning is directed, and at
that place the lightning would certainly arrive,
though none of the above-mentioned objects had
been interpofed.

« When the atmofphere begins to be cleétri-
fied, cither negatively or pofitively, the carth,
by means of the incquality and moifture of it’s
furfa ;, but efpecially by the vegetables which
grow upon it, abforbs that electricity, and quickly
becomes eleGrified in the fame manner with the
atmofphere ; this abforption, however, ceafes in
a very fhort time, becaufe it cannot be continued
without fetting in motion the whole of the elec-
tric matter contained in the earth itfelf. Alter-
nate zones of pofitive and negative electricity
will then begin to take place below the furface
of the earth, for reafons given in the courfe of
this Effay., Between the atmofphere and one of
thefe zones the ftroke of lightning will always
be. Thus, fuppofing the atmofphere is pofitively
electrified, the furface of the earth will, by means
of trees, &c. quickly become pofitively elec-

trified alfo, we will fuppofe to the depth of ten
feet s
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feet : the eleétricity cannot penetrate further, on
account of the refiftance of the eclectric matter
in the bowels of the earth. At the depth of
ten feet from the furface, a zone of negatively
electrified earth begins, and to this zone the elec-
tricity of the atmofphere is attracted; but to
this it cannot get, without breaking through the
pofitively electrified zone, which lies uppermoft,
and f{hattering to pieces every bad conductor
which lies in it’s way. We are therefore {ure,
that in whatever place the outer zone of pofitively
electrified earth is thinneft, there the lightning
will ftrike, whether a condutor happens o be
prefent or not. If there is a conductor, either
with a knob or fharp pointed, the lightning will
infallibly ftrike it : but it would alfo have ftruck
a houfe fituated on that fpot without any con-
duttor; and if the houfe had not been there,
it would have firuck the furface of the ground
itfelf.  Again, if we fuppofe the houfe with it’s
conductor to ftand on a part of the earth where
the pofitively electrified zone is very thick, the
conductor will neither filently draw off the elec-
tricity, nor will the lightning ftrike it; though,
perhaps, it may ftrike a much lower obje&, or
even the furface of the ground itfelf at no great
diftance; the reafon for which undoubtedly is,

that
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that there the pofitively electrified zone is thins
ner than where the conductor was.

« To fuppofe that a pointed conductor will
exhauft a thunder cloud of it’s eleltricity, muft
ar firlt fight appear trifling, to infifton it, ridi-
culous. Innumerable objects are all confpiring
todraw off the electricity as well as the con-
ductor, ifit could be drawn off; but of affecting
this, there is an impoflibility, becaule they have
the fame kind of electricity with the clouds them-
felves.

« Befides, Beccaria has obferved, that during
the progrefs and increafe of the florm, though
the lightning frequently firuck to the earth, yet
the fame cloud was the next moment ready to
make a greater difcharge, and his apparatus con-
tinued tobe as much affected as ever.

«« The conductor has not even the power of
altraiting the lightning ‘a few feet out of the
direction it would choofe itfelf: of this we have
amoft decifive inftance in what happened to the
magazine at Purfleet, in Effex. That houfe was
furnifhed with a conductor, raifed above the
higheft part of the building; neverthelefs, a flath
of lightning ftruck an iron cramp in the corner
of the wall of the building, confiderably lower
than the top of the conductor, and only forty-fix
feet in a floping line diftant from the point.

4 “ The
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« The conductor, with all it’s power of draw-
ing of the eleftric matter, was neither able to
prevent the flafh, nor to turn it forty-fix feet
out of it'’s way. The matter of fact is, the light-
ning was determined to enter the earth at the
place where the Board-houfe ftands, or nearit;
the conductor, fixed on the houfe, offered the
eafieft communication, but forty-fix feet of air
intervening between the point of the conductor
and the place of the explofion, the refiftance was
lefs through the blunt cramp of iron, and a few
bricks moiftened with the rain to the fide of the
metalline condu&or, than through the forty-fix
feet of airto it’s point, for the former was the
way in which the lightning actually pafled.

“ The zig-zag kind of lightning is the moft
dangerous, becaufe it muft overcome a very
violent refiftance of the atmofphere, and where-
ever that refiftance is in the fmalleft degree leflen-
ed, there it will undoubtedly ftrike, and even at
a confiderable diftance. It isotherwife with that
kind that appears in flafhes of no determinate
" form; the eleétric matter of which is evidently
diffipated in the air by fome condutling fub-
ftances which are prefent there, and they arc
therefore rendcred lefs powerful.

“ The moft deftru@ive kind of lightning is

that which affumes the form of balls. Thefe are
Aa produced
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produced by an exceeding great power of elec-
tricity, gradually accumulated till the refiftance
of the atmolphere is no longer able to confine it.
In general, the lightning breaks out from the
clectrified cloud by means of the approach of fome
conducting fubftance ; but the fire-balls feem to
be formed not becaufe there is any fubftance at
hand to attract the eledtric matter from the
cloud, but becaufe the electricity is accumulated
in fuch a quantity that the cloud can no longer
contain it, Hence, fuch balls fly off flowly,
and have no particular deftination; their ap-
pearance indicates a prodigious commotion and
accumulation of electricity in the atmofphere,
without a proportionable difpofition in the earth
to receive it. This difpofition is however al-
tered by a thoufand circumftances, and the place
which firft becomes moft capable of admitting
electricity will firft receive a fire-ball. Hence
this kind of lightning has been known to move
{lowly backwards and forwards in the air for a
confiderable time, and then fuddenly fall in one
or more houfes, according to their being more
or lefs affeted with an electricity oppofite
to that of the ballat the time. It will alfo run
along the ground, break into feveral parts, and

produce feveral explofions at the fame time,
“It is very difficult to imitate this kind of
lightning:
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lightning in our electrical experiments, The
only cafes in which it hath been done in any de-
gree, are thofe in which Dr. Prieftley made the
explofion of a battery pafs for a confiderable way
over the furface of raw flefh, water, &c. In
thefe cafes, if, while the electric flafth paffed over
the furfaces of the flefh, it had been poffible to
interrupt the metallic circuit by taking away the
chain, the electric matter difcharged would have
been precifely in the fituation of one of the above-
mentioned fire-balls ; 1. e. it would have been
at a lofs for a conductor. The negative fide of
the battery was the place of it’s deftination, but
to that it could not eafily have got, becaufe of the
great quantity of atmofphere which lay in it’s
way, and the incapacity of the neighbouring
bodies to receive it. But, while the electric
matter was thus ftationary for want of a con-
dutor, ifany one ftanding near, ortouching the
negative fide of the battery, prefented a finger
to this feemingly inoffenfive luminous body, he
would be inftantly ftruck very violently, ‘becaufe
a free communication being now made by means
of his body, the powers by which the electric
fluid is impelled from one place to another would
urge it upon him. But if we fuppofe a perfon,
who has no communication with the battery, to
prefent his finger to the fame body, he may per-
Aaz2 haps
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haps receive a flight fpark from it, but not a
fhock of any confequence.

“ We may now account for the feemingly ca-
pricious nature of all kinds of lightning, but
efpecially of that kind which appears in the form
of balls. Sometimes it will firike trees, high
houfes, &c. without touching cottages, men,
or animals, who are in the neighbourhood; in
other inftances, low houfes and cattle have been
ftruck, while high trees and fteeples in the neigh-
bourhood have efcaped.®* The realon of this
is, that in thunder ftorms there is a zone of
earth confiderably under the f{urface, which the
lightning defires to ftrike, (if we may ufe the
expreffion) becaufe it has an electricity oppofite
tothe lightning itfelf. Thofe objects, therefore,
which- form the moft perfect condultors be-
tween the ele@rified clouds and that zone of
earth, will be ftruck by lightning, whether they
are high or low. Let us fuppole a pofitively
clectrified cloud is formed over a certain part of
the earth’s furface; the eleftric matter flows
out from it firft into the atmofphere all round,

and

* Of this two remarkable inftances have been adduced,
in a paper read by Mr. Achard at the Berlin Academy of
Sciences. And Beccaria cautions perfons from depending
on a higher, or, in all cales, a better conduétor than their
own body.
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and while it is doing fo, the atmofphere 1s elec-
trified negatively. In proportion, however, as
the current pervades greater and greater por-
tions of the atmofpherical fpace, the refiftance
to it’s motion increafes, till at laft the air
becomes pofitively electrified as well as the
cloud, and they both act as one body. The
{urface of the earth then begins to be electrified,
and it filently receives the eleCtric matter by
means of the trees, grafs, &c. which grow upon
it's furface, till at laft it becomes alfo pofitively
ele@rified, and begins to fend off a current of
ele@ricity from the {urface downwards.

« The caufes which firft produced the elec-
tricity ftill continuing to a€t, the power of the
electric current becomes inconceivably great.
The danger of the thunder-ftorm now begins;
for, as the force of the lightning is directed
to fome place below the furface of the earth,
it will certainly dart towards that place, and
fhatter every thing to pieces which refifts it’s
paflage.

¢« The benefit of conducting rods will now
alfo be evident. For we are fure, the electric
matter will, in all cafes, prefer that way where
it meets with the leaft refiftance, and thisis cver
the furface of metals. Infuch a cafe, therefore,

if there happen to be a houfe furnifhed with a
4 conductor
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conduttor direétly below the cloud, and at the
fame time a zone of negatively ele@rified earth
not very far below the foundation of the houfe,
the conductor will almoft certainly be ftruck,
but the building will be fafe. If the houfe wants
a conductor, the lightning will neverthelefs
ftrike in the fame place, in order to get at the
electrified zone above-mentioned ; but the build-
ing will be now damaged, becaufe the materials
of it cannot readily conduct the ele@ric fluid."*

*® See Encyclopzdia Britannica, Art.. Lightning, Vol,
VL p. 4224,

That the eleftric matter, which forms and animates the
thunder-clouds, iffues from places far below the furface of
the earth, and buries itlelf there, is probable from the deep
holes that have been made in many places by lightning, by
the violent inundations that have accompanied thunder-
ftorms, not occafioned by rain, but by water buriting from
the bowels of the earth, from which it muft have been dif-
lodged by fome internal concuffion, &c,———See Dr,
Fricftley's Hiftory of Elctricisy, p- 328.

GHATPT,



ELECcTRICITY. 199

AL C BF T SR A

To cHARGE A PrLATE oF Arr.

S air is an eletric, it will receive a charge

like all other ele&ric fubftances. To this
property may be alcribed many of the phano-
mena which are obferved in the courfe of the
common eletrical experiments; for the air
which furrounds an ele@rified non-electric 18
always in fome degree charged with the fluid,
and thus aéts upon the atmofphere of the elec
trified conduélor, not only by it's preflure, but
alfo by it's acquired electric powers ; and that
it pervades the air to a confiderable diftance, is
evident from the different methods by which
the airof a room may be eleGrified.

Cover two large boards with tin-foil ; fufpend
one by filk ftrings from the ceiling, and then
connect it with the conducor ; place the other
board parallel to the former, on an infulating
ftand that may be cafily raifed or lowered, to re-
gulate the diftance of the plates from each other.
Or place the boards ina vertical fituation, on
infulating ftands of the fame height. In moft
cafes this form will be found the moft con-

venient,



200 YANTE §s'Ay 0'S

venient. Thefe boards may be confidered as
the coatings to the plate of air which is between
them.

Experiment cLvir.—Connect the upper
board with the pofitive conductor, and the other
with the ground; turn the cylinder, and the
upper onewill be electrified pofitively, and the
under one negatively ; the fpace of air between
the two plates acts as a plate of glals, it feparates
and keceps afunder the two eleftric powers.
Touch the negative plate with one hand, and
the upper one with the other, and a thock will
be received fimilar to that from the Leyden
phial.

The cle@ric fhock will always be felt when-
ever a quantity of the fluid pafles through any
body in an inftantaneous manncr, and the force
of the fhock will be proportional to the quan-
tity of cledricity accumulated, and the eafe with
which it can efcape ; for the whole energy of the
electricity depends on it’s tenfion, or the force
with which it endeavours to fly off from the
cletrified body.

The two plates, when in contrary ftates,
{irongly attract each other, and will come to-
gether, if they are not kept afunder by force.
A fpark will fometimes pals between the plates,

- and
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and deftroy the electricity of each. If an emi-
nence is placed on the under plate, the fpark,
in the fpontancous difcharge, will ftrike it.
The experiments with thefe boards will be more
pleafing, if one furface of the upper board is co-
vered with gilt leather. The two plates, when
charged, are fuppofed to reprefent the ftate of
the earth and the clouds in a thunder ftorm.
The clouds being in one ftate, and the earth in
an oppolfite one, while the plate of air als asthe
electric, and the fpontaneous difcharges exhibit
the phaenomena of lightning.

An obfervation has been made on this expe-
riment, which feems to affect one of the prin-
cipal fupports of the received theory. 1 have
fubjoined it, in order to invite thofe who are
converfant with eletricity to a clofer invefti-
gation of the fubject.

In this experiment it feems impoffible to de-
ny, that air is penetrated by the electric fluid.
The diftance between the plates is fo {mall,
that it muft appear abfurd to fay, that this {pace
1s penetrated only by a repulfive power, when
in other cafes we fee the fluid pervading much
greater fpaces of air. But if one eleltric fub-
ftance is penetrable by the electric fluid, we muft
be led firongly to fufpe& at leaft that all the

reft are fotoo. If glafs was altogether impene-
Bb trable
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trable to the fluid, it is natural to think that it
would run over it’s furface very ealfily. But in-
ftead of this, fo great is it's propenfity to enter,
that a fhock fent through between two glafs
plates, if they are prefled pretty clofe together,
always breaks them to pieces, and even reduces
part of them to a powder like fand. This laft
effe¢t cannot be attributed to any other than the
electric fluid entering the pores of the glafs, and
mceting with refiftance, the impetus of it’s pro-
greffive motion violently forces the vitreous par-
ticles afunder in all directions.

ExperiMent cLix.—Turn that fide of the
upper board, on which the gilt leather is pafted
towards the lower one; place one or two fmall
metal hemifpheres on the lower board ; connect
the upper board with the pofitive conductor, and
the lower one with that which is negative, put
the machine in acion, and the upper board will
difcharge the whole of it’s contents on one of
the hemifpheres in a ftrong flath, attended with
a fmart explofion ; vivid corufcations of electric
light will be feen darting in various directions
on the furface of the gilt leather. This experi-
ment, fays Mr. Becket, is more than a refem-
blance of lightning, it is nature invefted with

her own attire.
Connect
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Conneét a coated phial with the pofitive con-
ductor, fo that it may be difcharged with the
boards, and the flathes of light will extend fur-
ther, and the explofion will be louder.

Experiment cLx.—Place the wire, fig. 10,
with the feathers tied to it in the middle of one
of thefe large boards, their divergence will not
be near fo much in this fituation, as when they
are at the edge of the board.  If a piece of down
or a feather is placed near the edge of the board,
it will fly off to the neareft non-clectrified body ;
but, if it is placed in the middle, it will be a
confiderable time before it will move, and it
will fcarcely fhew any figns of attraction.

ExpERIMENT cLXI.—Place bran, or {mall
pieces of paper, near the center of the lower
board ; when the machine is put in action, thefe
will be alternately attrated and repelled with
great rapidity, and agitated in an amazing man-
ner. A pleafing variation is made in this ex-
periment by taking off the chain from the lower
board, and now and then touching it with the
hand; touch both boards at the fame time, and
the motion ceafes. But the moft furprizing ap-
pearance in this experiment is, that fometimes,
when the electricity is ftrong, a quantity of pa-

Bb2 per
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per or bran will accumulate in one place, and
form a kind of column between the boards, it
will fuddenly acquire a {wift horizontal motion,
moving like a whirling pillar to the edge of the
boards, and from thence fly off, and be fcattered
about the room to a confiderable diftance.

ExperIMENT cLXIL—Take two phials, the
one charged pofitively, the other negatively,
place them on the infulated board, but as far
from each other as the board will permit ; infert
a range of candles in a piece of wood, about two
inches diftance from each other, fo that the
flame of each may be exaltly parallel; when
thefe candles are quickly introduced between
the knobs of the phials, the fpark will be {eento
dart through all of them, and will have the ap-
pearance of a line of fire, variegated in a thoufand
different curves,

CHAP
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€ MOAVTPMRRY

Or THE ELECTROPHORUS.

FIG. 73 reprefents an clectrophorus. This
inftrument was invented by Mr. Volta, of
Coma in Italy.* It confifts of two plates of
a circular form, the under plate is of brafs
covered over with a ftratum of an electrical fub-
ftance, generally of fome negative eleltric, as
wax, fulphur, &c. the upper plate is of brafs,
with a glafs handle fcrewed on the center of it’s
upper furface. :

Refinous electrics generally fucceed better for
an ele@rophorus, than thofe made only of glafs,
not only as they are lefs affe¢ted by the humidity
of the air, butas they feem to have the power of
retaining longer the electricity which is com-
municated to them.

To ufe this apparatus, firft excite the under
plate ¢, by rubbing it’s coated fide with a piece
of clean dry flannel, or hare-fkin; when this
plate is well excited, it is to be laid on the tabje

with

* Mr, Wilck, in Auguft, 1762, contrived a refinous ap-
paratus, to which he gave the name of a perpetual cletro-
phorus, See Scripta Academiz Suec, 1762,
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with the eleftric uppermoft. Secondly, place
the metal plate upon the electric, as in fig. 74
and 75. ‘Thirdly, touch the metal plate with
the finger, or any other conductor. Fourthly,
feparate the metal plate from the electric by the
glals handle. This plate,  when raifed to fome
diftance from the under one, will be found
ftrongly electrified with the power which 1s con-
trary to that of the electric plate, and will give
a fpark to any conductor that is brought near
it. By repeating this operation, 1, e. by fetting
the metal plate on the electric, and then touch-
ing it with the finger, a great number of {parks
may be fucceflively obtained without a frefh €x-
citation of the electric.

The following experiments, which were made
with a view to analyfe this curious little in-
ftrument, are extracted from a paper of Mr.
Achard’s, in the Memoirs de I’Academie Royale
de Berlin for 17776.

ExprrimeNt crxirt.—Mr. Achard placed
horizontally a circular plate of glafs, which was
about two tenths of an inch in thicknefs, and
one foot in diameter, on a tin plate, whichonly
touched the glafs in a few places; having ex-
cited the upper furface of the glafs, it produced

all the effects of the eletrophorus; from whence
' 2 he
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he infers, that it is not neceflary that the inferiop
metallic plate fhould touch exactly in all it’s fur-
face the electric coating.

ExperiMENT cLx1v.—He infulated, in an ho-
rizontal pofition, a plate of glafs of one foot
diameter, he excited this, and then applied the
upper plate in the ufual manner, and obtained
a fucceflive number of weak {parks; but in or-
der to procure them, he was obliged to let the
finger remain fome time on the upper plate. If,
inflead of infulating the plate of glafs by glafs,
he infulated it by wax or pitch, he conftantly
found that the fparks were ftronger. From this
experiment he concludes, that the inferior plate
1s not neceffary to the production of the effects
obferved in this infirument, and that when de-
prived of it, itretainsall it’s propertics.

ExpertMENT cLxv.—Having excited the up-
per furface of an electrophorus of wax, he placed
the upper plate onit, and after fome time lifted
it off by it’s infulating handle, without previoufly
touching it with the finger; it gave no fpark,
and was not poffefled of the leaft power of
attraction and repulfion ; which proves, that the
clectrophorus cannot render the upper plate
electric, unlefs it is touched by a body which

. 13
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“is capable of giving or taking electricity from
1.

ExpreriMeNT cLXvI.—Place the upper plate
on an excited eleftrophorus, bringing a finger
near the upper plate, and a {park will pafs be-
tween them. Now as the ‘electric fluid never
appears as a fpark, except when it pafles with
rapidity from one body to another, and as the
upper plate exhibits no electric appearance, if it
has not been previoufly touched by a2 conduétor,
we may conclude, that the electrophorus only
renders the upper plate electric when it has re-
ceived or loft a quantity of electricity.

Experiment crxviri.—Place one of the {mall
brafs conductors with it's pith balls on the up-
per plate, and then put them both on the elec-
trophorus, the balls will immediately feparate a
little ; touch the upper plate with the finger, and
the divergence ceafes ; but on lifting this plate
from the ele@rophorus by it’s glafs handle, the
balls diverge with great force, forming a very
large angle ; on taking a fpark from the plate
they immediately clofe. The feparation of the
balls fhews clearly, that the upper plate either
abforbs a quantity of electricity, or imparts a

portion of it’s natural fhare to the under one;
12
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it alfo fhews, thﬂqw former, as foon as it is laid
on the ele¢trophorus, acquires a {fmall degree of
ele@ricity, which it lofes on being touched with
the finger ; but it again becomes eleétrical when
it is feparated from the eleétrophorus.

Exeeriment crxvirr.—Infulate an ele@ro-
phorus, and {ufpend a pith ball by a linen thread,
in fuch a manner that it may be about one quar-
ter of an inch from a piece of metal which is
connected with the bottom plate; the ball does
not move when the upper plate is laid on the
electrophorus, but when this is touched by the
finger the ball is attracted. As foon as the upper
plate is taken off, the infetior metallic coatmg
attracts the ball, but quits it if the coating is
touched by the finger. It is alfo attraéted if the
upper plate is put on before the fpark has been
taken from it, though it lafts longer and is
ftronger if the fpark is taken before it is placed
on the eleétrophorus.

Experiment cLx1x.— Ele@rify the under fide
of the electrophorus, by conneéting the under
plate with the conduétor of a machine; the up-
per plate will give ftrong fparks to the hand, or
any other non-electric.  Touch the upper plate
with one hand, and the under one with the other,

Le a thock
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a fhock will be received. 'ﬁu: {ame effect is

produced, if the upper plate is electrified by the
machine. See fig. 74.

Exprriment crxx.—Infulate an electropha-
rus which is not excited, and place the upper
plate upon it, then electrify the under plate by
a chain from the prime conductor; takea fpark
from the chain, and the electrophorus acquires
all the properties which are given to it by exciting
the upper furface.

ExreriMeNT cLxx1.—Connect the upper plate
by a chain with the prime conductor, and elec-’
trify it; then take a fpark from the chain, and
the eleGtrophorus will acquire, as before, the
fame powers which it gains when the upper
{urface is rubbed.

ExperIMeNT cLxx1I.—The fame effect is pro-
duced by placing a Leyden phial on the upper
plate of an unexcited electrophorus, then charging
and difcharging it on the plate.

From the three laft experiments we learn, that
the electrophorus may be put in ation by com-
munication, as well as by friction.

ExperiMenT crxxirn.—Mr. Achard placed
the upper plate on an excited cle&rophorus, and -+
a cub¢
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a cube of metal, furnithed with a glafs handle,
on this plate ; on taking the cube by it’s handle
from the upper plate, without previoufly touch-
ing it, it attrafted a light ball. On repeating
this experiment, and touching the upper plate
before the cube was taken off, it did not appear
in the leaft electrical.

ExperiMenT cLxxiv.—By examining the
eletrophorus with {mall pith balls, we find,

1. That as foon as the upper plate is placed
on an ele&trophorus of wax, it acquires a weak
pofitive electricity ; and the contrary, if placed
on an elettrophorus of glafs.

2, That when the upper plate is touched by
the finger, it lofesall it’s electricity,

3. When the upper plate is touched by the
finger, and removed from the electrophorus; it
acquires a ftrong negative eledtricity, if the elec~
trophorus is of glafs ; and a pofitive electricity,
if 1t is of wax.

The electrophorus may be confidered as
formed of {everal horizontal ftrata; fo that when
the upper one is excited, either by friGtion or
communication, it is infulated by the inferior
ftrata. Now all infulated electrics preferve their
eleCtricity a confiderable time, andit is from that

Ccz caufe
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caufe that the electricity of the eleCtrophorus
continues fo long.

Infulated and excited glafs induces the negative
eleCtricity on bodies brought within the fphere
of it’s action, while negative eleftrics, in fimilar
circumftances, produce the pofitive electricity.
Therefore the furface of the electrophorus ought
to communicate immediately a pofitive electri-
city, ifit is of wax ; the negative, if it is made of
glafs; which is perfectly conformable to experi-
ments. But when the upper plate is touched
by the finger, the upper furface of the electro-
phorus ceafes to be infulated, and gives the
negative eletricity to the upper plate, if it is'of
glafs, and the contrary, if of wax, agreeable to
the different experiments which are defcribed in
Chap. IV.

Ele¢tric bodies do not put the fluid in that
degree of motion, which is neceffary to produce
the fpark, or exhibit the phaznomena of attraction
and repulfion, while they are in contaét with con-
duflting fubftances, which is the reafon why the
upper plate exhibits no figns of electricity while
it remains in contaét with the under one, though
they become fenfible the inftant it is removed
from it.

As the theory of this inftrument has been

deecmed
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deemed very intricate, 1 have {ubjoincd another
explanationof it, which is given by the cditors
of the Monthly Review.

¢« Therefore, (in the cafe of a glafs eleétro-
phorus)as it is a cafe which admits of a fomewhat
cafier illuftration, the excited plate atts upon
the eleftric matter naturally contained in the
upper brafs plate, fo as torepel a part of it’s
natural quantity from it in form of a fpark, at
that part where the finger is applied toit.  If the
brafs plate in this ftate islifted up by it’s handle,
it will receive a fpark from the finger. On
being replaced, and the fame opcration taking
place, the fame refult will be obtained ; which
may be continued for a great length of time,
without diminifthing the virtue of the excited
ele&tric, which in fa¢t does not part with any
of it’s own electricity, but only repels a parx
of what is in the upper plate, whichis repeatedly
reflored to it from the earth by 'the perfon who
makes the experiment,”

ExperiMENT cLXXv.—Place a piece of metal
on an excited electrophorus, it may be of any
fhape ; a pair of triangular compafles are very
convenient for this purpole. Electrify the piece
of metal with the power which is contrary to that
of the cleGtrophorus, and then remove it by means

of
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of fome electric, and afterwards fift upon the
electrophorus fome finely powdered refin, which
will form on it’s furface curious radiated figures.
When the plate is negative, and the piece of
metal pofitive, the powder forms itfelf principally
about thofe parts where the metal was placed ;
but if theplate is pofitive, and the fpark is nega-
tive, the part where the metal touched will be
free from powder, and the other parts more
covered.

EXPERIMENT cLXXVI.— 10 recover the force of
- an electrophorus by itfelf. Placethemetalliccover
on the refinous cake, touch it as ufual ; then take
it up, and difcharge it on the knob of a Leyden
phial ; repeat this operation feveral times, and
then place the bottle on the cake, and move it
over it’s furface, holding the bottle by the knob ;
this will augment the force of the electrophorus,
and by reiterating the operation it will become
very powerful.

ExperiMmenT cLxxvir.—Infulate a metal quart
mug, and {ufpend a pair of {mall pith balls by
filk, fo that the whole of the eletrometer may
be within the mug, electrify the mug, and the
electrometer will not be in the leaft affeéted. The
{imilar atmofpheres counteract ecach other; and

a3
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as no contrary power can take place in the elec-
trometer, it will remain uneleétrified. ‘Touch
the mug with fome conduéting fubftance, and it
will immediately arttract the balls.

Experrment cLxxvirr.—Sufpend a fmall cy-
linder of gilt paper by tin-foil, and then touch
the electrified and infulated mug with it, afpark
will pafs between them, and the electricity will

be diffufed in each in proportion to their capacity.
Now plunge the infulated cylinder to the bottom
of the mug, and it will reftore to it the eleGri-
city it had received, but does not give the leaft
fign of electricity when taken out,

Experrment crxxix.—Conne&a pair of pith
balls with an infulated metal veffel, in which a
metal chain is placed, raife the chain by means
of a filk thread, and the divergence of the balls
will diminith in proportion as the chain is raifed
and difplayed ; fhewing, that the electricity is
rarified, and it’s denfity is diminifhed, in pro-
portion as it {preads itfelf from the furface of the
veflel on the extended chain ; which is confirmed
by the balls diverging again when the chain is let
down into the vefTel. This experiment affords an
caly folution for many of the phxnomena of
Atmofpheric electricity, as why the vapour of
electrified water gives fuch finall figns of electri-

6 city,
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city, and why the electricity of a cloud is in-
creafed by being comprefled or condenfed.

Experiment cLxxx.—Excite a {lip of white
flannel, ora filk ribbon, and take as many fparks
from it as it will give ; then double or roll it up,
and the contracted flannel will be ftrongly elec-
trical, give {parks, and throw out brufhes of
light.

Or THE ADVANTAGES WHICH MAY BE DERIVED
FROM AN IMPERFECT INSULATION, AND OF
RENDERING VERY SENSIBLE VERY SMALL
D:icrecs oF NATURAL AND ARTIFICIAL
Fizerricity, By Mg. YoLTA.

A conductor, properly conftructed for making
obfervations on atmofpherical eleétricity, will
feldom affect the moft fenfible electrometer when
the {ky is free from eleétrical clouds; but by
means of the apparatus now to be defcribed, it
will appear, that thefe conductors are always elec-
trical, and confequently the air which furrounds
them muft be at all times electrified. “This
“method not only determines the exiftence, but
alfo the quality of the clectricity, whether
pofitive or negative, and that, even when the

conductor will not attract the fineft thread ; but
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if a very fmall attraction is vifible in the conduc-
tor, then the apparatus will give long fparks.
The electrophorus ufed for this purpofe may
with propriety be termed a micro-eletrometer,
or condenfer of eleltricity. |
Whenever the atmolpherical conductor gives
fufficient figns of elecricity, then the condenfing
apparatus becomes ufelefs. For when the elec-
tricity is {trong, it often happens that part of the
electricity of the metal plate is impreffed upon
the other, in which cafe the apparatus a&s as an
clectrophorus, andbecomes unfit forour purpofe,

The apparatus adapted for this purpofe con-
fifts of the upper plate of an ele&trophorus, and
a femi-electric, or an imperfed conducting plane,
which will only hinder in a certain degree the
paflage of the fluid. Many conductors of this
Kind may be formed; fuch as a clean dry marble
flab, a plate of wood, covered with a coat of
varnith, &c. the furface of thofe bodies not
contracting ele@ricity, or if any fhould adhere to
them, it foon vanithes, on account of their femj.
conducting nature ; for which reafon they cannot
anfwer the end of an electrophorus, but are fit to
be ufed as condenfers of clectricity.

Care fhould be taken however in choofing
this plane, that it be not of too free a conduct..
ing nature, nor likely to become fo by ufe, it

Dd being
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being abfolutely neceflary that the eleétricity
fhould find a confiderable refiftance in pervading
it’s furface. In preparing fuch a plane, by drying,
or otherwife, it is much better to come too near
than too far from a non-conductor. A marble
{lab or board, properlydried, anfwers well, and
is preferable to any other plane; otherwife the
plate of the elettrophorus is preferable to all
bodies unprepared.

The worlt fort of marble, if coated with copal,
amber, or lac-varnifh, and then kept in an oven
for a fhort time, will anlwer very well, even
without previoufly warming for the experiment.

This, in fact, it may be faid, is returning to
the ele¢trophorus: as marble, wood, &c. varnifh-
ed, if they are hot, may be excited by a very
flight friction, and fometimes by only laying the
metal plate on them ; to prevent which, they
thould be ufed without warming.

The advantages plates of this kind have over
the common ele&rophorus are, 1. That the
varnifh is always thinner than the common refi-
nous ftratum of an eleftrophorus; and 2. That
the varnifh acquires a fmoother and plainer fur-
face : hence the metal plase can with more
advantage be adapted to it.

Any lort of plane, covered with dry and clean
oil-cloth, or) ile d-filk, or {attin, and any other

filk
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filk fluff that is not very thick, may be ufed with
equal advantage, if it is flightly warmed. Silk
ftuffs anfwer better for this purpofe than thofe
made of cotton or wool, and both better than
linen. Paper, leather, wood, ivory, bone, and
every other fort of imperfect conductors, may be
made to anlwer to a certain degree, if they are
previoufly dried, and kept hot during the expe-
riment.

This apparatus is rendered more fimple by
applying the filk, &c. to the upper plate of
metal, which is fixed to the glafs handle, inftead
of the marble or other plate, which now becomes
ufelefs; forinit’s ftead, a plane of any kind
may be ufed, as a common wooden or marble
table, even not very dry; a piece of metal, a
book, or any other conductor with a flat furface.

Nothing more is requifite in thefe experi-
ments, than that the electricity, which tends to
pafs from one furface to the other, fhould meet
with fome refiftance or oppofition in one of the
furfaces, as will be evident in the fecond part.

It is immaterial whether the non-conducting
or femi-conducting ftratum be laid upon one or
the other of thofe planes ; all that is neceffary is,
that they fhould coincide together, which renders
it proper to ufe two planes thathave beenground
together, and one of them varnifhed. A fingle

Dda metal
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metal plate, covered with {ilk, with three filk
ftrings faflened to it by way of handle, may be
conveniently ufed for ordinary experiments.

To ufe the apparatus, the upper metal plate
muft be placed upon the unglectrified plate and
in perfect contaét with it,

‘Fhe plates being thus placed, leta wire, com-
municating with the conductor, be brought to
touch the metal plate of the electrophorus, and
that only.

The apparatus being left in that fituation a
certain time, will acquire a fufficient quantity
of electricity, but very {lowly.

Remove the communicating wire from the
metal plate, and, by means of it’s infulated han-
dle, feparate it from the under one ; it will now
attract a thread, eleltrify an electrometer, and,
if 1t 1s ftrong, will give [parks, &c. though the
atmofpherical conductor fhewed no, or only
fmall, figns ofit.

It is not eafy to determine the exalt time
neceffary for this apparatus to remain in conta&t
with the conductor, as it will depend on many
circumftances; for, if there are no figns of
cletricity in the conductor, it will require eight
or ten minutes, but if it attraéts a fine thread, as
many feconds will be found fufficient.

It is.difficult alfo to determing the precife

6 egree
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degree to which the electricity may be condenfed,
or how much the electrical phenomena may be
increafed by this apparatus, as it depends on
various circumftances. The augmentation is,
however, greater in proportion as the bod y which
fupplies the metal plate has a greater capacity,
and is larger in proportion as the electricity is
weaker. Thus, though the atmofpherical con-
ductor bas [carcely power fufficient to attract a
fine thread, it is neverthelefs capable of giving
fuch a quantity of eleétricity to the metal plate
of the electrophorus, as not only to afuate an
cleCtrometer, but even dart ftrong fparks. But
if the clectricity of the ‘atmofpherical conductor
1s ftrong enough to afford fparks, or to raife the
index of the eletirometer to 5 or 6 degrees, then
the receiving plate of the ele@rophorus, according
to this method, will raife it’s index to the higheft
degree and give a flronger fpark ; yet it may be
plainly perceived, that the condenfation js pro-
portionably lefs in this than in the other cale ;
for this reafon the electricity cannotbe accumulated
beyond the greateft degree; that is to fay, when
it is increafed fo much as to be diflipated every
way : Therefore, as the ele€iric power, which
fupplies the condenfer, is neareft to the higheft
degree, the condenfation is proportionably lefs ;
butin this cafle the condenfer is ufelefs ; it’s

principal
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principal ufe being to collect and render fenfible
that fmall quantity of eleftricity, which would
otherwife remain imperceptible and unobferved.

Hitherto we have adapted our condenfer to
the detecting weak atmofpherical ele€iricity, as
brought down by the condutior ; but this, though
the principal, is not the only ufe to which it
may be applied. It will Likewife difcover artifi-
cial eletricity, when it is fo weak as not to be
difcoverable by any other means,

A Leyden phial charged, and then difcharged
by touching it’s coated fides with the difcharg-
ing rod or the hand, appears to be quite depriv-
ed of it’s ele@ricity ; yet if you touch the knob
of it with the metal plate of the condenfer,
(fituated upon an imperfect conducting plane)
and immediately take up the plate, it will be
found to give very confpicuous figns of cleCtricity.
But if juft fufficient charge is left in the phial
to attract a fine thread, and the metal plate is
then brought to touch the knob for a moment,
it will, when lifted up, give a ftrong fpark, and
if touched again, a fecond f{carce fmaller than
the former ; and thus {park after fpark may be
obtained for a long time.

"This method of producing fparks, by mcans
of a phial which is not charged fo high as to
give fparksafitﬁ:lf; is very convenient for vari-

ous
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ous pleafing experiments; as to fire or light the
inflammable air-piftol, or lamp ; efpecially whepn
a perfon 1s provided with one of thofe phials
contrived by Mr. Cavallo, which, when charged,
may be carried in the pocket a long time. Thefe
phials, as they retain a fenfible charge for feveral
days, will retain an infenfible one for weeks
and months; or, fuch a one as cannot eafily be
difcovered without the condenfer, in which cafe
1t becomes more than fenfible, and {ufficient for
theexperiments of the inflammable air-piftol, &c.
Secondly. If you have an eletrical machine
fo far out of order that it’s conductor will not
give a fpark, nor attract a thread, then let this
conductor touch the metal plate of the condenfer,
and continue in that fituation a few minutes, (the
machine being flill in motion) lift up the metal
plate, and you will obtain from it a ftrong fpark.
Thirdly. If the eletrical machine acts well,
but the conductor is fo badly infulated that it
will not give a fpark, either from it’s being con-
nected with the walls of the room, or by having
a chain from it to the table, let the conducor in
this ftate touch the metal plate of the condenfer,
while the machine is in action, the plate will
atterwards give fufficient ftrong fignsof electricity ;
which proves the great power this apparatus has

of drawing and condenfing the eleCtricity.
Fourthly.
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Fourthly. Where the ecletrometers aie not
fufficiently f{enfible to difcover the quantities of
excited electricity, thofe quantities may be readily
explored by the condenfer. For this purpofe,
yub thofe bodies with the metal plate of the
condenfer,! which for this purpofe muft be naked,
and if the plate be then prefented to an electro-
meter, it will be found confiderably electrified,
although the body rubbed may have acquired
little or no electricity. The quality, whether
pofitive or negative, may eafily be afcertained,
fince the eleGricity of the metal plate muft be
the contrary of that body on which it was rubbed.
Mr. Cavallo made ufe of this method to difcover
the electricity of many bodies. But ftill a better
method may be ufed, in cafe the bodies to be
examined cannot eafily be adapted to the metal
plate, viz. The metal plate being laid on the
imperfect conducting plane, the body to be tried
is rubbeft againft, or repeatedly ftroaked upon it,
which-done, the plate is taken up and examined
by an ele@trometer. If the body tried is leather,
a ftring, cloth, velvet, or other imperfect con-
ductor of the like fort, the plate will certainly be
found ele@rified, and incomparably more by this
means than if it were {troaked by the fame bodies,
whilft ftanding infulated inthe air. In fhort, by
either of thofe methods you will obtain cle@ricity

from
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from bodies which could hardly be cxpetled to
give any, even when they are not very dry,
Indeed, coals and merals excepted, every other
body will afford fome electricity. Electricity
may often be obtained by ftroaking the plate with
the naked hand.

The metal plate has a much greater power
to retain clectricity when it lies upon a proper
plane, as mentioned in the foregoing experiments,
than when quite infulated,

It is eafy to comprehend, that where the Ca-
pacity of holding clectricity is greateft, there
the intenfity of the eleCtricity is proportionably
lels, for it will then require a greater quantity to
raife it to a given degree of intenfiry ; fo that the
¢capacily 1s inverfely as the mlenfity ; by which we
mean, that endeavour, by which the cleétricity
of an electrified body tends to efcape from all
parts of it ; to which tendency or endeavour, the
clettrical phanomena of attraction and repulfion,
and elpecially the degree of clevation of an
cletlrometer, correfpond.

Thatthe zntenfity of electricity muft be inverfely
proportioned to the capacity of the body eleétri-
fied, will be clearly exemplified by the following
experiment.

Ee ExperiMENT
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ExperIMENT cLxxxr.—Take two metal rods
of equal diameter, the one a foot, the other five
feet long ; let the firlt be electrified till the index
of the electrometer rifes to 60°, then letit touch
the other rod ; and in that cafe it is evident, that
the intenfity of the electricity being diffufed be-
tween the two rods, will be diminifhed as the
capacity is increafed; fo that the index of the
eletrometer, which before was elevated to 60°,
will now fall to 10°, viz. to one fixth of the for-
mer intenfity. For the fame reafon, if the like
quantity of ele@ricity was communicated toa rod
60 feet long, it's intenfity would be diminifhed
to one degree ; and on the contrary, if the elec-
tricity of the long conductor was contracted into
the 6oth part of that capacity, it's intenfity
would be increafed to'6o. |

Conducors of different bulk have not only
different capacities for holding elefiricity, but
alfo the capacity of the fame conductor is in-
creafed and diminifhed in proportion as it’s fur-
face is enlarged and contracted ; as is fhewn in
Dr. Franklin’s experiment of the can and chain,
&c. from which it has been concluded, that the
capacity of conductors is in proportion to their
{urface, and not to their quantity of matter.

This contlufion is true, but docs not com-
prehend the whole theory, fince even the exten-

fion
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fion contributes to increafe the capacity. In fhort,
it appears from all the experiments hitherto
made, that the capacity of conductors is not in
proportion to the {urfaces in general, but to the
furfaces which are free, or uninfluenced by fimi-
lar or homologous atmolpheres; and further,
that the capacity of a conductor, neither altered
in it’s form or {urface, is increafed, when, inftead
of remaining quite infulated, it is prefented to
another not infulated ; and this increafe is more
confpicuous, as the furfaces of the conductors are
larger, and approach nearer to each other.

The above-mentioned circumftances, by which
the natural capacity of conductors is greatly aug-
mented, has been overlooked, and therefore no
advantage has hitherto been deduced from it.
The following experiment will {hew this increafed
capacity in the fimpleft manner.

EXPERIMENT cLXXX1L.—Take the metal plate
of an eletrophorus, hold it by it’s handle in the
air, and eleltrify it fo, that the index of an elec-
trometer annexed to it may be elevated to 60,
then lower the plate by degrees to a table, or
other plain conducting furface, the index will
gradually fall from 60°, to 50°, 40°, 30°, &c..
and yet the quantity of electricity in the plate
remains the fame, except it is brought fo near the

Ec2 table
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table as to occafion a tranfmiflion of the eletlris
city from the former to the latter ; at leaft, it wilk
remain as near the fame, as the dampnefs of the
air, &c. will permit. The decreafe of intenfity
is owing to the increafed capacity of the plate,
which is now not infulated, or folitary, but con=
Jjugate, or communicating with another conduc~
tor: for let the plate be gradually removed from
the table, the cle@irometer will rife again to it’s
former {tation, namely, to 60°; excepting the
lofs that the air, &c. may have occafioned during

the experiment. |
The reafon of this pheenomenon is eafily deri-
ved from the action of electric atmofpheres. The
atmofphere of the metal plate, which for the
prefent I fhall fuppofe elecirificd pofitively, acts
upon the table, or other conductor, to which 1t
is prefented ; fo that the electric fluid in the table
retiring to the remoter parts of it, becomes more
rare in thofe parts which are expofed to the metal
plate, and this rarefaction increafes the nearer the
electrified metal is brought to the table ; if the
nietal plate is electrified negatively, the contrary
effefts take place. In fhort, the parts which are
immerfed in the fphere of action of the electrified
plate, by contrafling a contrary electricity, give
the cle€iricity of the metal plate an opportunity
to expand itfelf, and will thus diminifhit’s inten~
; fity,
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fity, as is fhewn by the depreflion of the eleftro-
meter,

The two following experiments will throw
more light upon the reciprocal action of the elec-
tric atmofpheres.

ExPERIMENT eLxxx1it.—EleCrify two flat
conductors, either both pofitively or negatively,
then bring them gradually towards each other,
and it will appear, by two annexed eleétrometers,
that the nearer they approach cach other, the
more their denfities will increafe, as all elaftic
bodies re-act in proportion as they are acted on;
which {hews, that either of the two cun ugate pow-
crs hasa much lefs capacity to receive more fluid
now, than when fingly infulated, and out of the
influence of the other, This experiment explains,
why the tenfion of the elefiric atmolphere on an
clectrified conductor is greater when it is contrac
ted into a fmaller bulk; and alfo, why a long
extended conductor will thew lefs intenfity than
a more compact one, fuppofing their quantity of
furface and electricity to be the fame ; becaufe the
homologous atmofpheres of their parts interfere
lefs with each other in the former than in the
latter cafe, and of courfe, as their acion is lefs,
the re-attion is alfo lefs,

FXPERIMENT
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ExperIMENT cLxxxrv.—EleGrify one of thefe
flat conduCtors pofitively, the other negatively,
and the effects will then be juft the reverle of the
preceding, ViZ. the intenfity of their electricities
will be diminifhed, becaufe their capacities, or
their power and facility of expanding, are in-
creafed the nearer the conductors come to cach
other.

Apply the explanation of this laft experiment
to that mentioned before, viz. the bringing the
cleCtrified metal plate towards a condutting plane,
which is not infulated ; for, as this plane acquires
a contrary electricity, it follows, that the intenfity
of cle@ricity in the metal plate muft be dimi-
nifhed, and the annexed electrometer is deprefied
according as the capacity of the plate is increafed,
or as the denfity of it’s atmofphere is diminifhed ;
and confequently the plate in that fituation 1is
capable of recciving a greater quantity of elec=
tricity. .

This will be rendered ftill clearer by the fol-
towing experiment.

Experiment cLxxxv.—Infulate the conduc-
ting plane whilft the other electrified plate is
upon it, and afterwards feparating them, both
the metal plate and conducting plane, which may
be called the inferior plane, will be found eleétri=

ﬁﬂiﬂ_g
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fied, but poflefled of contrary electricities, a5 may
be afcertained by electrometers,

If the inferior plane is infulated_ﬁrﬂ, and then
the electrified plate is brought over it, then the
Jatter will caufe an endeavour in the former to
acquirea contrary electricity, whichthe infulation
prevents from taking place ; hence the Intenfity
of the eletricity of the plate is not diminifhed,
at leaft the ele@rometer will fhew 2 very little,
and almoft imperceptible depreflion, which fmall
depreflion is owing to the imperfeétion of the
infulation of the inferior plane, and to the finall
rarefaction and condenfation of the ele&ric Auid,
whichmay take place in different parts of the faid
inferior plane. But if, in this fituation, the infe-
rior plane be touched fo as to cut off the infula-
tion for 2 moment, then it will acquire the
contrary electricity, and the intenfity in the
metal plate will be diminifhed.

If the inferior plate, inftead of being infu-
lated, were itfelf a non-conducting {ubftance,
then the fame phznomena would happen, viz.
the intenfity of the electrified metal plate laid
upon it would not be diminifhed. This, how-
ever, s not always the cafe, for if the faid infe_
rior non-conducting plane is very thin, and is |
laid upon a conductor, then the intenfity of the
electrified meta] plate will be diminifhed, and

it’s
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it's capacity will be increafed by being laid upon
the thin infulating ftratum : as in that cafe, the
conduéting fubftance, which ftands under the
non-conducting ftratum, acguiringan clectricity
contrary to that of the metal plate, will diminifh
it’s intenfity, &c. and then the infulating {lratum
will only diminith the mutual action of the two
armofpheres more or lefs, according as it keeps
them at greater or fmaller diftances from ecach
other.

The intenfity or cleflric action of the metal
plate, which diminithes gradually as it is brought
nearer and nearer to a condutting plane not infu-
lated, becomes almoft nothing when the plate
is nearly in contact with the plane, the compen-
fation or natural baliance being nearly perfett,
Hence, if the inferior plane only oppofes a fmall
refiftance to the paflage of the eleétricity, (whe-
cher fuch refiftance 1s occafioned by a thin elec-
tric ftratum, or by the plane’s imperfeft con-
ducting nature, as 1 the cafe with dry wood,
marble, &c.) that refiftance, joined to the inter-
val, however (mall, thatis between the two plates,
cannot be overcome by the weak intenfity of the
electricity of the metal plate, which on that ac-
count will not dart any 1] park to the inferior plane,
| (except 1t's electricity were very powerful, or 1t’s
edges not well rounded) and will rather retain

2 it'y
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it's electricity ; {o that being removed from the
inferior plane, it’s ele¢trometer will nearly recover
it’s former height. Befides, the electrified plate
may even come to touch the imperfectly con-
ducting plane, and may remain in that fituation for
fome time ; in which cafe, the intenfity being
reduced almoft to nothing, the electricity will
accordingly pafls but {lowly to the inferior plane.
But the cale is different, if, in performing this
experiment, the electrified metal plate touches
the inferior plane edgewife, for then it’s intenfity
being greater than when it is laid flat, as appears
by the ele€trometer, the electricity ealily over-
comes the fmall refiftances, and pafles to the
inferior plane, even acrofs a thin ftratum, becaufe
the electricity of one plane is ballanced by that of
the other, only in proportion to the quantity of
furface which they oppofe to cach other within
a given diftance; fo that when the metal plate
touches the other plane in flat and ample contadl,
it’s «electricity is not diffipated. This apparent
paradox is clearly explained by the theory of
electric atmofpheres.

It is ftill more like a paradox, that neither
touching the metal plate with a finger or piece
of metal will deprive it of all it's electricity,
while ftanding upon the proper plane; fo that
it generally leaves it fo far electrified, that when

3 § feparated
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feparated from the plane, it will give a fpark.
“Indeed this phaznomenon could not be explained
on the fuppofition, that the finger or metal were
perfect conductors. But, fince we do not know
of any perfect conductor, the metal or finger op-
pole a fufficient refiftance to retard the imme-
diate diffipation of the electricity of the plate,
which is inthat cafe actuated by a very {mall
degree of intenfity, or power of expanfion; fo
that, fuppofe for inftance, the picce of metal
or finger ‘touching the plate took off fo much of
it’s eletricity as to reduce the intenfity of the
remainder to the goth part of a degree, this re-
maining electricity would be then nothing; but
when the plate, by being feparated from the in-
ferior plane, has it’s capacity fo far diminifhed
as to render the intenfity of it’s electricity 100
times greater, then the intenfity of that remain-
ing electricity would become of two degrees or
more, viz. fufficient to afford a fpark.

Having confidered in what manner the ation
of eletric atmofpheres modifies the ele€tricity
of the metal plate in it’s various fituations, we
{hall now confider the effects which take place
when the elericity is communicated to the
metal plate, whilft ftanding upon a metal plane.
As the whole bufinefs has been proved in the
preceding pages, it is cafy to deduce the appli-

cations
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cations from it : neverthelefs, it will be ufeful
to exemplify it by an experiment,

ExPerIMENT cLXXXVL.—Suppofe a Leyden
phial or a conductor, fo weakly electrified that
it’s intenfity is one half a degree, or even lefs;
if the metal plate of the condenfer, when ftand-
ing upon it's proper plane, was to be touched
with that phial or conductor, it is evident, that
cither of them would impart to it a quantity of
1t’s electricity, proportional to the plate’s ca-
pacity, viz. fo much as fhould make the inten-
fity of the electricity of the plate equal to that of
the electricity in the conductor or phial, viz.
halfa degree ; but the plate’s capacity, now it
lies upon a proper plane, is above 100 times
greater than if it ftood infulated in the air, or
which is the fame thing, it acquires 100 times
more electricity from the phial or condu@or, It
naturally follows, that when the metal plate is re-
moved from the proper plane, it’s capacity being
leflened fo as to remain equal to the 1ooth part
of what it was before, the intenfity of it’s elec-
tricity muft become 50°, fince the intenfity of
the electricity in the PhiaI or conductor was half
a degree.

If a {mall quantity of cle@ricity, applied to
the metal plate of the condenfer, enables it to

iz give
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give a ftrong fpark, it may be afked, What would
a greater quantity do? Why nothing more. Be-
caufe, when the electricity communicated to the
metal plate is {o ftrong as to overcome the fmall
refiftance of the inferior plane, it will be diffi-
pated.

It is eafy to underftand, that if the metal plate
of the condenfer can reccive a good fhare of
electricity froma Leyden phial or ample conduc-
tor, however weakly electrified, it cannot re-
ceive any confiderable quantity of it from a cons
ductor of fmall capacity; for this conductor
cannot give whatit has not, except it were con-
tinually receiving a ftream, however fmall, as 1s
the cafe with an atmofpherical conduétor, or with
the conductor of a machine which acts very
poorly, but continues in action. In thofe cafes
it has been obferved, that a confiderable time is
required before the metal plate has acquired a
fufficient quantity of electricity.,

As an ample conductor, weakly electrified,
imparts a confiderable quantity of eletricity to
the metal plate of the condenfer, fo when this

plate is afterwards {eparated from it’s plane, the

eleétricity in it appears much condenfed and
vigorous ; when the fame plate contains a
finall quantity of eleétricity, fuch as cannog
give a fpark or affect an eleCtrometer, that clec=-

tricity
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tricity may be rendered very confpicuous by
communicating it to another fmall plate or conw
denfer.

Mr. Cavallo firft thought of this improve-
ment, by reafoning on Mr. Volta’s experiments,
He made a {mall metal plate not exceeding the
fize of a fhilling. This fecond condenfer is of
great ufe in many cafes, where the electricity is
fo fmall as not to be at all, or not clearly ob-
fervable by one condenfer only, as has been fully
proved. Sometimes the ufual metal plate of a
condenfer acquires fo fmall a quantity of elec-
tricity, that being afterwards taken from the
inferior plane, and prefented to an extremely
fenfible electrometer, made by Mr. Cavallo, it
did not affectit. 1In this cafe, if the faid plate,
thus weakly electrified, was made to touch the
other {mall plate properly fituated, and was af-
terwards brought near an electrometer, the elec—
tricity was then generally ftronger than was fuf-
ficient merely toafcertain it’s quality.

Now, if by the help of both condenfers, the
intenfity of the electricity has been augmented
1000 times, which is by no means an exagge-
ration, how weak muft then be the electricity of
the body examined ! how fmall the quantity of
electricity that is produced by rubbing a piece
of metal with one’s hand ! fince when it is con-

denfed
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denfed by both condenfers, and then communi-
cated to an eleGtrometer, it will hardly affect
that inftrument, and yet is fufficient to afford
conviftion, that the metal can be electrified by
the friction of a perfon’s hand.

Before the difcovery of the condenfer and Mr.
Cavallo’s very {enfible eleCtrometer, we were far
from being able to difcover fuch weak excita-
tions; whereas, at prefent, we can obferve a
quantity of electricity, incomparably {maller
than the fmalleft obfervable at thofe times.

CH AY
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Or AtmosPHERICAL ELECTRICITY.

IT is now univerfally acknowledged by every

philofopher, that the eletric fluid is diffemi-
nated through the whole atmofphere: it is alfo
known, that the motion of this fluid is reftrained
when it ats in denfe air, but it moves with the
greateft liberty in a vacuum or rarified air, as in
an exhaufted receiver. Therefore at a great
height, where the air is equally, if not more ra-
rified than in our receivers, it’s motion muft be
exceeding free, and hence capable of the greateft
effects: becaufe it can be moved from one place
to another with extreme eafe and rapidity, and
in great quantities; and if, as many philofo-
phers believe, the electric fluid is that ether or
fubtil matter which fills the intervals between
the planets, how great muft be the force of an
agent which fills thefe immenfe {paces! Be this
as it will, we know that the upper ftrata of air
are filled with this fluid, and that it moves _there
frecly.

Again, we know that water, whether in fub-
ftance or in vapour, 1s a conductor of eleétricity ;
that in proportion as air is loaded with it, it

4 refifts
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refifts lefs the motion and diffufion of the elec-
tric fluid: confequently, if vapour rifes to a
great height, it becomes a conduétor and canal
of communication between this immenfe refer-
voir, this ocean of free electric fluid, and the
entire mafs of our globe. If then this fluid is
more reftrained at one part of our globe, than it
is in correfponding parts of the higher regions,
the vapours will be the medium to reftore the
equilibrium. But this equilibrium will not lafk
long, for it is matural to fuppole this immenfe
fluid fubje¢t to a flux and reflux, currents, &c.
which will alter it’s local denfity. Thus alfo
this fluid, which is contained in our globe, can-
not be long uniformly fpread through it’s mals,
as there are ten thoufand agents, which will
either accumulate or rarify it: confequently va-
pour will fcarce ever rife without ferving as a
vehicle to maintain the equilibrium between our
globe and the fluid in the higher regions of the
atmofphere.

This theory is fo natural a confequence of the
moft immediate and certain principles of electri-
city, that it feems almoft fuperfluous to confirm
it by the phaenomena which it explains. It is
the only one that accounts for the following fatt,
that vapours never rife to a great height without

producing the moft terrible meteors. All con-
fiderable
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fiderable volcanic produétions are accompanied
with lightning. The fire which rifes from the
earth feems to light that of heaven. The column
of vapour which proceeds from the bowels of a
volcano is continually traverfed by lightning,*
which fometimes feems to proceed from the
higher regions, fometimes from the column itfelf,
Hail, which neceffarily fuppofes the afcenfion of
vapour to a confiderable height, is always ac-
companied with electricity. The aurora borealis
1s alfo electrical ; it’s light feems to be produced
by the ele€iric fluid, at the inftant it is con-
denfed in paffing in the columns of elevated va-
pour.

Waterfpouts, whirlwinds, and even earth-
quakes, are in a great meafure the effects of tor-
rents of the eleétric matter, attracted from the
higher regions by torrents of vapour. In a
word, can the electricity of the clouds be attri-
buted to a more natural or probable caufe 7+

For the fubject of this chapter we are prin-
cipally indebted to P. Beccaria, who has for
many yecars accuratcly obferved the various
changes in the eleCricity of the atmofphere,

Gg and

* The younger Pliny obferved thefe lightnings in the
eruption which killed his uncle, Sir William Hamilton
has alfo obferved them feveral times.

T Sauflure’s Effais fur 'Hygrometrie, Pe 2750
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and their relation to the other phanomena of
the weather. His apparatus was admirably well
adapted for this purpofe, and f{uperior to any
thing that we are at prefent acquainted with,
for intimating eafily and at all times the elec-
tricity of the air. It not being at firft fufpected,
that electricity was fo intimately blended with
every operation of nature, as it is now Known
to be, the labourers in this part are of courfe
very few; the principal are P. Beccaria, Mr.
Ronayne, and Mr. Cavallo.

1 have extraéted and methodized the refults
of the obfervations made by P. Beccaria, intro-
ducing occafionally thofe made by others, that
the reader might be in poficflion of the moft
material facts, and excited to inveftigate and
purfue with attention this delicate and important
fubjet; for, indeed, little certainty can be
expected from any fyflem of meteorology, where
the action of the principal agent is not particu-
Jarly confidered and attended to.

The apparatus ufed by P. Beccaria, for in-
veftigating the electricity of the atmofphere,
was an iron wire, which he terms an exploring
wire, one hundred and thirty-two feet long. It
was fixed at one end to a pulc'raifed over the
chimney, the other end was faltened to the top
of a cherry-tree. lhe extremities of the wire

were
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were infulated, and covered with a {mall um-
brella of tin. Another wire was brought from
this, (through a thick glafs tube, coated with
fealing-wax) into the room; by which means,
continual information of the ftate of the electri-
city in the exploring wire was obtained. He
conneéted with this wire a fmall {lip of metal, on
each fide of which was a {mall pith ball, one line
diameter ; the balls were fufpended by filk
threads, fixteen lines long.

Air-balloons will probably enable us to dif-
cover with certainty the eleétricity of the diffe-
rent ftrata of the atmofphere. Mr. de Sauflure
has already made the experiment with a balloon
made of taffety, containing two hundred cubic
feet of air, and which was raifed by the heat
from the flame of {pirit of wine: with this, in
cloudy but calm weather, he obtained a ftrong
pofitive eleltricity.®

The electricity, in ferene weather, generally
makes each of the balls diverge about fix lines;
when 1t is very ftrong, they will diverge fifteen
or twenty degrees from the metal plate; when
weak, the divergence is very (mall.

In ferene weather, the wire, after being

Gg2 touched,

* Faujas de St Fond, Defcription des Experiences
Aeroltatiques, tom, II, p. 271.
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touched, will take a minute or longer before it
again fhews figns of clectricity ; though, at other
times, it will become eletrified in the fpace of
a fecond.

The elettricity during {erene weather is always
pofitive. There are few inftances in which it is
negative, and then it is brought over by the
wind from fome part of the atmofphere, (per-
haps very diftant from the place of obfervation)
where thereis cither fog, fnow, rain, or clouds.
The whole feries of obfervations, which P.
Beccaria has made, confirm this pofition. He
feems to have met with only three or four in-
ftances to the contrary.

Dr. Franklin has obferved, that the clouds
arc fometimes negative, which is certainly true;
becaufe they will at times abforb, at and through
the apparatus, a large and full bottle of pofitive
clectricity, of which the apparatus could not
have received and retained the hundredth part.
And it is caly to conceive, how a ftrongly charged
large pofitive cloud may reduce {maller clouds
to a negative [tate,

The eledricity of the atmofphere is very much
connetted with the ftate of the air, asto moifture
and drynefs ; fo that it is neceflary to attend to
the hygrometer, in order to forma proper judg-
ment of the different degrees of clectricity at

5 different
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different times. That invented by Mr. Coven-
try, which is made of hatters’ paper, will anfwer
beft; it is very fenfible, abforbs moifture foon,
and parts with it eafily. Comparative obfer-
vations may alfo be made with it. It is allo
neceflary to place a thermometer near the hy-
grometer, to alcertain what quantity of moifture
the air cankeep in folution with a given degree
of heat: though this object will more probably
be obtained by obferving accurately the quan-
tity of moifture evaporated from a given furface
at different times. It is alfo to be obferved,
that the different degrees of denfity in the air
will affett the quantity of moifture which is
retained in the air.

The moifture in the air is the conftant con-
ductor of the atmofpheric electricity during clear
weather; and the quantity of eletricity is pro-
portioned to the quantity of moifture which
furrounds the exploring wire ; except there is
{fo much as to leflen the exaétnels of the infu-
lation of the wire and of the atmofphere. In
a dry ftate of the air, it will fometimes be above
a minute before the balls will manifefl any elec-
tricity after the wire has been touched ; though
in a damper flate, a fecond will fearce elapfe
before rapid ofcillations of the balls may be ob-

{ferved
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ferved between the finger and the plate of brafs
to which they are afhixed. *

The eleftricity, when the weather clears up,
is always pofitive. When the weather is clearing
up, and becomes dry quickly, the electricity
rifes to a great degree of intenfity, and affords
frequent opportunities for repeating the obfer~
vations. It {fometimes happens, that the elec-
tricity, caufed by the clearing up of the weather,
continues in it’s ftate of intenfity for a long
while ; and alfo, after being interrupted, it be-
gins afrefh. Thele accidents -feem to be owing
to the electricity being brought over by the wind
from great diftances.

P. Beccaria fays, that whenever he obferved
that the thick low clouds which were over his
head began to break, and the rare even clouds,
which are above the former, became dilated, that
the rain ceafed, and the balls diverged with po-
fitive electricity, he always wrote down cEkr-
TAIN TENDENCY TO CLEAR WEATHER,

Prior Ceca fays, that a {trong pofitive elec-

‘ tricity

* Inmaking obfervations on the eleflricity of the atmo-
Iphere in clear weather, itis cllential to repeat them very
frequently ; i. e. to obferve the velocity with which the
eleétricity rifes after it has been annihilated ; which P, Bee-
caria generally eltimated by the number of feconds elapfed
before the balls began to manifeft their clettricity,
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tricity after rain is an indication that the weather
will continue fair for feveral days. If the clec-
tricity is weak, it is a fign that the fair weather
will not lafl the whole day, but that it will {foon
be cloudy, and even rain.

If, when the fky grows clouded over the place
of obfervation, and a high cloud is formed, with-
out any fecondary clouds under it, and that it
1s not an extenfion of a cloud which drops rain
cliewhere, either no electricity takes place, or it
1s pofitive.

If the clouds which are gathering are fhaped
like locks of wool, and keep moving firft nearer
to, and then feparating from each other ; or, if
the general cloud which is forming lies very
high, andis ftretched downwards like defcend-
ing {moke, then pofitive eleétricity commonly
takes place, which is more or lefs ftrong in pro-
portion to the quicknefs with which this cloud
forms ; and it foretels the greater or lefs quan-
tity and velocity of the rain or fnow which is to
follow.

When a thin, even, and extenfive cloud is
forming, which darkens the fky, and turns it
into a grey colour, a firong and repeated pofi-
tive electricity takes place; but in proportion
as the gathering of the cloud flackens, this
clectricity leffens, or even fails. On the con-

trary,



248 AN Essay oN

trary, if the rare extenfive cloud is gradually
formed of {maller clouds, like locks of wool,
which are continually joining to, and parting
from cach other, the pofitive eleciricity com-
monly continues.

Low and thick fogs (efpecially when as they
rife the air above them is free from moifture)
carry up to the exploring wire an elettricity
which will give fmall fparks repeatedly, and
produce a divergence of the balls from20” to
2%, oreven 30° Ifthe fog grows fluggith, and
continues round the exploring wire, the electricity
foon fails; but if it continues to rife, and
another cloud fucceeds, it eleCtrifies again the
wire, though lefs than before. Sky-rockets fent
through fuch thick, low, and continued fogs,
often afford figns of eleétricity. P. Beccaria,
under any one of the circumftances above
defcribed, never met with an inftance of nega-
tive eleftricity ; except perhaps once, when be
fent a fky-rocket, to which a ftring was fixed,
through a low thick fog; though he had
afterwards every reafon to think, that he had
miftaken A FALSE LITTLE STAR FOR A TRUE ONE.

Mr. Ronayne obferved, that the air in Ircland
was generally clectrified in a fog, and even in a
mift, and that both day and night, but prin-

cipally in winter; feldom in fummer, except
from
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from pofitive clouds, or cool fogs. The electri-
city of the air in a froft or fog is always pofitive.
He fays, that he has often obferved, during what
feemed the pafling of one cloud, fucceffive
changes from negative to pofitive, and from
pofitive to negative.

N. B. Moft fogs havea fmell very like an
excited glafs tube.

Mr. Henly has fhewn, that fogs are more
ftrongly electrified in, or immediately after a
froft, than at other times; and that the electricity
in fogs is often the ftrongeft {oon after their ap-
pearance.

Whenever there appears a thick fog, and at
the fame time the air is ftharp and frofty, that
fog 1s ftrongly electrified pofitively.

Though rain is not an immediate caufe, yet
he is inclined to think, it was always a remote
confequence, of eledricity in the atmofphere ;
and he generally found, thatin two or three days
after he had difcovered - the air to be ftrongly
electrified, we had rain, or other falling wea-
ther.

If, in clear weather, a low cloud, which
moves {lowly and is confiderably diftant from any
other, pafles over the wire, the pofitive electricity
generally grows very weak, but does not become
negative ; and when the cloud is gone, it returns

Hh to
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to it’s former ftate. 'When many whitifh clouds,
like locks of wool, keep over the wire, fometimes
uniting with, and then feparating from each
other, thus forming a body of confiderable extent,
“the pofitive eletricity commonly increafes. In
all the above circumf(tances the pofitive electricity
never changes to a negative one.

The clouds which leffen the eleétricity of the
exploring wire are thofe which move ; though
thofe that are low feem allo to have the fame
effect.

Or THE Diurnar ArTMosPHERICAL ELECTRI-
CITY.

In the morning, when the hygrometer indi-
cates a degree of drynefs equal to, or little lefs
than that of the preceding day, an clectricity
takes place before the fun rifes ; which is mani-
fefted by jun&ions, adhefions, or even a diver-
gence of the balls, and is proportioned to the
drynefs of the air, and the fallnefs of it’s dif-
ference from that of the preceding day. If this
ftate of drynefs does not obtain, no difcernible
eleCtricity will be perceived before, or even for
a little while after, the rifing of the fun. Asthe
air is generally damp in the night, electricity is
{cldom obferved before the fun rifes. During

three
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three months obfervations, P. Beccaria found the
electricity before the fun rofe only eighteen
mornings ; and from the whole of his numerous
obfervations it appears, that the appearance of
electricity in winter before fun-rife is more
frequent that in the fummer, efpecially if the
dampnefs from hoar-froft is prevented from
affeéting the apparatus.

In the morning, as the fun rifes higher, the
electricity, whether it began before fun-rife or
only after, gradually increafes. This gradual
increafe of the morning electricity begins fooner,
if the hygrometer continues after fun-rife to
indicate a greater degree of increaling drynefs.
The intenfity and the rife of the electricity (after
it has been annihilated by touching the exploring
wire) lafts in {erene days, in which no impetuous
wind takes place, and the hygromcter is {tationary
at the higheft degree it has attained that day, till
the fun draws near the place of it's fetting.
When the {un is near fetting, and in proportion
as the hygrometer ablorbs the moifture, the
intenfity of the daily electricity leflens.

Though the hygrometer may indicate equal
degrees of drynefs at twelve o'clock, in different
days, yet the electricity will appear fooner after
being deftroyed on fome days than on others ;

Hh2 and
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and this 1s in a great meafure proportioned to
the increafe of heat. The electricity moreover
commences on {uch days later in the morning,
and falls fooner in the evening.

The fri¢tion of winds againft the furface of
the earth is not the caufe, of atmofpheric elec-
tricity. Impetuous winds leflen the intenfity
of the electricity in clear weather. If they are
damp, they leflen it’s intenfity in proportion to
the diminution they caufe in the exactnels of the
infulation both of the wire and atmofphere.

Or Tur ELECTRICITY PRODUECED BY THE
EveEning Dew.

In cold feafons, if the fky is clear, little winds
and a great degree of increafing drynefls, an
electricity of confiderable intenfity arifes after
fun-fet, as foon as the dew begins. The fie-
guency of fuch eletricity 1s moreover greater
than that of the darly electricity, and it vanifhes
flowly. :

In temperate or warm feafons, if the fame
circumftances as above take place, an electricity
intirely fimilar to the former arifes as foon as the
fun has fet ; only it’s intenfity is not fo conftant ;
it begins with greater rapidity, and ends fooner.
- - I
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“If, under the above circumftances re{pec-
tively, the general drynefs of the air happens to
be lefs, the eleélricity that rifes in the evening,
when the dew begins, is lefs in proportion to the
diminutions of the exactnefs of the infulation of
both the exploring wire and the atmofphere;
but correfpondently to the greater quantity of
dew, the frequency of the electricity is greater.:

The electricity of dew feems to depend on the
quantity of dew, and to follow in it’s various
changes, proportions fimilar to thofe which take
place between the ele€iricity of calm mild rain,
and that of rainy and flormy weather, and
varies allo according to the feafons.

As rain, fhowers, the Aurora Borealis, and
the zodiacal light, have a tendency to appear
for feveral fucceflive days with the fame cha~
racteriftic accidents, fo the electricity of dew
feems to have as it were an inclination to appear
for feveral evenings fucceflively with the fame
charadters,

ExPeRIMENT cLxxxvIiL.—Let the air ina well-
clofed room be electrified; that is to fay, the
moifture and other vapours diffufed in-it: then
let a bottle, filled with water colder than the air
in the room, and infulated on a tube of glafs,
be raifed pretty high in this room. Care muft

6 be
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be taken to preferve the infulation of the glafs,
with warm cloths. The electric figns that will
arife in two threads fufpended to {fuch bottle, will
exaltly reprefent the eleCtricity of dew; and
they will exhibit the different manner after which
this electricity takes place, according as the
electrified vapours in the room are more or lefs
rare ; as the difference between the heat of the
air in the room, and that of the water in the bottle
is lefs or greater, and the infulation of the bottle
is more or lefs exact.

In a thunder-ftorm Mr. Ronayne obferved,
that the flathes would caufe fudden changes.
Sometimes the electricity would be extended,
fometimes diminifhed ; at other times increafed,
and fometimes even changed to the contrary
again, though none was perceived before; it
would come on fuddenly with a flath of lightning,.
A large thunder-cloud, when it darkens the
hemifphere, does not produce fo much electricity
asa branch of it, or even asa common {hower;
that a ftorm does not go in a regular current of
the wind, but obliquely and zig-zag; viz. it
rains in that region from whence the ftorm is to
proceed.

ExPERIMENTS



ELECTRICITY. 25:‘;

ExPerIMENTS AND OBSERVATIONS ON A7rnmo.
spHERICAL ErrcTrICITY, BY MR, CAVaALLO.

Thefe were principally made with an ele@rical
kite, which will collect electricity from the air
at any time. The power of this inftrument
refides in the ftring. The beft method of
making the ftring is by twifting two threads of
common twine with one of that copper thread
which is ufed for trimming: a-{choolboy’s kite
~ with this ftring anfwers the purpofe as well as
any other. When a kite conftructed in this
manner was raifed, Mr. Cavallo fays he always
obferved the ftring to give figns of electricity,
except once; the weather was warm, and the
wind fo weak, that the kite was raifed with
difficulty, and could hardly be kept up for a few
minutes : afterwards, when the wind increafed,
he obtained as ufual a ftrong pofitive electricity.,

If this Kite was raifed at a time when there
was any probability of danger from the great
quantity of electricity, Mr. Cavallo connected
one end of a chain with the firing, and let the
other end fall on the ground, and placed him-
felf alfo on an infulating ftool. Except the
Kite is raifed in a thunder-ftorm, there is no
great danger that the operator will receive a
fhock.  Although he raifed his kite hundreds

. of
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of times without any precaution whatever, he
feldom received even a few flight fhocks in the
arms. But it is not advifeable to raife it while
ftormy clouds are over-head. 'This is alfo lefs
neceflary, as the electricity of the atmofphere

may then be eafily obferved by other means.
When the kite was raifed, he often introduced
the flring through a window into 2 room of the
houfe, and faftened it by a ftrong filk lace to a
heavy chair in the room. Fig. 78, A B repre-
fents part of the ftring of the Kite which comes
within the room, C the filk lace, D E a {mall
prime conductor, which, by means of a f{mall
wire, is connected with the ftring of the kite; F
a quadrant electrometer, fixed upon an infulating
ftand, and placed near the prime conductor ; G
a glafs tube about 18 inches long, gna ball and
wire of brafs, which are fixed to the glafs tube.
"This fmall inftrument is ufeful to determine the
quality of the eletricity, when it is not fafe to
come near the ftring. This is effected by touch-
ing the flring with the wire, which takes a {ufh-
cient quantity from it to alcertain thercby the
quality of the eleCtricity, either by the attraction
and repulfion of light balls, or the appearances of
the ele@ric light : or it may be afcertained by a
Leyden phial, which will retain a charge for a
confiderable time ; and then the kite need not be
kept
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Kept up any lenger than is neceffary to charge the
phial, by which the quality will be thewn even
at fome days diftance,

If a charged phial is carefully kept from any
of thofe means by which it is known to be dif.
charged, it will retain it’s charge for a long time,
On this principle the above-mentioned phial is
conftructed ; the bottle is coated in the ufual
manner ; the uncoated part of the glafs is cover-
ed with ‘wax, or elfe well varnifhed; a glafs
tube, which is open at both ends, is cemented
into the neck of this phial, having a piece of
tin-foil connected with it’s loweft extremity,
which touches the infide non-electric coating.
A glafs handle is fixed to the ball on the wire
which paffes into the foregoing glafs tube ; the
wire is of a proper length to touch the tin-foil
which is at the bottom of the tube. Charge this
bottle in the ufual manner, and then take out the
wire from the glafs tube by means of the glafs
handle. This may be done without difcharging
the phial ; and, asthe fire cannot now efcape
eafily, the charge of a phial may be preferved
for many weeks.

Fig. 80 reprefents a very fimple inftrument
(contrived by Mr. Cavallo) for making experi-
iments on the electricity of the atmﬁi"phere, and
which, on feveral accounts, appears to be the

1i beft
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beft for the purpofe. A B is a common jointed
fithing rod, without the laft or fmalleft joint:
from the extremity of this rod proceeds a fmall
glafs tube C, covered with fealing-wax, a cork
D is fixed at the end of it, from which an elec-
trometer with pith balls is fufpended. H G I
is a piece of twine faftened to the other extre-
mity of the rod, and {upported at G by a {mall
firing F G. At the end of the twine T a pin is
faftened, which, when pufhed into the cork D,
renders the eleftrometer E uninfulated. When
the electricity of the atmofphere is obferved with
this inftrument, thruft the pin T into the cork
D, and hold the rod by the lowerend A ; place
it out ofa window at the upper part of the houfe,
raifing the end of the rod with the electrometer,
fo as to make an angle of 5o or 60 degrees with
the horizon. Keep the inftrument in this fitua-
tion for a few feconds, then pull the twine at
H, and the pin will be difengaged from the cork
D; which operation caufes the ftring to drop in
the dotted fituation K L, ard leaves the eletro-
meter infulated, and eletrified with an electricity
contrary to that of the atmofphere. This being
done, you may draw the eletrometer into the
room, and examine the quality of the electricity,
without obftruction either from wind or dark-
nefs.

Fig.
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Fig. 81 is an eleCtrometer for rain, contrived
by Mr. Cavallo. ABC T isa ftrong glafs tube,
about two feet and a halflong, having a tin fun-
nel D E cemented to it’s extremity, which funnel
defends part of the tube from the rain. The
outfide {urface of the tube from A to B is covered
with fealing-wax, and fo is the part of it which
is covered by the funnel. F D is a piece of cane
round which brafs wires are twifted in different
directions, f{o as to catch the rain eafily, and at
the fame time to make no refiftance to the wind.
"This piece of cane is fixed into the tube, anda
{mall wire proceeding from it goes through the
tube, and communicates with the ftrong wire A
G, which is thruft into a piece of cork, faftened
to the end A of the tube. The end G of the
wire A G 1s formed into a ring, from which a
{enfible pith ball ele¢trometer is to be fufpended.
This inftrument is faftened to the fide ofa window
frame, where it is fupported by ftrong brafs
hooks at C B; which part of the tube is covered
with a {ilk lace, inorder to adapt it better to the
hooks. Thepart F L is out of the window, with
the end F clevated a little above the horizon.
The remaining part of the inftrument comes
through a hole in one of the lights in the fafh,
within the room, and no more of it touches the
fide of the window than the part C B, When it

Iiz rains,
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rains, efpecially in paffing fthowers, this inftru-
ment is frequently clectrified ; and by the diver«
gence of the eletlrometer, the quantity and
quality of the rain may be obferved without any
danger of a miftake. With this infirument, in
rainy weather, Mr. Cavallo has been able to
charge a fmall coated phial at the wire A G. It
fhould be fixed in fuch a manner, that it may be
cafily taken off from the window, and replaced
again, as occafion requires ; as it will be necel-
fary to clean it often, particularly when a thower
of rain is approaching. |

DESCRIPTION OF A SMALL PORTABLE ATMO-
sPHERICAL ELECTROMETER, INVENTED BY
Mkr, CavaLLro,

The principal part of this inftrument is a glafs
tube C D M N, cemented at the bottom into
the brafs piecce A B, by which part the inftru-
ment is to be held when ufed for the atmofphere ;
and it alfo ferves to {crew the inftrument into it’s
brafs cafe A B O, fig. 76. The upper part of the
tube C DM N is fhaped tapering to a {mall
extremity, which is intirely covered with fealing-
wax ; into this tapering part a fmall tube is
cemented; the lower extremity, being alfo covered

4 with
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with fealing-wax, projects a fmall way within the
tube CDMN ; into this {maller tube wire is ce-
mented, which, with it’s under extremity, touches
the flat piece of ivory H, faftened to the tube by
means of a cork ; the upper extremity of the wire
projects about a quarter of aninch above the tube,
and {crews into the brafs cap E F, which cap is
open at the bottom, and ferves to defend the
waxed part of the inftrument from the rain,
&ec.

I Mand K N are two narrow {lips of tin-foil,
ftruck to the infide of the glafs CDMN, and
communicating with the brafs bottom A B.
They ferve to convey that electricity, which,
when the balls touch the glafs, is communicated
to it, and, being accumulated, might difturb the
free motion of the balls.

To ufe this inftrument for artificial eleCtricity,
eleétrify the brafs cap by an electrified {ubftance,
and the divergence or convergence of the balls
of the eleltrometer, at the approach of an excited
ele¢tric, will fhew the quality of the electricity.
The beft manner to electrify this inftrument is,
to bring excited wax fo near the cap that one or
both of the corks may touch the fide of the bottle
CDMN, after which they will foon collapfe and
appear unelectrified.  If now the wax is removed,

they
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they will again diverge, and remain ele@rified
pofitively.

When this electrometer is to be ufed to try
the electricity of the fogs, air, clouds, &c. the
obferver is to do nothing more than to unfcrew
it from it’s cafe, and hold it by the bottom A B
to prelent it to the air a little above his head,
{o that he may conveniently f{ee the balls P, which
will immediately diverge if there is any eletri-
city ; 1. e. whether politive or negative may be
afcertained, by bringing an excited piece of
fealing-wax or other eleétric towards the brafs
cap E F,

Geoverar Laws pepucep rrRoM THE EXPERI-
MENTS PERFORMED WITH THE ELECTRICAL
KiTes.

i. The air appears to be eleflrified at all
times. It’s electricity is conftantly pofitive, and
much ftronger in frofty than in warm weather ;
but it is by no means lefs in the night than in
the day time,

2. The prefence of the clouds generally leflens
the electricity of the kite: fometimes it has ng
effeét upon it, and it very feldom increafes it.

3- When it rains, the ele@ricity of the kite is
generally negative, and feldom pofitive.

4. The
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4. The Aurora Borealis feems not to affect
the electricity of the kite.

5. The electrical fpark taken from the ftring
of the kite, or from any infulated conductor
connected with it, efpecially when it does not
rain, is feldom longer than a quarter of an inch,
but it is exceedingly pungent. When the index
of the eleCtrometer is not higher than 20°, the
perfon who takes the fpark will feel the effects of
it in his legs ; it appears more like the difcharge
of an electric jar, than the fpark taken from the
prime conductor of an eleétrical machine.

6. The electricity of the kite is in general
ftronger or weaker, according as the firing is
longer or fhorter ; but it does not keep any exact
proportion to it. For inftance; the ele@ricity
brought down by a ftring of an hundred yards
may raife the index of the electrometer to 20°,
when with double that length of ftring the index
of the electrometer will not go higher than 2¢°.

7. When the weather is damp, and the elec-
tricity is pretty ftrong, the index of the eleGro-
meter, after taking a fpark from the ftring, or
prefenting the knob of a coated phial to it, rifes
furprifingly quick to it’s ufual place, but in dry
or warm weather it rifes exceedingly flow.

It appears, from the obfervations which have
been made on the cleétricity of the atmofphere,

that
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that nature makes great ufe of this fluid in pro«
mating vegetation.

1. In the fpring, when plants begin to grow,
then temporary elettrical clouds begin to appear,
and pour forth eleCtric rain. The ele&ricity of
the clouds and of the rain continues to increafe,
till that part of the autumn in which the laft fruits
are gathered.

2. It is this fluid which fupplies common
fire with that moifture, by the help of which it
actuates and animates vegetation : it is the agent
that collects the vapours, forms the clouds, and
is then employed to diforder and diffipate them
1n rain,

3. From the fame principle may be explained
the proverb, that No watering gives the country fo
Jmiling a look as vain. ‘The clouds of rain, by
extending their electric atmofphere to the plants,
difpofe the pores of the latter to receive with
greater facility the water which is impregnated
with this penetrating and dilating fluid. Befides,
it is natural to fuppofe, that the pofitive electri-
city, which continually prevails in ferene weather,
will contribute to promote vegetation, fince this
has been found to be the effect of even artificial
electricity.

Or
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Or THe IMmperrEcTiONs OF METEOROLOGY,
SO LONG AS BAROMETRICAL, THERMOME~
TrRIcAL, AND HycroMeETRICAL OBSERVA-
TIONS ARE NOT ACCOMPANIED WITH THE
REGULAR OBsSErvATION of THE ELECTRI-
CITY OF THE ATMOSPHERE, OF THE ELECTRI-
city ofF Rain, Svow, MisTs, AND AQUEOUS
METEORS IN GENERAL, By MR. AcHARD.

As it is now clearly afcertained, that ele&ri~
city is a caufe of various meteorological phano-~
mena, it is rather furprifing that philofophers
have not perceived the abfolute neceffity of
Joining an inftrument, by which obfervations
may be made on the electricity of the atmofphere,
to thofe which indicate it’s weight, heat, and
humidity.

Without confidering in this place the different
proofs of the influence of eletricity on meteors,
it will be fufficient to remark, that we cannot
attain to an adequate knowledge of any phzno-
mena, occafioned by the concurrence of various
caufes, without being acquainted with them
all; for if any one is neglected, it will be abfo-
lutely impoffible thoroughly to explain the
phenomena. If ele@ricity is not the fole caufe

Kk of
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of feveral metcorological appearances, it is
undoubtedly concerned more or lefs in their
formation ; fo that by negleéing to obferve it,
as well as the barometer, &c. we lofe the fruits
of other, even very exalt, meteorological ob-
{ervations.

The influence of eleftricity on vegetation is
proved by a fet of obfervations made by different
philofophers ; but it evidently appears, that the
botanical meteorological obfervations alone will
never be fo ufeful as might be expected, till we
unite thofe made by an inftrument which will
indicate the electric ftate of the atmolphere, to
thofe made with other inftruments. It is owing
to this caufe, perhaps, that it is impoflible to
draw any conclufion from the botanical meteoro-
logical obfervations of Meflts, Gautier and
Duhamel, which were continued from 1751 to
1769.

Mr. Achard has had an opportunity of making
a few obfervations, but they were fufficient to
convince him of the intimate conneétion that
{ubfifts between the formation of the moft part of
meteors, and atmolpherical electricity.

To difcover if the atmofphere was eleétrical,
he made ufe of a pair of light pith balls which
were attached to a refinous rod.. This elero-
meter, from it’s fimplicity, is almoft preferable

to



EgpcTRICIT Y, 267

to any other for merely difcovering that electri-
city exifls in the atmofphere.

During the month of July, 1778, Mr. Achard
obferved daily the electricity of the atmofphere
in the morning, at noon, and in the evening,
with a pair of {mall pith balls, which were placed
above the roof of the houfe, above 40 feet high,
and- fufficiently diftant from buildings, trees,
&c. During the whole time there were only 10
days which gave no figns of electricity ; 17 days,
including the foregoing 10, in which he could
obferve no eleétricity in the morning, though it
became very fenfible at noon, and was very
much increafed towards the fetting of the fun,
Every other day he found the air electrical during
the whole day, but always ftrongeft a little be-
fore fun-fet, a fhort time after which it began
again to diminifh.

It in ferene weather the {ky became fuddenly
cloudy, the ele€trometer indicated continual
changes in the eleflricity of the atmofphere ;
{ometimes increafing, then difappearing, then
re-appearing; in which cafe it had generally
changed from pofitive to negative, or vice ver/a.
In windy weather he found it difficult to obferve
with the electrometer, on account of the con-
tinual motion of the balls. It feemed to vary
confiderably when the air was heavy, but not

Kka2 windy,
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windy. When the weather was very calm, and
the {ky without clouds, the eletrometer did not
alter in the leaft, except towards fun-fer, when
it increafed in a fmall degree.

It is remarkable, that in thofe days in which
he oblerved no eleCtricity in the air, there was
no dew at night ; while on the other nights, it
fell in greater or lefs quantities. He does not
think thofe obfervations are {ufficient to deter-
mine, that the dew is occafioned by electricity,
but it may, he thinks, be fairly inferred, that
the elevation and fall of the dew is obftructed or
promoted by the cle€tricity of the air. It is
ealy to point out in what manner eletricity may
produce the effect. Let us fuppofe the air to
be cither pofitively or negatively cleétrified, but
the furface of the globe where we are not to be
{o; the aqueous and volatile parts of the vegeta-
bles exhaled by the rays of the fun, and fufpended
in the air, will become electric by communica-
tion. The air cooling by the abfence of the
folar heat, will not, after the fetting of the fun,
retain the aqueous particles with the fame force ;
and thefe being attrated by the non-elettric -
bodies which are on the furface of the carth,
their fuperficies will be covered with dew. Again,
let us fuppofe that the furface of the earth is
electrical, but that the air is not eleétrical, and

the
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the effect will be fimilar to the preceding cafc.
If the air and the earth are both electrified, but
with contrary powers, the attraction will be
fronger and the dew more abundant ; but no dew
will fall if they are both pofieffed of the fame
power, and in the fame degree. It is known,
that the dew does not fall with the fame facility
upon all bodies, and that electric bodies are
thofe on which it falls with the greateft abun-
dance. This faét admits of an eafy explanation,
if we fuppofe clectricity to be the caufe of the
dew ; for the electric bodies do not readily re-
ceive eletricity from the medium which fur-
rounds them; there is, thercfore, always a
greater difference between the eletricity of the
air and that of the electrics which are placed in
it, than between the eleltricity of the air and
the conducting bodies which it envelopes. Now
it 1s in the ratio of this difference that the
power of eleltric attraction aéls, and confe-

quently thefe bodies ought to be covered more
abundantly with dew.

As electricity is often, if not always, the caufe
of dew, no one will doubt the neceflity of attend-
ing to it in the botanical meteorology, as every
one is acquainted with the influence of dew on

the growth of vegetables,
In
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In the Phil. Tranf. for 1773, are obferva-
tions on the eleétricity of fogs, which prove that
they are generally electrical. Mr. Achard has
made feveral obfervations, the refults of which
correfpond entirely with thofe, for he conftantly
found that the air was more or lefs electrified
by afog. Twice he obferved, that in the fpace
of a few minutes the fog ceafed altogether, and
fell in form of a fine rain; and though it was
very thick, difappeared in about feven minutes.
It is alfo very probable that rain is occafioned
by electricity ; and of this we fhall be convinced,
if we confider the attractions and repulfions that
the terreftrial or atmofpheric eleétricity muft
occafion, as well between the furface of the globe
and the vapours contained in the air, asbetween
the particles of vapour which always neceffarily
tend to difperfe or unite the aqueous particles
which {fwim in the atmofphere, and to bring
them nearer, or carry them farther from the
earth.

Having proved the neceflity of combining
oblervations on the electricity of the atmofphere
with other meteorological obfervations, Mr.
Achard proceeds to defcribe the properties re-
quifite in a good atmofpherical ele€trometer, the
want of which accounts for the neglect and
fupinenefs of philofophers on this fubject.

INECESSARY
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Necessary RequisiTes v an ATMOSPHERICAL
LLEcTROMETER,

1. It thould be eafy in it’s ufe.

2. It thould not only indicate that the air is
eleélrical, but in what degree.

3- It is neceffary that we may learn whether
1t is pofitive or negative.

4. That the obferver fhould be in no danger
in ftormy weather,

5. That it be portable.

The number of difficulties which oppofe the
conftruction of an inftrument which will unite
all thefe advantages, is very confiderable. The
greatelt is to infulate the meta] which receives
the electricity from the air, {o that rain may
not eftablith a communication between it and
the earth, and that the infulation is fufficiently
perfect to prevent too quick a diffipation of the
electricity received by the metal. My, Achard
does not pretend that he has furmounted aj
thefe difficulties, but after feveral trials he has
contrived an inftrument fuficiently portable,
caly to obferve with, and that without danger.

Dzscrrrrion
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DESCRIPTION OF THE PORTABLE ATMOSPHERT
cAr ELECTROMETER, CONTRIVED FOR THE
PURPOSES ALREADY MENTIONED, |

This inftrument is compofed of a hollow and
rruncated cone of tin, whofe upper end is open,
and which is clofed at bottom by a plate of the
fame metal. This plate is covered, in the in-
fide of the cone, witha layer of rofin two inches
thick: to the lower furface of this layer of rofin
2 tube of tin is cemented, which, when it ¥s
placed on a wooden pedeftal, fupports the cone
in fuch a manner, that the great bafe is hori zontal,
and turned downwards ; the rofin infulates the
cone perfectly, and, when the latter becomes
eleric, prevents the lofs of it’s ele&ricity by
tranfmiffion. The cone muft be high enough,
and it’s inferior bafe muft exceed far enough in
diameter, it’s fuperior extremity, to prevent the
rain, even though it fhould fall in an oblique
direction, from wetting, eitherin it’s fall, or by
rebounding from the pedeftal, the lower furface
of the rofin-layer, with which the bottom of the
truncated cone is internally covered : otherwife
the cone would ceafe to be infulated, and the

eleGtrometer would be changed into a conductor.
4 On
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On the truncated part of the cone Mr. Achard
faftens a fquare iron branch, on which he places
a thermometer and two cloétrometers; the one
very light, and thus capable of being fet in mo-
tion by fmall degrees of elettricity ; the other
heavier, and which, confequendy, only rifes
when the electricity becomes too ftrong to be
meafured by the light eleétrometer. Befides
thefe two eleGtrometers, Mr. Achard tied to the
iron bar a thread, which indicates, by it’s rifing,
the fimalleft degrees of clectricity : the whole is
inclofed in a receiver of glafs, open above and
below ; the bafe of this receiver is alfo infulated
with rofin, that it may not derive any electricity
from the tin cone; the remaining {pace of the
upper part of the receiver, between the bar of
metal, which pafles through it, and the glafs,
is likewife filled with rofin, to prevent the com-
munication of electricity to the receiver; to pre-
ferve this rofin from rain, which, by moiftening
it, would form a communication between the
receiver and the bar, it is covered over with a
glals funnel, through which the bar pafles, and
which hinders the rain from falling on the rofin.
This receiver is alfo indifpenfably neceflary to
prevent the action of the wind upon the elec-
trometers, which would render the accurate
obfervation of them impoflible. At the end of
- | L1 the
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the metal bar, which paffes through the receiver,
hollow tin pipes may be placed, of a {mall dia~
meter, to render them as light as poffible, and
they may be raifed to the height of 10, 20,
or 30 feet. The upper end of the pipe terminates
in an iron point, extremely fharp and well gilt ;
the gilding is neceflary to hinder the point,
which muft be always even and {mooth, from
contraéting ruft. With refpect to the elevation
that it may be proper to give to the tin-pipe,
this muft vary with the height of the buildings
or trees in the different places where obfervations
are made; for the height nfrhe'pipc muft al-
ways exceed, at leaft by fix feet, the elevation
of all the bodies that are near it. Mr. Achard
joins a thermometer to this machine, which may
be obferved at the fame time, and be the means,
perhaps, of difcovering the relations, if any there
be, between electricity and the temperature of
the air. A barometer and hygrometer may,
with facility, be added to this inftrument for the
fame purpofe.

In order to know whether the elericity of
the air be pofitive or negative, Mr. Achard
fufpends a ball of cork, by a linen thread, on
the wire which communicates with the iron bar,
and which paffes through the rofin, with which
the bafe of the trancated cone is covered. The

5 wire
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wire muflt be of fuch a length, that bodies
pofitively or negatively elerified may be com-
modioufly orought near the cork-ball, which
1s fufpended on it; anditis according as thele
bodies attract or repel the ball, that the obfer-
ver learns whether the eleltricity, which the in-
ftrument has received from the air, be pofitive
or negative.

That the obferver may be in no danger from -
{fudden accumulations of electricity, which fome-
times happen, Mr. Achard fafiens to the bafe
of the pedeftal an iron bar, which not only
communicates with, but even enters into, the
ground, feveral feet deep. 'This bar, whofe
upper part terminates in a round knob or ball,"
muft be only ar the diftance of an inch from the
cone. When the electrical fluid is fo accumu-
lated that the inftrument can no longer contain
it, it will difcharge itfelf againft this metal bar,
which will conduét it under ground. The fame
thing would happen, if the lightning fell upon
the inftrument, and the obferver would be in no
fort of danger, even at the diftance of a few feer,
When the inftrument is placed ina garden, this
method of forming a communication with the
ground is fubjeét to no inconveniency; but if it
fhould be judged proper to employ the inftru-
ment ina houfe, (which may be done by making
' Lla the
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the tin pipe pafls through a hole in the roof, and
placing the inftrument in a garret) the manner
above-mentioned of forming it’s communication
with the earth would not be fo eafily ¢éxecuted ;
in this cafe, the communication muft be effetted
by means of a bar of metal defcending from the
garret to a depth of fome feet under ground ;
and for greater fecurity againft the too great
proximity of a thunder-ftorm, it would be pro-
per to place the metallic bar in contact with tae
cone of tin : thus the inftrument would become
a real conductor, which, inftead of expofing
the houfe to danger, would, on the contrary,
preferve it from all the accidents that are occa~
fioned by lightning.

When the inftrament is placed in a garret,
or on the platform of a houfe, no inconvenience
is to be apprehended from afcending dews; but
when it is placed in a garden, the dew adheres
to the rofin which covers the truncated bafe of
the cone, and forming thus a communication
between the cone and the earth, makes the in-
ftrument lofe the electricity with which it may
have been charged. To prevent this accident,
it is ncceflary to pave the ground on which the
inftrument is placed, and ruat in {ucha man-
ner, that the pavement may extend itfelf on all
fides, at lealt two or three feet beyond the cir-

it cumference
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cumference of the lower bale of the cone: the
rifing of the dew, which by adhering to the rofin
might damage the inftrument, will be thus
effectually prevented.

When the air is eletrical, it muft neceflarily
communicate it's electricity to the vapours which
it contains. This is evident from the formation
of lightning, which is not produced by the dif-
charge of the electrical matter of the air, but by
that of the vapours which float in the atmo-
fphere. Hence it follows, that rain, fnow, hail,
mift, and dew, muft be very often cletiric. As
it appears to Mr. Achard a matter of great con-
fequence to know and obferve exact ¥ the elec-
tricity of thofle meteors, he has conflructed a
machine that is adapted to difcover both it’s na-
ture and degree. 'This machine is compofed of
a truncated tin cone, clofed at the top, open at
bottom, and infulated upon a pedeftal, like that
of the machine employed to meafure the elec.
tricity of the air. Inthe center of the upper
truncated part of the cone, Mr. Achard fixes
an iron bar terminated by a ball; he covers the
whole with an infulated glafs receiver, high
enough to have it’s {fummit at the diftance of
three inches from the ball which terminates the
iron bar, to which he faftens a VEry SENSIBLE
electrometer, and alfo a linen thread to difcover

the
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the {malleft degrees of eletricity. As this in-
firument is but little elevated, and has no pointed
extremity, itis not eafily charged with the elec-
tricity of the air, which at fuch a degree of
proximity to the earth is always imperceptible ;
but rain, fhow, hail, mift, and dew, if they are
electrical, will render it alfo electrical by falling
upon the cone; the degree of electricity is afcer-
tained by the ele¢trometer, which is under the
receiver ; and in order to know whether itbe po-
ﬁtivc ﬂr'nega;ive, the obferver has only to employ
the method indicated above, in our account of
the inftrument ufed to meafure the electricity of
the air. Befides the ufe of this inftrument in
difcovering the clectricity of aqueous meteors,
it may flill ferve farther purpofes: it may be
highly ufeful to compare it with the atmofphe-
rical eletrometer, in order to difcern the true
principle of the eletricity with which it 1s
charged, and to fee whether it proceeds imme-
diately from the air, or from the heterogeneous
bodies that arc fufpended in the atmofphere ;
for the atmofpherical electrometer may allo be-
come electrical by rain, fnow, hail, or mift;
and the comparing thefe two inflruments is the
ouly method that occurs to Mr. Achard by
which we can know, whether it receivesit’s elec-
ericity directly from the air, or by the interven-
tion
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tion of bodies (indued with a conpuering pPOW-
er) which are diffufed in ir. If, during rain,
hail, fnow, or mift, the atmofpherical ele¢tro-
meter is ELECTRICAL, while TrAT which indi-
cates the clectricity of aqueous meteors is Nor
50, we may conclude, with certainty, that the
cleCiricity of the former proceeds only from the
air; if, on the contrary, they are both ele@ri-
cal, it muft then be inquired, whether they be
fo in the fime degree ; if this be the cafe, it
1t only to the rain or [now, &c. that the elec-
tricity muft be attributed. 1 need not oblerve,
(concludes Mr. Achard) that when there is
neither rain, fnow, hail,"or mift, the armo.
fpherical electrometer will always indicate the
electricity of the air.

CHAER
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CVH A SRR

Ox THE DIFFUsION AND SUBDIVISIONS OF
Fruips BY ELECTRICITY.

WE are chiefly indebted to the Abbé Nol-
let for what is known on the fubject
of this chapter, which was inveftigated by him
with incredible induftry and patience. I have
only fubjoined the principal refult of his experi-
ments, and muft refer the reader, for a more
ample account, to the Abb&'s own writings,
or Dr. Pricftley’s Hiftory of Elettricity.

Eletricity 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.

Electricity acts ftrongeft upon the fluids, when
the veffzls which contain them are non-clectrics.
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 or
glafs.

To extend thefe principles further, the Abbé
made a great variety of experiments on elec-
trified capillary tub.s, and found, that the fiream
would be fub-divided, but it is not fenfibly
accelerated, if the tube is not lefs then one tenth
of aninch diameter in the infide.

Under this diameter, if the tube is wide
enough to let the fluid run in a ftream, eleétricity
will accelerate it’s motion in a fmall degree.

If the tube is fo far capillary that the water
only iffues from it in drops, the eleéirified Jet
becomes a continued ftream ; it will even be
divided into feveral fmaller ones, and it’s motion
1s confiderably accelerated; the fmaller the
diameter of the tube, the greater is the accele-
ration. When the furface is wider than one
tenth of an inch, electricity feems rather to
retard 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 electricity always promotes evapora-
tion, is only true under certain reftri@ions. It
increafes the evaporation from thofe bodies
which are {uperfaturated, but does not occafion

M m any
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any evaporation in thofe which do not contain
a fuperabounding quantity of water.

Experiment cLxxxviin.—Fig. 47 reprefents
a metal phial, to which a capillary tubeis adapt-
ed, which will only permit water to pals 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 iream ; this will feparate
into other ftreams, that will appear luminous
in the dark.

Experiment cLxxxix.—Sufpend one pail from
a pofitive conductor, and another from a negative
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
{fiream, which will be luminous in the dark.

If the pails are {ufpended on two pofitive, or
two negative conductors, the fireams will recede
from each other.

Exprriment oxc.—Place a metal bafon on
an infulating fland, and connect it with the prime
conductor ; then pour a {mall fircam of water
into the bafon, which in the dark will have a

5 beautiful
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beautiful appearance, as the flrecam will be
divided into a great number of lucid drops.

Experiment cxcr.—Dip a {ponge in water,
and then fufpend it from the conduétor: the
water, which before only dropped from it, will
now falt faft, and appear in the dark like fiery
rain.

ExperimenT cxcir.—Hold a pail, which is
turnithed with feveral capillary tubes placed
in various directions, near an electrified conduc-
tor, and the water will ftream out of thole jets
near the conductor, while it will only drop at
intervals from thofe which are oppofite to it.

Experivent cxcrrr.—The knob of a charged
jar will attract a drop of water from a faucer, &c.

This drop, the moment the bottle is removed
from the faucer, affumes a conical fhape, and if
it is brought near any conducting fubftance, it is
driven foreibly away-in finall fireams, which are
luminous in the dark,

It appears by this experiment, that the elec-
tric fire not only tends to feparate the particles
of water, and to diffipate them into vapour as
common fire, but that it effe¢ts this with uncom-
mon rapidity. |

| Mm 2 ExpEr1MENT
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ExperiMent cxciv.—Difcharge a  battery
through a drop of water, previoully placed on
the knob of one of 1it's boutles; the whole will
be inftantly exploded into vapour; the fparks
will be much longer than common, and more
compact.

Beccaria obferves, that by fending a difcharge
to a greater or lefs diftance, through one or more
drops of quickfilver, the difcharge diftufes itfelf
into drops, and drives them into vapour ; part of
it rifing into the air in the form of fmoke, the
other part remains on the glafs.

Experiment cxcv.—A drop of water hanging
from the condenfing ball of an electrified conduc-
tor, will {lretch towards water placed in a cup
under it, lengthening and fhortening itfelf
according to the force of the electricity.

ExpeErIMENT cxcvi.—Place a drop of water
on the prime conductor, turn the machine, and
long zig-zag {parks may be taken from it; the
drop will take a conical figure; the body that
receives the {park will be wetted, and the
{park will be confiderably longer than can be
ebtained irom the conductor without the water.*

EXPERIMENT

* Nichollon’s Introduétion to Philofophy.
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ExperIMENT cxcviL.—Stick a piece of fealing-
wax on the conductor, in fuch a manner that it
may be eafily fet on fire by a taper ; while it is
flaming turn the cylinder, the wax will become
pointed and fhoot out an almoft invifible thread
into the air, to the length of a yard and more.
If the filaments that are thrown out by the wax
are received on a fheet of paper, the paper will
be covered by them in a very curious manner,
and the particles of the wax will be fo far fub-
divided as to refemble fine cotton. To faften
the piece of wax conveniently to the conductor,
ftick it firft on a fmall piece of paper, then
twift the end of the paper {o as to fit one of the
holes which are made in the prime conductor ;
when it 1s thus placed, it may be readily fired by
a taper.

ExperiMENT cxcvirr.—Infulate a fountain
made by condenfed air, and which emits only
one {tream ; electrify the fountain, and the fiream
will be feparated into a great number; thefe
will diffufe themfelves equally over a large fpace
of ground. By laying a finger upon the conduétor,
and taking it off again, the operator may com-
mand either the fingle tream or the divided one,
at pleafure.

ExpPERIMENT
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Or tue Ercerric Licur 1y Vacvo.

ExXPERIMENT CC.

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 conductor, and every
fpark will pafs through the vacuum in a bread
ftream of light, vifible the whole length of the
receiver, 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 beau-
tiful 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
1s fele, like that of an artery, and the fire bends
itfelf towards the hand. This pulfation is even
felt at fome diftance from the receiver, and in
the dark, a light is {een between the hands and
the glafs. ‘The ftreams of light pafs filently
- through the receiver, becaufe the air is removed,
by whofe vibration found is produced.

From fome experiments made feveral years

fince by Mr. Wilfon, withan excellent air-pump
of
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- of Mr. Smeaton, he obferved, that very fmall
differences of air occafioned very material dif-
ferences in the luminous effects 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 electric light was
vifible in the dark. Upon letting in a little air
by a {top-cock, a faint electric light was vifible, '
and by letting in a little more air increafed the
light, which again decrealed on letting in more
air ; till at laft, on admitting great quantities,
it intirely vanifhed. By this experiment it ap-
peared, that a certain limited quantity of air was
neceflary to occafion the greateft luminous effect.

ExperimMenT ccr.— Fig. 82 reprefents an
exhaufted receiver, ftanding on the plate of an
air-pump, a & an electrified wire difcharging a
fiream & c.of the eleétric fluid on the plate of
the air-pump. If the ftratum of air on the out-
fide of the receiver be leffened by the application
of the finger to the receiver, and by this means
an opportunity be given to the fluid on the
outfide to efcape, the fluid within will be impel-
led to that part, asat de f. It has been inferred
from this experiment, that no repulfive power
exifts between the particles of the electric fiuid ;
becaufe, if it was in itfelf really elaftic, or

endowed
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endowed with a repulfive power of it’s own, it
is not probable it could pafs in an uninterrupted
ftream, as at 4 ¢, when the refiftance was taken
off ; it would then fpread wider, and difplay it’s
elaftic power.

It is more confiftent, fays Dr. Watfon, to
fuppofe, that the repulfion of thefe particles,
which is {een in the open air, 1s occafioned by
the refiftance of the air, and not by any natural
tendency of the electricity itfelf.

By confidering the experiments made with the
eleétric fluid 1~ vacuo, we attain a clear idea of
the refiftance the air continually makes to it’s
paflage, and {ce that the divergence of it’s rays’
is not to be attributed to an imaginary repulfion,
but to the refifiance of the ambient air, for the
divergence ceafes, and the rays unite, when this
refiftance is removed.

ExperiMEnT ccri1.—Before the air was
exhaufted from the receiver, if the wire at the
top of it was elettrified, a diverging brufh
proceeded from it, about an inch long, but little
of the fluid pafling off, and even that little
requiring a ftrong impulfive force to pufh it
forward. On exhaufting the receiver the follow-
ing changes took place : firft, the rays of the
brufh became longer ; fecondly, the rays diverg-

N n cd
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ed lefs, were fewer in number, and the fize of
the remaining rays was increafed ; thirdly, they
all united at laft, and formed a continued column
of light, from the wire to the plate of the air-
PUIT]P.

From this experiment it is clear, that the air
fs the agent by which, with the affiftance of
other electrics, we are able to communicate
eleCtricity to electrics, as well as non-electrics :
for when this is removed, the fluid pervades the
vacuum, and flies off to a confiderable diftance.

Experiment ccrit.—To diftinguifh with great
accuracy the changes in the form and length
of the ele@ric fpark when it is paffing through
a receiver, the air of which is more or lefs
rarified ; fix 2 ball to the rod, let another
proceed from the plate of the air-pump ; the
balls are to be placed about one inch from
each other. When the vacuum is good, a
fingle uniform ray, of a purple colour, pafles
from one ball to the other; but in proportion
as the air is admitted, the ray acquires a
quivering motion, which indicates that a re-
fiftance to it’s motion then begins, and this inter-
ruption is followed by a divifion of the ray or
fiream ; the ray now acquires a more vivid
light ; and, laftly, it becomes the common fpark,

5 which
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which is emitted with greater or lefs facility,
in proportion to the power of the machine, and

the refiftance of the air.

ExperiMENT cc1v.—Prefent a thin exhaufted
flafk, fimilar to that reprefented at E, fig. 49,
but without any coating on the outfide, to the
conductor, and the bottle will be luminous
from end to end, and when taken from the
conductor, will continue luminous, moving in
various curvilinear directions for a confiderable
time, flathing at intervals in a manner which
very much refembles the Aurora Bosealis. The
light may be revived by paffing the flafk through
the hand. The ftroke of the fluid againft the
glafs is very fenfibly heard and felf in this expe-
riment,

The flexuous motions of the electric fluid in an
exhaufted receiver may, in fome degree, be
produced at pleafure. By wetting the outfide
of the receiver, the fire will follow the diretion
of the wetted line, as the refitance is now leflen-
ed on one fide; and  the fire can adhere and
accumulate itfelf on the infide of the receiver,
becaufe, by means of the dampnefs, it can expel
a portion from the outfide.

This experiment may be exhibited very
pleafingly, by making a Torricellian vacuum in

Nn2 a glafs
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a glals tube about three feet long, and then fealed
hermetically. Hold one end of this tube in the
hand, and apply the other to the conductor, and
immediately the whole tube will be illuminated
from end to end, and will continue fo for a con-
{iderable time after it 1s removed from the
conductor, flathing at intervals for many hours.

EXPERIMENT ccv.—Screw on a ball, of about
an inch diameter, to the rod of the plate of the
collar of leather of an air-pump; place this on
a tall receiver; connelt the exterior parﬁ of the
rod with the conduétor ; place fome cylindrical
pieces of metal on the plate of the pump, then
exhauft the receiver in part, and clectrify the
rod at intervals, and luminous jets of fire like
fulminating meteors will fly from the ball to the
cylinders of metal.

ExperiMENT ccvi.—Another beautiful ap-
pearance may be produced in the dark, by infert-
ing a fmall Leyden phial into the neck of a tall
receiver, fo that the outward coating may be
expofed to the vacuum. Exhauft the receiver,
and then charge the phial, and at every fpark
which paffes from the conductor to the infide,
a flafh of light is feen to dart from every part of
the external furface of the jar; fo as to fill the

receiver.
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receiver. Upon making the diﬁ:hnrg_e, the light
1s feen to return in a clofe body.

ExperIMENT coviL—A very perfect vacuum
for the paffage of the electric fluid may be made
by a double barometer, or long bent tube of glafs
filled with mercury and inverted, each leg fland-
ing in a balon of mercury ; the bent part of the
tube above the mercury forms a complete vacuum.
If a bottle is difcharged through this fpace, the
light appears uniform through the whole fpace,
but is moft vivid when the difcharges are firong.
Dr. Watfon infulated this apparatus, and then
made one of the bafons of mercury communicate
with the conductor, and touched the other with
a non-electric ; the eletric fluid pervaded the
vacuum in a continued flame, without any diver-
gence: when one of the bafons was conneéed
with the infulated cufhion, the fire appeared to
pervade the vacuum ina different direction.

ExperiMeNT ccvirl.—Fig. 83 reprefents a
glal t be, fuchas is generally ufed for barome-
ters; ontheend # a fteel cap is cemented, from
wh't a w re and ball ¢ 4 proceed into the tube.
Fill this tube with quickfilver, and then, by
fending up a large bubble of air, and repeatedly
inverting the tube, free the quickfilver and iron

1 ball
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ball from air, according to the ordinary mode of
filling barometers; then place a fmall drop of
ather on the quickfilver, and put the finger on
the end of the glafs tube, and then infert the end
£ in a bafon of quickiilver, taking care not to
remove the finger from the end of the tube, till
the end is immerged half an inch under the
filver. When the finger is removed, the quick-
filver will defcend, and the zther will expand
itfelf, leffen the vacuum, and deprefs the
mercury in the tube ; now prefent the metallic
top of the tube to a large charged conductor, and
a beautiful green fpark will pafs from the ball
to the quickfilver. Byadmittinga {mall quantity
of air into the vacuum, an appearance fomething
fimilar to a falling tar is obtained. Iam indebt-
ed for this valuable experiment to Mr. Morgan,
of the Equitable Affurance Office.

ExprriMentT ccrx.—Place the brafs cap of a
well exhaufted receiver, at about half an inch
from the prime conductor, fo that when the
machine is in a&ion, fparks may pafs from the
condu@or to the brafs cap of'the recciver. Mr.
Cavallo, in relating the circumi{tances attending
an experiment of this kind made by him, ob-
{erves, that when the receiver was exhaufted, the
fpark paffed from the cap to the plate of the

pumnp
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pump through the receiver, illuminating it’s
whole cavity ; that the vacuum became a better
conduélor of electricity in proportion as it was
more perfect, and that the elefiric light was
more equally diffufed, but it was by no means
faint when the receiver was exhaufted to the
utmoft. The light changed according as the
receiver was more or lefs exhaufted. The ap-
pearances were as follows.

Decrie oF RarEFACTION, APPEARANCES of THE
AS SHEWN BY THE GAcGE, Erectric Licur WITHIN
THE RECEIVER.

L i : Light in laree, lon
A & ; g &6, &
it fariied 4otintm I but divided ftreams.

[Fine diffufed light of
" | a white colour.

[ Beautiful diffufed light

$o inclining to red or
30 Y purple, and filling
400

the whole receiver.

" A diffufed light filled

When the gage fhewed equally the receiver;
the utmoft degreee | it had hardly any
of exhauftion, L reddith hue.*

See
* Phil, Tranf, vel, Ixxiii. partii, p. 451.
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C g AR XV

Or Mepicar ELecTRICITY.

JHE Abbé Nollet fays, that he received
more pleafure when he difcovered that the
motion of fluids in capillary tubes and the in-
fenfible tranfpiration of animated bodies were
augmented by electricity, than by any other
difcovery he had made; becaufe they feemed to
promile fuch abundant advantages to- mankind,
when properly applied by a f{kilful hand. But
~how much would this pleafure have been aug-
mented, if he had lived to fee his hopes rea-
lized, and this branch of elefricity obtain the
‘fame. medical certainty as the bark in inter-
mittents ?

It is true, that like every other fimple me-
dicine which has proved beneficial to. mankind,
electricity met with much oppofition from the
interefted views of fome, and the ignorance of
others; has been treated with centempt, and
injured by mifplaced caution. I fhall recom-
mend to thofe who thus oppofe it, not to con-
- demn a fubject of which they are ignorant, but
- to- hear the caufe before they pafs fentence;
to take fome pains to underftand the nature of

Oo eletricity ;
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eleCtricity ; to learn to make the electrical ma-
chine act well, and then apply it for a few
weeks to fome of thofe diforders in which it has
been adminiftered with the greateft fuccefs;
and there is no doubt but they would foon be
" convinced, that it deferves a diftinguifhed rank
in medicine, which is the offspring of philo-
fophy.

The fcience of medicine and it’s practitioners
have been reproached with the inftability and
fAluctuations of practice ; at one time cold as the
ice at Zembla, at another hot as the Torrid
Zone; that they are led by fathion, and influ-
enced by prejudice. On this ground it has
been predicted, that however great the benefits
which may be derived from clectricity, it would
ftill only laft for the day of fathion, and then
be configned to oblivion. 1 muft confefs, that
1 cannot be of this opinion, nor eafily led to
think a fet of men, whofe judgment has been
matured by learning and experience, will ever
neglect an agent, which probably forms the
moft important part of our conftitution.  Elec-
tricity is an aive principle, which is neither
generated nor deftroyed; which is every where,
and always prefent, though latent and unobferved;
and is in motion by night and day, to maintain
an equilibrium that is continually varying. To

give
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give one inftance, among many, it has been
fhewn, that the rain that defcends in.a ftorm
is ftrongly impregnated with eleétricity, and
thus brings down what the heated vapours car-
ried up into the air, till the deficiency of the
earth is fupplied from the fuperfluity of the
heavens. A variety of other caufes concur to
vary continually the equilibrium of this fluid;
as the perpetual inteftine and ofcillatory motion,
which contributes fo much towards carrying on
the operations of nature. - Further, if a parti-
cular portion of this fluid is diftributed to every
fubftance, then every alteration of it’s capacity,
which is continually changing by heat or cold,
muft move or operate on it.

As heat, or fire in action, is the firft mover
in the animal machine, and the chief active
principle duringit’s exiftence, and as ele@ricity
exhibits fo many phznomena, which cannot be
diftinguifhed from thofe of fire, we are natu-
rally led to conceive high ideas of the impor-
tance of this fluid to medicine, Though the
vital ftate of it is not to be eftimated by the
degree of heat, abftractedly confidered, becaufe
the degree of heat only afcertains the quantity
which is acting in a peculiar manner.

It is known that this vivifying principle haftens
the vegetation of plants. Myrtle-trees, which

Ooz2 were
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were electrified, budded fooner than others' of
the fame kind and fize, and in the fame green-
houfe. Seeds, daily electrified, have fhot up,
and grown more in three or four days than others
of the fame Kind, andalike in all other circum-
ftances, have done in' eleven or twelve days.
Tn the fame manner Mr. Achard has fhewn, that
it may be ufed as a {upplement for heat, to
hatch the chicken from the egg. The fuppo-
fition of an ingenious writer is by no means im-~
probable, that the vegetating power which is
operating during the whole year in ever-greens,
may arife from thefe trees having more refin
in their compofition, than thofe whofe leaves fall
in autumn, by which they are enabled to attract
and retain thofe juices which give them their
continual verdure, and fupply, in fome degree,
the abfence of folar heat. 'This may be inferred
from their natural prapeirues and is confirmed
by the ftrong eletric power poficfled by their
leaves. The fame writer thinks, that the fluid
collected in our electrical experiments is only
thofe folar rays that have been difperfed in, and
are arrefted by the earth; an idea which is
ftrongly corroborated by the obfervations made
on atmofpherical eletricity, and by the deduc~
tions which have been made from the relative
affinities of fire, light, and heat,

Oo2 The
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The agency of this fluid, and it's exiftence in;
animated nature, has been fully proved by the
experiments that have been made on the Torpedo
and the Gymnotus Electricus ; for the fimilitude
eftablithed between the elecirical fluid of the
Torpedo and that of natureat large, is fuch,,
that, ina phyfical fenfe, they may be confidered,
as precifely the fame. Mr. Hunter has well ob-.
{erved, fays Sir J. Pringle, and I think he is the
firft who has made the obfervation, that the
magnitude and number of the nerves beftowed
on thofe electric organs in proportion to their
fize, muft appear as extraordinary as their effects :
and that, if we except the important organs of
our {enfes, there is no part, even of the moft
perfect animal, which, for it’s fize, is more
liberally fupplied with nerves than the Torpedos:
nor yet do thele nerves of the eletric organs
feem neceflary for any fenfation that can belong
tothem : and with refpect to action, Mr. Hunter
obferves, that there is no part of any animal,
however {trong and conftant it’s action may be,
which enjoys fo large a portion of them. If then
it be probable, that thefe nerves are unneceffary
for the purpofe cither of fenfation or action,
may we not conclude, that they are fubfervient
to the formation, collection, and management
of the cleciric fluid? efpecially, as it appears

from
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from Mr. Walfh’s experiments, that the will
of the animal commands the eletric powers
of it’s organs. If thefe reflections are juft, we
may with fome probability foretel, that no
difcovery of confequence will ever be made by
future phyfiologifts concerning the nature of
the nervous fluid, without acknowledging the
lights they have borrowed from the experi-
ments of Mr. Walfh upon the living Torpedo,
and the diffe¢tion of the dead animal by Mr.
Hunter.*

A variety of curious facts clearly evince, that
the electric fire is effentially connected with the
human frame, and is continually exerting it's
influence upon it. Add to this the cafe with
which the natural equilibrium is deftroyed, and
we may readily conceive, that any alteration in
the quantity or intenfity of action of this power-
ful fluid will produce correfponding changes in
the habit or health of the body: the following
is a remarkable inftance of the agency of the
fluid in the human frame, and of the eafe with
which it is put in action. Mr. Brydone men-
tions a lady, who, on combing her hairin frofty
weather in the dark, had fometimes obferved
fparks of fire to iffue fromit; this made him

think

* Sir John Pringle’s Difcourfes, p. 84,
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think of attempting to colleét the eletrical fire
from hair alone, without the affiftance of any
other eleCtrical apparatus. To this end, he
defired a young lady to ftand on wax, and comb
her fifter’s hair, who wasfitting in a chair before
her ; foon after the had begun to comb, the young
lady on the wax was furprifed to find her whole
body electrified, and darting out fparks of fire
againft every objeé?; that approached her. Her
bair was ftrongly electrical, and affeGted an
clectrometer at a confiderable diftance. He
charged a metallic conductor from it, and in
the fpace of a few minutes collected a fufficient
quantity of fire to kindle common {pirits, and,
by meansofa {mall jar, gave many {mart ftrokes
to all the company.

Mr. Cavallo obtained, by means of a {mall
condenfing plate, very fenfible figns of electricity
from various parts of his own body, and the
head of almolft any other perfon.

When the difcoveries in this [cience, fays M.
Brydone, are further advanced, we may find,
that what we call fenfibility of nerves, and many
other difeafes, which are known on] y by name,
are owing to the bodies being pofleffed of too
large or too fmall a quantity of this fubtle fluid,
which is perhaps the vehicle of all our feelings.
It is known, that in damp and hazy weather,

when
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when this fire is blunted and abforbed by the
-humidity, it’s activity is leffened, and what is
-colle@ed is foon diffipated ; then our {pirits are
-more languid, and our fenfibility is lefs acure.
-And in the fierce wind at Naples, when the air
feems- totally deprived of it, the whole {yftem
is unftrung, and the nerves feem to lofe both
their tenfion and elafticity,  till the north-weft
wind awakens the a&ivity of the animating
‘power, -which foon reftores: the tonc, and enli-
vens all nature, which feemed to droop and
languifh in it’s abfence: nor can this appear fur-
prifing, if it is from the different ftate of thisfire
_in the human body, that the ftrictum and laxum
-proceeds, and not from any alteration in the
fibres themfelves, or their being more or lefs
braced up, (among which bracers cold has been
reckoned one) though the mufcular parts of an
animal are more braced when they are hot, and
relaxed when they are cold.

Mr. Jalabert and  Profeflor Sauflure, when
pafling the Alps, were caught among thunder-
clouds, and found their bodies full of electrical

fire ; “ fpontancous flafhes darting from their
“fingers, with a crackling noife, and the fenfations
they felt were the fame as when {trongly elec-
trified by art. It feems pretty evident, that
thofe feelings were owing to their bodies con-

4 taining
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taining too great a fhare of eleélrical fire; and
it is not improbable, that many of our invalids
owe their feelings to the oppofite caufe.

The perpetual eleCtricity of the atmolphere
is no longer a problem: the exiftence and con-
tinual agency of it in that mafs of air which fur-
rounds our globe has been alcertained by nu-
merous clear and decifive experiments, and it
feems by no means improper to infer, that this
fluid cannot exift in the atmofphere without
exerting a certain influence on all the beings
contained in it, and principally on organized
bodies, among which man holds the higheft
rank.

Experiment ccx.—Pafs the charge of a large
jar, or battery, from the head to the back of a
moufe ; this, if the fhock is fufficiently ftrong,
will kill the animal. Adfter it’s death, make the
difcharge in the fame manner, and the fluid will
pafs vifibly over the body, and not through it;
evincing, that the power or medium which
tranfmitted the fhock through the animal, is lofk
with it’s life. This experiment is taken from
Mr. Cavallo's treatife on medical eletricity.
It's importance is felf-evident, and it certainly
merits a further inveftigation by thofe who are
Pp acquainted
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acquainted with the animal ceconomy, as well
as electricity.

The following experiment fhews, that the
electric Auid pafles through that feries of mufcles
which form the thorteft paflage for it, and whofe
conducting power, or eletric capacity, is moft
favourable to it.

ExperiMeNT ccxl.—Let A grafp a Leyden
phial with his right hand, and touch, with a
brafs rod held in his left hand, the naked right
foot of B; let the left foot of B communicate
by a brafs rod with the right foot of C; let D
with his right hand hold the left ear of C, and
touch the knob of the bottle with his left hand :
A will feel the fhock in the mufcles of the right
hand and arm, of the thorax, and of the left
hand and arm ; B will feel the commotion inthe
mufcles of his right foot, right leg and thigh,
and thofe which are connelted with the left
rhigh, leg, and foot, while C will perceive it in
that ferics which goes from the leg to the ear by
which he communicates with D. The action of
the fluid on the human body in the fthock, is the
fame when it paffes through fimilar parts with
the fame denfity. It’s aftion is more extenfive
when the fire is denfeft, and therefore moft in-
tenfe when it mects with any refiftance.

5 Affifted
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Affifted by a furgeon, Beccaria made feveral
experiments upon the effelts produced by elec-
tricity on the mufcles in the left leg of a cock.
The mufcles were ftrongly contratted when a
fhock was paffed through them, and the con-
traction was always accompanied by a {udden
and proportional {welling of the mulfcles, ex-
cepting at the part where the membrane is in-
ferted, which feparates one muftle from ano-
ther, which was always deprefled. The mem-
brane which invefted that part of the mufcle
through which the fluid paffed, became dry and
wrinkled, and a vapour arofe from that part;
when one mufcle was contratled, a general con-
trattion took place in thofe that were contiguous
to it, and they were a little convulfed after the
fhock,

In another inftance, where the mulcle was
relaxed and parted from the thigh, on pafling
the thock through it the mufcle contracted itfelf,
and was drawn back into it’s natural place, and
could not be again difplaced but by force; a
circum{tance which ftrongly manifefts the power
of electricity to give tone to aflaccid fibre. Indeed,
when we confider, fays a very fenfible writer,
that the muicles have been brought into action
by the electric fire ; that it has rendered palfied
limbs plump, and reftored a power of altion

Ppa and
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and motion to many, whofe palfies did not
arife from the f{pinal marrow; is it not a con-
vincing proof, that the vital fire is the caufe of
mufcular motion, and that this is the fame
with that which is colleted by the eleétrical
machine ?* ]

As the {cience of medicine knows of no fpe-
cific, fo we are not to fuppofe, that electricity
will triumph over every dilorder to which it is
applied. It’s fuccefs will be mare or lefs ex-
tenfive, according to the difpofition of the fub-
je&, and the talents of thofe who directit; it
cannot therefore appear furprifing, that many
diforders have been refratory to it’s powers, and
others have only yielded in a fmall degree; or,
that the progrefs of the cure has often been
ftopped by the impatience, or prejudice, of the
difeafed : but at the fame time, it muft be ac-
knowledged, that even in it's infancy, when it
had to combat againft fear, prejudice, and in-
terelt, it’s fuccefs was truly great: we have
furely then the higheft reafon to expect a con-
fiderable increafe of fuccefs, now that it is cul-
tivated and promoted by profeffional men of the
firft merit.

ExperiMENT

% Dr, Cullen fays, that eleétricity, when properly ap-
plied, is one of the moft powerful ftimulants that can be
ufed to alt upon the nervous fyftem of animals.
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ExpERIMENT ccxiL.—This experiment fhews,
that the electric powers may be put in action by
heat and cold. It was originally made by Mr.
Canton. He procured fome thin glafs balls, of
about an inch and a half diameter, with ftems
or tubes, about eight or nine inches in length,
and electrified them, fome polfitively on the in-
fide, others negatively, and then fealed them
hermetically ; foon after he applied the naked
balls to his eletrometer, and could not obferve
the leaft fign of their being electrical ; but hold-
ing them at the fire, at the diftance of five or
fix inches, they became ftrongly eletrical in a
fhort time, and more {o when they were cooling.
Thefe balls would, every time they were heated,
give the eledtric power to, or take it from other
bodies, according to the plus or minus ftate of
it within them. Heating them frequently di-
minifhed 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 electricity by
heat, The tourmalin has always at the fame time
& pofitive and negative eletricity ; one fide of
it being in one ftate, the other in the oppofite.
Thefe powers may be excited by friction and

by
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by heat; nay, even by plunging it in boiling
watcer.

ExperimenTt cexrrr.—Infulate a fenfible mer-
curial thermometer, and place the bulb between
two balls of wood, one affixed to the condutor,
the other communicating with the ground, and
the elettric fluid, in pafling between 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 paffing
from a ball of lignum vita to a ball of beech,
and thence to the ground, elevated the quick-
filver in the thermometer, from 68° to 1107
repeatedly to 105. The thermometer was raifed
from 68" to 85°, by the fluid palling from a
point of box to a point of lignum vitz ; from
67° to 100", from a point of box to aball of
box; from 66° to 100", from a ball of box to
a bras point; from 69° to 100", from ball to
ball ; the bulb of the thermometer covered with
fannel.

Mr. Morgan, in his examination of Dr. Craw-
ford's Theory of Heat, was the firlt perfon who
proved, that the mercury in the thermometer
might be raifed by electricity.

The public have long expeéted, that fome fyf-

tem of the application of Medical Electricity
would
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would be produced; but the gentlemen, into
whofe hands the chief pratice has fallen, know
the fallacy of fyflems too well to hazard any
which is not built on experience.

In a {hort courle of lectures which were read
on this fubject lately by Mr. Birch, f{ome-
thing like a fyftem was thrown out for the con-
fideration of future eletricians. The applica-
tion of electricity to medicine was divided into
three forms; namely, the fluid, the {park or
friction, and.the fhock. The firft mode he con-
fidered to act asa fedative, the fecond he ranked
under the title of a ftimulant, and the laft as
a deobftruent. As the diftin&tions were the
refult of many experiments and much obfer-
vation, they may fafely be adopted for the pre-
fent. ‘That gentleman being now engaged in
the practice of a great hofpital, where his elec-
trical experiments have already gained fome re-
putation, we may hope the fcience will be more
univerfally diffufed, and being taught under the
cautious eye of public fcrutiny, we may truft it’s
merits will foon give it an eftablithed rank in the
art of healing.

From hence we may perceive, that in medi-
cine, clectricity is applicable to palfies, rheu-
mati{ms, intermittents; to {pafm, obftruction,
and inflammazion. In furgery it has confider-

able
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able fcope for altion; where contractions and
fprains, tumours, particularly of the gl;'.a.r.v::'lra,larI
fort, walting of the mufcles, and other inci-
dents, form a catalogue of vifible difeafes as
diftrefling to the fight of others as to the patients
themfelves. The gout, and the fcrophula, or
king’s evil, two difeafes which have tormented
mankind, and been the difgrace of medicine to
the prefent time, are ranked among thofe to
which this remedy is_applicable; and in the
commencement of the complaints, I am inform-
ed, has been wonderfully fuccefsful.  To remove
ill-placed fits of the gout, it fhould feem to be
a more rational application than any medicine,
for it applies directly to the feat of the difeafe,
with a power and rapidity unknown in phyfic,
‘and perfeily manageable at diferetion; and, as
it is a remedy which applies to the underftanding
as well as to the feelings, I fhould think it better
worth the attention and contemplation of men
of liberal education, than the compounding a
medicine, in which they place little faith, or
applying a plaifter, in which they have none
at all.

The fuccefs of ele@ricity, in relieving the
fufferings of mankind, has been confiderably
promoted, and it’s operations rendered more
rapid, fenfible, and cfhicacious, by applying it in

different
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different manners and quantities to the human
frame, The modes formerly ufed were the fhock,
{park, and fometimes, though very feldom, fim-
ple electrification. Thefe modes are now va-
ried, and their number augmented. The flream
of the electric fluid may, without a fhock, be
made to pals through any part of the body ; it
may alfo be thrown upon, or extracted from any
part, and it’s aflion in each cafe varied, by
caufing the fluid to pafs through materials
which refift it’s paflage in different degrees; it
may be applied to the naked integuments, or
to the {kin covered with different refifting fub-
ftances ; and it’s power may be rarified or con-
denfed, confined to one fpot, or applied in a
more diffufive manner, at the difcretion of the
operator.

THE APPARATUS NECESSARY FOR THIS PURPOSE
IS SIMPLE, AND CONSISTS OF THE FOLLOWING
ARTICLES :

1. An electrical machine, with an infulated
cufhion, properly conftruéted to afford a con-
tinued and ftrong ftream of the eleérical fluid.
(The machine reprefented in the plate which
faces the title-page of this Effay, is the kind
which Mr. Birch recommended to medical prac-
titioners in his lectures.)

Qq 2. A
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2. i ftool with infulating feet, or rather an
arm chair fixed on a large infulating ftool. The
infide part of the back of the chair fhould move
on a hinge, that it may occafionally let down to
eleltrity conveniently the back of the patient:
the arms of the chair fhould alfo be made longer
than ufual. |

3. A Leyden bottle with an electrometer.

4. A pairoflargedirectors, with glafs handles,
and wooden points, '

5. A few glafs tubes of different bores, fome
of them with capillary points, |

To thefe may be added, an univerfal dif-
charger on a large fcale, a pair of fmall direc-
tors with filver wirces, and a pair of infulating
forceps. '

Fig. 93 reprefents the diretors; the handles
are of glafs. A isa brafs wire with a ball on it’s
end. The wire of one is bent, for the more con-
veniently throwing the eleftric fluid on the eye,
&c. ‘The balls may be unfcrewed from the
wires, and the wooden point B fcrewed in
it's placrf, or the pointed end of the brafs wire
may be ufed. The directors fliould always be
held by that extremity of the glafls handle which
is fartheft from the brafs, and care fhould be taken
that the heat of the hand does not make them
e g L and
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L and M, fig. 84, reprefent glafs tubes,
through which fmall wires are made to pafs, to
convey the fluid directly to the ear or throat.

Fig. 88 reprefents another glafs tube, of a
larger fize, the end of which is capillary ; a {mall
quantity of rofe water, or any other fluid, is tobe
poured into this tube; then connet it with the
prime conductor by a wire; turn the cylinder,
and a fubdivided, gentle and refrefhing ftream
of this fluid may be thrown on the patient.

Fig. 86 reprefents the electric forceps : fome
gentlemen think it is a very convenient inftru-
ment for communicating a fhock. It's ufe is
evident from an infpection of the figure.

Fig. 85 is the medical bottle, furnifhed with
an electrometer, to limit the force of the fhock,
and enable the operator to give a fucceffive
number of them of the fame force. C is a bent
piece of glafs, on the upper part of which is
cemented a brafs focket D, furnithed with a
{pring tube E; the wire F moves in this tube,
{o that the ball G may be fet at a convenient
diftance from the ball H. The end T of the
bent piece of glafs is allo furnithed with a {pring
tube, which flides upon the wire K, cominuni-
cating with the infide of the bottle.

Toufle this bottle, place the ball Hin contact
with the conduor, or conneét them togcther

Qgq 2 by
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by a wire, and then charge it in the ufval man-
ner. Now, if a wire proceeds from the ball L
to the outfide coating, the bottle will be dif-
charged whenever the fluid has acquired fufficient
force to pals through the fpace of air between the
two balls; confequently the fhock is ftronger in
proportion as the diftance between the two balls
1s increafed.

It 15 obvious, that when the eletrometer is
thus connected, it afls in the fame manner as a
common difcharging rod, and forms the com-
munication between the outfide and the infide of
the bottle; with this difference only, that the
diftance of the end which is to communicate with
the infide may be limited and regulated.

It has been found more convenient, to fepa-
rate the electrometer from the bottle, and apply
it to the conductor : fee in the frontifpiece to this
Effay, where 4, 5, reprefents the electrometer,
¢, d, the Leyden bottle, fufpended ar a f{imall
diftancefromit; a glafs tube ¢, £, is fixed in this
bottle, a finall part of the lower end of which is
coated ; two wires pafs through the brafs ball
C on the top of this tube, one of which goes
down to the bottom of the exterior bottle, and
touches it’s internal coating, the other only goes
to the coating of the tube : thefe wires may be
removed at pleafure.  The bottle is to be fuf

pended
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pended to the condultor by the ring, and a
chain or wire 1s to be fixed to the hook 4, at the
botrom. ,

Fig. 119, pl. V. reprefents the bottle direttor,
which is hollow and coated like a common bottle,
acting in all refpeéts like one, but is convenient
from it’s {hape and {ome other circumftances in
giving {mall {thocks.

The handles of the direcors fhould be care-
fully dried, as alfo the bent piece of glafs C,
and thofe parts of the bottle which are above the
coating. It is likewife neceflary to prefs the
ends of the directors againft the part, to convey
the fhock more readily.

Fig. 87 reprefents an univerfal dilcharger
upon a large fcale, with a patient fitting between
the two pillars, one ball refting at A, the other
being placed at B. The convenience of this
apparatus is obvious, from an infpetion of the
figure ; for as the joints have both an herizontal
and vertical motion, and the wires pafs through
two {pring fockets, they may. therefore be placed
in any direction, and the balls fixed in any re-
quired fituation. Hence, by conneéling one
wire with a pofitive conductor, and the other
with a negatiye one; or one with the bottom of
a Leyden bottle, and the other with the electro-
meter ; the fhock or fiream may be conveyed to

any
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any part, with the greatet facility. It is alfo
evident, that a perfon may, by means of the two
joints of this fimple apparatus, elettrify himfelf
with eale, (or any patient, conveniently) without
the aflitance of any other perfon; that is, he
may turn the machine with one hand, while he
is receiving the fluid, or the thock, by means of
this univerfal difcharger. But this may alfo be
readily effected, by faftening a wire to one of the
conductors, and pinning the other end of it to
one extremity of the part through which you
intend to pafs the fhock, or convey the fluid;
then connett a dire¢tor with the other conductor,
and hold it to the other extremity of the part.
If the fituation is fuch as to occafion the wires to
touch the table, pafs a fmall glafs tube over them;
which will prevent a diffipation of the fire.

ELECTRICITY MAY BE APFLIED MEDICALLY IN
THE FOLLOWING DIFFERENT MoDEs.

Firft, By merely placing the patient in amn
infulated chair, and conneéting him with the
prime conductor; when the machine is in action,
he will be filled with the electric fluid, which
will be continually diffipated from the points and
edges of his cloaths : and though the effects of

this arc probably too flow to be rendered very
advan-
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advantageous, yet a fedentary perfon might
perhaps derive fome benefit frem fitting in an
infulated chair, having before him an infulated
table ; the chair to be connected with the ball
of alarge charged jar or battery, by which means
a fmall quantity of the fluid will be continually
paffing through thofe innumerable capillary
veflels, on the right ftate of which our health fo
much depends.

2. By rnrowine THE FLUiD uroNn, OR Ex-
TRACTING 1T FROM A PaTient, By MEANs OF
A WooDiN Poinr,

This may be effected in a twofold manner :
1ft, By infulating the patient, and connecting
him either with the cufhion or the pofitive
prime conductor, the operator prefenting the
point. 2nd, Let the patient ftand upon the
ground, and the wire of the dire&or be conne&t-
ed either with the pofitive or negative parts of
the machine. The fenfation produced by the
fluid when acting in this manner, is mild and
pltaﬁng, refembling the foft breezes of a gentle
wind ; generating a genial warmth, and promot-
ing the f{ecretion and diffipation of tumors, in-
flammations, &c.

3. By
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2 By Ttur ErecTric Fricrion.

Cover the part to be rubbed with woollen cloth
or flannel. ‘The patient may be feated in an
infulated chair, and rubbed with the ball of a
direQor that is in contact with the conductor :
or he may be connetied with the conductor,
and rubbed with a brafs ball which commnnicates
with the ground. The friction thus produced
is evidently more penctrating, more active, and
more powerful, than that which is communicated
by the fleth brufh; and there is, I apprehend,
very little fear of being thought too fanguine,
if I affert, that this, when ufed but for a few
minutes, will be found more efhcacious than the
other; after feveral hours application.—Eleltri-
city applies here with peculiar propriety to {pafin,
pleurify, and fome ftages of the palfy, and in
every cafe anfwers the end of bliftering where
the difcharge is not wanted, being the mofl fafe
and powerful ftimulant we know.

4. By
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4, By TAKING STRONG SPARKS FROM THS
Partient,

Here, as in every other cafe, the operator may
connect the ball of the director with the pofitive
or negative conduflor, or he may connet the
patient with either of thefe and the ball with the
ground; now it is clear from what has been
already laid down, that if the direétor be con-
ne€ted with the pofitive conductor, the fluid is
thrown upon the patient, if with the cuthion
the fluid is extracted from him. Let the patient
be infulated, and the action is in fome meafure
reverfed ; if heis joined to the negative conduc-
tor or cufhion, he will receive a {park from a
perfon ftanding on the floor; but if he com-
municates with the pofitive conduélor, he will
give the fpark to the perfon on the ground.

5. By causing a Current of Tur ELecTrIc
FLuip 10 Pass FrRoM oNE PART OF THE
BoDy, AND THUS CONFINING AND CONCEN=-
TRATING IT'S OPERATION WITHOUT COM-
MUNICATING THE SHOCK.

Rr Place
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Place the patient in an infulated chair, and
touch one part of the body with a director, join-
ed to a pofitive conductor ; then with a brals
ball communicating with the ground, touch
another part, and when the machine is in aétion
the fluid will pafs through the required part,
from the conductor to the ball ; the force of the
ftream will be different according to the ftrength
of the machine, &c. Or connect one director
with the cufhion and the other with the pofitive
conduétor, and apply thefe to the part through
which the fluid is to pafs, and when the machiné
is in action the electricity will pafs from one ball
to the other. It is not neceflary to infulate the
patient in this cafe.

6. By Tue Suock.

Which may be given to any part of the human
body, by introducing that pait of the body into
the circuit which is made between the outfide
and infide of the bottle. This is conveniently
effected, by connecting one director by a piece
of wire with the electrometer, and the¢ other
with the outfide of the bottle; then hold the
directors by their glafs handles, and apply the
balls of them to the extremity of the parts through

which
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which the fhocks are to be paffed. The force
of the thock, as we have already oblerved, is
augmented or diminifhed by increafing or leflen-
ing the diftance between the two balls, which
muft be regulated by the operator to the ftrength
and fenfibility of the patient. When the little
bottle with the glafs tube is ufed as a common
bottle, both wires are to be left there, and the
fhock is communicated by two direétors, one
connected with the bottom, the other with the
top by means of the eletrometer. (See the
plate facing the title-page of this Effay.) The
operator will often find himfelf embarraffed in
giving {mall thocks, the fluid paffing from the
conductor tothe ball of the ele¢trometer, inftead
of going through the circuits he defires: when
this happens, which may be known by the chat-
tering noile of the fpark in pafling to the electro-
meter, the refiftance formed to the difcharge is
{o great, that the fluid cannot force it's way
through the circuit ; to remedy this, and leflen
the refiftance, pafs two metallic pins through
the cloathing, fo that they may be in contaét
with the fkin, which will leflen the refifance and
conduct the fluid.

Rra | 2. By
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7. By A SENSATION BETWEEN A SHOCK AND
THE SPARK, WHICH DOES NOT COMMUNI-
CATE THAT DISAGREEABLE FEELING ATTEND-
ING THE COMMON SHOCK. ' '

This is effected by taking out the long wire
from the fmall medical bottle, and leaving the
fhorter one which is connected with the tube in
it’s place, the directors to be connected and ufed
as before.  Inleffening this vibratory fhock the
electrometer may be drawn to 2 much greater
diftance ; for the rapidity with which the charge
of the bottle fends forward the chargé of the
tube, is fufficient to overcome the refiftance of a
large body of air. The effe of this (pecies of
fhock, if it may be called one, is to produce a
great vibration in the mufcular fibres, without
inducing that pungent fenfation which the fhock
effets. It is therefore applicable to fome ftages
of palfy and rheumatifm ; it may allo ferve as
an artificial means of exercife.

2. By tur BortLE DIRECTOR.

Infulate the patient, and place the ball g in
contact with him, by which means this director
18
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is charged. Now if a wire is conveyed from the
bottom of this to the top of another direttor,
the bottle direflor, fig, 119, plate V. will be
“difcharged whenever the ball » is brought in
contact with the patient, fo that by bringing it
down with rapidity any number of {mall thocks
may be procured in a minute. Or connect the
infulated patient with the top or infide of a large
charged jar, and then this apparatus ufed in the
foregoing manner will difcharge, from thelarge jar
at each fpark, it’s own contents, and by repetition
difcharge the whole jar ; thusa number of fhocks
may be given without continually turning the
machine, or employing an affiftant,

9. By PASSING THE WHOLE FLUID CONTAINED
iN THE LEYDEN PHIAL THROUGH A DISEASED
PART WITHOUT GIVING THE SHOCK.

Connect a director, by means of a- wire, with
the ball of a Leyden jar; charge the jar either
completely or partially, and then apply the ball
or point of the conductor to the part intended
to. be electrified, and the fluid which was con-
denfed in the phial will be thrown on the part
in a denfe {low ftream, attended with a pungent
fenfation, which produces a confiderable degree.

g of
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of warmth. Ifa wire that communicates with
the ground is placed oppofite to the end of the
direcor, the pailage of the fluid will be rendered
more rapid, and the fenfation ftronger. Or
infulate the patient, connett him with the top of
ajar, charge this, and then apply a metal wire
or piece of wood to the part through which you
mean to make the fluid pafs. It is obvious, that
in this cafe the circuit between the infide and
the outfide of the jar is not completed, therefore
the thock will not be felt.  The condenfed fluid
pafles in a denfe flow ftream through the required
part, while the outfide acquires a fufhcient
quantity from [ubftances near it to reftore the
equilibrium,

It is in all cafes moft advifable to begin with
the more gentle operations, and proceed gra-
dually to increafe the force, as the ftrength and
conftitution of the patient, or the naturc of the
diforder requires. The ftream from a wooden
point, a wooden ball, or brafs point, may be
firtk ufed; fparks, if neceflary, may then be
taken, or fmall fhocks given.

In rheumatic cafes, the ele@ric friftion 1s
generally ufed. If the pains are local, fmall
fhocks may be given. To relieve the tooth-ach,
very fmall fhocks may be paffed through the
tooth ; or, cover the part affected with Hannel,

and
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and rub it with a director, communicating with
the machine.

In inflammations, and other diforders of the
eyes, the fluid thould be thrown from a wooden
point : the fenfation here produced is that of
a gentle cooling wind; but, at the fame time,
it generates a genial warmth in the part affeéted.

In palfies, the electric friction and {mall thocks
are adminifered. Streams of the fluid fhould
always be made to pafs through the affected part.

The only treatife we have yet had from the
Faculty, on the fubject of Medical Eletricity,
isa pamphlet intitled, “ Confiderations on the
Efficacy of Electricity in removing Female Ob-
ftructions,” by Mr. Birch; to whom I am
indebted for a variety of important obfervations
and praclical remarks on the different branches
of electricity ; and if it’s merits were to be con-
fined to this difeafe alone, (in which it may be
reckoned a fpecific) it would be intitled to the
attention of practitioners ; but we have reafon to
expeft much more from it, fince the prejudices
of the Faculty feem removed, and the practice
is becoming more general every day,

CHAP
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CHAP.,XVL

Miscerrantous ExXPERIMENTS AND OBscrva=
TIONS.

THE difpute concerning the preferable utility
of pointed or knobbed conduttors, for fe-
curing buildings from lightning, occaficned the
fetting up a more magnificent apparatus than
had ever appeared before.  An immenfe conduc-
tor was conftructed, at the expence of the
Board of Ordnance, and fufpended in the Pan-
theon, under the direction of Mr. Willon. It
confifted of a great number of drums covered
with tin-foil, which formed a cylinder of about
155 feet in length, and more than 16 inches in
diameter ; and to this vaft conductor were oc-
cafionally added 4800 yards of wire. The elec-
tric blaft from this machine fired gun-powder in
the moft unfavourable circumftances, namely,
when it was drawn off by a fharp point. The
method of doing it was as follows: upon a ftaff
of baked wood a ftem of brafs was fixed, which
terminated in an iron point at the top ; this point
was put into the end of a fmall tube of India-

paper, made fomewhat in the form of a car-
tridge,
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tridge, about an inch and a quarter long, and
two tenths of an inch in diameter, when the
cartridge was filled with common gun-powder
unbruifed ; a wire, communicating with the
earth, was then faftened to the bottom of the
brafs ftem. The charge of the great cylinder
being continually kept up by the motion of the
wheel, the top of the cartridge was brought
very near the drums, {fo that it frequently
touched the tin-foil with which they were
covered. In this fituation, a fmall, faint, lumi=
nous ftream was frequently obferved between the
top of the cartridge and the metal. Sometimes
this ftream would fet fire to the gun-powder the
moment it was applied; at others, it would
require half a minute or more before it took
effect. This difference in time was fuppofed
to be owing to fome [mall degree of moifture in
the powder, or the paper.

Gun-powder may alfo be fired by a fiream
from a large charged Leyden jar, in the following
manner ;

ExperRIMENT cexiv.—Fix a fmall cartridge
on a metallic point, which is fitted to a wooden
or glafs handle; make a communication from
the wire to the ground, then prefent the c‘artridgc

to the knob of the phial, and the gun-powder
ST will
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will be fired by the paffage of the electric ftream
through the cartridge.  Tinder, or touch-wood,
placed inametal cup, may be lighted by pafling
the ftream from the infide of the jar through
them, as in the foregoing experiment, without
completing the circuit.

As it therefore appears, that the electric fluid,
when it moves through bodies, cither with great
rapidity, or in great quantitics, will {et them on
fire, it is fcarce difputable, that this fluid is the
fame with the element of fire.

Exprriment cexv.—To fire the {mall elec-
trical cannon, charge it with gun-powder in the
ufual manner, then fill the ivory touch-hole with
gun-powder, ram it well down, and pufh the
brafs pin down, fo that the end of it may be
near the bottom of the hole; make a communi-
cation between the outfide of a large charged
jar or battery and the body of the cannon, by
placing one end of the difcharging rod on the
pin which paffes down the touch-hole, and bring
the other end to the knob of the jar, and the
difcharge will fire the powder.

Experiment cexvi.—Fig. 89 is a perfpective
view of the powder-houfe; the fide of the roof
mext the eye being omitted, that the infide may

be
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be more conveniently 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, are 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 together 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
ule this model, fill the fmall tube ¢ with gun-
powder, and ram the wire ca fmall wayin the tube,
then conneét the hook ¢ with the bottom of a large
jar or battery ; when the jar is charged, form a
communication from the hook d to the top of
the jar; the difcharge will fire the powder, and
the explofion of the gun-powder will throw off
the roof, and the fides, the fore and back fronts
will then all fall down.

Fig. 9o reprefents a wooden pyramid, de-
figned to fhew the experiments which are made
with the thunder-houfe, and is ufed in the {fame
manner. When the piece ¢ is thrown out by
the difcharge, the upper part of the pyramid
falls down,

ExperimenT cexvir—UFix the ladle I, fig. 33,
into a hole at the end of the condutor. Place
a broad piece of camphor in the ladle, fet the

Sl uppet
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upper {urface of the' camphor on fire, let it burn
fome time, then extinguith it, and put the ma-
chine in action ; the upper furface of the cam-
phor will throw out a variety of fmall fhoots,
and have the appearance of an imperfect vegeta-
tion, which is foon difperfed in the air if the
machine is continued in ation, but will laft
fome time if the electrization is ftopped as
foon as the fhooting of the camphor has taken
place.,

Experrment cexvirr.—Wrap fome loofe cot-
ton, which has been previoufly rolled in fine
powder of yellow refin, round one of the balls
of a difcharging rod, and hold the other end
to the outward coating of a charged jar; then
bring the knob with the refin towards the ball
of the jar, and the explofion will fire the refin,
and this will communicate the flame to the cot-
ton.

Fig. 91 reprefents the inlammable air lamp,
invented by Mr. Volta. A isa glafs globe to
contain the inflammable air, B a glafs bafon, or
refervoir, to hold water; Dis a cock, 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 gg, which is fixed to the upper part of the

refervolr
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refervoir A; as s is a fmall cock, to cut off, or
open a communication with, the air in the ball,
and the jet K. Nisa fmall pipe to hold a piece
of wax taper, L.a brafls pillar, on the top of
which is a brafs ball ; 2 is a pillar of glafs, fur-
nifhed at top with a focket; a wire 2 flides in
this focket, a ball is fcrewed on to the end of the
wire. F isa cock, by which the ball A is filled
with inflammable air, and which afterwards
ferves to confine the air and the water that falls
from the balon B into the ball A.

To ufe this inftrument, after having filled
the refervoir A with pure inflammable air, and
the bafon with water, turn the cocks D and S,
and the water which falls from the bafon B will
force out fome of the inflammable air, and caufe
it to pafs through the jet K into the air. Ifan
electric {park is made to pafs from the brafs ball
#m to the brafs ball », the inflammable jet, which
pafles through the pipe K, will be fired. To
extinguifh the lamp, fhut firft the cock S, and
then the cock D.

To fill the refervoir A a with inflammable air,
which is to be made in the ufual manner, and
with the ufual apparatus, having previouf] y filled
A with water, place the foot R under water, on
a board or ftool in a large tub of water, that the
bent glafs tube, through which the inflammable

air
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air pafles, may pals commodiou{ly under the foot
of the lamp; when the air has nearly driven out
all the water, turnthe cock I, and the apparatus
is ready for ufe. This inftrument is convenient
to preferve a quantity of inflammable air reﬁc]}r
for any occalional experiment, as charging the
inflammable air piftol, &c. It is alfo convenient
to light a candle for ceconomical purpofes, as
the finalleft {park from an electrophorus, or a
fimall bottle, is fuflicient to fire the air.

A {mall battery of inflammable air piftols is
occafionatly made, that affords confiderable
amufement ; as cither one piftol, or the whole
together, may be fired at the pleafure of the
operator.

The following experiment was made by Mr.
Kinnerfly with his electrical thermometer, which
is defcribed in page 48 of this Eflay.

ExperiMENT coxix.—Having put fome tin-
ged water into the large tube, he placed the two
wires within the tube in contaét, and pafied a
large charge of electricity from above thirty
fquare feet of coated glafs, which produced na
rarefaction in the air, and fhewed that the wires
were not heated by the fire paffing through
them. When the wires werc about two inches

afunder, the charge ofa three-pint bottle, dart-
5 ing
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ing from one to the other, rarcfied the air very
evidently. The charge ofa jar, which contained
about five gallonsand a half, darting from wire
to wire, occafioned a very confiderable expan-
fion in the air; and the charge of a battery of
thirty fquare feet of coated glals would raife the
water in the {fmall tube quite to the top: upon
the coalelcing of the air, the column of water
inftantly fubfided, till it was in equilibrio with
the rarefied air; then gradually defcending
as the air cooled, fettled where it ftood before.
By carefully obferving at what height the de-
fcending water firlt ftopped, the degree of rare-
faction might be eafily difcovered.

Experiment ccxx.—Take a glafs tube, about
four inches long, one quarter of an inch in dia-
meter, and open at both ends; moiflen the in-
fide of the tube with oil of tartar per deliquium,
then fix two pieces of cork into the ends of the
tube, and pafs a wire through each cork, fo that
the ends of the wires which are within the tube
may be about three quarters of an inch afunder.
- Connect one wire with the outfide coating of a
large jar, and form a communication from the
other to the ball of the jar, {o as to pafs the dil-
charge through the tube; repeat this feveral

times,
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times, and the oil of tartar will very often give
manifeft figns of cryftalization.*

ExPERIMENT ccxx1.—Charge a Leyden phial,
(the top of which is cemented into the bottle)
place it upon an infulated ftand, and then take
hold of it by the ball, and prefent the coated
furface towards the condenfing ball of a prime
conductor while the cylinder is charging, and
a large bruth and fpark will pafs between the
coating of the bottle and the ball of the con-
ductor, from four to twelve inches and upwards
in length.

Experiment coxxir.—Take fome of the pow-
der of Canton’s phofphorus, and by means of a
little {pirit of wine, 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 {parks from the
conductor, keeping the phial about two or three
inches from the fparks, fo that it may be ex-
pofed to their light; the phial will afterwards
appear himinous, and remain fo for a confider-
able time,

ExXPERIMENT

® Cavallo en Medical Eleéricity, p. 117.
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ExperimeNT cexxi1r.—Cutout in pafteboard,
or foft wood, the figure of a crefcent or any of
the planets; cover this equally with the white
of an egg beat up till it is quite {mooth, 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 experi-
ment, place the object in the communication
between two directors, and dilcharge the jar,
when the whole will become beautifully lumi-
nous ; care muft however be taken to hold the
directors at a little diftance above the phol-
phorus, for if it pafles through it, the whole
of the powder in the track of the fluid will be
torn off,

Place a (mall key on the phofphorus, and dif-
charge 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 feen.

As the experiments on phofphorus are in
themlelves exceedingly curious, and appear to
me to be intimately connefted with the nature
of electricity, I hope I fhall not be thought to
have deviated too far from the {ubjett of this
Effay, by introducing fome experiments of Mr.
Wilfon on this fubjeét; the more fo, as the pro-
ducing the prifinatic coloursis by no means dif-

Tt ficult,
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ficult, as little more is required than a few
oyfter-fhells, and a good fire of any kind. For,
if thofe fhells are thrown carelefsly into the mid-
~ dle 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, according to
the thicknefs and compactnefs of the fhells, and
the degree of fire they are expofed to) they will
exhibit lively prifmatic colours, after they are
removed from the {un into the dark fuddenly,
and the eyes have been previoully. prepared a
little to receive them. Mr. Wilfon excited alfo
the light of thefe fhells with ele&rlmty in the
following manner.

Exprriment cexxiv.—He placed upon a me-
tal ftand, which was rounded at top, and about
half an inch in diameter, a prepared fhell, that
would exhibit the prifmatic colours very lively
on the upper {urface of this fhell, and near the
middle, where the colour-making parts predo-
minated, 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 difcharge
the fluid. In this circuit there was left, defign<
edly, an interval of about three inches, unoccu-
pied by metal, and next one fide of the glafs;
the difcharge was made by completing the cir-

cuit
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cuit with metal where the interval was left, The
fhell, at that inftant, was lighted up to an ex-
ceeding great advantage, fo that all the colours
appeared perfectly diftinct, and in their refpec-
tive 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 not-
withftanding this experiment was repeated with
the fame and other fhells, the colours continued
in their refpective places, and nearly of the fame
degree of brilliancy ; excepting, that in or near
thofe parts where the explofion took place a few
fcales were driven off.

Experiment coxxv. — Which proves, that
bodies of the fame nature, but of different vo.
. lumes and different mafles, are charged with
electrical matter only in proportion to their fur-
face, without any influence or concurrence of
their mafies in this cafe.

The following experiment, which we fhall
give in Mr. Achard’s own words, feems to de-
cide this queftion, on which philofophers have
entertained very different opinions.

I electrified (fays he) a cylindrical, hollow
brafs conduétor, feven inches long, and onc and

Tta a half
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a half in diameter: when it had acquired forty
degrees of electricity, I drew from it a fpark,
with a condutlor of hollow brafs, of feven inches
long, and one and a half in diameter, which
" weighed eight ounces, and was carefully infu-
lated. The firft conduttor loft fifteen degrees
of it’s electricity. I repeated the fame experi-
ment, when the conductor had thirty degrees
of electricity, and then it loft ten degrees. Fi-
nally, when the conductor had twenty degrees
of electricity, it loit only feven by it's inftan-
tancous contact with the fame cylinder. After
having filled this cylinder with lead, which pro-
duced an addition of five pounds to it’s weight,
and confequently to it's mafs, I repeated the
fame experiments, and obtained from them the
very {ame refults,

This is followed by other experiments, which
arc a further confirmation of Mr. Achard’s
opinion.

Thefe experiments fhew, 1ft, That bodies of
an equal furface, but different in mafs, when
they are placed in the fame circumftances, are
charged with an equal quantity of eletrical mat-
ter; and 2dly, That bodies equal in mafs, but
different in extent of furface, when they are
placed in fimilar circumflances, are charged
with an unequal quantity of cle€trical matter,

and
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and that the body, whofe furface is larger, re-
ceives more than that whofe furface is lefs,
Therefore, it is in proportion to their {urfaces,
and not to their mafs, that bodies are charged
with a greater or lefs quantity of the ele@trical
fluid.

Before thefe experiments were made, it had
been obferved, that the extreme {ubtility, and,
in moft cafes, invifibility of the electric fluid,
render all reafoning about it’s motion preca-
rious. It is however incredible, that this fuid,
fhould pafs through the very fubflance of me.
tallic bodies, and not be retarded by their folid
particles. In thole cafes, where the folid parts of
metals are evidently penetrated, i. e. when wires
are exploded, there is a manifeft refiftance, for
the parts of the wire are fcattered about with
violence in all directions.

The like happened in Dr. Prieftley’s circles,
made on fmooth pieces of metal. Part of the
metal was alfo difperfed and thrown off, for the
circular fpots were compofed of little cavities,
If therefore the fluid was difperfed throughout
the {ubftance, and not over the furface of the
metal, it is plain, that a wire, whofe diameter
is equal toone of thofe circular {pots, ought alfo
to have been deftroyed by an explofion of equal
ftrength fent through it; whereas a wire, whofe

diameter
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diameter is equal to one of thofe fpots, would
without injury conduct a fhock much greater than
any battery hitherto conftructed could give. It
is moft probable, therefore, that though violent
flathes of cle&ricity, which act alfo as fire, will
enter into the fubftance of metals and confume
them, yetit immediately difperfes itfelf over their
furface, without entering their fubftance any
more, till being forced to collect itfelf into a
narrow compafs, itagainacts as fire.

In many cafes the electric fluid will be con-
ducted very well by metals reduced toa mere
furface. A piece of white paper will not con-
du& a thock, without being torn to pieces, as
itis an eleGtric fubftance; but a line drawn on it
with a black.lead pencil will fafely convey the
charge of feveral jars. It is impoflible we can
think, that the fire here paffes through the
supsTance or the black lead ftroke ; it muft run
over it’s furface; and if we confider fome of
the properties of metals, we fhall find that there
is great reafon to fuppofe, that their conducting
power lies in their furface.

Fig. g2 reprefents a fmall glafs tube, ftopped
at one end with a piece of cork; k is a wire
which paffes through a piece of cork, fitted into
the other end of the tube ; the upper part of the
wire is furnifhed with a brafs ball ; the end of

the
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the wire within the tube is bent ar right angles
to the reft of the wire.

ExPERIMENT coxxvi.—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 near or
rather below the furface of the oil ; prefent
the ball towards a prime conductor, holding the
finger or any other non-condudor oppofite
the bent end of the wire, and when a fpark
pafles from the condu@or to the brals 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 firlt hole is
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.  This experi-
Thent was communicated to me by the Rev. Mr.
Morgan, of Norwich, who has carried it much
farther, by filling fmall bottles with cement, and
then paffing the thock in a fimilar mode through
- them. The perforation may be made with water
in the tube inftead of oil,

Mr. Lullen produces very confiderable effeds
By paffing the fhock through wires that were

g inferted
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inferted in tubes filled with oil. The fpark
appears larger in it’s paffage through oil, than
when it pafles through water.

Mr. Vilette filled a difh of metal with oil, and
when he had ele€irified the difh, he plunged
a needle into the oil, and reccived a very ftrong
fpark as foon as the point of it came within a
fmall diftance of the dith. A fmall cork ball
being made to fwim in this oil, upon the ap-
proach of the thick end of the ftalk of a lime,
it plurnged to the bottom, and immediately rofe
up again.

Analogous to this experiment of Mr. Morgan
are fome obfervations of Dr. Prieftley, who
conftantly found, that whenever he had covered:
the fractured place of a jar with any kind of
cement or varnifh, it always broke at the place
where the cement terminated; there the glafs was
perforated, and a new fracture was made, which
had no communication with the former. The
jar always broke at the firft charge, generally
before it had received half it’s charge. Struck
with this phaznomenon, the Doctor proceeded to
try the experiment on a jar which was not broken,
and whofe ftrengch he had previoufly afcertained
by repeated difcharges: he took off a little of
the outfide coating, and put on the glafs a patch
of cement, about an inch in diameter, then

drawing
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drawing the coating over it, he charged the jar;
but before it had received half it’s charge, it
burft by a {pontanecous explofion, not indeed ar
the termination, but at the middle of the patch
of cement, where the glafs was thinneft, He
covered another entirely with cement, and it
broke near the bottom, where the glafs is gene-
rally thickef. A jar that was covered cntirely
both infide and outfide with cement, and then
coated with tin-foil, burft at the very firft
attempt to charge it.

ExperrMent cexxvir—The magic picture is
4 coaTED pane of glafs, proper to anfwer the
purpofe of the Leyden experiment; over the
coating on one fide is pafted a piture, on the
other fide a piece of white paper is pafled, fo as
to cover the whole glafs ; it is then put into 3
frame, with the picture uppermoft, and a
communication is formed from the tin-foil of the
under fide to the bottom rail of the frame of the
picture, which rail is covered with tin-foil.

Lay the picture on the table, with the print
uppermoft, and a piece of money on it; let a
chain fall from the conductor 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

Uu of
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of the bottom rail, and endeavour to take off the
picce of money ; in doing this they will receive
a fhock, and generally fail in the attempt.

ExperiMeNT ccxxviir.—Put a quantity of
brafs duft into a coated jar, and when it is charged
invert it, and throw fome of the duft out, which
will be {pread in an equable and uniform manner
onany flat {urface, and fall juft like rain or {fnow.
May it not be queftioned, fays an ingenious
writer, whether water, falling from the higheft
region of the clouded atmofphere, would not
meet the carth in much larger drops, or in
cataracts, if the coalefcing power of the drops
was not counteracted by their elefiric atmo-
fpheres ?

ExperimenT cexxix.—Place a piece of fmok-
ing wax-taper on the prime conductor ; turn the
cylinder; the volume of {moke will become
more contracted, and it’s motion upward ac-
celerated. Take oft the electricity of the con-
duétor, and fuipend a pair of pith balls over it,
and about five feet diftance from it, turn the
machine, and in a few feconds the balls' will
open half an inch; remove the taper, and the
balls will not feparate,

This
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This experiment, therefore, clearly evinces,
that fmoke is a conductor of electricity.

ExreriMENT coxxx.—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 conne@® it with the
coating of a large jar; fix the exterior end to a
difcharging rod, and then difcharge the jar; a
beautiful fpark will be feen at every link of the
chain.  The illuminations to be produced by a
chain are capable of an infinite variety of modi-
fications,

EXPERIMENT cexxxr.—Place fpots of tin-foil
at equal diftances from each other, on a piece of
bent glafs, and let the ends of the glals be fur-
nithed with brafs balls, and a glafs handle be fixed
to the middle of the bent glals.  The inftrument
will ferve as a difcharger, and at the fame time
exhibit, at each feparation of the tin-foil, the
electric light.

I made feveral of thefe luminous difcharging
rods, many years fince, in order to thew, that
the electric fluid iffues from the negative and
pofitive coating of each difcharge, agrecable to
the idea conveyed by Mr. Atwood’s experiments ;
fec Exp. 120, 125, 122, of this Effay, But I

Uuaz {foon
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foon found, that the circuit of a difcharging rod
was not fufficiently extenfive for the purpofe.

Exeeriment ccxxxin.—Fig. 98 reprefents
feveral fpiral tubes, placed round a board; a
glafs pillar is fixed to the board, and on this
pillar is cemented a metal cap, carrying a fmall
fteel point ; a brafs wire, furnifhed with a ball
at cach end, and nicely ballanced, 1s placed on
this point: place the middle of this wire under
a ball proceeding from the conduclor, fo that it
may receive a continued fpark from the ball, then
give the wire a rotative motion, and the balls
in revolving will give a {park to each ball of the
{piral tube, which will be communicated from
thence to the board; forming, from the bril-
liancy of the light and it’s rapid motion, a very
pleafing experiment,

All thefe experiments on the interrupted {park
may be pleafingly and beautifully varied, and the
fpark made to appear of different colours, at the
pleafure of the operator,

Exreriment coxxxiir.—Sufpend a light cork
ball, which is covered over with tin-foil or gold-
leaf, by a pretty long filk thread, fo as juft to
touch the knob of a charged jar placed on a table;
it will be firft attracted and then repelled to

fome
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fome diftance, where, after a few vibrations, it
will remain at reft. If a lighted candle is now
placed at fome diftance behind it, fo that the
flame of the candle may be nearly as high as the
knob of the phial, the cork will inftantly be
agitated, and, after fome irregular motions, will
defcribe a curve round the knob of the phial, and
this it will continue to do for fome time.

Fig. g6 and ¢7 reprefent an electrometer,
nearly {imilar to that contrived by Mr. Brooke.
The two inftruments are fometimes combined
in one, or ufed {eparately, as in thefe figures.
The arms F H f k, fig. 97, when in ufe, are
to be placed as much as poffible out of the atmo-
{phere of a jar, battery, prime conductor, &c.
The arm F H and the ball K are made of copper,
and as light as poffible. The divifions on the
arm I H are each of them exactly a grain. They
are alcertained at firft by placing grain weights
on a brafs ball which is within the ball L, (this
‘ball is an exact counterballance to the arm F H
and the ball K when the {mall flide r is at the
firft divifion) and then.removing the flide r till
it, together with the ball K, counterballances the
ball L and the weight laid on it,

A, fig. 69, is a dial-plate, divided into 9o
equal parts. The index of this plate is carried
once round, when the arm B C has moved

through
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through go degrees, or a quarter of a circle,
T'hat wmotion is given to the index by the repul-
five power of the charge acting between the ball
D and the ball B.*

The arm B C being repelled, thews when
the charge is increafing, and the arm F H fhews
what this repulfive power is between two balls of
this {ize in grains, according to the number the
weight refts at when lifted up by the repulfive
power of the charge : at the fame time the arm
B C points out the number of degrees to which
the ball B is repelled ; fo that by repeated trials,
the number of degrees, an{wering to a given
number of grains, may be afcertained, and a
table formed from thefe experiments, by which
means the cleCtrometer, fig. g6, may be ufed
without that of fig. 97. .

Mr. Brooke thinks that no glafs, charged (as
we call it) with electricity, will bear a greater
force, than that whole repulfive power, between
two balls of the fize he ufed, is equal to fixty
grains ; that in very few inftances it will ftand
fixty grains weight; and he thinks it hazardous
to go more than forty-five grains.

Hence, by knowing the quantity of coated
furface, and the diameter of the balls, we may
be enabled to fay, fo much coated furface, with

a repulfion
* Phil, Tranf. vol. 82, p. 384.
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a repulfion between balls of fo many grains, will
melt a wire of {uch a fize, or kill fuch an animal,
&ec.

Mr. Brooke thinks, that he is not acquainted
with all the advantages of this electrometer:
but that it is clear, it {peaks a language which
may be univerfally underftood, which no other
will do; for though other electrometers will
fhew whether a charge is greater or lefs, by an
index being repelled to greater or fmaller dif.
tances, or by the charge exploding at different
diftances, yet the power of the charge is by no
means afcertained : but this eleGrometer thews
the force of the repulfive power 1n grains ; and
the accuracy of the inftrument is eafily proved,
by placing the weights on the internal ball, and
feeing that they coincide with the divifions on
the arm F H, when the {lide is removed to
them.

Mr. Achard has fhewn clearly, that if the
fcale of an eleétrometer is divided into equal
parts, (degrees for example) the angle at which
the index is held fufpended by the eleétric repul-
fion will not be a true meafure of the repulfive
force ; to eltimate/which truly, he demonfirates
that the arc of the electrometer fhould be divided
according to a fcale of arcs, the tangents of which
are in arithmetical progreffion.

4 OsservaTions
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OBSERVATIONS AND ' EXPERIMENTS MADE BY
Dr. PriesTLey oN THE ErrecTs oF ELEc-
TRICITY ON DIFFERENT ELASTIC FLUIDS.

ExperIMENT ccxxIv.—To change the blue
colour of liquors, tinged with vegetable juices,
red. The apparatus for this purpofe is feen in
fig. 94. A B is a glals tube, about four or five
inches long, and one or two tenths of an inch
diameter in the infide ; a piece of wire is put into
-one end of the tube, and fixed there with cement ;
a brafs ball is placed on the top of this wire ; the
lower part of the tube from 4 is to be filled with
water, tinged blue with a piece of turnfole or
archal. This is eafily effelted, by fetting the
tube in a veflel of the tinged water, then placing
it under a receiver on the plate of the air-pump ;
exhault the receiver in part, and then, on letting
in the air, the tinged liquor will rife in the tube,
and the elevation will be in proportion to the
accuracy of the vacuum ; now take the tube and
veflel from under the receiver, and throw ftrong
fparks on the brafs ball from the prime conduc-
tor.

When Dr. Prieftley made this experiment,
he perceived, that after the eletric fpark bad

been
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been taken, between the wire 4 and the liquor
at 4, about a minute, the upper part of it began
to look red; in two minutes it was manifeftly fo,
and the red part did not readily mix with the
liquor. If the tube was inclined when the fparks
were taken, the rednefs extended twice as far on
the lower fide as on the upper. In proportion as
the liquor became red, it advanced nearer to the
wire, fo that the air in which the fparks were
taken was diminifhed ; the diameter amounted
to about one fifth of the whole fpace ; after which,
a continuance of the eleélrification produced no
fenfible effeét.

To determine, whether the caufe of the
change of colour was in the air, or in the ele@ric
matter, Dr. Prieftley expanded the air in the
tube, by means of an air-pump, till it expelled
all the liquor, and admitted frefh blue hiquor in
1t’s place ; but after this, elettricity produced no
fenfible effect on the air or on the liquor; fo
that it was clear, that the eleétric matter had
difcompofed the air, and made it depofit forne-
thing of anacid nature.  The refult was the fame
with wires of different metals. It was alfo the
fame when, by means of a bent tube, the {park
was made to pafs from the liquor in one leg, to
the liquor in the other, 'The air thus diminifhed

was In the higheft degree noxious.
W w In
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In paffing the electric {park through different
elaftic fluids, it appears of different colours. In
fixed air, the fpark is very white ; in inflammable
and alkaline air, it appears of a purple or red
colour. From hence we may infer, that the
conducting power of thefe airs is different, and
that fixed air is a more perfect non-eonductor
than inflammable air.

"The fpark was not vifible inair from a cauftic
alkali, made by Mr. Lane, nor in air from {piric
of falt; fo that they feem to be more perfect
conductors of eleftricity than water, or other
fluid fubftances.

The clectric fpark, taken in any kind of oil,
produces inflammable air. Dr. Prieftley tried
it with ether, oil of olives, oil of turpentine,
and effential oil of mint, taking the electric
{park in them without any air to begin with ;
inflammable air was produced in themall.

Dr. Prieftley found, that on taking a fmall
electric explofion for an hour, in the fpace of
an inch of fixed air, confined in a glafs tube

one tenth of an inch diameter, when water was

~ admitted to it, only one fourth of the air was

imbibed. Probably the whele would have been

rendered immifcible in water, if the electrical
operation had been continued a {ufficient time.

s The
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The eleric fpark, when taken in alkaline air,
appears of a red colour; the electric explofions,
which pafs through this air, increafe it’s bulk ;
{o that, by making about 200 explofions, in a
quantity of it, the original quantity will be fome-
times increafed one fourth. If water is admitred
to this air, it will abforb the original quantity,
and leave about as much claftic fluid as was
generated by the electricity, and this elaftic fluid
isa ftrong inflammable air.

Dr. Prieftley found, when the electric fpark
was taken in vitriolic acid air, that the infide of
the tube in which it was confined was covered
with a blackifh fubftance. He feems to think,
that the whole of the vitriolic acid air is con-
yertible into this black matter, not by means of
any union which it forms with the eletric fluid,
but in confequence of the concuffion given to it
by the explofion ; and that, if it be the calx of
the metal which {upplied the phlogifton, it is not
to be diftinguithed from what metal, or indeed
from what fubftance of any kind, the air had
been extracted.

Dr. Prieftley made 152 explofions of a com-
mon jar in about a quarter of an ounce meafure
of vitriolic acid air from copper, by which
the bulk was diminifthed about one third, and
the remainder feemingly not changed, being

Ww2 | all
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all abforbed by water. In the courle of this
procefs, the air was car:ﬂilly transferred three
times from one veflel to another; and the laﬁ
vellel, in which the E}Lpioixnns were mada, was,
to all appearance, as black as the firft; fo that
the air {cems to be all convertible into ths black
{ubftance. 1 | i

Thinking this diminution of the vitriolic acid
air mightarife from it’s abforption by the cement,
with which the glafs tubes employed in the laft
experiment were clofed, he repeated it with the
air from quickfilver, in a glals fyphon confined by
quickfilver, and the refult was the fame.

That this matter comes from the vitriolic
acid aironly, and not from any combination of
the electric matter with it, will appear from the
following experiment.

He took the fimple electric fpark from a con-
duttor of a moderate fize, for the fpace of five
minutes without interruption, in a quantity of
vitriolic acid air, without producing any change
in the infide of the glafs; when immediately
after, making in it only two explofions of a
common jar, each of which might be produced
in lefs shan a quarter of a minute with the fame
machine in the fame ftate, the whole of the
infide of the tube was completely covered with

the black matter. Now had the eletric matter
1 | ﬁ::rmcd
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formed any union with the air, and this black
matter had been the refult of that combination,
all the difference that would have arifen from
ithe fimple {park or the explofion, could only
have been a more gradual, or a more fudden
fnrmqtiun of that matter.

A large phial, about an inch and a haif wide,
being filled with this air, the explofion of a
very large jar, containing more than two feet of
coated furface, had no effect upon it; from
which it fhould feem, that in thefe cales, the
force of the fhock was not able to give the
quantity of air fuch a concuflion as was necellary
to decompolfe any part of it.

He had generally made ufe of copper, but
afterwards he procured this air from almoft
;é'.rer}r {ubftance from which it could be obtained :
the electric explofion taken in it produced the
famecftect. But, as fome of the experiments
were attended with peculiar circumftances, he
briefly mentions them, as follows,

When he endeavoured to get vitriolic acid
air from lead, putting a quantity of leaden fhot
into a phial containing oil of vitriol, and apply-
ing only the ufual degree of heat, a confiderable
quantity of heat was produced ; but afterwards,
though the heat was increafed till the acid boiled,
no more air could be got. He imagined there~
- fore,
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fore, that in this cafe the phlogifton had, in fad,
been fupplied by fomething that had adhered
to the fhot. However, in the air fo produced,
he took the electric explofion; and in the firft
quantity he tried, a whitifh matter was produced,
almoft covering the infide of the tube; but in the
facceeding experiments, with air produced from
the fame thot, or from fomething adhering to 1t,
there was lefsof the whitith matter; and at laft,
nothing but black matter was produced, as in all
the other experiments. 'Water being admitted
to this air, there remained a confiderable refi-
duum, which was very flightly inflammable.

Vicriolic acid air is eafily procured from fpirit
of wine, the mixture becoming black before any
air is yiclded. The electric explofion taken
in this air alfo produced the black matter.

The experiments made with ecther feem to
throw moft light upon this fubject, as this air
is as eafily procured from ecther as any other
fubftance, containing phlogifton. In the air
procured by ether the electric explofion tinged
the glafs very black, more {o than in any other
experiment of the kind; and, when water had
ablorbed what it could of this air, there was a
rofiduum in which a candle burned with a lam-
bent blue flame.  But what was moft remarkable
in this experiment was, that befides the oil of

vitriol
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vitriol becoming very black during the procefs,
a black fubflance, and of a thick confiflence,
was formed, which fwam on the furface of the
acid.

It is very poffible, that the analyfis of this
fubftance may bea means of throwing light upon
the nature of the black matter, formed by electric
explofions, in vitriolic acid air, as they feem to
refemble one another very much.

The electric fpark or explofion, taken in
common air, confined by quickfilver in a glafs
tube, covers the infide of the tube with a black
matter, which, when heated, appears to be pure
quickfilver. This, therefore, may be the cafe
with the black matter into which he fuppofed the
vitriolic acid air to be converted by the fame
procefs, though the effe¢t was much more
remarkable than in the common air. The ex-
plofion will often produce the diminution of
common air in half the time that fimple fparks
will do it, the machine giving the fame quantity
of fire in the fame time : alfo, the blacknefs of
the tube is much {ooner produced by the thocks
than by the fparks. When the tube confiderably
exceeds three tenths of an inch iIn diameter, it
will fometimes become very black, without there
being any feafible diminution of the quantity of
air,

FxrerimzeNT
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ExperiMent ccxxxv.—This curious experi-
ment was made by Mr. Mar{ham, originally with
a view to melt wires with a {mall Leyden bottle.
The effects are curious, and feem to open a new
ficld for inveftigating the force and ditetion of
the eleétric fluid. He fixed a fmal® picce of wax
upon the outfide coating of the Leyden bottle ; the
head of a fmall needle was ftuck in the wax, fo
as to be at right angles to the coating; oppofite
to the point of this needle, and at half an inch
diftance, another needle was fixed, by being for-
ced through the bottom of a chip box ; this was
connected with the difcharging rod by a wire. On
difcharging the bottle, the needle with the wax
was driven from the coating of the bottle, and
fixed into the box oppofed to it. The diftance
between the needles was then increaled to two
inchesand a half, which was the greateft ftriking
diftance. The head of the needle, which was
fixed to the bottle, wasevidently melted in two
or three places.  If the charge was firong, and
the wax was not ftuck faft to the coating of the
bottle, both the wax and the needle would be
driven fome inches from the bottle.  On placing
a ball of wax on the point of cach needle, and
paffing the difcharge through them, the ball was
thrown from that connelted with the bottle full
two
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two feet. Repeating this again, he could not
produce the fame effect.

Mr. Marfham now fixed the needle, oppofed
to that on the bottle, with wax on a brafs plate.
On paffing the charge through them, when the
needles were half an inch diftance from each
other, the needle was thrown {ix inches from the
brafs plate, while the other remained in it’s
firuation. On increafing the diflance, the effects
were the f{ame, till it came to one inch and a
half, when neither were thrown off. In many
inftances, both were thrown off, leaving the wax
behind them.

The needles in all thefe experiments pafled
through the wax, fo as to touch the coating of
the bottle and the brafs plate; both the coating
and plate were beautifully fufed at each explo-
fion.

Mr. Marfham then fubftituted fmall pieces
‘of putty inftead of wax; when on making the
difcharge with the points, at only three-eighths
ofan inch, the needle was driven from the bot-
tle, and the putty forced up the needle. The
points were then placed as near each other as
was polfible ; when, on making the difcharge,
the putty of both needles was blown to pieces,
and the needle thrown at a confiderable diftance ;

X x the
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the brals plte was alfo curioufly melted, and the
bottle broke.

Experrment ccxxxvi.—Cut a piece of India
or thin paper into the fhape of an ifofceles
triangle, whofe fides are about two inches long,
breadth two tenths of an inch ; then erect a brafs
ball of two or threeinches diameter, on a brafs
wire one fixth of an inch diameter, and two feet
fix inches long, on the prime conduétor ; elettrify
the conductor, and then bring the obtufe end of
the picces of paper within the atmofphere of the
ball, and let it go, and the paper will revolve
round the ball and often round it's own axis.
This pleafing and exceeding curious experiment
was communicated to me by the ingenious Mr.
J. Gamble, of Pembroke-Hall, Cambridge.

Expraiment coxxxvir.—Eleétrify two pieces
of {wan’s down, one negatively, and the other
pofitively ; they will then float in the air, and
may be eafily driven about by botiles charged
with contrary electricity 5 when brought near
together, they will attract each other, meet with
rapidity, their fibres will collapfe, and they will
then fall to the ground, reprefenting in miniature
what may be fuppofed often to happen in the

higher regions of the atmofphere.
EXPERIMENT
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ExperiMent cexxxvirr.—Infulate a Leyden
phial, and connett a fet of clectrical bells with
the infide of the phial, and another fet with the
outfide; charge the phial, and then touch the
{et of bells conneéted with the infide; thefe will
ccafe ringing, and the other fet will begin to
ring; now touch thefe, and then the fet con-
neéted with the infide will ring; and {fo on
alternately till the bottle is difcharged. Thus
illuftrating, ina pleafing manner, the received
theory of the Leyden phial.

A diftin¢t apparatus is often fitted up for the
performing of this experiment : or it may be .
fhewn by means of the apparatus reprefented fig.
49, pl. I1I. which can ecafily be applied to a
great variety of purpofes, and is fufficient for
explaining moft part of the phanomena relative
to the Leyden phial, befides being very con-
venient for feveral pleafing experiments.

X 3 Ox
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O~ THE ANALoGY BETWEEN THE PRODUCTION
AND Errects or ELectriciTy anp Hear,
AND ALSO BETWEEN THE POWER BY WHICH
Bobies coNpucT ELECTRICITY AND RECEIVE
Heat; witd THE DESCRIPTION OF AN IN-
STRUMENT TO MEASURE THE QUANTITY OF
THE ELEcTRICAL Fruip, wHicH Bobirs aor
A DIFFERENT NATURE WILL CONDUCT WHEN
PLACED IN THE SAME CIrcumsTances., By
MR, AcHARD.*

The production of heat is fimilar to that of
eletricity.

Every Kind of friction produces heat and elec-
tricity. It may be objeéted to this, that in or-
der to render the analogy perfect, it would be
neceffary that the friction of every body fhould
produce electricity, which appears contrary to
experience, as metals and other conducting fub-
ftances do not become electrical, but by the
contact of electric bodies, and that the imme-
diate fri¢tion of thefe fubftances will not render
them electrical.

To this it may be anfwered, that when an
electric body is excited by fri€tion againft a

non-eledtric,

* Memoirs de I’Academie de Berlin, for 1779.
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non-elettric, the laft, if it is infulated, gives
as ftrong figns of clectricity as thofe of the
clettric itfelf.  This electricity is not commu-
nicated by the electric, fince it is of an oppofite
kind : negative, if the eletric is pofitive ; and
the contrary.

This obfervation proves, not only that the
conducting bodies become eletrical by friction,
as well as electric bodies, but alfo, that to pro-
duce electricity, it is neceffary that the equili-
brium between the electricity of the rubbing
bodies fhould be deftroyed ; if each fubftance
is equally adapted to receive and tranfmit the
elettrical fluid, it is clear, that the equilibrium
of the fluid between them cannot be deftroyed ;
becaufe, that at the inftant one receives from
the other any given quantity, it will, by it’s
elafticity, be again divided between them: we
may therefore conclude,

1. That the clectricity produced by the friction
of two bodies is greater, in proportion to the in-
creafe of the difference between the condulting
power of thofe bodies.

2. ‘That where two bodies are equally adapted
to receive and tranfmit the electric fluid, they
give no fign of electricity ; not becaufe they
cannot become electrified by friction, but becaufe
the electricity, which is difturbed by the friction,

16
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is at the {ame time reflored, on account of the
facility with which it penetrates each fubftance.
For a reafon nearly fimilar, eclectrics, when rub-
bed together, do not appear electrified.

It feems therefore, that we may conclude
from this theory, which is founded on fact, that
in all cafes, and whatever is the nature of the
{ubftance, the friction always produces elec-
tricity ; and when the effect is not fenfible, it
is only becaufe electricity is loft as foon as pro-
duced.

That there are no fubftances, that are rubbed
againft a body, which tran{mit the eleétric fluid
with greater or lefs difficulty, but what give figns
of electricity : that metals are as electrical by
themfelves as glals and wax.

‘That as friction always, and in all cafes, pro-
duces elericity, there is a perfect analogy be-
tween the production of heat and electricity,

Tiur ErrrcTs, WHICH ARE PRODUCED BY Errcs
TRICITY, ARE SIMILAR TO THOSE PRODUCLD
BY FIEAT.

Heat dilates all bodies. 'The action of the
electric fluid on the thermometer fhews it’s dila-
ting poweralfo; and if we donot generally per-
ceiveit, it is becaufe the force with which bodies

cohere
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cohere together, exceeds the dilating power of
eleétricity. '

Heat promotes and accelerates vegetation as
well as germination : Electricity, whether polfi-
tive or negative, does the fame.

Eletricity, as well as heat, accelerates eva-
poration.

Heat and eleétricity accelerate the motion of
the blood.* Left fear, conftraint, or the at-
tention to the experiment, might accelerate the
pulfe, and thus be attributed to electricity, Mr,
Achard made the experiment on a dog when
alleep, and always found, that the number of

pulfations was increafed when the animal was
elettrified.

The experiment made by Mr. Achard on the
egos of a hen, and by others on the eggs of
moths, proves that eletricity, as well as heat,
favours the developement of thofe animals. The
electric fluid, in common with fire, will throw
metals into fufion.

If fubftances, with equal degrees of heat, touch
each other, the heat is diffufed uniformly be-
tween them. In the fame manner, if two bodies

with
* This pofition has been much controverted, and it

{eems clear, from modern experiment, that imple elefirn-
gity does not accelerate the pulfe,
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with unequal degrecs, or different kinds of elec-
tricity, touch cach other, an equilibrium will
be eftablifhed.

THERE IS AN EXACT ANALOGY BETWEEN THE
FacuLty witd wHicH BoDIiEs coNpuCT THE
ELectric FLuip anp rece1ve Hear.

If bodies of different kinds, and of equal de-
grees of heat, are placed in a medium of a dit-
ferent 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 fpace 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
degree of heat.

On an attentive examination of the bodies
which 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
reccive and lofe their electricity with the greateft
facility. Metals, which become warm or grow
cool the quickeft, are the fubftances which re-
ceive and part with their electricity fooneft.
Wood, which requires more time to be heated
or cooled, receives and lofes clectricity flower
than metals. Laftly, glals and refinous fub-

s ftances,

-
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ftances, which receive and lofe 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 long, will become fo warm in a little
time that the hand cannot hold it; becaufe the
iron conducts heat readily; but a tube of
glafs, only a few inches long, may be held in
the hand, even while the other end is melting.
The electric fluid, in the fame manner, pafles
with great velocity from one end of a rod of
iron to the other; butitis a confiderable time
before a tube of glafs, at one end of which an
excited clectric is held, will give ele@ric ligns
at the other.

Thele obfervations prove, that feveral bodies
that receive and lofe with difficulty their atual
degree of heat, receive and lofe alfo with diffi.
culty their electricity. To determine ifthis law
1s general, and what are the exceptions to it
will require a variety of experiments.

If we fuppofe two fubftances, one of which is
electrified, but the other not, that the frft has
a known degree of electricity, and that the laft,
in touching it, deprives it of a given degree of
electricity ; this lofs of a part of it’s electricity
determines the faculty with which the body that

1y touches
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touches it receives the eletric fluid. Befides
the figure and volume of this {ubftance, the time
the two bodies remain in contact will alter the
quantity taken from the eletirificd {ubftance; fo
that all other circumftances being the fame, the
property of bodies to deprivclﬂther bodies of
their electricity, or, in other words, to conduct
the electric fluid, is in the inverfe ratic of the
time neceflary to make them lofe an equal
degree of electricity.

The inftrument, which is reprefented fig. 95,
is conftructed on thefe principles, and with it
the quantity of elericity that one body lofes in
a given time, when touched by another, may be
accurately afcertained. A B isa very fenfible
ballance ; at the extremity of each arm two very
light balls of copper are affixed; CF Dadi
vided femicircle, which is faftened to the cock
which {upports the axis of the ballance ; the de-
grees may be pointed out by a needle, or by the
arms of the ballance ; the cock is fixed to a brafs
cap, which is cemented on the glafs pillar GG,
which is fixed to the board QR S T'; this pillar
fhould be at leaft 18 inches high. U isa Ley-
den bottle ; to the wire Z Z, which communi-
cates with it’s infide coating, three horizontal
wires, VZ, XZ, and Z Y, are fixed ; the
ends of thefe wires are furnifhed with hollow

3 brals
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brals balls ; the bottle U is {o fixed to the board,
that when the beam is horizontal, the ball B
touches exactly the ball X, as is reprefented in
the figure. |
K N is a metal lever, which turns upon an
axis at I, fo as to move freely in a vertical plane,
which {hould coincide with the bar V X; the
lever K N is {upported by a wooden pillar I H,
which is fixed to the board Q RS T; at the end
K of the lever is a {crew, to hold the fubftance
on which the experiment is to be made; the
upper end of this fubftance fhould be turned into
a convex form. A thread N O is tied to the end
N of the lever: at Ois a fmall hook, on which
a ball I is to be fufpended. The diftance of the
pillar I H from the bottle is to be {o adjufted,
that when the end N is lowered, the body- L
may touch in one point the ball V; the pro-
portion between the weight of the arms of the
lever, the weight I, and the body L., and the
length of the pillar IH to the thread NO, is
to be fuch, that when the fubftance L touches
the ball V, at the fame moment the ball P will
touch the board QRS T, and be difengaged
from the thread N O: the fubftance L will alfo
at the fame inftant quit the ball V.
To ufe this inftrument, conneét the hottle U
with the prime conductor by the ball Y, and
¥ ¥2 form



372 Ax Essavy, e

form a communication by a wire from Y to the
cap G; charge the bottle, and the ball X will re-
pel the ball B ; the angle of repulfion will be
marked by the needle EF. Suppofe this to be
20 degrees, and let L be brought, as before de-
{cribed,” to touch V, it will ablorb a quantity of
electricity proportionable toit’s conducting pow-
er, and the ball B will fall in proportion to the
quantity abforbed, and the difference will be
feen on the femicircle. Let the difference be
five degrees; repeat the experiment, only fub-
flituting fome other fubftance in- the place of
the body L; fuppofe that with this fubftance
+ the diminution of the angle is 8 degrees, then is
the conducting power of thefe two fubftances in
the proportion of five to eight.

Fig. 106 reprefents an apparatus, to fet a
wire on firc by the electric explofion in dephlo-
gifticated air. I am obliged to defer the de-
fcription and ufe of it to fome future oppor-

tunity, as I have not had any time to try it's
fuccefs.

AN






ADVERTISEMENT.

THIS {mall Effay is publifhed to illuf~
trate and exemplify fome ufes of a Mag-
netical Apparatus, conftruéted in order
to exhibit the general phanomena of
Magnetifm. It 1s extratted from a larger
work, which is laid afide for the prefent,
as it is probable the public will foon be
favoured with a treatife on this fubjett by
Mr. CAvVALLO.
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HOUGH the phenomena of the magnet
have, for many ages, engaged the atten-

tion of natural philofophers, not only by their
fingularity and importance, but alfo by the ob-
fcurity in which they are involved ; yet very
few additions have been made to the difcoveries
of the firlt inquirers upon the fubject. The
powers of genius, which have been hitherto em-
ployed in profecuting this fubject, have not been
able to frame an hypothefis, that will account,
in an ealy and fatisfactory manner, for all the
various propertics of the magnet, or point out
the links of the chain which connet it with the
| other
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other phnomena of the univerfe. Though it is
certain, that both natural and artificial electricity
will give polarity to needles, and even reverfe a
given polarity ; from whence it would appear, that
there is a confiderable aflinity between the elec-
tric and magnetic fluid, but how it aéls when
producing magnetifm, is entirely unknown.

It is known by the works of Plato * and
Ariftotle, that the ancients were acquainted with
the attraétive and repulfive powers of the mag-
net ; butit does not appear, that they knew of
it’s pointing to the pole, or the ufe of the com-
pafs. As they were not acquainted with the
true method of philofophifing, and contented
themfelves with obfervation alone, their know-
ledge of nature was confined within very narrow
limits, and did not afford any confiderable ad-
vantage to fociety. Modern philofophers, by
combining experiment with obfervation, foon
extended the boundaries of fcience, and dil-

covered

* « A power refembling that, which afts in the ftone,
« called by Euripides the magnet. Tor this ftone does not
¢ only attra€t iron rings, but impart to thofe rings the power
« of doing that very thing which itfelf does, enabling them
% to attralt other rings of iron; fo that fometimes may be
¢ feen a very long feries of iron rings, depending as in a
% chain one from another. But from that ftone at the head
% of them is derived the virtue, which operates in them
w all.” See Sydenham’s tranflation of the 10O of Plato.
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covered the polarity of the loadftone; a pro-
perty which in a manner conftitutes the bafis
of navigation, and gives being to commerce.

THE LOADSTONE, LEADING STONE, OR NA=
TURAL MAGNET, 18 an iron ore or ferruginous
ftone, found in the bowels of the earth, gencrally
in iron mines; of all forms and fizes, and of
various colours. It is endowed with the pro-
p:ﬂ.rty of attrafting iron; and of both pointing
itfelf, and alfo enabling a needle, touched upon
it, and duly poifed, to point towards the poles
of the world.

Loadftones are in general very hard and brit-
tle, and for the moft part more vigorous in pro-
portion to their degree of hardnefs. Confider-
able portions of iron may be extracted from
them. Newman fays, that they are almoft
totally foluble in fpirit of nitre, and partially in
the vitriolic and marine acids.

Mr. Kirwan fays, that the magnet feems
to contain a {mall quantity of {ulphur, is often
contaminated with a mixture of quartz and
argill ; it is poflible, it may contain nickel, for
this, when purified to a certain degree, acquires
the properties of a magnet, but it’s conftitution
has not as yet been properly examined.*

Zz Artificial

* Kirwan’s Elements of Mineralogy, p. 271.
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Artificial magnets, which are made of fleel,
are now generally ufed in preference to the na-
tural magnet ; not only as they may be procured
with greater eale, but becaufe they are far
fuperior to the natural magnet in ftrength, and
communicate the magnetic virtue more power-'
fully, and may be varied in their form more
cafily, fo that the natural magnet is now very
little efteemed, except as a curiofity.

The power of attracting iron, &c. pofiefled
by the loadftone, which is alfo communicable
to iron and fteel, is called macneTIsmM. It has
been fuppofed, that iron and the loadftone were
the only two bodies which could be rendered
magnetical ; but it now appears, that nickel,
when purified from iron, becomes more inftead
of lefs magnetic, and acquires, what iron does
not, the properties of a magnet .t

A rod or bar, of iron or fteel, to which a
permanent polarity has been communicated, 1s
called a MAGNET.

The points in a magnet which feem to poffels
the greateft power, or in which the virtue feems
to be concentrated, are termed THE POLES OF
A MAGNET.

THE MAGNETICAL MERIDIAN is a vertical
circle in the heavens, which. interfects the ho-

rizen
* Ibid. p. 369,
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rizon in the points to which the magnetical
needle, when at reft, is directed.

THE AXIS OF A MAGNET is a right line, which
pafles from one pole to the other.

THE EQUATOR OF A MAGNET is a line per-
pendicular to the axis of the magnet, and exactly
between the two poles.

The diftinguifhing and characteriftic proper-
ties of a magnet, are,

Firft, It’s attractive and repulfive powers.

Secondly, The force by which it places itfelf,
when fufpended freely, in a certain direction
towards the poles of the earth.

Thirdly, It's dip or inclination towards a
point below the horizon.

Fourthly, The property which it pafleffes of
communicating the foregoing powers to iron or

fteel.

AN Hyrorussis.*

Mr. Euler fuppofes, that the two principal
caufes, which concur in producing the wonderful
properties of a magnet, are, firft, a particular
ftructure of the internal pores of the magnets,
and of magnetical bodies; and,. fecondly, an

Zze external

* Lettres 4 une Princefle d’ Allemagne.
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external agent or fluid, which adts upon and
pafles through thefe pores. This fluid he fup-
pofes to be the folar atmolphere, or that {ubtle
matter called ether, which filis our fyftem.

Ir}dced, moft writers on this {ubjeft agree in
fuppofing, that there are corpufcles of a peculiar
form and energy, which continually circulate
around and through a magnet ; and that a vortex
of the fame kind circulates around and thmugﬁ
the carth.

A magnet, befides the pores which it has
in common with other bodies, has alfo other
pores confiderably fmaller, deftined only for
the paflage of the magnetic fluid. Thefe pores
are fo difpofed as to communicate one with the
other, forming tubes or channels, by which the
magnetic fluid pafles from one end to the other.
The pores are {o formed, that this fluid can only
pals through them inone direction, but cannot
return back the fame way ; fimilar to the veins
and lymphatic veflels of the animal body,
which are furnifhed with valves for this purpofe.
So that the pores of the magnet may be conceived
to be formed into feveral marrow contiguous
tubes, parallel to each other, as at A B, fig.
99, through which the finer parts of the ether
paffes freely from A to'B, but cannot return back

on account of the refiftance it meets withat 4, 4,
b, &
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b, b, nor overcome the refiffance of the groffer
ether, which occafions and continues the motion.
For fuppoling the pole A of a magnet, filled with
feveral mouths or open ends of fimilar tubes, the
magnetic fluid, prefled by the groffer parts of
the ether, will pafs towards B with an incon-
ceivable rapidity, which is proportionable to the
clafticity of the ether itfelf; this matter which,
till it arrives at B, is {eparated by the tubes from
the more grofs parts, then meets with it again,
and has it's velocity retarded, and it’s direétion
changed ; the ftream, reflected by the ether, with
which it cannot immediately mix, is bent on both
fides towards C and D, and defcribes, but with
lefs velocity, the curves D E and C IFe, and
approaching by the curves d and ¢, falls in with
the affluent matter m m, and again enters the
magnet ; and thus forms that remarkable atmo-
{phere, which is vifible in the arrangement of
fteel filings on a piece of paper that is placed
over a magnet.

A Seconp HyroTugsis.*

1. That the carth is a large magnet.
. That there is a fubtle fluid, called the mag-

netic
* Ocuvres de Fraoklin, tom. 1, p. 27y.
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netic fluid, which exifts in evety kind of iron,
is equally attracted by all it’s parts, and equally
diffeminated throughout it's fubftance, unlefs it
is forced into an inequality by 3 power {upcrior
to the attradtion of the iron.

3. That the natural quantity of magnetic fluid
contaified in a piece of iron, may be put in mo-
tion fo as to be more rarified in one part, and
more condenfed in another; but it cannot be {o
taken away by any known force, as to leave the
whole mafs in a negative ftate with refpect to it’s
natural quantity; neither can any additional
quantity be introduced fo as to put it in 3
pofitive {tate. |

4. A piece of foft iron permits the magnetic
fluid, which is contained in it’s fubftance, to be
put in motion by a fmall force, fo that, being
placed in the direction of the magnetic meri-
dian, it acquires immediately the properties of
a magnet, IU's magnetic fluid being drawn or
puthed from one extremity to the other, and
continuing {o while it remains in the fame pofi-
tion, one of the ends becoming pofitively, the
other negatively magnetic. The tranfient mag-
net lofes it’s properties when it is laid in an caft
and weft fituation, the magnet returning to 1it’s
original fituation.

If
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1f the iron is hard as fteel, it is more difficult
to put the magnetic fluid in motion, 1t requires
a fironger force than is exerted by the magnetifin
of the earth to move it, and when moved from
one end to the other, it cannot eafily return,
and thus a fteel bar requires a permanent mag-
netifm.

6. A great heat opens the fubftance and
feparates the parts of the bar, and thus gives a
frec paflage for the magnetic fluid, which deltroys
it’s magnetic properties.

7. A fteel bar not magnetical, placed in the
direction of the magnctic meridian and dip,
and firft heated and then fuddenly cooled, while
in this pofture, acquires a permanent magneti{m ;
for while the bar was warm, the magnetic fluid
contained in it was eafily forced from one end to
the other, by the magnetifm of the carth, and
was retained there by the contraflion of the bar
from cold.

8. Violent concuffions of the fteel bar placed
as in the foregoing article, fo feparate it's parts
during the vibrations, as to {uffer the magnetic
fluid to be forced from it's fituation by the
magnetifm of the earth, and is retained in it's
altered fituation by the clofing of the pores when
the vibrations ceale.

9. An clectric fhock dilating a needle for a

5 moment,
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moment, gives it, for the foregoing reafon; a
magnetic virtue.

I. Tuire 1s o TENDENCY IN IRoN AND 4
MAGNET TO APPROACH EACH OTHER, AND
ATTACH THEMSELVES TOGETHER, AND THAT
WITH SUCH [ORCE, AS OFTEN TO REQUIRE A
CONSIDERABLE WEIGHT TO SEPARATE THEM.

This curious property of the magnet was that
by which it was firft difcovered, and by which
it engaged the attention of the curious. Every
fubftance which contains iron is more or lefs
attratted by the magnet, with one exception,
as Henchel, Gellert, and DBrand affert, that the
fmalleft quantity of antimony mixed wich iron
prevents it's being attracted by the magnet. Mr.
Burgrman ufed the following method to difcover
the fubftances which are attracted by the magnet,
he placed the bodies which he intended to
éxamine on pure water, Or very pure mercury,
cither directly on the furface, or on a piece of
paper, when on the approach of a {trong magnet
they will be fenfibly attracted, although the
attraction could be difcovered by no other
method ; in this way he found martial falts
firongly attracted by the magnet. Howbei,

general,
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general, iron, when involved in a coating of
faline matter, is attrated lefs ftrongly in propor-
tion as it is more intimately united to the falts.
The attraction of iron is ftrongeft when it is moft
deprived of oily, fulphureous, and faline par-
ticles. Spirit of nitre poured on iron which is
atting on a magnetic needle, will diminith it’s
action,

ExperiMENT 1.—Place a piece of iron on a
cork, and put the cork into water, the piece of
iron will be attracted by, and follow a magnet,
in a pleafing manner. The tendency between
the magnet and the iron is reciprocal ; for if the
magnet be put on the cork, it will follow the
iron, in the fame manner as this followed the
magnet.

On this principle many ingenious and enter-
taining pieces of mechanifm have been contrived.
Small fwans {wimming in the water have been
made to point out the time of the day, &c,

Exporiment 11.—Place a magnet upon one
of the brafs ftands, and prefent one end of a
fmall needle towards it, holding the other end
by a piece of thread, to prevent the needle fixing
itfelf to the bar, and the needle will be pleafingly
fufpended in the air ; the needle will remain

3 A | fuf-
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fufpended, although a piece of paper, glafs,
brafs, &c. be introduced between the magnet
and the needle. | |

ExperiMent 11, —Sufpend a magnet under
the fcale of a ballance, and counterpoife it by
weights in the other fcale, then prefent a piece of
iron towards the magnet, it will immediately
defcend, and, if the iron is not placed at too
great a diftance, will adhere to it : now fufpend
the iron under the fcale inftead of the magnet,
then bring the latter towards i, and the iron will
defcend and adhere to the magnet.

Experiment 1v.—Hold one end of the mag-
net at about halfan inch from fome fieel filings,
and thefe will fly to the magnet and form a kind
of beard about the end of the magnet.

{L. TueRE ARE CERTAIN POINTS IN A MAGNET,
IN WHICH IT’S VIRTUES SEEM AS IT WERE
CONCENTRATED, WHICH ARE CALLED IT'S
PoLEs.

ExXPERIMENT V.—Leta magnet be placed on
one of the brafs ftands contained in the apparatus,
and then try what number of iron balls it will
fuftain at different parts; it will be found te

5 fupport
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fupport moft near the ends, evincing that the
magnetic power is exerted there with the greateft
force.

Take out the ftecl needle from between the
two pillars 2 4, fig. 117, and place in 1t’s
ftead the needle, one half of which is made of
ficel, the other half of brafs, the fteel part of this
needle is to be touched ; on prefenting the {fouth
end of a magnet to the end of the arch, this will
repel the end of the needle to a certain degree,
but on moving the magnet progreflively forwards,
the needle will gradually fall down till it comes
to Zero. 1f the magnet is moved further, the
needle will be attracted.

To sinD THE PoLes oF A MaGNET.

ExreriMenT vi.—Let a magnet be placed
under one of thofe panes of glals which are
contained in the bottom of the box; fift fome
fteel filings on this glafs, and then ftrike it gently
witha key, in order to throw the glafs into a
vibratory motion ; this will difengage the filings,
and they will foon be arranged in a pleafing
manner : thofe parts of the magnet, from which
the curves feem to take their rife, and over which
the filings feem to be almoft erect, are the poles
of the magnet: or roll the magnet or load{tone

3 A2 i
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in ftecl filings, which will adhere in a greater
quantity, and more ftrongly to thofe parts that
are near the poles; and thofe particles which
are over the poles will be perpendicular to the
bar, the other particles will incline towards the
poles. If a fmall needle be placed ina glafs
ball and carried over the magnetic bar, it will
ftand perpendicular to the bar when it is over
either of the poles, the various inclinations of a
piece of fteel, and at different parts of a magnet,
may be pleafingly obferved by this little ap-
paratus.

In this, as well as many other magnetical
experiments, a mechanical force 1s evidently ex-
erted, detaching the particles of iron from one
fituation, removing them to another, and then
retaining them there with confiderable force.

ExperiMENT viL.—The poles of a magnet
may be afcertained with greater accuracy by
means of the fmall dipping needle, fig. 117;
place this on a magnet, and move it backwards
and forwards till the needle is perpendicular to
the magnet, it will then point directly to one of
the poles. When it.is between the north and
fouth poles, fo that their mutual actions ballance
each other, the center of the needle will ftand over

what is called the equator of the magnet, and the
needle
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needle will be exactly paraliel to the bar. Ifit
is then removed towards either pole, it will be
differently inclined according to it’s diftance
from the poles.

Experiment viir.—Hold a common {mall
fewing needle (with fome thread in it’s eye)
near a magnet for a few feconds, then bring it
gradually towards the middle of a magnetic bar,
and the powers of the magnet will {o far coun-
teract the force of gravity, as to keep it fufpended
intheair, in a pofition which is nearly parallel
to that of the magner.

There is no magnetical attraction without
polarity ; it is confequently abfurd to fuppofe,
that a magnet may have a ftrong attractive
power, but a weak polarity, or directive power.

III. Tae contrarRY Pores or Two MAGNETS
ATTRACT EACH OTHER.

Tue NortH Pores o Two MaGNETS, WHEN
BROUGHT CONTIGUOUS, REPEL EACH OTHER.
Tue SoutH PoLES ALSO, WHEN BROUGHT
NEAR, REPEL EACH OTHER.

Thefe phzenomena are eafily illuftrated by a
variety of pleafing experiments.
EXPERIMENT
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ExperIMENT 1X.—Sufpend on a point a touched
needle, then prefent towards it's north pole the
fouth pole of a magnet, and it will be attralted
by, and fly towards it ; prefent the other pole
of the magnet, and the needle will fly from it.

ExperiMeNT x.—Strew a few fteel filings
upon a pane of glafs, put either the north or
fouth pole of one of the bars under the pane;
the filings will rife upon the glafs as the magnet
approaches. Bring the fame pole of the other
bar directly over that under the glafs, and when
it is ar a proper diftance, the fteel filings will
drop flat on the pane.

FxprriMenT x1,— Fix two needles horizontally
in two picces of cork, and put them in water ;
if the poles of the fame name are placed together,
they will mutually repel each other.  Ifthe poles
" of a contrary denomination are turned towards
each other, they will be attracted and join.

Exprrivent xi.—Dip the north or fouth
ends of two magnets in ftecl filings, which will
hang in clufters from the end of the bars; bring
the ends of the bars towards each other, and the
ficel filings on one bar will recede from tuofe
on the other. Dip the fouth pole of one magnet,

and
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and the north pole of the other, into fteel filings,
then let the ends be brought near to each other,
and the tufts of filings will unite, forming {mall
circular arches.

IV. Tur Powers orR PROPERTIES oF a
MAGNET MAY BE COMMUNICATED TO IRON
OR STIEL.

To give a detail of the various proceffes which
have been fuggefted, for the touching or com-
municating the properties of the magnet to
iron or fteel, would alone fill a volume; I fhall
therefore only give an account of two general and
cood methods, which I prefume will be found
adequate to every common purpofe.

1. Place two magnetic bars A B, fig. 100, in
a line with the north or marked end of one,
oppofed to the fouth or unmarked end of the
other, but at fuch a diftance from each other,
that the magnet to be touched.may relt with
it’s marked end on the unmarked end of A, and
it's unmarked end on the marked end of B; then
apply the north end of the magnet D and the
{fouth end of E to the middle of the bar C, the
oppofite ends being elevated as in the figure;
draw D and E afunder along the bar C, one
towards A, the other towards B, preferving the

fame
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fame elevation, remove D and C a foot or two
from the bar when they are off the ends, then
bring the north and fouth poles of thefe magnets
together, and apply them again to the middle
of the bar C as before ; repeat the fame procefs
five or {ix times, then turn the bar, and touch
the oppolite furface in the fame manner, and
afterwards the two remaining furfaces, and by
this means the bar will acquire a ftrong fixed
magnetifm.

2. Place the two bars which are to be touched
parallel to each other, and then unite the ends
by two pieces of foit iron, called {upporters, in
order to preflerve, during the operation, the
circulation of the magnetic matter ; the bars are
to be placed fo that the marked end D, fig. 101,
may be oppofite the unmarked end B ; then place
the two attracting poles G and 1 on the middle
of one of the bars to be touched, raifing the ends
fo that the bars may form an obtufc angle of 100
or 120 degrees; the ends G and I of the bars
are to be feparated two or three tenths of an inch
from each other. Keeping the bars in this pofi-
tion, move them flowly over the bar A B, from
one end to the other, going from end to end
about fiftcen rimes. Having done this, change
the poles of the bars,* and repeat the fame

operation

# That is, the marked end of one is always to be againil
the unmarked end of the other,
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operation on the bar C D, and then on the
oppofite faces of the bars; the touch, thus
communicated, may be farther increafed, by
rubbing the different faces of the bars with fets
of magnetic bars, difpofed as in fig. 102.

It feems, that in order to render fteel magne-
tical, we muft {fo difpofe the pores that they
may form contiguous tubes parallel to each other,
capable of receiving the magnetic fluid, and then
propagating and perpetuating it's motion, f{o that
the magnetic ftream may enter with cale, and
be made to circulate through it with the greateft
force : to this end, it is neceflary to be particu-
larly attentive in the choice of the fteel which is
to be touched ; the grain fhould be equal, mall,
homogeneous, and without knots, that it may
prefent a number of equal and uninterrupted
channels to the fluid, from one end to the other :
this is more immediately important in the choice
of the fteel for the needles of fea compafles, for
if the fteel is impure, or the mode of touching
improper, the needle may have different poles
communicated to it, which will more or lefs
impede the action of the principal needle, accord-
ing to their ftrength and fituation.

The ftcel fhould be well tempered, that the
pores may preferve foralong time the difpofition
they have received; and berter refift thofe

1B changes
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changes in their direftion, to which iron and
foft fteel are hable. The difference in the nature
of ftecl is exceeding great, as is eafily proved by
touching in the {ame manncr, and with the {fame
bars, two pieces of fteel of equal fize, but of dif-
ferent kind. ¢
Steel, that is hardened, receives a more perfect
magnetifm than foft fleel, though it does not
appear that they differ from each other in any
thing but the arrangement of the parts ; perhaps
the foft fteel contains phlogifton in it’s largeft
pores, while hardened fteel contains it in the
fmaller. Iron, or fteel, have very little air
incorporated in their pores; when they are
feparated from the ore, they are expoled to a
moft intenfe degree of heat, and moft of the
changes to which they are afterwards {ubmitted,
are effected in a red hot ftate. A piece of {pring-
tempered fleel will not retain as much magnetifm
as hard fteel, foft fteel flill lefs, and iron fcarce
retains any. From fome experiments of Mr.
Muflchenbroek, it appears, that when iron is
united with an acid, it will not become magne-
tical ; but if the acid is feparated, and the phlo-
gifton reftored, it will become as magnetical as
gver.
The dimenfions and fhape of a magnet will
make a difference in it’s force, therefore the bars
5 to
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to be touched, fhould neither be too long nor
too fhort, but in proportion to the thicknefs;
if they are too long, the paffage of the magnetic
matter coming out of one pole, and proceed-
ing round the magnet to enter the other, will
be impeded, and it’s velocity leflened. 1Ifthey
arc too fhort, the fluid, which comes out from
one pole, will be repelled and thrown back by
the othier acling parts of the magnet, and thus
be carried too far from the pole into which it
ought to enter, and prevent the continued cir-
culation of the magnetic marter. If they are
too thin, then the number of pores are too few
to receive a ftream fufficiently ftrong to refift the
obftacles in the external fpace; while, if they
are too thick, the ftrait and regular direction
of the channel is injured by the difficulty which
takes place in the arrangement of the interior
channels, as the magnetic matter has not fuffici-
ent force to penetrate the fleel to any confide-
rable depth, and thus injures the circulation of

the fluid. '
~All the pieces fhould be well polifhed ; it is
of the greateft importance that the ends fthould
be flat and true, fo as to touch, inas many points
as 1s poffible, the ends of foft iron which keep
up the circulation. Inequalities on the faces,
but principally near the poles, are to be avoided,
3 B2 as
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as thefe occafion irregularities in the circulation,
and thus diminifh it’s velocity, which is one
of the principal fources of magnetic power.

While the bars are touching, the ends of foft
iron fhould be kept in conflant contact with the
bars, for a momentary feparation is {ufficient to
deftroy the effect of the operation, as the fluid
will be inftandy difperfed in the air.

The operator ought not to ftop longer on the
fir(t bar than is neceflary to open the pores, and
to arrange them magnetically, paffing immedi-
ately to the other, to form an opening for the
fluid which iflues from the firft.

It is moft advantageous to turn the bar that is

, quitted, while the touching magnets arc placed
on the other; by this means, the ftream that i;
to be excited will difpofe the channels of the firft,
and thus render the operation more efficacious ;
befides, by only turning one bar at a time, the
touching bars need never be totally removed
during the whole operation, a circumftance
which will contribute to the ftrength of the
magnet.

The touching bars fhould never be feparated
but at the equator of the magnet; and their
motion over the others fhould be flow and
regular.

The magnetic power of touching needles has

been
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been increafed by leaving them for fome time in
linfeed oil.

It may contribute to the efiets of the ope-
ration if the bars A and B, fig. 100, are placed
in the direction of the magnetic meridian, and
are inclined to the horizon in an angle equal to
the dip of the needle.

The fixed power, thus communicated to a
magnet, is impaired if it is laid amongft iron,
ar by ruft; it may be injured alfo by fire, as each
of thefe circumftances will change, or confufc
the direction of the magnetic ftream.

Place a fmall magnetic needle on the point of
one of the fmall ftands, and put it between two
magnetic bars, fo that the north end of the bar
may be near the fouth end of the needle ; the
{fmall needle will, without any apparent caufe,
be thrown into a violent vibratory motion, and
{feem as it were animated, till it is faturated with
magnetifm, when it will become quiefcent. The
vibratory motion is probably occafioned by the
irregularity of the impreflions it receives from
the magnetic fluid, and the difficulty that Huids
find in entering the needle.

All caufes, that are capable of making the
magnetic fluid move in a ftream, will produce
magnetifm in thofe bodies which are properly
qualified to receive 1t.

. I
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If bars of iron are heated, and then cooled
equally, in various directions, as parallel, per-
pendicular, or inclined to the dipping needle,
the polarity will be fixed according to their
pofition, ftrongeft when they are parallel to the
dipping needle, and fo lefs by degrees, till they
are perpendicular to it, when they will have no
fixed polarity ; but if, upon cooling a bar of iron
in water, the under end is confiderably hotter
than the upper, and the upper end is cooled
firk, it will fometimes become the north pole,
but not always. If iron, or fleel, undergo a
violent attrition in any one particular part, they
will acquire a polarity ; if the iron is {oft, the
magneti{in remains very lirtle longer than while
the heat continues.  Lightning is the ftrongeft
power yet known in producing a ftream of mag-
netifm; it will, in an inftant, render hardened
fteel {trongly magnetical, and invert: the poles
of a magnetic needle.

'T'o make a magnetical bar with feveral poles,
place magnets at thofe parts where the poles are
intended to be, the poles to be of a contrary
name to thole required, and if a fouth pole is
fixed on one part, the two next places muft have
north poles fet againft them ; confider each piece
between the fupporters as a feparate magnet, and

touch it accordingly.
ExPEMMJ:NT
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ExperimMent xirr,—Take a piece of iron
wire and bend it into the form of a ftaple, then
touch the middle of the wire flaple with only
one of the poles of a magnet, without moving
it backwards or forwards ; the place where the
magnet touches the wire will be one pole, and the
two ends the other pole.

Experiment x1v.—Take any number of finall
fteel bars, lay themend to end, and touch them
while in this'pofition ; when you feparate ‘them,
there will be a north and a fouth pole at every
feparation. See a fimilar experiment in the cilay
on electricity.

Experiment xv.—Touch a piece of iron wire,
and then twift it about a large glafs tube or any
other cylindrical body, and the magnetic virtue
will be fo difturbed, that in fome parts it will
atcract, and in others repel the fame pole of a
magnetic needle. '

To Toucn Horsesmor MagnEeTs.

As thefe magnets from their form are capable
of {uftaining great weights, and maintaining the
circulation of the magnetic fluid, 1 fhall defcribe
a convenient mode of touching them,

Place
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Place a pair of magnetic bars againft the ends
of the horlelhoe magnet, with the fouth end of
the bar againft that end of the horfefhoe, which
is intended to be the north ; and the north end
of the other bar to that which is to be the fouth.
The contadt or lifter of foft iron to be placed at
the other end of the bars. In this fituation the
magnetic fluid which circulates through the bars
will endeavour to force a paffage through the
horfefhoe magnet, and thus facilitate the further
communication of the magnetic virtue to the
horfethoe magnet : to this end, rub the furfaces
of the horfefhoe with a pair of bars placed in
the form of a compafs, turning the poles pro-
perly towards the poles of the horfefhoe magnet,
being careful that thefe bars never touch the ends
of the ftrait bars, as this would difturb the cur-
rent of the magnetic fluid, and injure the opera-
tion. If the bars are feparated fuddenly from
the horfethoe magnet, it's force will be con-
fiderably diminifhed; to prevent this, {lip on
the lifter or fupport to the end of the horfefhoe
magnet, but in {uch a manner, however, that it
may not touch the bars; the bars may then be
taken away, the fupport {lid to it’s place, and
left there to firengthen the circulation of the
fluid.

To
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To MAKE AN ARTIFICIAL LOADSTONE.

The late Dr. Gowin Koight poffefled a fur-
prifing fkill in magnetifm, being able to com-
municate an extraordinary degree of attractive
and repulfive power, and to alter or reverfe the
poles at pleafure ; but as he refufed to difcover
his methods, thefe curious and valuable {fecrets
died with him. In the LXIXth volume of the
Philofophical Tranfaétions, however, Mr. Ben-
jamin Wilfon has given a procefs, which dif-
covers one of the leading principles of Dr.
Knight’s art; namely, his method of making
artificial loadftones.—To this end Dr. Knight
provided himfelf with a fufficient quantity of
clean iron filings, he put them into a large tub
more than one third filled with water, he then
with great labour worked the tub to and fro for
“many hours together, that the friction between
the grains of iron, by this treatment, might break
off fuch fmaller parts as would remain fufpended
in the water for a time. The obtaining thele
very {fmall particles in fufficient quantity, feem-
ed to him to be one of the principal defiderata
in the experiment. The water being by this
means rendered muddy, he poured the fame into

3C a clean,
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a clean iron veflel, leaving the filings behind,
and when the water had ftood long enough to
become clear, he poured it out carefully, with-
out difturbing fuch of the {ediment as ftill re-
mained, which now appeared reduced almoft
to an impalpable powder. This powder was
afterwards removed into another velflel, in order
to dry it ; but as he could not obtain a proper
quantity thereof by this one procefs, he was
obliged to repeat the procels many times. Hav-
ing at laft procured a f{ufficient quantty of this
fine powder, the next thing was to make a pafte
of it, and that with fome vehicle that {hould
contain a fufficient quantity of the phlogiftic
principle; for this purpofe he ufed linfeed oil,
and with thofe two ingredients he made a puff
pafte, and took particular care to knead it well
before he moulded it into convenient fhapes.
This pafte was then put on wood or tiles at about
a foot diftance from a moderate fire; a great
degree of heat frequently cracked the compoii-
tion. The time for breaking or drying this
pafte was about five or fix hours, at which time
they had generally attained a {ufhicient degree
of hardnefs ; when this was done, he gave them
the magnetic virtue in any direction he pleafed,
by placing them for a few {cconds between his

large
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large magazine of artificial magnets, where they
acquired fuch force, that when any of their
pieces were held between two of his beft ten
guinea bars, with it's poles purpofely inverted,
it immediately turned itfelf about to recover it’s
natural dire¢tion, which the force of thofe very
powerful bars were not able to counteract.

Ruft of iron and common ftone cemented
together by any fat fubftance will alfo form an
artificial loadftone.

Or Armep MAGNETS.

In aftrait loadftone or magnet, the ftream 13
carried back on all fides in curved lines, but
applying plates of foft iron to the poles of the
magnet, the direction of the fluid is changed,
and it is conducted, united, and condenfed at
the feet to the armour, fo that if the feet arc
connected by another piece of iron whichis called
the lifter, the ftream proceeding trom one pole
will be carried by the lifter to the other, which
caufes it to adhere with confiderable force.

The armour fhould be made of foft homo-
geneous iron, well fitted to the ends of the
magnets ; it {hould alfo be thicker in proportion
as the diftance of the poles from cach other
increafes.

3% 2 EEXPERIMENT
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ExperiMENT xvI.—Place an armed magnet
under a glafs plane which has been ftrewed over
with fteel filings, and thefe will arrange them-
{tlves in curves from one foot of the armour to
the other.

Gaffendi invented a peculiar kind of armour,
which was formed by piercing a magnet in the
direction of the axis, and placing a cylinder of
iron in the hole, which augmented confiderably
the force of the magnet.

ExperiMENT xvI1.~—Mr. Van Swinden applied
to an artificial magnet B, fig. 106, which
fupported four ounces by it’s north pole, another
magnet 8, fothat it’s north pole was almoft half
an inch from the pole which fupported the

weight, and this pole immediately {fupported
{even ounces. Du Hamel, Le Maire, &c.

have alfo made many curious experiments on
this head.

ExperiMENT XvIIT.—Apply a bar of iron M
N, fig. 107, to one foot of an armed magnet,
and it is fupparted ; approach the iron lifter of
the magnet, fo that it may touch this bar and
the armour, and the bar will fall.

ExrerIMENT X1x.—Apply to the pole B, fig.
P8 108,
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108, a {mall piece of iron, nearly as much as
that foot of the armour will fuftain ; let this piece
of iron reach a3 little beyond the foot of the
armour, then apply the lifter to the foot A, fo
that it may touch the piece of iron M, and the
magnet will then fupport a confiderable addition
of weight. ;

ExperiMENT xX.—If one end of the armour
of a magnet only juft fuftains an iron ball, it
will fupport two or three balls, if the contrary
pole of a magnet is brought near it.

ExprrIMENT XX1.—Place an armed magnet
at the magnetic equator and fome diftance from
a magnetic needle, and mark how much it makes
it deviate from it’s fituation. Apply the con-
trary pole of another magnet to the end of the
armed one, and the needle will be more ftrongly
attracted.

V. Let
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V. Ler an Iron Rop BE EXACTLY BALLANCED
AND SUSPENDED ON A PoinT, so as TG
REVOLVE IN A PLANE PARALLEL TO THE
Horizon ; COMMUNICATE THE MAGNETIC
VirTUE TO THIS RoD, AND ONE ExTtrEMITY
WILL BE ALWAYS DIRECTED TOWARDS THE

NorTH.

EXPERIMENT xx11.—Place any of the un-
touched needles in the apparatus on a point, and
it may be fixed, or will remain in any required
fituation ; communicate the magnetic virtue to
it, and it will no longer be indifferent as to 1t’s
firuation, but will fix upgn one, in prefeyence tq
any other, one end pointing towards the north,
the other towards the fouth. ' G

ExprriMesT xxir—Float a magnet on
water by means of cork, and it will place itfelf in
the direction of the magnetic meridian. A
cerclla floated on quickfilver will do the fame,

the magnetic axis conforming itfelf to the direc-

tion of the meridian.
It is not improbable, that in fome future

d it may be difcovered, that moft bodies
Helfed of a polarity, and will afflume direc-
relative to the various affinities of the
nts of which they are compounded. |

5
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The directive power of a touched needle is
of the greateft importance to mankind, as it
enables the mariner to traverfe the ocean, and
thus unite the arts, manufactures, and know-
ledge of diftant countries, rtogether. The fur-
veyor, the miner, and the aftronomer, derive
many advantages from this wonderful pro-
perty.

The mariner’s compafs confifts of three parts,
the box, the card or fly, and the needle.

The card is a circle of ftiff paper reprefenting
the horizon, with the points of the compals
marked on it ; the magnetical needle is fixed to
the under fide of this card; the center of the
needle is perforated, and a cap, witha conical
agate at it's top, is fixed in this perforation ; this
cap is hung on a fteel pin, which is fixed to the
bottom of the box, fo that the card hanging on
the pin turns freely round 1t's center; one of the
points being from the property of the needle
always direCted towards the north pole. The
box, which contains the card and needle, isa
circular brafs box hung within a fquare wooden
one, by two concentric rings called jimbals, fo
fixed by crofs centers to the two boxes, that the
inner one fhall retain an horizontal pofition in
all motions of the fhip. The t;:rp of the inner

box
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box has & cover of glafs to prevent the card from
being difturbed by the wind.*

It has been already obferved, that the ancients
do not feem to have been acquainted with the
diretive power of the magnet.  ‘The only thing
that feems capable of being miftaken for fome
fuch knowledge, is what Jamblichus tells us in
his life of Pythagoras, That Pythagoras took from
Abaris, the Hyperboreap, his golden dart, ‘without
cobich tt was impoffible for bim fo find bis road. But
the authority of the writer, as well as the ob-
fcurity of the paffage, prevents any conclufion
being drawn from it.

Paul the Venetian is faid to have introduced
the ufe of the compafs in 1260, but this is faid
not to have been his own invention, but borrowed
from the Chinefe. P. Gaubil fays, the direc-
tive power of the needle was known to the Chinefe
as early as the year A. D. 223, under-the Dy-
nafty of Haz. But the Abbi Renaudot, in his
Differtation on the Stone, when the Mahomedans
went firft to China, has adduced ftrong reafons

to

* Before the compals ‘was invented, the navigating of
(hips was a tedious and precarious operation, and feldom
performed out 6f fight of land; but this inftrument
enables the mariner to travel over the feas almoft in as dirett
and true a trac, as the land carrier direfs his carriage in a

well beaten road.
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to prove, that the Chinefe knew nothing of the
mariner’s compalfs, till it was intreduced there
by the Europeans. Vertomanus affirms, that A.
D. 1500 he faw an Eaft Indian pilot dire& his
courfe by a compafs, framed and faftened like
thofe ufed in Europe; but this muft be received
with fome caution, as Mr. Barlow, in 1597,
fays that in a perfonal conference with two Eaft
Indians he was told by them, that inftead of our
compafs they made ufe of a magnetical needle of
fix inches or longer, fet upon a pin in a difh of
white China earth filled with water; that in the
bottom of the difh they had two crols lines, to
mark the four principal winds, and that the reft
of the divifions were left to the fkill of the pilot.
But to return to Europe, Mr. Perrault, in his
parallel between the ancients and the moderns,
has cited fome verfes of Guyot de Provins, who
wrote 1n 1180, which fhew diftinétly that the
mariner's compafs was known in the South of
France at that time.
““ There is, ” fays he,
““ A ftar that never moves,
“ And an art that ne’er deceives,
“ By virtue of the compafs,
“ An ugly black ftone
“ Which always attracts iron.”
Though by moft writers the invention of the
3D compals
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compafs is afcribed to Flavio Gein of Analfi in
Campance, who lived about the year 1300. He
is faid to be the firft that applied it to navigation
in the Mediterranean.

Mr. de Lalande informs us, that in ¢ Le tréfor
de Brunet,” a manufcript in the French king's
Jibrary, there is a paffage which proves that the
compafs was made ufe of about the year 1260.

VI. Tur Nsepre or THE MARINER's CoMPAss
DOES NOT POINT EXACTLY TO THE NORTH,
BUT IS OBSERVED TO CHANGE IT'S AZIMUTH,
POINTING SOMETIMES TOWARDS THE EasT,
AND SOMETIMES TO THE WEST OF THE
MERIDIAN,

Fig. 109, N S reprefents the true meridian
Jine; and E W, the eaft and wefl line which is
perpendicular to it ; now the magnetic needle
A B does not direct itfelf fo as to coincide with
the meridian line N S, but feparates itfelf fo as
to form an angle N C B, at prefent of about 22
degrees.

This deviation from the meridian is called
the variation of the ncedle, and is different at
different parts of the world, being weft at fome
places, eaft at others, and in parts where the

variation
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variation is of the fame name, it's quantity is
very different.

Though the dircélive power of the compals
was applied to the purpofes of navigation in the
fourteenth and fifteenth century, it does not
appear, that there were any apprehenfions during
that time of it's pointing otherways than due
north and fouth.

The variation of the compafs is faid to have
been firlt difcovered by Columbus, in his voyage,
the latter end of the fifteenth century, for the
difcovery of that part of the world which is now
called the Weft Indies. But the firft perfon who
difcovered that it was real, and was the {fame to
all needles in the fame place, is generally allowed
to be Sebaftion Cabot. This was about the year
1497-

After the variation was difcovered by Cabot,
it was thought, for a long time, to be invariably
the fame, at the fame places, in all ages ; but
Mr. Gellibrand, about the year 1625, difcover-
ed that it was different at different times, in
the fame place.

From fuccefive obfervations made afterwards,
it appears, that this deviation was nota conftant
quantity, but that it gradually diminifhed, and
at laft about 1660 it was found that the needle
pointed due north at London, and has ever fince

3 D2 been
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been increafing to the weftward of the north.
So that in any one place the variations have a
kind of libratory motion, traverfing through the
north to unknown limits eaftward and weft-
ward.

Dr. Halley in the laft century publithed a
theory of the variation of the compafs. In this
work, he fuppofes that there are four magnetic
poles in the earth ; two of which are fixed, and
two moveable, by which he explains che different
variation of the compafs at different times in
the fame place. But it is impofiible to apply
exact calculations to fo complicated an hypo-
thefis.

Mr. Euler has {hewn, that two magnetic poles
placed on the furface of the earth will fufliciently
account for the fingular figure affumed by the
lines which pafs through all the points of equal
variation in the chart of Dr. Halley.

Mr. Euler firft examines the cafe wherein the
two magnetic poles are directly oppofite; fe-
condly, he places them in two oppofite meridians,
but at unequal diftances from the poles of the
world ; thirdly, he places them in the fame
meridian; finally, he confiders them fituated
on two different meridians. Thefe four cafes
may become equally important ; becaule, if it is
determined that there are only two magnetic

poles,
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poles, and that thefe poles change their fituation,
it imay hereafter be difcovered, that they pafs
through all the different pofitions.

Mr. Euler, after having examined the different
cales, finds that they alfo exprefs the earth’s
magneti{m, as reprefented in the chart publifhed
by Meflrs. Mountaire and Dodfon in 1744, par-
ticularly throughout Europe and North America,
if the following principles are eftablithed.

Between the arttic pole and the magnetic pole
14° 53'. Between the antartic and the other
magnetic pole 29° 23, 53° 18’ the angle at the
north pole formed by the meridian’s pafling
through the two magnetic poles, 250° the lon-
gitude of the meridian, which paffes over the
northern magnetic meridian.

I fhall now give a fhort defcription of a
variation compafs, an inftrument which is ufed to
obferve with accuracy, the deviation of the needle
from the meridian.  To this end it thould poflefs
the following properties.

1. That it may be eafily and accurately placed
in the meridian.

2, It fhould indicate fmall variations of the
needle.

3. That the nonius, which marks the {mall
variation of the needle, may be moved without
difturbing it,

4. That
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4. That the needle may be eafily taken off and
inverted, to dilcover whether the line marked on
the needle coincides with the direction of mag-
netifm in the needle.

Fig. 110 reprefents a variation compafs, wh ich
it is prefumed will anfwer the foregoing purpofes.
It has a glals cover, which is made to flide on
or to be taken off occafionally, two graduated
arches are fixed at each end of the box with a
moveable nonius to each arch, the noniufes are
both moved by means of the milled nut A, with-
out difturbing the fituation of the needle.

The inftrument is placed in the meridian by
a telefcope, whofe line of collimation is parallel
to the zero line of the inftrument. The telef-
cope is to be placed in two forks, inthe manner
advifed by Mr. Magellan in- his Collection de
differens Traites fur des Inftrumens D’Aftro-
nomie, &c. p. 227, where the reader will find
{ome obfervations on the adjuftments, which are
too long to be intreduced im this eilay. When
the inftrument is placed in the meridian, the
method of obferving is to move the northern
nonius till the middle divifion coincides with the
line on that end of the needle; and the nonius
will then fhew the angle that end of the needle
makes with the meridian. 1f the line on the

fouthern end of the necedle coincides with the
middle
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middle divifion of it’s nonius, the foregoing ob-
fervation is fufficient; if not, the fouthern no-
pius muft be moved till it coincides with this
end of the ncedle, and the mean between
the two numbers thus found will be the true
angle.

The needle is fo conftructed, that it may be
readily taken off the cap and inverted, in order
to obferve with the under face of the needle up-
permoft, to difcover whether the line on the
needle is parallel to the direction of the mag-
netifim in the needle,.and hence difcover whether
this line gives the true angle which the direction
of magnetifm makes with the meridian. Hav-
ing made the obfervation as before with both
ends of the needle, invert and obferve what is
now (hewn by the inverted ends of the needle,
and if the line is parallel to the direction of the
magnetifm in the needle, the mean of the ob-
{ervation with the inverted ends will agree with
the foregoing; on the other hand, if it is not
parallel to the direction of magnetifm, but makes
it appear too much when the needle is upright,
it will appear as much lels when inverted, o
that the mean of the foregoing means is the
true angle which the ncedle makes with the zero
line of the compals.

About the year 1722 and 1723, Mr. George
Graham made a great number of obfervations on

4 the
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the diurnal variations of the magnetic ncedle.
In the year 1750, Mr. Wargentin took notice
of the regular diurnal variation of the needle ;
and alfo of it’s being difturbed at the time of
an aurora borealis.  About the latter end of the
year 1756, Mr. Canton began to make obfer-
vations on the variation, and in 1759 communi-
cated the following valuable experiments to the
Royal Society.

The obfervations were made by him for 603
days; on 574, out of thefe, the diurnal variation
was regular. The abfolute variation of the needle
weftward was increafing, from about eight or nine
o'clock in the morning, till about one or two in the
afternoon, when the needle became ftationary for
fome time; after that the variation weftward was
decreafing, and the needle came back agajn
to it’s former fituation in the night, or by the
next morning.

THE DIURNAL VARTATION IS IRREGULAR WHEN
THE INNEEDLE MOVES SLOWLY EASTWARD, IN
THE LATTER PArRT oF THE MORNING, OR
WESTWARD IN THE LATPER PART OF THE
AFTERNOON ; ALSO WHEN IT MOVES MUCH
eITHER WAy ArTER NIGHT, OR SUDDENLY
BOTH WAYS IN A SHORT TIME.

Thefe irregularities {eldom happen more than
once
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once or twice in a month, and are always accom-
panied with an aurora borealis.

The attrattive power of a magnet will de-
creafe while it is heating, and increafe while it
is cooling ; the greater the force of the fame
magnet, the more it will loofe in a given degree
of heat,

ExperimentT xx1v, — About E N E from a
compafs, a little more than three inches in
diameter, Mr. Canton placed a {mall magnet
two incheslong, halfan inch broad, and three-
twentieths of an inch thick, parallel to the mag-
netic meridian; and at fuch a diftance, that the
power of the fouth end of the magnet was but
juft fufficient to keep the north end of the needle
to the N E point, or to 4¢ degrees.

The magnet being covered by a brafs weight
of fixteen ounces, about two ounces of boiling
water was poured into it, by which means the
magnet was gradually heating for feven or eight
minutes; and during that time, the needle moved
about three quarters of a degree weftward, and
became flationary at 44° !; in nine minutes
more, it came back a quarter of a degree, or to
44° 1; but was fome hours before it gained it’s
former {ituation, and ftood at 45°.

g B EXPERIMENT
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ExperIMENT xxv.—On each fide of the com-
pafls, and parallel to the magnetic meridian, he
placed a ftrong magnet, of the fize above-men-
tioned ; fothat the fouth ends of Both the mag-
nets acted equally on the north end of the needle,
and kept it in the magnetic meridian; but if
cither of the magnets was removed, the needle
was attracted by the other, fo as to fland at 45
degrees. 'The magncts were both covered with
brafs weights of fixteen ounces each. Into the
eaftern weight about two cunces of boiling water
was poured; and the needle in one minute moved
half a degree, and continued moving weltward
for about feven minutes, when it arrived at 2°%,
It was then flationary for fome time; but, in
twenty four minutes from the beginning, it came
back to 2°%, and in fifty minutes to 2°. He
then filled the weltern weight with boiling water,
and in one minute the needle came back to 1°%;
in fix minutes more it {tood half a degree eaft-
ward; and after that, in about forty minutes,
it returned to the magnetic north, or it’s firft
fituation. :

It is evident, that the magnetic parts of the
earth in the north on the eaft fide, and the mag-
netic parts of the earth in the north on the weft
fide of the magnetic meridian, equally attract

the north end of the needle, If then the eaftern
magnetic
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magnetic parts arc heated fafter by the fun in
the morning, than the weftern, the ncedle will
move weftward, and the abfolute variation will
increafe ; when the attralling parts of the earth
on each fide of the magnetic meridian have their
heat increafing equally, the needle will be fta-
tionary, and the abfolute variation will then be
greateft; but, when the weftern magnetic parts
are either heating falter, or cooling {lower than
the eaftern, the needle will move eaftward, or
the abfolute variation will decreafe; and when
the caftern and weftern magnetic parts are cool-
ing equally faft, the needle will again be fta-
tionary, and the abfolute variation will then be
leaft. This may be ftill further illuftrated, by
placing the compafs and two magnets, as in the
laft experiment, behind a fcreen near the middle
of the day in fummer; then, if the fcreen be fo
moved, that the fun may fhine only on the
eaftern magnet, the needle will fenfibly vary in
it’s direction, and move towards the weft; and
if the eaftern magnet be fhaded, while the fun
thines on the weftern, the needle will move the
contrary way. By this theory, the diurnal va-
riation in the fummer ought to exceed that in
the winter ; and we accordingly find by obfer-
vation, that the diurnal variation in the months

3E 2 of
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of June and kly is almoft double that of De-
cemberand January.

The irregular diurnal variation muft arife
from fome other caufe than that of heat com-
municated by the fun: and here we muft have
recourfe to fubterranean heat, which is gene-
rated without any regularity as to time, and
which will, when it happens in the north, af-
fect the attractive power of the magnetic parts
of the earth on the north end of the needle.
The Reverend Dr. Hales has a good obferva-
tion on this head, in the Appendix to the fecond
volume of his Statical Effays, which I {hall here
tranfcribe.  “ That the warmth of the earth, at
« fome depth under ground, has an influence
“in promoting a thaw, as well as the change of
« the weather from a freezing to a thawing ftate,
« is manifeflt from this obfervation; viz. Nov.
« 27, 1731, a little fnow having fallen in the
“ night, it was, by eleven the next morning,
« moftly melted away on the furface of the earth,
« except in feveral places in Bufhy-Park, were
“ there were drains dug, and covered with earth,
“ where the fnow continued to lie, whether
¢ thofe drains were full of water, or dry; as
“alfo where elm-pipes lay under ground ;
«a plain proof that - thefe drains intercepted

$:the 3
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,
¢« the warmth of the earth from afcending from
¢« greater depths below them; for the fnow
“lay where the drain had more than four
¢ feet depth of earth over it. It continued
«alfo to lie on thatch, tiles, and the tops of
‘“ walls.”

That the air neareft the earth will be moft
warmed by the heat of it, is obvious; and this
has frequently been taken notice of in the morn-
ing, before day, by means of thermometers at-
different diftances from the ground, by the Re-
verend Dr. Miles, at Tooting, in Surrey; and
is mentioned in p. 526, of the 48th volume of
the Philofophical Tranfaltions.

The aurora borealis, which happens at the
time the needle is difturbed by the heat of the
earth, is fuppofed to be the cleiricity of the
heated air above it; and this will appear chiefly
in the northern regions, as the alteration in the
heat of thofe parts will be greateft. This hy-
pothefis will not feem improbable, if it be con-
fidered, that electricity is now known tobe the
caufe of thunder and lightning ; that it has been
extracted from the air at the time of an aurora
borealis; that the inhabitants of the northern
countries obferve the aurora to be remarkably
{trong, when a fudden thaw happens after fe-
vere cold weather; and that the curious in thefe

matLcrs
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matters are now acquainted with a fubftance,
that will, without friction, both emit and ab-
forb the electrical fluid, only by the increafe or
diminution of it’s heat: for if the Tourmalin
be placed on a plane piece of heated glafs, or
metal, fo that each fide of it, by being perpen-
dicular to the furface of the heating body, may
be equally heated, it will, while heating, have
the ele@ricity of one of it's fides pofitive, and
that of the other negative ; this will likewife be
the cafe when it is taken out of boiling water,
and fuffered to cool ; but the fide that was pofi-
tive while it was heating, will be negative while
it is cooling, and the fide that was negative,
will be pofitive,

Ir A NEEDLE, WHICH IS ACCURATELY BALLANCED
AND SUSPENDED SO AS TO TURN FREELY IN
A VERTICAL PLANE, BE RENDERED MAGNETI-
cal, THE NorRTH POLE WILL BE DEPRESSED,
AND THE SouTH POLE ELEVATED ABOVE THE
Hor1zon. Tars PROPERTY IS CALLED THE
Di1pr or THE NEEDLE.

Fig. 111, HO reprefents an horizontal line
placed in the magneric meridian de, a line at
right angles to it, b 2 the fituation a needle would
talie at London with refpect to the horizon,

making



MAGNETISM. 423

-making with the horizontal line an angle of 72
with the vertical line.

This property was difcovered by Robert Nor-
man, abaut the year 1576. We fhall give the
account of the difcovery in his own words.

“ Having, fays he, made many and divers
compalfles, and ufing always to finith and end
them before I touched the needle, 1 found con-
tinually chat after I had touched the yrons with
the ftone, that prefently the north point thercof
would bend or decline downwards under the _h:}-
rizon in fome quantity ; infomuch, that to the
flie of the compafs, which before was made
equal, I was ftill confirained to put fome fmall
piece of wax in the fouth part thereof, to coun-
terpoife this declining, and to make it equal
again.

““ Which effet having many times pafled my
hands without any great regard thereunto, as
ignorant of any fuch property in the ftone, and
not before having heard nor read of any fuch
matter; it chanced ai iength that there came to
my hands an inftrument to be wade, with a
needle of fix inches long, which needle after I
had polifhed, cut off at juft length, and made
to ftand level upon the pin, fo that nothing
refted but only the touching of it with the ftone =
when I had touched the fame, prefently the

north
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north part thereof declined down in fuch fort,
that being confirained to cut away fome of that
part to make it equal again, in the end I cut it
too thort, and fo fpoiled the needle wherein 1
had taken fo much pains.
¢ Hereby being ftroken into fome cholar, I
applied myfelf to feek further into this effect,
and making certain learned and expert men (my
friends) acquainted in this matter, they adviled
me to frame fome inflrument, to make fome
exact trial, how much the needle touched with
the ftone would decline, or what greateft angle it
would make with the plane of the horizon.”
Thus far Mr. Norman. :
The dipping needle, reprefented fig. 112, wa
- conftructed by Dr. Lorimer, and is defcribed in
the Philofophical Tranfactions, vol. Ixv. part1,
page 81. It appearsto me better calculated for
the fea fervice than any other I have feen; 1t is
lefs liable to be affe¢ted by the motion of the
thip, than thofe whichare {ufpended by gimbols
fixed to the upper part of the inftrument, befides
other advantages which are derived from the
double motion of the needle. The needle a4
plays vertically upon . it’s own axis, which has
two conical points, which are inverted into the
oppofite fides of the upright parallellogram ¢ d;
inte this parallellogram, and at right angles to
6 it,
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it, a flender brafs circle £ g b is fixed ; this cir-
cleis filvered and graduated to every half degree
upon which the needle thews the dip: this, for
the lake of diftinétion, is called the circle of the
magnetic inclination. The brafs parallellogram,
and conlequently the circle of inclination alfo,
turns horizontally upon two other points, the
one above and the other below, in correfponding
fockets in the parallellogram ; thefe points are
fixed in a vertical circle / 7, which is of fuch a
~diameter as to allow the circle of inclination and
parallellogram to move within it. This fecond
circle may be called a general meridian; it is
not graduated, but has a fmall brafs weight fixed
to the lower part of it, to Keep it uprighr, and
the circle itfelf is fcrewed at right angles, into
another circle of equal external diameter, which
is filvered and graduated on the upper fide to
every half degree. It reprefents the horizon, as
it fwings freely upon gimbols, and is always
nearly parallel to it.

The ufe of this inftrument is very plain, asthe
inclination or dip is at any time apparent from
infpection, and alfo the variation, if the frame
1s turned round till the great vertical lines meer
exactly in the plane of the true meridian: for the
circle of inclination being always in the needle’s
vertical plane, the edge of it will evidently point

1 3 out
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out upor the horizon the variation E or W.
But at {ea, when there is not too much motion,
you tura the frame round, till the vertical circle
is in the plane of the fun’s rays; thatis, till the
{hadow of one fide of it juft covers the other,
and the edge of the circle will then give the mag-
netic amplitude, if the fun is rifing or fetting,
but the azimuth at all times of the day ; and the
true amplitude or azimuth being found in the
ufual way, the difference is the variation. If the
motion is confiderable, obferve the extremes of
vibration, and take the mean for your magnetic
amplitude or azimuth. This inftrument has a
conftant power in itfelf, notonly of fetting itlelf
in the proper pofition, but alfo of keeping itfelf
fo; or of reftoring itfelf to the fame fituation,
if at any time it has loft it; and it is curious to
fee how, by it’s double motiom, it counteracts, as
it were, the rolling motion of the veflel. The
degrees fhewn by each end of the needle fhould
be attended to, and the medium taken for the
true dip or variation: alfo apply a good artificial
magnet in fuch manner as to turn the parallel-
logram and circle of inclination half way round
horizontally, fo that the end of the axis of the
needle, which before pointed to weft, {hall now
point to the eaft ; and obferve where the needle
ftands, and if it differs from the preceding ob-

fervation,
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{ervation, take the mean, which will be found
as near the rruth as it is poflible for any inftru-

ment o give.

DESCRIPTION OF A TERELLA AND OF THE
MacNETISM OF THE EARTH.

If a touched needle is placed near a magnet,
it’s direftion to the magnetic ncedle is fufpen-
ded, and it affumes a direction relative to it’s
Gtuation and diftance from the poles of the
magnet.

ExperiMeNT xxvi.—Place a fmall needle on
the pointed end of the brafs ftands, and then
bring it near the magnet, and the needle will
direct itfelf differently, according to the diftance
from the poles of a magnet ; or,

Move the fmall dipping needle over a magnet,
and by it’s varied fituations it will illuftrate the
foregoing obfervation ; or,

Thefe relative fituations and tendencies may
be pleafingly obferved, by placing feveral touch
ed needles round a magnet at the fame time.

Fig. 113, A B reprefents a magnet, B the
north pole, A the fouth ; 42, éa, ba, &c. feveral
fmall magnetic needles placed round the fouth
pole of the magnet ; ab, ab, ab, fimilar needles

3 F 2 iﬂa(.‘ﬂd.
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placed round the north end ; « the north pole of
thefe needles, & the fouth pole, ¢ the center on
which they turn.  IFrom this experiment may be
derived others, accurately inveftigating the
nature of the magnetic curves.

Now, if the earth is a great magnet, or if a
large magnet is placed within it, we fee from
the foregoing experiment, that magnetic needles
placed on it's furface would have different direc-
tions in different places, which is conformable
to experience; and the apparent irrcgularities
in the variation of the needle muit be occafioned
by the fituation of the magnetic poles of the
earth.

If the magnetic poles agreed with thofe of the
earth, there would be no variation, and the mag-
netic needle would point to the true north and
fouth. If the axis of the magnetic poles pafled
through the center of the earth, it-would be eafy
to afflign the quantity of the variation at every
place; but as this is not the cafe, to account
regularly for the variation, it would be ncceffary
to know the cxaét fituation of the magnetic poles
of the carth, their number, force, and diftance
from the real poles, whether they fhift their
place, and if they move, the quantity of motion
every year.

Dr. Haller fuppofed the earth to be an hollow
{phere,
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fphere, with an internal nucleusin the cavity; he
looked upon cach part (the external and inter-
nal) to be a feparate magnet endowed with two
poles, and whofe magnetical axes were not coin-
cident. A compafs needle on the furface of the
globe would be acted upon in the fame manner
as it would be by a magnet with four poles, and
thus explains the variation. But as the variation
changes in procefs of time, he fuppofed that the
poles do not keep the fame pofition with refpe&t
to the furface of the earth and one another, and
accounted for this motion, by fuppofing that the
diurnal motion of the earth was impreffed from
without, and that the velocity of the internal
part was lefs than the external. Therefore the
nucleus would feem to turn {lowly towards the
weft, and it’s poles defcribe fmaller circles round
the poles of the earth.  And as the relative pofi-
tion of the four magnetical poles to each other,
and to the poles of the earth, is changed, fo muft
the diretion of the needle be varied.

Mr. Euler, who has confidered the fubject in
every point of view, and treated it with greater
perfpicuity than any other writer, fees no reafon
for adopting fo laborious and complicated an
hypothefis. He thinks that every thing may be
accounted for by two magnetic poles which are
not dircflly oppofite to each other, or whofe

magnetic
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magnetic axis does not pafs through the axis
of the earth, whereby he avoids many difficul-

ties with which the other theory is incumbered.
In order to inveftigate the phenomena of the
variation and the dip of the needle, Gilbert, who
fuppofed the earth to be a magnet, ground a
loadfione into a round figure, like a globe, which
he called a terella or little earth, as it exhibited
in fome degree the fame phanomena which take
place on the different parts of the furface of the
earth. But little progrels, however, was made
with -this inftrument, as it did not fufficiently
correfpond with the nature of the earth’s mag-
netifm. It has fince received feveral improve-
ments from Mr. Magellan, but ftill remained
very defetive. The following 1improvement
by Dr. Lorimer will, T hope, prove of eflential
{ervice, in difcovering the laws by which the
myfterious properties of the magnet are directed.
This terella confifts of a twelve inch terreftrial
globe, fo contrived that the two hemifpheres
may be feparated or united at pleafure. Twe
ftrong artificial magnets are placed within the
globe, in correfponding fockets at the center of
cach hemifphere, but fo fitted, that while they
alt as one magnet, their extremities or ends may
be placed in various pofitions, and moveable to
any latitude within 30 degrees of the pole, and
are
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are likewife moveable round the axis to any de-
gree of latitude at pleafure.

Mr. Savery has adduced feveral inflances to
fhew the force and action of the earth’s mag-
netifm ; among others, that it will fupport {mall
picces of iron. He hung up a bar of iron, about
five feet long, by a loop of {mall cord, at the
upper end, and then carefully wiped the lower
end, and the point of a nail, that there might
be no duft or moifture to prevent a good con-
taft; then holding the mail under the bar, with
it’s point upward, he kept it clofe to the bar,
holding only one finger under it’s head for the
fpace of thirty or more feconds, then withdraw-
ing his finger gently downwards that the nail
might not vibrate ; if it fell off, he wiped the
point as before; and tried fome other part of
the plane at the bottom of the bar. If the ends
are fimilar, and the bar has no permanent vir-
tue, it is indifferent which end is downwards ;
if it has an imperfect degree of polarity, one end
will anfwer better than the other.

ExperIMENT xxvir.—The upper end A of 2
long iron rod, which has no fixed polarity, will
attraét the north end of a magnetic needle; the
under end B repels the north end of the necdle;
invert the iron bar, and the end B, which is

4 noaw
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now the upper one, will attract the north pole
of the needle that it repelled before ; the cafe is
the fame, if the bar is placed horizontally in the
magnetic meridian, the end towards the fouth
will be a north pole.

Iron bars of windows, which have remained
long in a vertical polition, acquire a fixed po-
larity. Mr. Lewenhock mentions an iron crofs,
which bad acquired a very ftrong polarity.
Mr. Canton propoled to make artificial magnets
without the affiftance of natural ones; but in
this he was miftaken, for his poker and tongs
were natural magnets, and had their verticity
fixed by being heated and cooled in a vertical
pofition ; and an iron or fteel bar, though with-
out a verticity, while it remains in that pofition,
exerts a polarity, and is able to communicate a
fixed verticity to the fmall bar, and is therefore
for the time a natural magnet. And further,
every iron bar, from the larget fize to a fix-
penny nail, will exert this power when treated as
above mentioned. But how this power is raifed
{o foon to a degree greatly exceeding that which
communicated it, we do not know ; nor is it more
eafy to account for the facility with which the
magnetic power is withdrawn by a friction con-

trary to that which gave it.

THE
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Tue MagNETIC MATTER MOVES IN A STREAM
FROM ONE POLE TO THE OTHER, INTERNALLY,
AND IS THEN CARRIED BACK IN CURVED
LINES, EXTERNALLY, TILL IT ARRIVES AGAIN
AT THE POLE, WHERE IT FIRST ENTERED, TO
BE AGAIN ADMITTED.

ExperimenT xxvirr.—Put one of the glafs
panes over a magnetical bar, fift {teel filings on
the glafs, then ftrike the glafs gently, and the
filings will difpofe themfelves in fuch a manner
as to reprefent, with great exactnefs, the courfe
of the magnetic matter. The curves by which
it returns back to the pole, where it firft en-
tered, are allo accurately exprefled by the ar-
rangement of the filings. The largeft curves
rife from one polar furface, and extend to the
other; they are larger in proportion as they rife
nearer the axis or center of the polar furface;
the curves, which arife from the fides of a mag-
netical body, are interior to thofe which arife from
the polar furfaces, and are fmaller and fmaller in
proportion to their diftance from the ends. That
the magnetic matter does move back, in a direc-
tion contrary to that with which it paffes through
the magnetical body, is confirmed by it’s action
on a fmall compafs needle, when prefented to

it at different places. See fig. 103.
3G The
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The greater the diftance is between the poles

of a magnet, the larger are the curves which
arife from the polar furface.

Tue 1MMEDIATE CAUSE WHY TWO OR MORE
MAGNETICAL BODIES ATTRACT EACH OTHER,
fs THE PASSAGE OF ONE AND THE SAME Mac-
NETICAL STREAM THROUGH THEM,

ExPERIMENT XXIX. — Let two magnets be
placed at {fome diftance from each other, the
fouth pole of one oppofed to the north pole of
the other, lay a pane of glafs over them, and
fprinkle it with fteel filings, then ftrike the pane
gently with a key, and the filings will arrange
themfelves in the direction of the magnetic vir-
tue. The filings which lay between the two po-
lar {urfaces, and near the common axis, are dif-
poled in ftrait lines going from the north pole
of one, to the fouth pole of the other: the pares
being now in the fame dire &ion, fo that the fluid
which pafies through A B, fig. 104, finds the
pores at the pole 2 open to receive them, it will
therefore pafs through this, and coming out at
b will turn towards A, to continue it’s ftream
through the magnet, and thus form one atmo-
fphere or vortex, which prefled, on all fides, by
the elaftic force of the other, carries the magnets

towards
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towards each other. At different diftances from
the axis the filings delcribe regular curve lines,
which run from one pole to the other, and di-
verge from each other in moving from the fouth
pole, till they come half way ; they then con-
verge more and more, till they arrive at the
north pole. If the oppofed poles are diftant
from each other, fome arches will pafs from one
pole to the other of the fame magnet; fewer
will be formed in this manner if they are brought
nearer together, and more will proceed from one
magnet to the other; the f{tream of the mag-
netic matter will feem more concentrated and
abundant.

ExperiMentT xxx.—While the magnets re-
main in the foregoing polition, place a (mall
untouched bar or necedle in the ftream of the
magnetic virtue; this will pafs through it, and
give it a polarity in the direction of the fircam.

ExperiMENT xXX1.—On the fame principle,
a large key, or other untouched piece of iron,
will actract and fupport a {mall piece of iron,
while it 1s within the {phere of action of the pole
of a magnet, but will let them fall wh‘en it is out
of the magnetic ftream.

G2 EXPERIMENT
3
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ExPERIMENT Xxx1L.—A ball of foft iron, in
contact with a magnet, will attract a fecond ball,
and that a third, till the fiream becomes too
weak to [upport a greater weight.

ExperiMENT Xxx11I.—Place two magnets
parailel to the horizon with two poles of the fame
name oppofed to each other, and their diitance
1n proportion to the ftrength of the magnets ; {uf-
pend a needle nicely ballanced on a thread be
tween them, and either pole will attraét the
needle notwithflanding their mutual repulfion.

Experiment xxxrv.—Put into motion one
of the fmall whirligigs with an iron axis, and then
take it up by a magnet; it will preferve it’s
rotatory motion much longer than if it were left
to whirl on the table; a fecond and a third whir-
ligig may be fufpended one under another, ac-
cording to the ftrength of the magnet, and yet
continue in motion.

‘ExperiMent xxxv.—Place a magnet upon
each of the brafs ftands, with their poles of
contrary names oppofed to each other, and a
pleafing chain of iron balls may be {fufpended
between them. Prefent either pole of another
magnet towards them, and they will fall down.

EXPERIMENT
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ExperiMENT xxxvI.—Place two bars in a
line with the north end of one to the {outh end of
the other, and about one third the length of the
bar diftance from each other, to which diftance
the power feems to be feparated in moft bars ;
place the glafs panes on thefe bars, and then fift
the filings over them, and they will range them-
felves between the bars, in the fame manner
they are ranged about the middle of each
bar; fhewing that when the powers are fepa-
rated to this diftance, they act much in the
fame manner as when they are feparated in the
fame bar.

MacnNeTic REPULSION ARISES FROM  THE
AccumurLaTioN oF THE Macneric Fruip,
AND THE RESISTANCE FORMED TO IT's En-
TRANCE IN THE MAGNET.

ExperiMenT xxxvir.—Ifthe two poles of the
fame name of two magnets are brought near to
cach other, and placed under a pane of glafs, on
which iron filings have been firewed, the filings
will be difpofed into curves, which feem to turn
back from each other towards the oppofite pole.
The fluid, which proceeds from B, fig. 103,
meeting with refiltance from the pores at D, is

forced
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forced to turn back, and circulate round it’s own
magnet, and thus form two atmolpheres, which
act againft each other, in proportion to the force
and quantity of the fiream which paffes through
the magncts.

ExperiMeENT xxxvii.—Take a fteel needle,
with a very fine point, and rub it from the eye to
the point five or fix times with the north pole of
a magnetic bar; the eye will be the north, and
the point the fouth pole of the needle.

The attraction and repulfion of magnets is
not hindered or increafed by the interpofition of
any body whatever.

ExperIMENT xxx1X.—Dip one point of the
needle in fteel filings, and it will take up a con-
fiderable quantity. Take the magnetic bar in
one hand, and the needle with the filings in the
other, hold them parallel to the horizon, with
the point of the necdle near the fouth pole of the
magnet, and the fteel filings will fall from the
point of the needle; as foon as the filings drop
off from the point, withdraw it from the fphere
of action of the magnet, and the point will be fo
far deprived of it’s attractive quality, that it will
not again attract the fteel filings. If the needle
is not taken away, butcontinues for a few minutes

6 about
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about half an inch from the bar, the polarity of
the needle will be changed.*

ExperiMenT XxL.—Place two magnets clofe
to each other, with the north and fouth poles
conjoined together, in this fituation the magnetic
power is fo far counteracted or condenled, as to
have very little effe@ on iron, hardly {uftaining
the {malleft piece ; feparate the magnets half an
inch, and they will fupport a piece of iron ; clofe
them, and they will let it drop.

ExperiMENT Xt1—Sufpend two fewing needles
from the pole of a magnet, and the needles will
diverge ; the repulfion will be augmented by the
addition of another magnet; it is alfo increafed
by applying a bar of iron to the oppofite pole of

the magnet, and diminifhed by applying it to the
fame.

ExpcriMeNT xrir.—DBring a bar of iron
towards the extremity of the needles, and their
repulfion will be augmented.

ExperiMeNT xLiir.—Sufpend by a thread
the light cylindrical bar G D, fig. 114, which
has a round head at each end, and place it at a

little
* Farther Proofs, &c. by Mr Lyon, p. 6o.
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little diftance from the magnet M, then bring
an iron wire EE, near the lower head D, and
the cylinder will be repelled, but will be attract-
ed by the fame wire if it is brought near the
upper head.

ExperimeNT xr1v.—Hang a number of
balls to cach other, by applying the firft to the
north pole of a magnet, prefent the fouth pole of
another magnet to one of the middle balls, and
all thofe below it will thereby be deprived of the
magnetic ftream, and fall afunder; the ball to
which the magnet wasapplied will be attracted by
it, and all'the others will remain fufpended. If
the north end of the magnet be prefented, then
the ball, to which it is applied, willalfo drop.

A fingular fa& is related by fome ancient
writers on magnetifm: ‘Thatif two loadftones,
a ftronger and a weaker, have their repellent
poles brought together, the weaker will have it’s
power confufed, and will not come to itfelf for
fome days ; the polarity of the part, in contact,
becomes inverted by the ftronger power ; bur as
that power reaches but a little way beyond the
polar furface, the unaltered power, in the remain-
ing part of the ftone, is able, by it's contrary
force, to reftore the confufed part of the ftone in

a few days.
It
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It does not appear that there is any certain
Jaw of attraction peculiar to magnetifm 3 for in
different pairs of magnets, the force will vary
at different diftances. The magnetic attraction
is not to be computed from the center of the
magnets, but from the center of the pole.*  «~

Though many experiments have been made to
difcover, whether the force by which' two
magnets are repelled or attracted, acts only to a
certain  diftance; whether the degrees of it’s
action within, and at this diftance, is uniform or
variable, and in what proportion, to the diftances
it increafes or diminifhes; yet we can only infer
from them, that the magnetic power extends
further at fome times, than it does at others,
and that the {phere of it’s action is variable.

The {maller the loadftone or the magnet is,
the greater is it's force, ceteris paribus, In
proportion to it’s fize. When the axis of a
magnet is fhort, and of courfeit’s poles very
near, their action on each other weakens the
magnetic force. A variety of other caufes will
alfo occafion great irregularity in the attrattion
of magnetifm. If one end of a magnet is dipped

in fleel filings, we fhall find that they areévery
s H feldom

* The magnetic effcfts of the cnntrar}r pnlc muft be alfo
confidered in eftimating the forces of magnclic attraétion and
m[mlﬁuﬂ,
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feldom diftributed with uniformity, but difpofed
in little tufts, fome places more thick than others.
The force of magnetic attraction between the
fame magnets, and at the fame diftance, may
be varied by turning the magnets on their axis,
and making different parts of the polar furfaces
regard each other. If a firong magnet be applied
to a weaker, a kind of repulfion feems to take
piace even between two poles of the fame name,

but it’s force is overpowered by the attraction of
the ftronger.

ExperiMent XLv.—If a touched needle is
placed near a magnet, it’s direction to the mag-
netic meridian is fufpended, and it afflumes a
dire&tion relative to it’s fituation and diftance
from the poles of the magnet. Place a {mall
needle on the pointed end of one of the brafs
ftands, and then bring it near the magnet, the
needle will dire& itfelf differently, according to
it’s diftance from the poles of the magnet. Thele
relative fituations and tendencies are more
pleafingly obferved by placing feveral touched
needles round the bar at the fame time. The
motion of the fimall dipping needle further
illuftrates this propofition. From the three laft
experiments various others of confiderable im-
portance may be derived for accurately invelti-

6 gating,
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gating the curves, according to which the
magnets a&, and illuftrating further fome of the
intricate branches of magnerifm.

The northern magnetifm is deftroyed by the
communication of the fouthern, and wice verfa.
Hence it is clear, that the two magnetic powers
counteract each other, and that if both be
communicated to the fame arm of a magnet, the
magnetifim acquired by the arm will be that of
the ftrongeft, and as the difference between the
two powers.

Two f{trait magnets will not be weakened, if
they are laid parallel to one another, with poles
of the oppofite denomination correfponding to
each other, the ends being connelted together
by pieces of iron, which will keep up and facili-
tate the circulation of the magnetic fluid through
them ; but they thould never be fuffered to touch
each other, except when they lie in the fame
direftion, and with poles of contrary names.

A fingle ftrait magnet fhould be always kept
with it’s fouth pole towards the north, or down-
wards, in the northern magnetic hemifphere,
and vice verfa in the {fouthern hemifphere. Iron
fhould never be lifted but by the fouth pole of
a ftrait magnet in this hemifphere of the world.

Every kind of violent percuflion weakens
the power of a magnet; a ftrong magnet has been

3 H3 entirely
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entirely deprived of it’s virtue by receiving {everal
{mart ftrokes of a hammer ; indeed, whatever
deranges, or difturbs the internal pores of a
magnet, will injure it’s magnetic force, as the
bending of touched iron, wires, &c.

ExperiMent xivi,—Fill a {mall dry glafs
tube with iron filings, prefs them in rather clofe,
and then touch the tube as if it was a fteel bar,
and the tube will attratt a light needle, &c.
fhake the tube fo that the fituation of the filings
may be difturbed, and the magnetic virtue will
vanifh,

ExperiMenT xLvii.—But though a violent
. percuffion will deftroy a fixed magnetifm, yet
it will give polarity to an iron bar which had
none before ; for a few fmart ftrokes of an hams-
mer, on an iron bar, will give it a polarity, and
by hitting firft one end of the bar, and then the
other, while it is held in a vertical fituation,
the poles may be changed. Twift a long piece of
iron wire backwards and forwards [everal times,
then break it off at the twifted part, and the
broken end will be magnetical.

ExrrriMeyt xiviin—If a magnet be cut
through the axis, the fegments, which were
joined
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joined ‘before, will avoid and fly from each
other.

ExperIMENT XLIX.—If a magnet is divided.
by a fection perpendicular to the axis, the parts’
which were joined before will have acquired
contrary poles, one north, the other fouth, thus
generating a new magnet at every {ection.

From thefe, and fimilar experiments, Mr.
Eeles infers, that magnetifm confifts of two
different diftinét powers, which in their natural
{tate are conjoined, and exert but little {enfible
action, and ftrongly attraét each other at all
times ; but when they are feparated by force,
they act like thofe of electricity ; for if mag-
netifm is excited in two different pieces of fteel
by the fouth pole of a magnet, the ends repel
each other; but if one piece be excited by the
north pole, and another by the fouth, they will
attract each other. He further {uppofes, that a
magnet attracts, and is attracted, not entirely
according to it’s own {trength, but according to
the quantity of iron to be attracted; and that
magnetifm is a quality inherent in all iron, and
of which it cannot be diveflted ; for fire, which
will deftroy a fixed magnetifm, does not deprive
it of it’s nmatural quantity; on the contrary, it
will give it a polarity, or fixed magnetifm, ac-

cording
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cording to tie manner of heating or cooling of
the iron.

The powers of magneti{m, like thofe of elec-

_tricity, are excited and feparated by friction.

This eifect is wonderful in both, but more {o in
magnetifm, where two powers, naturally attract-
ing each other, remain feparated in the fame
fteel bar for many years, and yet they may be
reduced to their natural ftate by the friction of
two other magnets, acting in a contrary order to
that by which the poles were originally fepa-
rated,

Magnetifm and electricity aét ftrongeft at
corners, edges, and points.

Magnetifm may be communicated to a fmall
fteel needle, by paffing the difcharge of a large

battery through it.
The difcharge of a battery through a {mall

magnetic needle will fometimes deftroy the mag-
netifm, and at other times invert the poles of the
magnet, which has alfo been frequently effected

by lightning.*

ExperiMenT L.—Place a magnet M, fig.
11¢, at a given diftance from the needle A B,
fig. 115, that it makes the needle deviate from
the meridian N C to C B, forming an angle N

Chb

* See Effay on Eleftricity, p. 150.
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C B of 40 degrees. Now apply a bar of iron I
to the magnet M, fo that it may be perpendicular
toit, but only covering half the breadth of the

magnet, and the ncedle will go back to 30
degrees.

ExperiMenT r1.—Place on the other fide a
bar Y, exactly fimilar to the bar I, and fituated
in the fame manner ; the needle will be very litle
affe(ted, nay, by altering alittle the fituation of
the bar, the needle will not be at all affected by
1t.

Remove the bar Y from the magnet by a
parallel motion, and the needle will approach
{till nearer the meridian, or, in other words, the
action of the magnet will be weaker.

ExperiMent vir.--Place a magnet M, fig.
116, at fome diltance from the needle A B, and
parallel to the magnetic meridian N S, the
needle will deviate from it’s fituation ; now
approach flowly towards the needle with a bar
of iron, moving it in the equator of the needle,
and the attraction of the needle to the magnet
will be diminifhed, till a fmall part of g of the
iron bar gets beyond the magnet ; when it’s action
will be confiderably increafed, and the needle
more ftrongly attracted.

ExpErIMENT
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ExperiMenT prrr.—Place a magnet fo that it
may attratt a needle by it’s fouth pole, place one
end of a bar of iron on the north pole of the mag-
net, and it will immediately attract the needle
with more force. ”

ExperIMENT Liv.—Place a ftrong magnet at
fome diftance from a magnetic needle, fo that
it may cither not act on the ncedle or elfe make
it deviate only a certain quantity from the meri-
dian ; apply a bar of iron to the magnet, placing
the bar between it and the needle, and the needle
isimmediately agitated. |

ExperiMenT Lv.—Lct the magnet be placed
fo near to the needle as to produce a fenfible
effec® on it, then place the bar of iron on the
pole of the magnet, defcribe a circle with the
bar of iron, and the action of the magnet ap-
pears to be weakened, and the needle returns to
the firuation it had before the magnet was placed

near 1it.

ExpsriMenT Lvr.—Place a bar of iron be-
tween a magnet and the needle, fo that it may
be perpendicular to the magnet; and the needle

endeavours to recover it's true fituation, and
' even
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MAGNETICAL RECREATIONS.
Box or MetTalLs.

HIS box contains five metallic tablets, of

the fame fhape and fize, that they may be
placed indifcriminately into fimilar holes made
in the bottom of a box. One of the tablets is
gile to reprefent gold, the fecond is filvered to
reprefent filver, the third is of copper, the fourth
of tin, and the fifth of lead. A fmall magnetic
bar is inclofed in each of thefe pieces of metal,
but is placed in a different fitvation in each piece.
Another part of the apparatus is a fmall mag-
netic perfpective, furnifhed at bottom with a
magnetic needle, fimilar to thofe in fmall com-
pafles; a piece of paper is pafted at the bottom
of the perfpective on the infide, on which are
marked the initials of the different metals ; thefe
initials are fo placed as to correfpond with the
magnets which are inclofed in the metals. It
this peripeflive be placed over any of the tablets,
{o that the north and fouth line is perpendicular
1o the front of the box, the needle will point to
the initial letter of the metal over which it is
g 3 placed.
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placed. ~Prefent the box to any onc to difpofe of
the tablets as he pleafes, then to {hut the box,
and to return it you ; when by means of the per-
fpedtive you will be enabled to tell him how he
has placed them. :

CommuNnicaTIVE MIRROR,

This apparatus confifts of the perfpective and
ftand reprefented NOLMK, fig. 118, four
tablets as R, and a fmall box A B with a drawer
to hold one of the tablets.

A fmall circular card with a touched needle,
and on which are placed four pictures at right
angles to each other, plays ona pivot in the
foot MK of the perfpettive. Over part of this
card is a hole, the center of which coincides
with the center of thetube L N. An inclined
mirror is fixed in the perfpective N O, fo as to
be directly over the above-mentioned hole.
There are allo four tablets, on each of which a
{mall pi€ure is pafted fimilar to thofe on the
card, and a magnetic bar inclofed in each. If
one of thefe is placed in the drawer of the box
A B, and the perfpecive over that, as in fig. 118,
and the fore part is then preffed down to difen-
sage a fpring which is within the foot, then will

the card place itfelf fo as to correfpond with the
312 tablet
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tablet in the drawer, and a fimilar figure will be
fecn by looking in at the eye end of the per{pec-
tive. Confequently, if you prefent the four tablets
to any perfon, defiring him to place any one of
them in the drawer and conceal the others, then
fhut the drawer and return it; now place the
perfpedtive in a box, and prefling the part T as
above-mentioned, and you may fhew him the
figure on the tablet he placed in the drawer, in
the eye end of the perfpective.

Thefe, and many other recreations of this kind
will be found in * Hooper's Rational Recre-
ations,”” the greater part of which I have executed
with improvements.

Or THE AcTION OF THE MAGNETIC ATMOSPHERE,

The pole of a magnet produces, on the part of

a bar to which it is applied, the pole of a con-~
trary name : therefore, if two bars fully touched
have the poles of the fame name joined together,
they tend to produce oncach other a force of a
contrary name to that with which they are en-
dowed ; and this effect will diminith the polar
force of ecach bar; confequently the magnetic
force of each longitudinal element of an artificial
ragnet diminifhes as it’s bulk is increafed, and
the total force u_:)f two magnets fully muci_zcd, ang}
| of
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of the fame length but unequal in bulk, will be
in a lefs ratio than that of their mafs.

If the magnet does not touch the bar, but is
held at fome diftance from it, the phznomena
will be the fame ; but the bar will acquire lefs
magnetifm than when it was in contact with the
magnct.

Fach point of a magnet may be Tooked on as
the pole of a fmaller magnet, tending to produce
on the points of the magnet a force contrary to
it’'s own. The effect of this tendency will be
greater, in proportion to the force of the point,
and it’s nearnefs to thofe pointson which it alts;
and the force of a magnet will depend on the
reciprocal action of thele points on each other.

The action of a magnetic point is increaled
according as the intenfity of the other points on it
“ipcreafes, as their number is greater, and their
diftance fromitis lefs. The more the magnetic
points are ({rom the figure of the magnet) brought
together, and the ftronger their action on each
other in order to deftroy their reciprocal forces,
the weaker is the force of each point.

Hence in two bars of the fame weight and
length the broadeft will be the moft powerful,
becaufe it’s longitudinal fibres are more infu-
lated.

If abar is divided into two parts, each will

receive
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receive a greater degree of magnetifm than when
they were united.

From the fame analogy we may infer, that the
exterior points and edges of a magnet will have
more power than the interior ones of the fame
bar, as they are alfo more infulated.

A bar is faid to be faturated with magnetifim,
if when fulpended freely in an horizontal pofition
it continues to make the fame number of ofcil-
lations in the fame time, though continued to be
rubbed witha magnet. Ascach point of a mag-
net tends to deftroy the magnetifm of the neigh-
bouring parts, the bar appears to be in a forced
or unnatural ftate, and the magnetic fluid en-
deavours to fpread itfelf over the bar in an uni-
form manner, and confequently to weaken and
deftroy it’s powers. The greater part of what
has been faid on the a&ion of the particles of
magnetifm on each other will be found equally
applicable to electricity.

Y EN LS
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by the explofion in dephlogifticated air 372.

Appearances on electrified points 103. reafon of
it T84

Atmofpherical electricity 239 to 250. diurnal 2 50.
of the evening dew 252. obfervations on ditto
by Cavallo 253.

Atmofphere magnetical 452. _

Attraction, experiments on 11 to 14, 5. proper-
ties of illuftrated 51, 52, 72, 73. zones of gg,
6o, 61. of feathers 63. balls 6g. thread 69, 7o0.
brafs hoop 70. paper images 51, 73. leal gold

T4
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74, 75-of filk ribbons 63, 64, 65. of mag-
netifm 384 to 386, and 38g.

Attraction and repulfion electrical not accounted
for 79. anew theory of 82. experiments on, in
vacuo 84.

Axis of a magnet 379.

B.

Ball and ring experiment ;5. point experiments
on 172, 173.

Balls of pith, experiments with 54 to 61. and
glafs tumbler 78, 214. of cork 15, 130. box
with ditto 131.

Barometer, double experiment with 2¢8.

Battery electrical 147. wire melted by it 149,
152. Quire of paper perforated 149, 15I.
needle made magnetic 1j50. it’s polarity de-
ftroyed or inverted 1go. dilcharged through a
chain 154. gold leaf melted 154. glafs broke
155. white wood torn in pieces 155. weights
raifed 156. lateral explofion 146. difcharged
through various circuits 157. through quick-
filver 160. and through waterin a tube 161.
over the furface of water 162. ditto ice 162.
through a green leaf 162. over fpirits of wine
162. lengthens wire 163. gives a vibration to
water 163. forms prifmatic circles on metals
164. pafles through long circuits 164.

Beccaria onatmofpherical electricity 242.

Bells
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Bells eleétrical 75. mufical 76, 363.

Boards, coated, experiment with 177,

Boats eleélrified 108.

Bottle fpotted 124. double 126. various experi-
ments on ditto 128. luminous 291. medical
315.

Bottle director 317.

Bran, experiment with 161,

Bullock’s bladder, experiment with 176.

(1

Camphor, curious experiment with 331.

Candle, experiment with 106. difcharge through
feveral 204.

Cannon electrical fired 330.

Canton’s phofphorus 336, 337.

Capillary tubes, experiment with 282.

Cavallo, piftol recommended by 101. atmofphe-
rical clectricity 255, inftruments for ditto
257. condenler 238. very fenfible electrome-
ter 260.

Ceca on atmofpherical eleélricity 246.

Chain, experiments with 215, .347.

Circuits, various 157, 159, 160.

Cohefion, eleltric 66, 67.

Compafs, variation defcribed 413. experiments
on ditto 417 to 421. mariner’s 407. when
difcovered 408, needle does not point exaélly

north 4r1t1.
3 K Condenfer,
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Condenfer, eleétrical 217 to 238.

Conduftor, what 14. catalogue of 16 to 21. cone
jectureson 22. negative and pofitive prime;
how applied to the eleéirical machine 31. exa
periments with ditto 41. luminous 136. for
buildings 169. obfervations on their action
188 to 198.

Contaét, to find the line of 36.

Cork balls, experiments with 15, 139.

Cotton, experiments with 77, 176.

Crane, electric 107.

Cylinder turned by a multiplying wheel, advans
tage of 29. directions for keeping clean 33.

D

Directors for medical purpofes 314. bottle 317
Difcharger, ‘common, defcribed 46. jointed ditta
46. univerfal ditto 46. large 315.

E

Ieles, Mr. his hypothefis 45.

Flecric powers to afcertain §4, §§. counteraction
of ¢6. coexiftence of 8. cohefion 66, 67
(park 83.light 88, fhock 112.

lectrical machine defcribed 28. directions to
keep it in order 32. rope dancer 74. bells 75,
46. thermometer 48.

Flectricity defined 19. of points 184. atmofphe-
rical 239 to 250. fimilarity with magneti{m
167 .

R Electrics,



EleQrics, what 12, 14. catalogue of 21. difier-
ent electricity produced by 23. {fome charac-
teriftics of 24. diftinétions not ftrongly marked
by nature 26. fluid not obtained when the
cuthion is infulated 41. vibratory motion of
62.

Eleétric fluid, to excite a large quantity of 34.

Blectrometer, properties of 48. Kinuerfley's de-
fcribed 48. quadrant one ditto 49. Zowr/-
end’s §o. rain 259. Cavalle's atmofpherical
060. Achard’s 272. new one fimilar to M.
Brooke’s 349.

Eleérophorus 205. eXperiments on 206 to 214,
227.

Equator of a magnet 379.

Evaporation produces electricity 95.

Euler’s hypothefis on magnetifm 397.

Excitation, what 12, theory of 34. how to ex-
cite an eleétrical machine'35.

Explofion lateral 156.

F

Feathers, experiments with 68, 77, 203.

Firing fpirits of wine 94, 95- turpentinge 935.
gunpowder 328, 329. air piftol 101.

Flannel, experiment with 216.

Fluids, diffufion and fub-divifion of 280. colour
of changed 352. how applied to medical pur-

pofes 318 to 327.
2 K3 Flyer
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Flyer electric 106, 107. compound ditto ro7,
on Leyden bottle 131.

Fogs electrical 249.

Forceps electrical 315.

Fountain eleétrical 235, 286.

Franklin, Dr. his hypothefis 44. objections to his
theory of attraction 45. ditto of the Leyden
bottle 140. doctrine of points 103. atmofphe-
rical experiments 2535.

G

Gamble, Mr. his experiment 362.

Glafs, ele€tric powers of 135.

Glafs ball, experiment with 75. folid piece broke
1¢¢. tubes filled with quickfilver 161. tubes
filled with water 161. tube with oil 343.
impermeable to the electric fluid 44, 143. per-
meable 144. tubes for medical ufe 314.

Gold leaf melted between flips of glafs 154.

Gunpowder fired by the electric fpark 328. by a

jar or battery 329.
H

Hanxfbee, Mr. his experiments on eletric light
89.
Heat produces electricity 310. and electricity
compared 364.
Ilenly, Mr. on atmofpherical electricity 249.
Higgins,
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Higgins, Dr. experiments made at his houfe 182,
183.

Hypothefis, Franklin’s 44. Eeles's 45. Euler on
magnetifm 379. another 381.

Halley, Dr. his fuppofition in order to account
for the variation of the magnetic needle 412.

1

Images of paper, experiments with 71, 73.

Impermeability of glafs 143.

Inflammable air g6. piftol for ditto g7. appara-
tus for ditto 98. lamp 332.

Infulation, what 14.

Infulating ftool 50. experiments on g3.

Iron attracted by the magnet 384.

Ivory ball, {park through it 88.

K

Kinnerfley, Mr. his electrical thermometer 48.
experiment with 334.

Kite, electrical 255. experiments with 263. ge-
neral laws reduced from experiments with
kites 262.

L

Lateral explofion 1 56.

Leyden phial, experiment with 111, 112, con-
fidered 113. fhock of, paffes through feveral
perfons 113. effets of the coating 113. fpon-

4 tancous
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tancous difcharge 114. refiduumof 114. thock
to avoid 114. Dr. Franklin’s theory of 115,
confidered in a different point of view 117.
that theory modified and explained by com-
bined apparatus 119. cannot be charged when
infulated 121. charged by adding eleétricity
on one fide and taking it from the other 121.
throws off as much from one fide as it receives
on the other 122. charged with it’s own fluid
122. two charged pofitively 123. one nega-
tively and one pofitively 123. further experi-
ments 124, 125. with moveable coatings 124.
double Leyden phial 126. ramifications of
electric light on it 126. chain of fhot 125.
fimple chain 126. contrary ftates of, eluci-
dated by the attraion and repulfion of light
bodies 129, 130. by the appearances of the
eleétric light 132, 133, 134, 135. direction of
the difcharge 137. invacuo 292.

Leyden vacuum 136.

Light, eleftric, experiments on 88, 89, 9o. In
vacuo 287. appearances of 295.

Loadftone, what 37777, artificial, tomake 401.

Lorimer, Dr. his dipping needle defcribed 424.

Luminous word g1. conductor 136. bottle 291.

M
Machine, electrical, defcribed 28. how to keep

it in order 32.
Magic
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Magic picture 345.

Magnets, artificial 378. axis of 379. equator of
379. their attraction with iron 384. attradls
fteel filings 388. it’s poles 386. how touched
391. horfefhoe 399. armed 403. experiments
with 404. turn to the north 406. proved 406,
407

Magnetic {wan 385. ballance 386. properties
communicated to iron or fteel 391. attraction,
how occafioned 434. repulfion 437. experi-
ments on 437 to 440. yecreations 450. atmo=
{pheres 452.

Magnetifm of the earth 427 to 432. magneti{m
how preferved 443. how deftroyed 443. fimi-
larity with electricity 445, 446,

Mariner’s compafls defcribed 407.

Medical electricity 297. bottle 315.

Metals, box of 450. mug 214, 215.

Mirror, communicative 4.5 I.

Motion of the magnectic matter 433-
Moufe killed 305.

N

Needles made magnetic by an electric thock 150.
their polarity deftroyed or inverted by ditto
1¢0. magnetic, their variation 410 to 422.
dipof the 422. dipping defcribed 424.

Negative
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Negative electricity, what 1 5. negative and pofi-
tive electricity illuftrated 4.

Non-conductors, what 14.

Non-clectrics, what 16 to 21.

O

Oil of vitriol, experiment with 108, of tartar
335. fallad oil in a glafs tube 343. ditto in a
difh 344.

P

Pail, electrical 282, 283.

Paper, quire of, perforated by a fhock from a
battery 149, 151. gilt ditto, experiment with
21§. images, experiment with 71, 73.

Permeability of glals 144.

Phofphorus, Canton’s, experiments with 336, 337.
Wilfon's 33¢€. - '

Picture, magic 345.

Piftol for inflammable air g6. experiments with
101,

Point, to obtain a fpark with g2, electrified,
experimenton 103. lucid cone103. lucid ftar
103. wooden, effefls of rro. immerged in
fluids 108. entertaining experiments with 108,
point and ball experiment 172, 173.

Pointed conductors, their influence 169.

Poles of a magnet 386. how found 387. ditto

by a fmall dipping needle 388. contrary poles
attract
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attract each other 389. like poles repel each
ather 389.

Pofitive electricity, what 15. pofitive and nega-
tive illuftrated 40.

Powder-houfe, experiment with 330.

Prefs for melting metals 47.

Prieftley, Dr. his experiments on freezing water
62. on clectric light go. on elaftic fluids

352.
Prifmatic circles formed on metals 164.

" 4

Quickfilver exploded by a fhock from the bat-
tery 160. experiments with drops of 284.
raifed in a thermometer by electric {parks 310.

R

Repulfion, electric, experiments upon IItors.
properties of 51, 52. experiments on 72,53,
zones of 59, 60, 61. of feathers 68. of fimall
balls 69. and attraction, the caufe of it not
clear 79. different mode of explaining them
82. experiments on in vacuo 84. magnetic
437 10 440.

Ribbons, filk, experiments with 63, 64, 6s.

Ronayne, Mr. his experiments on atmofpherical
electricity 248.

Rofin, experiments with 332,

3 Savery,
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S

Savery, Mr. on the magnetifm of the earth 4371.

Sealing-wax, experiment with 15, 40. curious
experiments 28 5.

Shock electrical, what 112, 1ir’s effects on the
mufcles 307. through flame of a wax taper
138. a card 139. four cork balls 139. a
painted card 139. through needles ftuck in
wax, putty, &c. 360, 361.

Smoke a conductor gg. accelerated and con-
tracted by eleCtricity 346.

Spark electric, treated of 85. why appears of 2
zig-zag form 86. owing to the preflure of the
atmofpherc 87. varies it’s colour 83. through
an ivory ball 88. ditto of box wood 89. of a
green colour go. forms 2 word g1. received
on a point 92. Wwith a glafs tube g2. on dif-
charging rods 347. through different liquids
3¢2. produces inflammable air 354.

Spider electric 130.

Spiral tube gr. compound ditto 348.

Spirits of wine fired 94, 95-

Sponge wet, experiments with 283.

Stockings filk, experiments with 66, 67.

Stool, infulating 50.

Swan, cleétric 108. magnetic 385.

i i

Tartar, oil of, in a glafs tube 335-
4 Terella,
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Terella, defcription of 427, 430.

Thermometer, eletrical 48. mercury raifed in
it 310.

Thread, experiments with 69, 70. cone of 77,
177

Thunder-houfe, experiment with 174, 175.

Torpedo, electricity of 301.

Tube, fpiral g1. compound ditto 348. capil-
lary 282, 283. glafs, ftrong {park taken with
g92. glafs, for medical purpofes 315,

Tumbler 78.

"Turpentine fired 95.
V.
Vacuo, experiments on attraction in $4. lightin
287 to 295.

Vapour a conductor of electricity 96.

Variation compafs defcribed 414. of the needle
410. diurnal 416. experiments on ditto 417
to 422. irregular at particular times 416.
Halley's account of 412. Euler's ditto 412.

Vegetation haftened by eletricity 299.

Vibratory motion of the cletric fluid 82. of
water 163.

Volta, Mr. on eleltricity from evaporation 93.

" on circuits 165. ele@rophorous 216. on infu-
lation 216.

T : Water
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w

Water difperfed by the eleétric fhock 161. ex-
plofion over the furface of 162, agitated by
the thock 163. experiment with a drop 284.

Wax taper, experiment with 138.

Wax, fealing, remarkable experiment with 40,
285.

Weights raifed by electricity 1:6.

Wilfon, Mr, his experiments on the permeability
of glafs 144. on conductors 179 to 1 83. ex-
periments on pointed and knobbed conductors
at the Pantheon 328. on phofphorus 338.

Wire, melted 147, 152. in a glafs tube I53s
lengthened 163.

Word, luminous 9I.
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OF

MATHEMATICAL and PHILOSOPHICAL
INSTRUMENTS,

MADE AND SOLD BY

GEORGCGE..ADAME

Mathematical Inftrument-Maker to His Ma] ESTY,
No. 60, Fleet-Street, London.

e oI .

Optical Inftruments.

S
W

HE beft double jointed filver fpe@acles

with glaffes — — ol ol
The beft ditto with Brazil pebbles = — 116 o
Single joint filver fpectacles with glafles 015 .0
Ditto with Brazil pebbles I 10 O
Double joint fieel {pectacles with glaffes o100 6
Another fort of ditto o 7 6
Beft fingle joint {peétacles — O &
Ditto inferior frames —_— o 3 6
Nofe fpectacles mounted in filver o 7 @
Ditto in tortoifefhell and filver — O 4 ©
Ditto in horn and fteel P o 1 ©

Spectacles for couched eyes
Speftacles with fhades
(f:ncave glafles in horn boxes for fhort
fighted cyes
4 : Ditto
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&L 52

Ditto mounted in tortoifefhell and filver,
pearl and filver, in various manners, and
at different prices

Reading glafies, from 2s. 6d. to

Opera glafles, from10s 6d. to

Ditto of an improved conftruction

Concave and convex mirrors in frames, from
75. 6d, tos™ = — . - I

Telefcopes of various lengths, fizes, and prices

Telelcopes to ufe at fea by night

Acromatic profpeés, from 15s. to

Acromatic telelcopes, with brafs drawers,
which may be drawn out at once, and that
fhut np, conveniendly for the pocket, from
2l. 12s, 6d. to

Anoptical vade mecum, or portablc acroma-
tic telefcope and microfcepe, &c. for
tranfparent and opake objects, &c. from
3l. 13s. Od, to —_—

A “thirty inch acromatic telefcope, with dif-
ferent eye pieces for terrefirial and celeftial
objeéts, from 8l. 8s. to 1

Ditto with rack waork
n acromatic telefcope, about three feet and
an half long, wilﬁ

Refleéting telefcopes of all the various fizes

A three foot refleing telelcope with four

magnifying powers
A ditro with rack work —— 36 15
A two foot refleéting telefcope, with rack

work and four magnifying powers 21  ©
A two foot refle@ing telelcope, with two

magnifying powers —— je 2
An eighteen inch ditto —— 8 8
A twelve inch ditto —_— 5
Double refle@ing microfcopes, from 3l. 135, bd-

to . - - - 21 ©
Fllis’s aquatic microfcope — 9 |2
AWilfon’s microfcope, improved — 2 12

Adams’s lucernal microfcope for opake and
tranfparent objecls, being the molt perfett

-
= b

8 18

1 11
2 12

4 14

I 11

different eye pieces 18 18

d.

@00

00

chnO O

inftrument
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i
inftrument of the kind hitherto contrived, 4

aﬁbrding more entertainment and inftruc-

tion than any other infirument - 21 ©
Solar microfcopes - % g
Ditto for opake DbjE&S - - 16 16
Ditto - - - 2% @
Camera oblcuras, frﬂm 12s. to - '
Glafs prifms, from 7s. 6d to - 2 3
Magic lanthorns - R i

i.

cCceo0000

Geographical and Aftronomical Inftruments.

Adams’s new eighteen inch globes mounted

in the moft approved form, from gl.gs.to 27 o
Ditto in the Ptolemaic or common manner 6 6
Ditto, twelve inches in diameter, mounted

in the beft manner, from 5l 5s. to 6 16
Ditto in the common manner - . < g
An armillary dialling fphere - - 40 o
Manual orrexies, from 1l. 1s. to 7 13
Planetarium, tellurian, and lunarium 3F 10
Adams’s improved equatorial dial, or port-

able obfervatory, from71. 17s. €d. to 7t 10
Horizontal fun dials, from gs. to - 12 12
Univerfal ring dials, from 7s. 6d. to ¢ ol -
‘Tranfit inflruments
Aftronomical quadrants, from sol. to 8co o

oo™ 00

Q

Mathematical and Surveying Inftruments.

Cales nf-drawing inflruments, from 7s. 6d.to 35 e

o
Neat magazine cafes of inftruments - It 1§ ©
Elliptical compaffes - % o itk 18
Beam compatfles with divifions, &c.
T rldnguln compafles of a new conftiuétion
Adams’s fectoral elliptical and callipper com-

paﬂ'cs inone inftrument, from 41. 14s. 6d. to 9 9 &
Adams’s protrating parallel rules, and uni-

verfal plﬂtting [cale
Protrattors, feftors, {cales, parallel rules, &c.
A new inftrument for taking perfpeétive

views, &c. - . - - 12 12 ©

A dittg
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&

A ditto for afcertaining points = 2
Another inftrument for taking views - 5
Pantographer, from 2l.2s.to - - 6
Plain tables, from 3l. 13. 6d. to e
Theodolites, from 4l. 4s. to . ” 31
A neat portable theodolite - .- . g
Adams’s improved double theodolite, ex-
ceeding, for accuracy and utility, every
former kind, from 12l. 12s. to 31
Meafuring wheels, from 6l. 6s. to 10
Circumferenter, from 2l. 2s. to - 15

Philofophical Inftruments.

Improved electrical machines, from 3l. 13s. 6d.

to - - - - 40
Electrical machine and apparatus, in a box,
from 6l. 16s. 6d. to - . " 12
Medical apparatus - - 2
Electrical machines, with a fele&ed apparatus,
in 2 box, from 7l. 7s. to - 31
Batteries, and all other parts of an ele@rical
HPP&TE.T,US
Small fingle barrelled air pump
Small double ditto - - 4
A large ditto - - = (g SUg
Table air pump - - - 10

An improved air pump, fuperior to Smea-
ton’s conitruction of the pump

Apparatus to an air pump, from 41. 4s. to 30
Barometers - - - 2
Ditto - - - - 2
Barometers, thermometers, from 3l. 35. to 5
Marine barometers

Thermometers, in mahogany boxes, from

1l. 1s. to & a - i
Ditto with Reaumus and Farrenheit’s fcales
Botanic thermometers a - o
T hermometers for brewers, from 12s. to 2
Hygrometers, from szcs. 6d. to . 3

& 4.
12 6
§ O
6 o
14 ©
10 <
18 6
10 O
10 o
15 O
o o
12 0O
2 ©
Io O
14 6
16 6
10 ©
0 o
2 O
I2 6
o
11 6
18 o
2 O
13 6

The
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