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H E defign of the following Treatife is, to preferii to the public a cornprehenfiVe view of the prefeht Bate of Eledricity, reduced into as fmall a compafs 
as 
the nature
V
of the fcience would admit. It .is 
divided into. four
-
 parts; in each of which are contained' fuch particulars
;
 
r
as had ids connedion with 
the 
ref ; 
and the diftint view of. which, it '‘A'ras thought, might be 
s
a means, .of preventing a confuifon of ideas in the winds of thofe readers, Who-before
.
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PREFACE.
have not been much coni.
-
erfan- t with fubjed.
The fit part treats of the laws of Elearicity only; i. e. of fuck natural laws concerning Elearicity,
as by innumerable experiments, have
_
been 
found
 uniformly true, and are
independent cn any hypothefis. In this part, the Author 
has
 not 
de-fcended to any particulars, which were not clearly afcertained, or which were inconfid.erable; but he has, at the fame time, taken care not to omit any thing material, or which feemed to promife future difcoveries.
The fecond part is merely hypo-
thetic:11
 ; 
re
l
a
ti
ng
 not to faas, 
but 
to opinions. The great improbabi
lity of moil of thefe hypothefes 
de
- 
=mined the Author to render this
4
part
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part 
.
f his work as short as pofil-ble.
The third part contains the prac-
 
tical branch of Elearicity.
Here 
the Author has 
taken care to infert 
a defcription of all the new improve
ments in the apparatus ; which ferve to leffen the expence of it, and at the fame time, to facilitate the per
formance of the experiments. As to the experiments themfelves, he has chiefly infifted on a few principal ones, which feemed molt neceffary to illuftrate, and confirm the laws of Eleetricity; omitting .a great num
ber of others, which he has met with, as they appeared to be only variations of the former. He has however given an account of fome others, which, though not abfo-
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PREFACE.
lutely neceffary, feemed very deferv-ing of notice.
The fourth and IA part contains a. brief account of the principal ex
periments, which have been made by the Author himfelf, in purfuance of what occurred to him in the courfe of his ftudies in this branch of. philofophy. In this part he has omitted to mention, not only thole attempts, which did not produce any confiderable effea, but alfo the innumerable conjeaures he formed about them and others, not yet brought to the telt of i6tual obferva-tion.
The Author takes this opportunity of acknowledging the obligations he is under to feveral of his ingenious friendso.
)

 (
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friends, for various experiments; and remarks, communicated by them; aid particularly to Mr. 
WILLIAM HENLY, 
who has done as much as • laid in his power to inform him of every particular, which he thought would enrich and emb,ellifh the work.
It was deemed unnecefrary to point out thofe gentlemen, whofe experi
ments and obfervations introduced in this work, were before well known to the world ; 
-
for which reafon the Author has confined himfelf to the mention of the names of thofe per-fons, whole experiments were new, or not commonly noticed by the writers on this fubjet.
To
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To render the `rreatife more intelli
gible, and ufeful, three copper-plates are added to it ; and a copious index of the particulars which are moft de-ferving of attention.
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INTRODUCTION.
A
RT S and Sciences, like Kingdoms and Nations, have each in their turn, come happy period of glory and fplendor, in which they more than ever attra& the human atten
tion, and, by calling a ftronger light than at other times, become the favourite object and purfuit of the age; but thefe periods are foon over, and a few years of luftre and fame, are often overbalanced by centuries of oblivion. From undergoing this fate, loins Sciences are however excepted, which, ow
ing to the vaft and neceffary extent of their ufe, and to the fruitfulnefs of their produc
tions, are ever flourifhing ; and although once
unknown, yet when fame had proclaimed their birth, or publifhed their advancement, they never afterwards declined ; and though
they grew old, yet never decayed.
Of 
this kind is Electricity, the molt plea-ling, and furprifing, among all the branches
B
of
)
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of natural philofophy that ever were culti
vated by man. This Science, after it began to thew the extent and generality of its power ; after it was known to be one of the greateft agents of nature, remained always in vogue, was profitably cultivated, irre-mittally advanced, and is now brought to a ftate, in which, inftead of becoming flerile, it feems further to engage the general atten
tion, and to promife to its followers more munificent rewards. Optics, indeed, thew many enchanting and ufeful properties, but concerning vifion only : Magnetifm exhibits the force of attraaion, repulfion, and pola
rity in that fubftance called a Magnet ; Chy-mifiry treats of the various compofitions and decompofitions of bodies
;
 but Eleari-city, containing as it were, all, within its power, alone exhibits the effects of many Sciences, combines together different powers, and, by striking the fenfes in a particular and furprifing manner, affords pleafure, and is of ufe, to the ignorant as well as the Philo-fopher, the rich, as well as the poor. In Elearicity, we are pleafed with beholding its penetrating light exhibited in numberlefs different forms ;, we admire its .attraction
and
•
)
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iii
And 
repulfion acting upon every kind of body ; we are furprifed by the (hock, terri
fied by the explofion and force of its bat
tery ; but when we confider and examine it 'as the caufe of thunder, lightning, aurora borealis, and other appearances of nature, whofe direful effects we can in part imitate, explain, and even avert, we are then in
volved in a maze, that leaves nothing to con
template but the inexpreffible and permanent idea of admiration and wonder.
The earlieft account we have of any known eledrical effect is by the famous ancient na-turalift, 
THEOPHRAST Us, 
who florifhed about 300 years before the prefent era. He tells us that amber (whole Greek name is 
10.EZTiGT, 
and from whence the name Electricity is derived,) as well as the lyncurium 
4
', has the property of attracting light bodies. This, and only this, was almoft all that was known of the fubjed, for about fifteen centuries after THEOPHRASTUS, in which long period
It bath been in a manner proved, that the lyncurium of THECTHRASTUS, 
is 
the very fame fabilance that now'goes under the name of TOURMALIN, of which we than have oc, caftan to (peak in the courfe of. this treatife.
B
2
we
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we find no mention in hiftory of any perfon having made any difcoveries, nor even any experiments in this branch of philofophy the Science remaining quite in the dark till the time of WILLI
AM GILBERT, 
an Eng-lifh Phyfician, who lived about the twelfth century ; and who for his difcoveries in this new, and uncultivated field, may be ju
c
illy deemed the Father of the prefent Eleftri-city. He obferved, that the property of at-traEting light bodies, after rubbing, was not peculiar to amber, or the lyncurium ; but that many other bodies poffeffed it, as well as amber. He mentions a great number of thofe, together with many particularities, which, confidering the slate of the Science at that time, may be deemed truly great and interefting.
After 
GILBERT, 
the Science advancing, although by fmall degrees, pafied, as it were, from infancy to puerility; many an excel
lent philofopher undertaking to examine na
ture in this walk. Such was Sir 
FRANCIS BACON, 
Mr. 
BOYLE, OTTO GUERICKE, 
Sir 
ISAAC NEWTON, 
and moll of all Mr. 
HAWKESBEE, 
a perfon to whom we are
much
)
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much indebted for' many important difco-veries, and a real advancement of Eledri-city. Mr. HAWKESBEE was the firft that obferved the great electric power of glafs, a fubftance, that, since his time has been gene
rally ufed by all Eledricians in preference
to any other eledric.
He firft remarked various appearances of the electric light, and the noife accompanied with it, together with a variety of phenomena relating to ele&ric attradion, and repulfion.
After Mt. HAWKESBEE, the Science of • Electricity, however hitherto advanced, re
mained for about twenty years in a nate of quiefcence, the attention of Philofophers be
ing at that time engaged in other philofo-phical fubjeds, which, on account of the new difcoveries of the incomparable Sir ISAAC NEWTON, were then greatly in repute. Mr. GREY was the firft after this period of oblivion to bring the Science again to light. He by his great difcoveries reintroduced it to the acquaintanCe of Philofophers, and from him the true flourifhing era of Eledri-, gity may be faid to take its date.
) (
The
)
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The number of Elearicians that bath
. 
been daily multiplying fince Mr. GREY, the difcoveries made, and the ufes derived from thefe till the prefent time, are matters really worthy of attention, and deferve to be admired by every lover of the Sciences, and well-wifher to the human race,
Whoever would make himfelf acquainted 
with 
the particular tranfa&ions concerning thofe advances, fhould read the elaborate Hiftory of Elearicity compiled by the learn
ed Dr. PRIESTLEY, a work that will inform him of whatever had been done relative to
the fubje± till its publication.
I for my 
part mutt forbear making any long hiftorical detail ; this ,Treatife being intended to give an 
account 
of the prefent fate of Eleari, city, and not an hiflory of the fame. I than in general only obferve, that although the Science had, through the indefatigable attention of fo many 
ingenious 
perfons, and by the difcoveries that 
were 
daily produced, excited the curiofity of Philofophers, and engaged their attention; yet, as the caufes pf every thing, whether, final' or great, known or unknown, 
arc 
feldom much at-
 
tended
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tetided to, if their effeas are not ftriking and fingular; fo Elearicity had, till the year 1746, been ftudied by none but Philo-fophers. Its attra&ion could in part be imi
tated by a loadftone; its light by a phof-phorus; and, in fhcirt, nothing contributed to make Eledricity the fubjea of the public attention, and excite a general curiofity, anti' the capital difcovery of the vaft accumulation of its power, in what is called the Leyden Phial, was accidentally made, by Mr. MUSCHENBROECK, in the memorable year 1746. Then, and not till then, the fludy dEledricity became general, furprifed every beholder, and invited to the houfes of Elec
tricians, a greater number of fpeaators, than ever were before afiembled together to ob-ferve any philofophical experiments whatfo-ever.
.
-
Since the time of this difcovery, the pro
digious number of Electricians, experiments, and new fads that have been daily pro
duced from every corner of Europe, and other parts of the world, is almoft incredi
ble. Difcoveries crouded upon difcoveries, improvements upon improvements, and the Science ever fince that time went on with fo
rapid
gl
by 
n
'
Ized V
B
oogle
)
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rapid a courfe, and is now fpreading fo ama
zingly fail, that it feems as if the fubjetl would loon be exhaufled, and Electricians arrive at an end of their refearches : but, alas! the 
ne plus ultra is, in all 
probability, as yet at a great diflance, and the young Eleari-cian has a vaft field before him, highly de-ferving his attention, and promifing further difcoveries, perhaps equally, or more impor
tant than thofe already made.
) (
A COM.
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PART
I. 
Fundamental Laws of Elearicity.
CHAP. I.
Containing the Explanation of lime Terms principally ufed in Elearicity.
I
F a perfon, holding with one of his hands a clean and dry glafs tube, rubs it with his other hand, alto clean and dry, Choking it alternately upwards and downwards ; and
) (
after a few ftrokes prefents to it fmall light bits of paper, thread, metal, or any other fu\ftance, the rubbed tube will im
mediately attract them, and after a little time will repel them,—prefently, attract them again, and fo alternately continue this attrac
tion, and repulfion, for 
a 
confiderable time. If this tube be rubbed in the dark, and after having been rubbed, a finger be pre-fented to it at the diftance of about half an inch, a lucid fpark will be Peen between
Digitized by 
Go*
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the finger and the tube, accompanied with 
a 
fnapping noife ; the finger at the fame tine receiving a pufh, as if it was from air if-fuing with violence from a (mall pipe.
In this experiment; the attralion, repul. fion, fparkling, &c. are the effeas of that unknown caufe called 
Elearicity ; 
and hence they are called 
eledrical appearances. 
The glatS tube itfelf is called the 
ele5lric, 
and all bodies capable by any means of producing fuch effects, are called 
eledrics; 
and as the) rubbing awakes, as it were, in them the power of producing eletrical appearances, they are therefore faid to be 
excited 
by the rubbing. The hand, or any other body rubbing an elearic, is called the 
rubber; 
and if inftead of the perfon rubbing the glafs tube, a machine be conftruaed capable by any means to excite an elearic, this, will be an 
ele8rical machine.
If at the end' of the tube, oppofite to that held by the hand, a wire of any length be tied, tut
-
pending a metallic ball at its end, and the tube be excited as before, the me
tallic ball will, in this cafe, acquire all the properties of the excited tube, 
1. 
e. it 
will
Digitized by 
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3
will attract, fparkle, &c. like the tube Pelf, the electric virtue palling through the wire to the ball : hence, the wire is faid to be a conduEtor of elearicity, and all fuch bodies capable of tranfmitting the elearic virtue, like the above wire
?
 are called 
con,. duelors.
But, if inftead of the wire, a filk ftring be ufed in the above experiment, and the tube be excited as before, the ball will in this cafe Phew no figns of Electricity, the filk ftring not permitting the elearic virtue to pafs from the tube to the ball: hence the filk firing in this cafe, and all fubftances through which the elearic virtue cannot be tranfmitted
i
 are called 
non-conduelors.
A body refling intirely upon non-con-duaors is faid to be 
infulated ; 
fo in the laft experiment the metallic ball was infulated, for it was fufpended entirely by the filk firing, which is a non-conductor.
What bodies are conduaors, and what elec-trics, together with their particular proper
ties, as Far as it is known, will be plainly laid down in the following Chapters.
igilized by 
Goog, CHAP.
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II. 
Of Elearics and Conducclors.
HE first and principal maxim in
Electricity is, that all the known bodies in nature are divided into two claires, 
i. 
e. 
Eletrics and Conduaors ; experiments chewing, that whatever fubftance is a Con-dutor of Electricity cannot be excited (hence Conductors are alfo called 
non-eledrics), 
and whatev,er fubftance 'can be excited is not a Conductor : (hence Elearics and 
No4-conaucw 
torsbecome fynonyrnus terms). This maxim, however, is not to be confidered as ftritly true and general ; for in reality we know no fubftance that may be called a perfect
tric, nor any
,
 that may be called a perfect Conductor; the electric virtue finding fome refinance in going through the belt Conduce tors, 
and 
being in part tranfmitted through, or over the furface of molt, and perhaps all the Elegies. The lefs perfect a Conductor any fabftance is, the nearer it comes to, the nature of an Electric; and, on the other hand, the lefs perfect Elearics come neareft to the nature of Conduaors. 
The limits 
of thefe
two
)
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two 
claffes come fo far one within another, that there are many fubftances which may aaually be excited, and at the .fame time are pretty good Conduaors. If the reader be defirous to know there ambiguous fubftances, he muft feek for the worft Elearics among the Elearics, and for the worft Conduaors among the Conduaors, excepting filch on which the experiment cannot be made, as fluids, powders, &c.
The two following lifts contain, in general, all the Elearics and Conduaors, difpofed in the order of their perfection, beginning in each lift with the moft perfect of their dafs. In' this order, however, the reader muft not expect a great exaanefs ; that being imprac
ticable, when fubftances are fet under gene
ral articles, and at the fame time is of little, if indeed of any ufe whatever.
ELECTRICS.
Glafs, and all vitrifleationc, even thofe of. 
metals.
All precious {tones, of which the moft tranfparent are the belt.
All
)

 (
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J All refins *, and refinous compoiltions.
Amber.
Sulphur.
Baked wood.
All bituminous fubftances.
Wax.
Silk.
Cotton.
All dry animal fubftances, as feathers,
wool, hairs, &c.
Paper.
White fugar, and fugar-candy.
Air.
Oils.
Cakes of metals and femimetals.
The aihes of animal and vegetable fub-
 
itances.
The 
ruft of metals.
All dry vegetable fubftances.
All hard (tones, of 
which the belt are
the hardeft.
* Under the name of refins, I would be underftood to mean
V
all fuels confiftent oily vegetable produaions that are inflam
mable, and not foluble in water ; gum-lac, therefore, and all 
fucb 
fubftanoes iMproperly called gums, are alfo meant under this article. See nacos s a's Chemiftry, vol. I. chap. xi.
Many
Digitized by GOOSfr
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Many of the above fubflances, and per
haps all, upon which the experiment can be made, when very hot, lofe their elearic pro
perty, 'and
-
become abfolutely Conduaors ; fo red hot glafs, melted refin, hot air, bakod wood made very hot, &c. become Conduc
tors of Elearicity.
It has been obferved, that glafs, efpecially the hardeft and belt vitrified, is often a very bad Eledric, fometimes being quite a Con-
 
dulor.
Glafs veffels made for ele&rical 
purpofes are often rendered very good Elec-trics by ufe and time, though they might be very bad ones when new.
A glafs veffel, out of which the air has been exhaufted, on being rubbed, thews no figns of ele&ricity upon its external furface, but all the elc±ric power appears within the vele' t ; and a glafs tube, or globe, with the air condenfed in it, or full of fome con-
 
+ Although a glafs veffel exhaufled of air !hews no figns of electricity without ; yet it has been obferved, that the elc&ic power of a glafs cylinder is the Itrongeft, when the air within it is a little rarefied, I. e. fomewhat lefs denfe than the external air. See L'Ullettricifmo Artificiale of G. B. BECCARIA, § 
4
1
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duding fubftance, is incapable of being ex. cited.
CONDUCTORS.
Gold.
Silver.
Copper.
Brafs.
Iron.
Tin,
Quickfilver.
Lead.
Semi-metals.
Ores, of which the belt are thofe that con-
 
tain the metallic part in the greateft quanti-
 
'ty, and come neareft to a metalline Rate.
Charcoals, made either of animal, or vege—
 
table fubftances.
The fluids of an animal body.
All fluids, excepting air and oils.
The effluvia of flaming bodies.
Ice. ,
Snow.
Mott faline fubftances, of which the me-
 
tallic faits are the beft.
Stony fubftances, of which the hardeft 
are
the word.
Smoak
IDIgilzed by 
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9
Smoak.
The vapours of hot water.
Eledricity pervades all() vacuum, or the abfence of air caufed by an air-puMp, al= moll as freely as the fubflance of:a good Condudor.
j3efides thefe, all bodies in Vvliicla more orlefs of fome of the above-mentioned:Con-dudors Ire contained, are alfo prbportion-,ably Condudors ; thus, green vegetables, raw meat, &c. are Condudois on account of the fluids they contain.
From this principle it follows, that all Eledrics before excitation fhould be well cleaned, dried, and fotne made even very hot, in order to free them from every
, 
humi
dity, otherwife they are fo far from the na
ture of Eledrics, that they become actually Conductors, - on account of the moifture which they
;
 contain within their pores, or upon _their furfaces.
--.:Itt:.nsegard to the 'concluding power of chardoali it muftA3e obferved, that, all char
coal will not conduct equally well, there being forne that will hardly 
-
condua - at
C
all
;
)
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all; and fometimes it is in fuch a state, that it will aflift the paffage of a large quantity of eledric fluid along the fur-face, when it will not conduit it any other way. This difference, however, is not occafioned by the difference of the wood from which the coals are made, but by the degree of heat that is applied in the procefs of making them; the beft Conduc
tors being fuch as have been expofed to the greaten heat.*
Whether the piece of wood in the procefs of coaling is fuffered to flame, or not, is quite immaterial.; and the continuance of the fame degree of heat has no apparent ef-fed with raped to the concluding power of the charcoal.
I
It will not be improper to obfervein this place, the 'different changes from Oonduacit to Non-condu'dor, occafioned in the fame' feb;.1 fiance by different preparations. A piece
—
of wood just cut from a tree is a'gciod Cent:loch
,
 tor; letit be baked; and it becomei
* See Dr.
ESTLIEY'S 
feoond volume of 
Pbrervgticiug ifferctit Kincit of Air, Sec. xiv:
)
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tric ; burn it to a coal, and it is a good Con-
 
' duaor again ; laftly, let this coal be reduced to allies, and thefe will be impervious to elearicity. Such changes are alfo obferva-ble in many other bodies ; and very likely in
all 
fithaances there is a gradation from the beft Conduaors to the beft Non-conductors of Eledricity.
) (
C H A P. III. 
Of the two Eleeiricities.
I
F, 
in the experiment, mentioned in the firft chapter, the perfon that rubs the tube be infulated, i. 
e. 
be fet with his feet upon a cake of refin, a ftool, with glafs feet, or any other good Elearic, fo that the com
munication between his body and the earth be out off by means of Elearics ; and if in this fituation he rubs the tube with his hand as before; this perfon, as well as the tube, will, in
, 
this cafe, appear electrified.
. 
If any light bodies be prefented to any part 9f his body, they will be attracted and repelled. If ano
ther perfon prefents his finger to him, a lucid (park will follow, with a (napping noife ; and, in fhort, this infulated perfon will thew
C 
2
every
ed by GOOgte.
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every fign of eledricity that the tube exhi
bits. But their eledricities are not the fame; the electricity of the tube being just the re
verie of the electricity of the perfon, and their particular appearances are the following.
I. Whenever a light body infulated, as, for instance, a fmall piece of cork fufpended by a filk thread, has been attracted by the tube, and afterwards repelled, if no conducting fubftance touches it in this flaw of re-pulfion, it will not be attracted by the tube again. The fame happens with the in-fulated perfon ; for when this light body has been once attraded by any part of his body, and afterwards repelled, it will not be at-traaed again ; but if in this state of repul-fion the tube be prefented to it, it will then be attraaed, and that violently by the tube
;
 and when repelled by the tube, it will be at-traded by the infulated perfon. Further, if two or more light infulated bodies, like _ the above-mentioned piece of cork, be feve-rally attracted by the tube, and when after
wards repelled, be brought within a fmall diftance of one another, they will repel each other, and if well infulated, continue in 
this 
elekrified and repulfive state for a confiders"
ble
,_;oogle
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ble time. The fame will happen, if they are prefented to the perfon inftead of the tube ; they will alfo, after being once repelled by this, repel one another. But, if. one, or more of thofe light infulated bodies be at-traded and repelled by the tube ; and one or more others be attracted and repelled by the perfon, and afterwards both or all 
(i. e. 
fuch as were prefented to the tube, and fuch as were prefented to the infulated perfon) be brought within a fufficient diftance of one another, they will then, inftead of repelling, attract each other ; and inftead of continuing elec
trified, extinguifh at once every fign of elec
tricity. Thefe two elearicities, therefore, are (as it was faid before) the one juft the con
trary of the other, the one attraIing what the other repels ; and, as if one was an af
firmative, and the other a negative power, when equal quantities of each are fummed together, they balance each other, and lofe every property.
2. Another charaaeriftic of each of the two elearicities, confifts in the appearance of their light. If a pointed body, as a needle, a wire, or the like, be prefented to the ex-
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cited tube in the dark, a lucid globule,, like a Ilar, will be teen upon the point ; but if this, pointed body be prefented to the infu-lated perfon, then in the place of, the !tar a lucid pencil appears, compofed o€ rays, feemingly iffuing from the point, and di
verging towards the perfon.t
3. Lailly, in fome experiments (which will be hereafter particularly mentioned, and this property better explained) the elethicity of the tube, when in 
the 
ad of pairing from a body overcharged with it to another, either not ele3rified, or poffeffed of the contrary electricity, thews an indifputable current 'from the former to the latter; and the elec
tricity of the infulated perfon, when in the ad of paffing from a body overcharged with it to another, either not electrified, or pof-felled of the contrary eledriaity, !hews clear
ly a current from the latter ,to the former.
There two eledricities are not only obferv-
 
ed in the above-mentioned experiment, but
f This pencil of rays will appear better, if a pointed needle be pi-dented to the infulated perfon, at the diftance of about one inch from force part of his body, while 
he is giuslly 14b-bing 
the tube in the dark.
in
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in feveral other cafes alfo ; and they al
ways accompany each other ; for when dif
ferent Elearics are rubbed, fome will acquire) one eledricity, and others Will acquire the contrary ; the rubber, if infulated, chewing at the fame time, figns of the elearicitY con= trary to that acquired by the excited elearic : befides this, almoft all Elearics may be made to thew at pleafure the one or /the other elec
tricity, according to the fubftance ufed for 
a 
rubber. Hence the following corollaries may be deduced: viz. z. Whenever two different fubftances (being both infulated, or only that which is a Conduaor) are rub
bed together, except they are both good Conduaors, they will be both elearified, and one acquire the elearicity contrary to the elearicity of the other. 
2. 
Almoft all the Elearics may be made to acquire, at pleafure, the one or the other eletricity, by ufing proper rubbers.
The firft of there two elearicities, i. e. that poffefled by the glafs tube in the above experiment, as it was thought to be the conftant produaion of rubbed glafs, 
was called the 
Vitreous Electricity 
; 
and the
C 
4
other,
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Other, as it was firm obfervcd to be pro
duced by refinous fubflances, was called the 
ReyinousEledricity. 
The Vitreous Elec
tricity is alfo called 
Pofitive, 
or 
Plus Elaricity, 
for a reafon that will be confi-dered in the courfe of this Treatife ; and the RefinOus is called alfo 
Negative, 
or 
Mi
nus Eleelricity. 
A body, therefore, poffeffed of the Vitreous, Pofitive, or Plus Eleari-city, is that which £hews fuch figns as the tube was faid to exhibit; and a body pof-feffed of the Refmous, Negative, or Minus Electricity, is that which (hews fuch figns as the infulated perfon was faid to exhibit in the above-mentioned experiment.
In the following Table may be feen what Elearicity will be excited in different bo
dies, when rubbed with different fubftances. SmoOth'glafs, for inftance, will be found by this Table to acquire a Pofitive Elearicity, when rubbed with any fubftance hitherto tried, except the back of a cat; (by which I mean the fkin of a cat while on the ani
mal alive) rough glafs will be found to ac
quire the Pofitive Elearicity, when rubbed with dry oiled filk, fulphur, &c. and the Ne-
 
gative
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gative, when rubbed with woollen cloth, the hand, &c. and fo of the reit.
The back of a cat
{ Every fuhltance with which it
} Pofitive 
bas been hitherto tried.
c Every fubtance hitherto tried,
Sntootk glare
} - Pofitive 
except the back of a cat. 
Pofitive S Dry oiled filk, fulphur, metals.
Rough glars
},
Woollen-cloth, quills, wood, pa-
 
I Negative
per, fealiug-wax, white-wax,
J
the human hand.
Pofitive € Amber, air.*
Tonrmalin
_
Negative i Diamond, the human hand. Pofitive 
1
S Metals, filk, loadflone, leather, hand, paper, baked wood.
Hare's fkin
Negative € Other iner furs.
' Pofitive € Black filk, metals, black cloth.
White filk
Negative { Paper, hand, hairs, weafel'a lkip. ' 
) (
Pofitive I Sealing wax.
) (
e. 
By blowing with a pair of bellows upcin it. By this means many Elearics may 
be 
excited, and fome better if the 'Air blown is hot, although, in both cafes, very little Elearicity 
) (
can be obtained.
) (
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Black fiik
) (
Negative 
Hare's, weafel's, and ferret's fkin.
loadflone, brafs, filver, iron, hand , 
) (
Pofitive 
€
Metals.
dealing-wix
Hare's, weafel's, and ferret's fkin,
Negative
hand, leather, woollen cloth,
paper.
Pofitive € Silk.
Baked wood
Negative { Flannel.
) (
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The preceding Table might have been much extended, had 
I 
chofen to bring into it all the minutia attending this matter as far as it is known ; but this 
I 
have thought unneceffary and impradicable, becaufe expe
riments of this kind are of fo nice a nature, that they' require the moft fcrupulous atten
tion in making them ; and then their effects . depend upon fo fmall and variable circum-fiances, that often the very fame Elearic, rubbed with the fame rubber, gives at one time figs of one Eledricity, and at another time figns of the contrary. A very little alteration in the furface, a different degree of drynefs, and even a different application of the fame fuhftances often occafions a differ
ence in the Ele&ricity. I (hall only obferve 
in 
general, that as far as may be deduced from the greateft number of experiments, it 
.
appears, that when the different fubftances are rubbed together, • that whofe Elearic power is the firongeft, in general acquires the Pofi-tive, and the other the Negative Electricity; and when ttvo bodies, differing in the fmooth-nefs or roughnefs of their furfaces, are rub
bed together, the fmootheft acquires the Po-fitive, and the rougheft the Negative Elec-
 
tricity,
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tricity. Thefe two qualities are often to be confidered both together ; for except the two bodies are of the fame fubflance, as fmooth and rough glafs, white and black filk, &c. they generally differ in both, 1. 
e. 
they have not the fame ele&ric power, and at the fame time their furfaces differ in fmoothnefs. This rule, however, is not to be confidered as a conftant and general one ; for, according to this principle, it should feem, that apiece of fealing wax when rubbed with the hand, or paper, would acquire a Pofitive Eledtri-city ; but this is contrary to experience.
In cafe that two elearic fubitances, equal in every refpea, are rubbed together, it is to be obferved that the fubflance which fuf-fers the greateft fridion acquires the Nega
tive, and the other the Pofitive Electricity. Suppofe, for inftance, that a piece A of filk be drawn acrofs another piece of filk' B, in every refped equal to the former, fo that the furface of the whole piece A, 1. e. of one fide of it, be fucceffively drawn over one part of the piece B, then A will acquire the Pofitive, and B the Negative Electricity. The reafon of this may probably be, bccaufe the part
of
)

 (
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of the piece B, over which the piece A has been drawn, has acquired a greater degree of beat ; for it has been obferved, that heat ra
ther difpofes bodies to be electrified Nega
tively.
) (
C H A P. IV.
Of the different Methods of exciting Ele1rics.
R
UBBING, as we obferved before, is the general mean by which all electric fubflances that are at all excitable, may be excited. Whether they be rubbed with Elearics of a different fort, or Conductors, they always fhew figns of Electricity, and in general ftronger when rubbed with Con
ductors, and weaker when rubbed with Elearics. But befides friction, there are other means by which fome Elearics may be caufed to fhew electric appearances, thefe are by melting, or pouring a melted Electric into another fubflance; and by heating or cooling. The particulars obferved by ufing .the fir11 of thefe two methods are the fol
lowing :
If
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If fulphur be melted in an earthen veirel, and left to cool upon Conductors : if taken out ,of the veffel, when cold, it will be found ftrongly elearical ; but not at all fo, if it be left to cool upon Elearics.
If rfulphur be melted in glafs veffels, and afterwards left to coal, they. Will both ac
quire a strong Electricity, the fulphur Nega
7
 tive, and the glafs Pofitive, whether they be left to cool upon Eledrics or Conduces tors ; however, they always acquire a ftronger power in the former cafe than in the latter,
and a ftronger
if the glafs veffel is coated 
with.
:
rnetal. It is remarkable that the ful—
 
phur acquires no ele&ricity till
begins to 
cool ; its power increafes in proportion
it contrails, and is- the ftrongeft when. in the state of greateft contraaion
;
 but then the elearicity of the glafs veal is at the fame time the weakeft.
If melted fulphur be poured into a veffel of baked wood, it acquires a Negative, 'and the wood a Pofitive Elearicity ; but if. 
it 
be poured' into fulphur, or• rough glafs, it acquires no fenfible, elearicity.
Melte4
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derable time after they have been rendered electrical, yet their power is continually di-minifhing till it quite vanithes. It is'.re-markable, however, that fulphur, relinous, and bituminous fubilances, retain in general the electric power much longer than glafs, or any other Eleffixics
.
; the- reafon may be, that they do not attract moifture like glafs and other fubftances.-
 
The property of exhibiting electrical phce-nomena, by means of heating and' cooling, was firft obferved in a, hard fcmi-pellucid fon, known under the ,name of 
.
Tourrna-lin T. This (lone, which is generallyi•of deep red, or purple colour, . and feldom
ex
ceeds the fize of a fmall walnut, is common in feveral parts of the Eaft Indies, ,and efpe-cially in the Ifland of Ceylon, Its propecties in regard. to Electricity are the follovvinp
1. The Tourmalin, 
while 
,keRt,,i13,,-thle fame degree of 
heat, thews no figns of Elec
tricity, 
but it will become 
eledrical__bx_
This ftone
, 
is called 
aid
,
 eatridkrr by the botch,
, 
from ha 
propertiof attrafting the afhes, when layed near the fire. Liu.
neus calls it lafti.r 
eledricas • 
See his flora Zeylonica.
•
creating
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treafing or diminifhing its heat, and ilronger in the latter than in the former circum-ftance.
Its Eledricity does not appear all over its furface, but only on two oppofite fides, which may be called its poles, and they al
ways lay in one right line with the center of the Hone, and in the direIion of its. ftrata; in which dire Lion the Hone is ab-folutely opaque : though in the other, femi-tranfparent.
Whilft the Tourmalin is heating,- one of its fides (diftinguifhed by A) is eleari-fied plus, and the other fide B minus. But when it 
.
is cooling, A is minus, and B plus*.
If it be heated, and fuffered to cool without either of its fides being touched, then A will appear pofitive, and B nega
tive, all the time of its heating or cooling.
From this law may be eafily deduced, that if one fide of the atone, in fome circumflance or other, is growing hot, while the other is cooling, then both fides will appear pof
-
feired of the fame elearicity at the fame time; and if only one fide changes its degree of hear, while the other remains the fame, then the former fide only will appear elearitied.
D
5. If
)
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If this ftone be excited by fridion, like any other Electric, then each of its
,
 fides, or both at once, may be made Pofitive.,
If the Tourmalin be heated or cooled
,
 upon fome other infulated body, that body will-be found eledrified as well as the ftone, and poifelfed of the EIectricity contrary to that,: acquired by that fide of the ftone which was laid upon it.
The tledricity of each fide, or of both, may be reverfed by heating or cooling the Tourmalin in contad with various fubilan-ces ; fo if it is cooled, or heated in contad with the palm of the hand, that fide of it, which would have been pofitive if cooled in the open air, is now negative and that, which would have been negative, is now 
pofitive.
If a Tourmalin be cut. into feverat parts, each piece will have its pofitive and negative poles, correfponding to the pofitive and negative fides of the ftone from which it was cut.
) (
9. 
Theft
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q. Tbefe properties of the Tourmalin 
and 
`alfo obfervable in vacuo, but not fo thong as in the open air.
io, if this ftone 
be 
covered ail over with fome electric fubftance, as fealing
,
.wax, oil, &c. it will in general iliovv the fame ap--; peararices with this coating
;
 as without it.
II. Mr. WILLIAM CANTON 
bath later ly obferved a very vivid light to appear upon the T-ournialin, while heating in the dark he can by this determine, which end of the ftone will be pofitive
;
 and which negative. Further; when the ftone is ftrengly excited
;
 it emits very ftrong Lilies from the pofitive to the negative end
;
 in the dark t.
I2. In the laft plate
;
 it is remarkable that the power of the Tourmalin is fome-times injured by the anion of a ftrong fire
;
 fometimes improved; and fometimes not at all affedecl by it. The laws, however, 
of
+ The Brafilian emerald Mr. Canton has obferved to 
have A
ra 
this property of emitting light, whila heating in the dark.
D 
2
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thefe uncertain effeas have not yet been afcertained.
The moil of the above properties, which were firm obferved, and thought peculiar to the Tourmalin, have been found to be
long to almoil all hard precious clones, they being alfo made eleIrical by heating and cooling, and have their pofitive and nega
tive fides laying in the direCtion of their ftrata or cryitals; and, in fhort, as far it as has been obferved, they have been found to at exactly like Tourmalins.
We (hall laftly obferve, in this chapter of excitation, that whenever an Elearic is rub
bed with another infulated fubflance, al
though it acquires an elearic power, -and chows eleElrical appearances, yet that power is very weak ; and in order to obtain a con-fiderable EleCtricity, it is necefrary that the rubber should have a regular communication with the earth, by means 
of good 
Con-duCtors. -
CHAP.
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Digitized by 
GoOgk
)

 (
OF ELECTRICITY.
29
C H A P. 
V. 
Of Communicated Elearicity.
T
N the preceding Chapters we have confi-
 
dered Electricity no further than in re-refpe& to its quality; we have remarked the differences between the Pofitive and the Negative, and have noted which bodies, and by what means, they could acquire this property.---But now a vaft profpect is open
ing to our view, full of extraordinary ap
pearances"; and we are to confider in this Chapter, not the mere kind of Electricity, but its numerous effects, Under the title of Communicated Electricity falls almoft all, that is known of the fubjeCt ; the paffage of this virtue from one body to another is what caufes its light ; by being communi
cated to other bodies, we fee its attraction ; by its qUick tranfition it is that it melts metals, deftroys animal and vegetable life ; and, in fhort, it is by this communi
cation that the Science is at all known and cultivated. In order, therefore, to pre.
P 3,
fervq
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ferve perfpicuity, and diilinaion in defcribing fuch a 'multitude of fads, I than employ more chapters on this fubjed, and arrange in each fuch particulars as feem moft pro
per to be placed together, at the fame time contriving to reduce the whole into as few principal heads as it is poll
-
11)1e, without con-fufion.
Whenever Elearicity is by any means fuperinduced on a body, it is there con
fined only by Elearics, and remains with that body a longer or a shorter time, ac
cording as the Elearics that confine it are more or lefs perfed. A glafs tube, for in- fiance, when rubbed, acquires a quantity of that power, whatever it is, which we call Elearicity. That Elearicity remains, and' is perceivable upon the ,glafs, infornuch a§ it is furrounded by the air, which is an Elec
tric; and as the air is in a more or lefs per—fea eledric j'cate, fo that virtue is retained upon the glafs longer or fhortcr ; and be-caufe the air is never a perfect Eledtric, there, fore the excited tube can never preferVe the acquired Elea;icity perpetually, but it is con.)
;
 
tinually
)
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Iinually imparting fome of it to the contigu
ous air, or the conduding particles that float in that element, 'till at 'aft it quite ides its power. If a ,finger, or any other Condudor
he prefented towards an excited Electric, it will receive a fpark, and in that fpark part only of the Eledricity of the Electric ; but why not all I Becaufe the excited Electric being a Non-conductor, cannot convey the Electricity of all its furface to that fide, to which the Conductor has been prefented. Hence, if a conduding fubftance be fuccef-
 
fively
to different parts of an ex-
 
cited Electric, it will receive at every ap
proach a fpark, without repeating the exci
tation, 'till all the power of that Electric is exhaufled, and then a new excitation is Ile-.geffary in order to revive it.
Whenever a Condudor communicating with the earth is exhibited at a convenient difiance to an excited Electric, it acquires on that exhibited fide an Electricity con
trary to that poffeffed by the Eledric : this Electricity increafes the nearer it is ap
proached, and at laft, as there is an eager at-tradion between Pofitive.and Negative Elec-
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tricity, the Conduaor receives a fpark from the Elearic, and fo the balance is reftored. If this Conduaor does not communicate with the earth, but is infulated, and ap
proached to the excited Elearic as before, then not only that fide of it which is towards the Elearic, but the oppofite alto, will appear
elearified; with this difference, however, that the fide, which is expofed to the influ
ence of the Elearic, has acquired an Eleari-city contrary to that of the excited Elearic, and the eppofite fide an Elearicity of the fame kind with that of the Electric. Thefe two different Elearicities of the Conduaor increafe as it comes nearer to the Elearic, and at laft the former receiving a fpark from the latter, becomes throughout poffeffed of the fame Elearicity with the Elearic, from which it has received the fpark. All thefe effeas will happen in the fame manner, if be
tween the excited Elearic and the approach
ed Conduezor there is interpofed fome other elearic fubftance betides air,; as for inftance, a thin plate of. glafs, rofin, fealing-wax, &-c. but then a fpark can never come from the excited Electric to the Conductor, ex
cept it forces, or burfts its way
-
 through
the
)
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the interpofed Elearic, as it always does through the air. This difplacing of the air is what caufes the noife that attends a fpark, and that noife is more or lefs loud in pro
portion to the quantity of Elearicity, and to the refiflance it meets with in its paf
-
fage.
An infulated Conduaor having received the Elearicity from an excited Elearic, (in which
, 
date it is faid to be elearified by communication) will ad in every refped like the excited Eledric itfelf, except, that when it is approached by another Conductor communicating with the earth, the former gives one fpark to the latter, and by that dif-charges all its Eledricity. The reafon why an eledrified Condudor lofeth its Electricity all at once, when touched with another Con-du&or communicating with the earth, and not part of it only, like the excited Elec
tric, is, becaufe the Electricity belonging to the whole of the Condu&or is eafily con
.
-duded through its own fubitance, to that fide, to which the other 
Conduaor 
is pre-fented. Hence it 
appears that, in 
general, the Elearicity difchargcd from an elearified
Con-
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Conduaor is much more powerful, than when difcharged from an Elearic ; for 
the Conduaor 
may acquire a great quantity of Ekaricity from an Eleftric, by receiving fpark after fpark, and afterwards if touched, difcharge it all at once, end not by little and little as it was received.
If an infulated ConduIor be touched with another Conduaor electrified, it will acquire part of the Ele&ricity belonging to the elec
trified Conduftor, and afterwards each will lhow figns of it. The Elearicity in this cafe will not always be equally divided be
tween the two Conduaors, nor will it keep any proportion to the quantity of matter in .each contained ; but will obferve the follow
ing laws.
. If two infulated Condu&ors, that in refpea to their external furfaces are equal and fimilar, and both, or only one eleari-Led, are touched together, the Elearicity will be equally divided among them.
2. 
If their furfaces are equal and diffimilar, as for inaance a fquare foot of tin foil in
one
)
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one piece, and another fquare foot of it cut in a long flip, then that body, whole fur-face has a greater extenfion, will acquire more EleCtricity than the other.
3. Laftly, if their furfaces are unequal and cliffimilar, the Elearicity that each acquires after the' contact, feems pretty clear from experiments, and in confequence of the above two laws, to be in a compound proportion of their furfaces, and the extenlions of the fame,
The eleCtric fpark
e. 
a feparate quantity
of Electricity) will go a greater or lefs dif-tance through the air, in order to reach a ConduCtor, according as its quantity is greater or lefs ; as the parts from which it flies off and on which it ftrikes, are more (harp or more blunt, and as'the ConduCtor is more or lefs perfeCt. The noife together, and the light with which the fpark is attended, is greater or lefs, according as the EleCtricity is greater or lefs ; as the parts from which i,: flies, and on which it ftrikts, are more blunt or more (harp, and as the ConduCtor is more or lefs perfeCt. Thus, for inftance, a (harp point-
 
ed
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ed body will throw off Eledricity to,and receive it from a greater diftance, than a body of any other ihape ; but then that paffage occafions no noife, and but little light, for, in this cafe, the Electricity does not come in a feparate large body, but by little and little, or rather by a continuate flream.
'It is remarkable in the cafe of points throw
ing off, or receiving Electricity, that a cur
rent of air is fenfible at an eledrified point, which is always in the diredion of the point, whether the Electricity is pofitive or negative.
The electric fpark, taken upon any part of a living animal body, caufeth a difagree-able fenfation, which is more or lefs trou-blefome, as the fpark is ftronger or weaker,
-
and the part, upon which it is taken, is more or lefs delicate.
A large quantity of Electricity, pervades the fubftance of a QonduCtor of a confidera-ble length, with a furprifing and impercep
tible velocity 
I
' but a fmall quantity of it has been found to take fome little time in
palling
)
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patling through a long, and lefs perfect Con
ductor.
Bodies, poffeffed of the fame Electricity, whether pofitive or negative, repel each other. But bodies, poffeffed of different Elearici-ties, attract each other ; and there is no elec
tric repulfion, but between bod
i
es poireffed of the fame Electricity, nor electric attrac
tion but between bodies poffeired of dif
ferent Elearicities, i. 
e. 
between bodies pofitively, and bodies negatively, electrified 1.
Electricity, ftrongly communicated to in-fulated animal bodies, quickens their pulfe, and promotes their perfpiration. If it is communicated to infulated fruits, fluids, and in general, to every kind of bodies that are actually in a Hate of evaporation, it alfo
1
.
 This law, i. e. that there is no.elearic attraaion, except between bodies poffeffed of different Elearicities, will, perhaps, appear paradoxical upon obferving, that an excited Electric attra&s (mall bodies, which 'never were by any means made electrical before; but the paradox will foon vanifh, if what has been faid above be confidered, i. e. that when Condudors, andindeed Elearics too, .come near an electrified body, they become etc-Wally poffeffed of a different Electricity. But this will appear much clearer from the experiments that are to be
mentioned hereafter.
•
in-
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increafeth that evaporation, and that id greater or lefs degree; as thofe bodies are; more or lefs fubje& to evaporate of them'-felves, as the veffels, that contain the fame, are Condutors or Elearics, and as they have a greater or lefs furface expofed to the open air §,
By increafing the perfpiration of vegeta
bles, Elearicity promotes their growth ; it having been found, after feveral experiments; that fuch plants, which have been often, and long electrified, have chewed a more lively and forward appearance, than others of the fame kind that were not electrified.
When Elearicity is communicated to in-fulated veffels, containing water, that is ac
tually running from a pipe, the eifeas as far as may ingrofs, be deduced from ex4 periments, obferve the following laws,
" 1. The eleatified ftream, though it di-4 
4
4 vides, and carries the liquid further
;
 is
Although it has been by fome pretended, that Elearicity tattled feverar fubftances to evaporate through the pores of glafs; and metals, yet that could never be obferved, though many ac
curate experiments were made for that purpofe ; befides, this pretended evaporation, (emit on all accounts exceedingly itrt
,
+ probable,
neither
)
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" neither fenfibly accelerated nor retarde4
" when the pipe through which it iffues
" not lefs than a line in diameter.
Under this diameter, if the tube is, ".wide enough to let the liquid run in a con
" tinued ftream, Electricity accelerates it a " little, but lefs than a perfon would ima-" gine, if he judged by the numbers of jets
which are formed, and by the diftance to " which they go.
If the tube be a capillary one, from 
cc 
which the water only drops naturally
;
 
Cc 
the 
electrified jet not only becomes a con
CC 
tinued ftream, and even divided into fe, 
Cc 
veral dreams, but is alfo confiderably acce
CC 
lerated; and the ft
-
nailer the capillary 
CC 
tube is, the greater, in proportion, is the 
tc 
acceleration.
So great is the effect of the electric virtue, that it drives the water in a con-;
ag
 ilant ftream out of a very fmall capillary
" tube, out of which it had not before been able even to drop."
The electric virtue has been found not to he affected by, or affect, the magnetic virtue
OA
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of 
a loadftone ; neither is it affeded by heat 
or 
cold; fince, an iron bar made red hot, 
or any 
concluding ft bflance hard frozen, when eledrified, attracts, repels, gives fparks, &c. in the fame manner as in its natural temperature. Elefh-ic attraction is obferva-ble alfo in vacuo, where it ads nearly at 
the 
fame diflance, as in the open air; and eledric fubftances may alfo be excited in vacuo.
Laftly, we (hall conclude this chapter with remarking two peculiarities, refpeding ex
cited and communicated Eledricity. The firft of there is, that if the face, or any part 
of 
the body, is prefented to an excited Elec
tric, it will feel as if a wind was blowing, or rather, as if a fpider's web was drawn over it, 
whereas this 
is feldom 
produced 
bf communicated Eledricity. The other particular conlifts in this, that if the noftrils' are prefented to an excited Eledric, they will be affected by a fmell, much refembling that of phofphorus; but communicated Eledricity does not occafion any fuch fenfation, except when a large quantity of it does fuddenly pats from one body to another.
CHAP.
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Of Electricity communicated to Eledrics.
A
S 
S the Electric Virtue can be fuperin-..duced on Gonda:tors by communica
tion, fo may it alfo be communicated to Elec- - tries : the difference however is, as might be expected, 'very remarkable; for when one fide of a Conductor is prefented to an eleari-fied body, the Electricity will inftantly per
vade its whole fubftance, on account of its conducting nature ; whereas when an Electric is prefented to another Electric excited, or to an electrified Conductor
;
 it will with fome difficulty acquire any Electricity, becaufe its fubftance is impervious to that virtue, and in order to make it acquire fome, it muff be feveral times, and in different parts, touched with the electrified body. That it is as dif
ficult to deprive an Electric of its acquired Electricity, as it is to fuperinduce it on its furface, I think might eafily be fuppofed ; for the very fame quality, which caufeth it to acquire that power flowly (namely its be
ing a Non-conductor) makes it alfo part with
E
it
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it flowly ; and, in order abfolutely to deprive the Elearic of its acquired Electricity, it muff 'be touched feveral times, and in almoft every part of its furface, with force conduding fub-fiance.
In the preceding chapter we obferved, that when an infulated ConduIor is prefented to an eledrified body, it acquires, on the part neared to that body, a contrary Eledricity ; and on the oppofite part, an Elcdricity of the fame kind with that of the electrified body ; we alfo obferved that thefe two Elec-tricities increafe, as the Condudor comes near to the eledrified body, and that when the Conductor is arrived within the firiking dif-tance of that body, a quantity of Electricity flies off from the latter; forces its way through the intermediate air, and, ftriking upon the former, renders it throughout poffeffed of the fame Eledricity. Thefe effects are in a cer—tain degree alfo obfervable when an Ele&ric, inftead of a ConduIor, is prefented to an eledrified body ; for the eledric will alfo ac—quire on different fides, contrary Eledricities : thefe Eledricities increafe, as the diflance de—creafes ; but, if at loft a fmall quantity of
Elec—
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Elearicity is communicated to the Electric, 
that 
Eledric will not become throughout 
poi 
feffed of one Electricity, but will ftill, in fome cafes, thew different Ele&ricities on different fides, and in fome circuMflances many re
peated changes from pofitive to 
n
egative Elec
tricity may be obferved upon the fame Elec—tric, as will appear from the following expe
riment.
If the end of a pretty long glafs tube be
,
 prefented to a body electrified, for inftanee pofitively, the tube will be found elearified pofitively alfo for the fpace of one or two inches at that end ; but, beyond that fpace, will be found two or three inches electrified negatively; after that, another pofitive Elec-trkity will appear, and fo alternately, a pofi-tive and a negative zone will follow one ano
ther, always weaker and weaker in power, till at laft they quite vanifh. Now the caufe of thefe effects is always to be deduced from the two above-mentioned principles, i. e. the non-conducting quality of an Electric, arid the property of bodies in general to acquire an Elearicity contrary to that poffeffed by another contiguous electrified body : fo in the
E 
2
above
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above experiment, that end of the tube- which was prefented to the body elearified pofitively, before it received any Elearicity from that body, appeared negative on the part prefented to it, but after it had received fome Eleari-city, appeared to be pofitive no further than that Eleaticity could be fpread over its fur-face, but beyond that place a part of the tube appeared to be negative, on account of its contiguity to the part elearified pofitively ; after that, another place appeared to be pofi-tive, becaufe of its contiguity to the part elec
trified negatively, and fo of the fubfequcnt changes ; and the pofitive Elearicity of one part of the tube cannot mix with the adjoin
ing -negative part fo as to prevent thefe ap
pearances, becaufe the non-conducing quality of the glafs will always hinder fuch an effect from taking place.
If to one fide of an Ele&ric fufficiently thin, as for inflance a pane of common win-dow-glafs, a plate of fealing-wax, &c. be communicated one Elearicity, and to the op-, pofite fide be communicated the contrary, that plate in that cafe is faid to be 
charged, 
and the two Elearicities can never come together,
except
)
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except a communication of conducting fub-fiances be made between both fides, or the Elearic be broken by the power of electric attraction. When the two Elearicities of a charged Elearic are by any means united, and therefore, their power deftroyed, that Elec
tric is then faid to be 
difcharged, 
and the at of union of thefe two oppofite powers is, for a reafon hereafter to be mentioned, what is called the 
electric Shock.
in order to avoid the difficulty of commu
nicating Electricity to an electric plate, it is cuftomary to coat the fides of it with fome conduaing fubftance, as tin foil, gilt paper, &c. by which means the charging and dif-charging becomes very eafy ; for when the Electricity is communicated to one part 
of 
the coating, it is immediately fpread through all the parts of the Elearic that are in contact with that coating, and when the Elearic is to be difcharged, it is fufficient to make a con
ducting communication between the coatings of both fides, in order to difcharge entirely
e Elearicities of that Elearic.
E3
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It 
will be readily underflood why the coat
ings of both fides of an Elearic should not come very near one another towards the edge of the plate, for then a communication be
tween the fame coatings is ready at hand, and although they do not abfolutely touch one another, yet when they are elearified, the Ele&ricity will eafily force a pairage through the air, and, by paffing over the furface of the Elearic from one coating to the other, ren
ders it incapable of receiving any charges.
By means of charged Elearics, we may, fee a difplay of the greateft powers of Elec
tricity; we can accumulate this power, and, ufe it advantageoufly in different 
experi
ments. 
By confidering the properties of a charged Elearic, we become further and ' better acquainted with this fcience, than by, any other means, and for the enumeration of thefe properties the following chapter is employed,
* The property of condu6ling the Ele&ricity over the furface is fo remarkable in form kinds of glafs, that they are on this account abfolutely unfit for the purpofe of charging 
and 
difcharging.
CHAP,
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VII.
Of charged Eledrics, or the Leyden Phial.
T
F a glafs plate, whether fmooth, or, rough,
is coated with fome concluding fub-fiance on both fides, fo that the coatings do not come fo very near the edge of the glafs, as to render it unfit to be charged, and if to one of thofe coatings be commu
nicated fome Ele&ricity, the other coating, while communicating with the earth, or with 
a 
fufficient quantity' of conducing bodies, acquires by itfelf an equal quantity of the contrary Eledricity ; but if whilft one fide is acquiring Eledricity, the oppofite fide does not communicate with the earth, 
or 
with a fufficient qUantity of conducing fubflances, the glafs cannot be charged. Now the reafon why when one fide of the glafs is receiving one Elearkity, the op.. pofite fide acquires the other, is the fame as obferved in the preceeding chapter, i. 
e. 
the property of bodies to acquire an Eledri.. city contrary to that poffeffed by a contigu
ous electrified body; and the caufe, that
E 
4
hinders
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hinders thefe two Elearicities from mixing together, is the interpofition of the glafs plate, which is imperineable to Elearici-iy *; but if the charge is too high, and the glafs plate too thin, then the great •attrac
tion, between the two different Elearics, forces a paffage through the glafs, difcharges it, and renders it unfit to receive another charge.
Thefe effeas happen in the fame manner if the glafs be not in the form of a plate
*
 but in any other fhape whatfoever, provid
ed it is fufficiently thin, it. being not the form, but the thicknefs of the glafs, that makes it more or fiefs fit to be charged : and the thinner it is, the greater charge it is capable of receiving ; for the ftronger in proportion is
* This remarkable property of EleCiricity was &ft obferved at Leyden with a bottle containing fome water, which ferved for the infide coating, and the undefigne4 application of the bands on the outfide ferved for another coating. A bottle coated 
bn 
the infide and outfide for the purpofe of being charged, has from thence been called the 
Leyden Phial, 
otherwife an 
electric far ; 
and the charging and difcharging in general, of cpated glafs, 
his
been called the 
Leyden Experiment.
the
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the power of the Electricity of one fide, to caufe a contrary Electricity on the oppofite fide.
How thick a glafs plate or other Electric fhould be, to become incapable of being charged, hath not yet been afcertained.
If a coated glafs plate, or phial, after being charged, be infulated, and only one of its fides be touched with fome Conduaor, that fide will not part with its Elearicity, becaufe the Electricity of one fide exifts in confequence of the contrary Electricity on the oppofite fide, and both, by their mutual attraction, confine one another upon the fur-face of the glafs. In order therefore to dif-charge that glafs, both its coatings mull be touched at the fame time, and connected with the earth : or by means of fome Con-duaor a communication muff be made be
tween them, and in this cafe the difcharge is faid to be made through that Conduaor.
When, in order to difcharge a jar, one of its coatings is touched firft with a Conductor, as for inflance, with one end of a chain, nothing
)

 (
nothing particular in that cafe will appear 
4
 ; 
but as fowl as the other end of the chain comes within a fufficient difiance of the other coating, a fpark will be ken between the end of the chain, and that coating, ac-
 
companied with a noile,
jufl as when an excited, 
Electric, 
or an elearified Conductor is made to communicate with another Con
cluder ; but the power, the light, and the report is in general much 
greater 
than that of a fpark taken from a body limply elec
trified.
It is remarkable that the fpark occafioned by the difcharge of 
charged Elearics, al—though 
it is more denfe, more powerful, and makes a greater report,,yet is not fo long as the fpark drawn, from an elearified Con-tluaor.
* 'If one coating of a charged jar communicates with the earth while the other coating is expofed to the free air for fome time, the charge of that jar will be fluently and gradually diffipated ; for while the Electricity of one fide goes to the earth, the Elearicity of the other is com
municated to the air, which, 
a# 
we obferved before, is never a perfeCt EleCtric.
When
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When the difcharge of a jar is made through the body of a living animal, it oc-, cafions a fudden motion by contraCting the mufcles, through which it paffes, and gives a difagreeable fenfation, for which reafon the effeCt of difcharging an ele&ric jar has been generally called the 
electric Shock.
The force of the ele&ric fhock, occafioned by glaffes of the fame thicknefs, is greater 
or 
lefs in, proportion to the quantity, 
of 
coat
ed furface, and the height of the charge. Upon this principle, the power of the laid (hock, by increafing the quantity of coated glafs, may be augmented at pleafure, provid
ed means be ufed powerful enough, to charge it.
number of coated jars conneaed toge
ther in fuch manner that their whole force may be united, and ad like one jar, conftitutes what is called an 
electrical Battery. 
This battery is the molt formidable, and entertain
ing part of an eleCtrical apparatus, and by its ufe many wonderful effe&s are produced, but as the performing of thefe belongs
rather
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rather to the pra&ical, than to the prefent part of this Treatife, I shall only enumerate them in this place, and referve further par
ticulars for the third part of this work.
In making the difcharge of an elearic jar it is furprizing to obferve with what quick-nefs the Elearicity performs the circuit from one fide of the glafs to the other. It has been found to employ no perceivable time in going through a Conduaor of feveral miles, which conne&ed the two coatings of a phial,
The force and noife of an elearic (hock is not,affeted by the inflexions of the Con-duaor, through which it goes, but it is fen-fibly weakened by its length ; hence when the circuit, i. 
e. 
the communication be
tween the two fides of the elearic phial, is made by one perfon touching one fide with one hand, and the oppofite fide with the other, the shock is ftronger than when the circuit is formed by many perfons together joining hands,
That
)
 (
6i A COMPLETE TREATISE
)

 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
OF ELECTRICITY.•
That the Ele&ricity finds fome obltruCtion in going through even the bell Conduaors, appears evident, from this, that in fome cafes it will prefer a fhort paffage through the air, to a long one through Conductors, even the molt perfect. This obitruaion is greater in that place, where the Conduaors, forming the circuit, do not lie in perfea contact ; and if the circuit being campofed of Conduaors of different natures, the Electricity be obliged to pats from one ConduElor to another lefs per—fea, the oblingtion is Rill greater. If the interruption of a circuit be made in water, on making the difcharge (notwithflanding that the water is a Conductor) a fpark will be feen in it, which never fails to agitate the water, and often breaks the veffel that contains it.
A firong (hock, fent through an animal or a plant, puts an end to animal as well
as to vegetable life.
If the circuit be interrupted by one or more Elearics, or imperfect Conduaors, of a moderate thick-nefs, the electric chock will break them, and in fome circumfiances difperfe them in every direction, and in fuch a manner as if the
force
)

 (
force proceeded from the center of every one of the interpofed bodies 
4
.
A thong fhock, fent through a 'lender piece of metal, makes it inftantly red-hot, melts it, arid if the fufion is perfeet, reduces it into globules of different magnitudes. If the me
tal be inclofed between "pieces of glafs, the 'Mock, by melting it, will force it into the fubftance of the glafs, fo that afterwards it cannot be taken off without fcraping part 
of 
the glafs with it. In this experiment the 'glaffes are chattered to pieces, and it is feldom that they refift the force of a strong chock.
If the glaffes, inclofing the metal, be preffed by heavy weights, then a remarkable fmall (hock is capable often not only to raife the weight, but to break fuch thick glaffes, that oiherWife require the force of a large battery.
* In feveral inflances the effect of a (hock upon an interpofed body is evidently greater on that fide of it which communicates with that coating of the jar or battery, that is poffefred of the pofitive Elearicity. But of this 
more 
will be Paid hereafter.
2
Thick
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Thick pieces of glafs may be alfo broken into innumerable fragments by only fending a (hock over a fmall part of their furface, which are preffed by weights, without the interpofi-tion of any metal. When thefe pieces of . glafs are not broken, they are marked by the explofion with the moil lively prifmatic co
lours, which lie fometimes confufed, and fometimes in their prifmatic order. The co
loured fpot is evidently formed by thin plates or fcales, in part feparated from the furface of the glafs ; and it generally occupies the fpace of about one inch in length, and half an inch in breadth.
In melting wires of the fame metal by the elearic fhock, it muff be obferved, that the forces required for that purpofe muff be great
;
-er or lefs according as the lengths or thickneffes of the wires are greater or lefs, but they are far from bearing any dire proportion to the quantity of metal ; for if a wire of a given length and diameter be barely melted by a large battery, a wire of equal length and twice the
-
 fubflance, would perhaps take ten fuch batteries to produce the fame effect upon it.
When
)
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When a moderate (hock* is fent through an imperfea metal (efpecially if the circuit is formed by feveral pieces, as by a chain), a black dull, in the form of fmoke, will be Peen to proceed from the metal, which is thought to be. foine of the metal itfelf partly calcined, and, by the violence of the explofion, forced from it.
If fuch circuit, or part of it, be laid upon a piece of paper, glafs, or other Non-conduaor, this, after the explofion, will be found flamed with fome indelible marks, and often thew evident figns of having been burnt. A long and permanent track may be marked upon glafs, and fome other bodies, by the ele&ric explofion, if the interruption of the circuit be made upon its furface.
What is more remarkable, in confidering the effeas of Ele&ricity on metals, is, that, it revivifies their calces, and, like a true phlo-giftic procefs,
, 
when an explofion is made he—
 
* By a moderate (hock here, I mean, one that is not able to melt the metal through which it piles.
tween
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tween two pieces of the fame, they, in part, return into their metalline form.
Although we obferved, in the fifth chapter, that Elearicity and Magnetifm did not inter
fere with one another's aCtion, yet that muff not be underftood in general, and when a large force of Elearicity is meant ; for this is capable not only of deflroying the virtue, or of reverting the poles of a magnetic needle, but even of giving it that virtue. When the charge of ten, eight, and even a lefs number 
of 
fquare feet of coated glafs is fent through a fine fewing-needle, it will often give it polarity, fo that it will traverfe when laid on water*. It is remarkable that if the needle be ftruck, lying eaft, and weft, that end of it which is entered by the fhock, will after. wards point north ; but if the needle be firuck, lying north and fouth, that end
* A fmart firoke of a hammer will make 
a 
needle magnetic: but they thould always be tried before the experiment: for many fmall needles will traverfe upon water, without the ele&ric Ihock, or the firoke of the
hammer.
of
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of it which lay towards the north, will, in any cafe, point north; and the needle will acquire a fironger virtue in this, than in the former cafe.
That the electric fpark fhould kindle in
flammable fubftances, I 'think might be ex-peaed, when its power has been confidered n many circumfiances, in which it has been obferved to ad as a moil penetrating and ex
traordinary fire. In firing feveral fubflances. a fmall fhock is fufficient ; and inflammable fpirits may be fired even by a fpark proceed-. ing from an electrified Conductor.
If the moderate charge of a large battery is difcharged between two fmooth furfaces of metals, or femi-metals, lying at a fmall difiance from each other, a beautiful fpot will be marked upon them. This confifts of one. central fpot, and fome concentric circles*, which are more or lefs diftind, and more or
* The central fpot as well as the circles lie at a little dittance from one another; and they are compofed of dots and cavities, indicating a true lotion.
lefs
)

 (
OF 
ELECTitICIT'V.
67
lefs in number, according as the metal tipOri Which they are marked,- requires a lefs or greater degree of heat to be Melted, and as a greater of lefs fotee is employed,
If the ekplofion of a' battery, Ming froni a pointed bOdy, as the point of a tieedie, be repeatedly taken upon the plain furface of a' piece of metal fituated at a little diilanee from the point, or if iituing from the furface, be ' taken upon the point; that metal will be marked with a colotired fpot, confifting of the prifmatic colours difpofed iii circles,- and' evidently formed by fcales, or thin plates of the metal fepatated .by the force of the ex-plofion*:
Wh
c
en the difcharge of atittery'is made' by bringing the end§ of two CondatOrs,' conithithicating' with the infide, and the* fide of the battery,' in contael with'; or' at little 'diftince froth the furface of levet-al' cone chiding • ful511Atieeb;- 
ad water, ra%ii Meat, Soc.
rot fuither
•vinceriinethefe
—
cireles
.
; fee 
the Phil. Trani] vol. LVIII:
r2
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it is obfervable that the Ele&ricity, inflead of entering thole fubftances, goes over their fur-face, and in a lucid feparate body reaches from Condudor to Condudor ; fometimes it prefers a much longer paffage over the furface, to a fhorter one through any fubflance. In this cafe the explofion never fails to give a concuffion to the body, over whore furface it paffes.
The explofion, taken in different kinds of air, ads in general like any phlogiftic pro-cefs*.
Befides the above-mentioned properties of charged glafs, there are a few more obferved, which as yet have neither been fufficiently inveftigated, nor fo far purfued as to be re
duce under any general laws. They afford a great field for fpeculation, and feem more intimately conne&ed with the nature of Elec-trics in general ; but it feems not proper to make any general conclufions from the fads
See Dr. PRIESTLEY'S fecond vol. of Obfervations 
on 
different Kinds of Air, fec. XIII.
2
already
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already known, at lead fo as to be inferred in this part of the prefent treatife. I (hall there
fore employ a chapter for the hiftory of the fame, in which I shall relate the principal, and more promifing experiments hitherto made, and take notice of the beft conjeaures offered for their explanation. This chapter will be found at the end of the third part, in which place, I think, it will be more accept
able to my readers, particularly fuch, who have not been much converfant with Elec
tricity, and therefore require firfi the defcrip-tion of the elearical apparatus, and the kupw-ledge of the experiments neceffary to prove the facts recited.
) (
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CHAP. "VIIL 
Of iftmqfpberical
IV HOMIER. has remarked the nu:
merous properties 
of 
Elearicity already mentioned, and has confidered their extenfive power, will, I doubt not, be great- ly furprifed, when he compares the {fate, in which the Science remained half a century ago, with that in which it is at prefent ; but his wonder will flill increafe, when he is told that Eledricity is not only to be obferved by rubbing an Elearic, or warming a Tour-malin, but that it has been found to exit} in the air, rain, and clouds: that thunder and lightning have been difcovered , to be its effeas ; and that in {port whatever has the appearance of fire, or of any thing extra
ordinary in the atmofphere, and upon the earth, has been attributed to Elearicity.
That the effects of Ele&ricity bore a great refemblance to thunder and lightning, had been feveral times remarked by philofophers, and efpecially by the learned Abbe NOLLET;
but
)
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but that they fhould a1ually be found to be effe&s of the fame caufe, and that the phe
nomena of Eledricity fhould be imitated by lightning, or thofe of lightning by Electri
city, was neither thought poffible, nor fuf-peded, till the celebrated Dr. 
FRA NKLIN 
made the bold affertion, and the French phi-lofophers firft, and afterwards Dr. 
FRANK
LIN 
proved the fact by undeniable arguments in the year 1752.
The fimilarity of lightning and Ele&ricity is not to be remarked in a few appearances only, but it is obfervable throughout all their numerous effects, and there is not a Lingle
, 
phenomenon of the one, but may be imitat
ed by the other. Lightning deftroys edifices, animals, trees, &c. ; lightning goes through the belt Condudors, which it meets in its way, and, if its pafrage is °Whaled by Elec-trics, or lefs perfect Condu&ors, it rends them, and difperfes them in every diredion ; lightning burns, and melts metals and other fubftances ; a ftroke of lightning often dif-turbs the virtue of a magnet and gives pola
rity to ferruginous fubliances ; and all thefe effects, as has been obferved above, may be
4
' pro-
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produced by Elearicity. But independent of the great fimilarity exifting between light
ning and Electricity; what fully proves their identity is, that the matter of lightning may be a&ually brought down from the clouds by means of infulated and pointed metallic rods, or by elearical kites, and with it any known electrical experiment may be per
formed.
Clouds, as well as rain, fnow and hail, that fall from them, are almoll always elec
trified, but oftner negatively than pofitively; and the lightning, accompanied with the thun
der, is the effea of the Elearicity, which, dart
ing from a cloud, or a number of clouds, highly elearified, ftrikes into another cloud, or elfe upon the earth, in which cafe it pre
fers the molt lofty and pointed places, and by this ftroke produces all thole dreadful effels, that are known to be occafioned by light
ning.
The air, at tome diftance from houfes, trees, malts of flips, &c. is generally elearified pofitively, particularly in frofty, clear, or foggy weather ; but how the air, the fogs,
and
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and the clouds become eledrified had not yet been afcertained, although feveral conjetures have been offered.
After that Eledricity, and the matter of lightning were found to be, the 'fame thing, philofophers began to fufped the action of Eledricity to be where it had before been lefs imagined, and not without reafon endeavour
ed to reconcile 'to it feveral other natural ap
pearances. The aurora borealis, or northern light, was foon attributed to Electricity, on obferving that by this that flaming light may be imitated*, and that the aurora borealis, when very ftrong, has been known to difturb the magnetic needlet, which is alfo an effect of Eledricity.
The late Mr. CANTON frequently collekled Elec
tricity in a confiderable degree, during the time of an aurora borealis. His apparatus for that purpofe confifted of an infulated fifhing rod, 
ereEted 
on the top of his houfe, and having a wire twifted round.
. See the Phil. Tranf. vol. LIX. page 88.
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The accentions, that are often feen in the atmofphere (commonly called 
falling Stars) 
are thought to be elearical appearances. The fame is alfo fuppofed to be the caufe of fuch other meteors like white clouds, that often appear by night-time, particularly in hot di-mates. Befides thofe phenomena, water-(pouts, hurricanes, whirlwinds, and even earthquakes have been attributed to Eleari
,
-
 
city.
But now, perhaps, the reader will think philofophers too extravagant, in going fo far with Elearicity. Such thoughts feern at firft fight to be extravagancies, but if it be confidered, that they do not appear to con-tradia the known laws of nature,. that they are not affertions abfolutely void of proofs, add that they are the thoughts of great phi-lofophers, then, I think, they may be ad
mitted at leaft fo far as to be tried on proper occafions, and to be confidered as the molt plaufible conjeaures yet offered in explana
tion of the moll furprizing phenomena of nature*.,
* For further conjectures fee Dr. FRANKLIN'S Letters, and Dr. PRIESTLEY'S Hitt. of Elea. Part I. per. X. 'fee. XII,
CHAP.
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CHAP. IX.
ildvantages derived from Zlearicity. 
ATURE, ever wife and admirable in her ations, feems to follow a certain
£
rnilarity in her works with a conformity of, operations, and from the fimpleft to the moib complicated of her 
objeas. 
an
 
analogy 
is 
obfervable, which, as it is wonderful to be confidered, fQ ,it is inftruftive and ufeful. It
orb account of this analogy
;
 that whenever 
a 
difcoveryis, made in any part of uaturali philofophy; whenever a fcience is advanced
;
 we not_ only attain to the knowledge of that - f flgle law, or. particular fcience, but, at the fame time acquire means in, general of in, veftigating the operations of nature with fornewhat more certainty and accuracy, and by purfuing. that analogy we are enabled to make, further, difc.overies, and to improve every branch of knovdedge. How far Elec
tricity has contributed towards this purpofe
;
 
thinkit, unaeceffary to he.further proved, when, its gtioa has been, ihown. to be fo general, aad fa powmful., asta,perforna what
no
Digitized by 
Google
)

 (
no art can operate. But, betides the field that Ele&ricity has opened for further difco—veries, and the fatisfa&ion of that curiofity, which before attended the contemplation of fo many wonderful phenomena as have been explained in this fcience, there are two great advantages derived from Elearicity; the one is a defence againft the direful effe&s of lightning, and the other a remedy for many
, 
diforders incident to the human bo
dy.
In order to guard edifices or (hips from being damaged
, 
by lightning, it was judici-oully propofed, by Dr. FRANKLIN, to raife a metallic Conduaor fome feet above the high—eft part of the building, and continue it down the wall till it penetrated fome feet into the ground ; by this means. the houfe could never receive any damage, for whenever the light—ning ihould happen to fall upon it, it is evi
dent that the Conduaor, being of metal, and higher than any part of the building, would certainly attra& it, and by condu&ing it to the ground, hinder that building from re
ceiving any damage, for it is known that Elericity always ftrikes the neareft and
heft
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belt Conduaors, that it meets, within its way.
The reafonablenefs and truth of this affec
tion has been confirmed by ntimberlefs faas„, and the praaice
, 
of raifing filch Conduaors has been found exceedingly "ufeful, particu
larly in hot climates, where thunder-forms are very frequent, and the damages occafion-ed by, the fame, too often experienced.
In regard to the Conftruaion of fuch Con-duaors there have been fotne controverfies among Elearicians,; and the moll advanta
r
 geous manner of ufing them has not, with
out a great many experiments,. and but very lately, been afcertained. Some philofophers, have afferted that fuch Conduaors should terminate in a blunt end, that they 'might the lefs invite the lightning from the clouds ; for a blunt end will not attraa Elearicity from fo great a diftance as a sharp point. But Tome other philofophers have 
:
thought a pointed_ termination to be much preferable to a blunt one, and their affertion teems, on the following accounts, founded on much better !Totall
ing.
A ihorp-
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A sharp-pointed Conduaot, it is. true,' wilt attraa Elearicity from a greater dittance than' a blunt one, but at the fame time, will attra& anti conduit it by little and little, or rather by a continued Dream, in which manner a re-inariably fmall Conductor is capable df con-&CEng a very, great quantity of Elearicity whereas a blunt terminated' Condu&or attraas: the Elearicity in a
,
 full feparate body, or explofion,- in-which manner it is- often made' red-hot, melted, and even exploded in fmoke, and by fuch a quantity of Elearicity, as perhaps "would not have at all affeCtred it, if it had been iliarply pointed.
A fharp-pdinted Conduaor, certainly,. in-
,
' vites the matter of lightning eafier than a' blunt one, but to invite, receive, and condu& it in fmall quantities never endangerS the Conduaor ; and the objea of fixing a Con-duabr to a houfe, is to protea' the houfe from the effects, and not the Conductor from tranfmitting the lightning.
It is an obfervation much in favourtof pointed Conductors, that fuch fieeples" of churches, and edifices in general, that are
ter-
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terminated by pointed metallic. ornaments,. have never, or very feldom, been known. to be (truck by lightning, whereas others that: have flat or blunt terminations, and have a great quantity of metal, in a manner infulatect on, their tops,. are often {truck by-it, and: it. is but feldom that they efcape without great: damage..
Befides thole coati derations, a. (harp-point. ed Condnetor, by the 
fam6 
propertrafrattratt. ing Elearicity, more than a blunt one, may-a tually prevent a.flrekeof. lightning*,, to dog' which a blunt-en deeLone is abfolutely
pable.
A,Condudor theittfore to guard aibuilding,, as
.
. it
,
 is now commonly ufed in confequence, feveral conliderations, and experiments,. ihould c.onfift ofL onei iron rodt- about three.
*'Thisauctother properties;of pointediConduiffors will be.,made,to appear very evidently,,by, expfritents„,
t Copper would do much better than iron for a Con-da6tor 
3
 it.beinga moreporfditCondiefilor of. Elearicity, anchat .the fame ;imortot.being sfubjea to contreit. ruft iron,
quarters
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quarters of an inch thick, faftened to the wall of the building, not by iron cramps, but by wooden ones. If this Conduaor was quite detached from the building, and fup-ported by wooden ports at the diflance of one or two feet from the wall, it would be much better for common edifices, but it is more particularly advifable for powder-magazines, powder-mills, and all fuch buildings as con
tain combuftibles ready, to take fire. The upper end of the Conduaor should be termi
nated in a pyramidal form, with the edges, as well as the point, very fharp*; and if the Conduaor is of iron it fhould be gilt, or painted for the length of one or two feet. This (harp end should be elevated above the higheft part of the building (as above a flack of chimnies, to which it may be faftened) at leaft five or fix feet. The lower end of the Conduaor fhould be driven five or fix feet into the ground, and in a direaion leading ftom the foundations; or it would be better to conned it with the neareft piece of water,
* This pyramidal termination of the Conduaor is an improvement of an ingenious Elearician, 
Mr, SWIFT 
it Greenwich.
if
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if any be at hand. If this Conductor, on account of the difficulty of adapting it to the fOrrri of the building, cannot conveniently be made of one rod, then care fhould be taken, that where the pieces meet, they be made to come in as perfeEt contact with one another as poffible ; for as we obferved before, Elearicity finds confiderable obfirue-tion where the Condudor is interrupted.
For an edifice of a Moderate file one Con. duaor, in the manner already defcribed, is perhaps 
fufficient ; 
but, in order to fecure 
a 
large building from fuflaining any datnage by lightning, there fhould be two, three, or More Conductors, in proportion to the extent of the building.
On board chips a chain has often been ufed for this purpofe, which, on account of its pliablenefs, has been found very convenient, and eafy to be managed among the rig
ging of the veffel ; but as the Ele&ricity finds a great obfiru6tion in going through
, 
feverai links, for Which rearm' chains have been a6ually broken by the lightning, fo their ufe has no* been alinott intieely
G
laid
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' 
laid afide, and in their dead, copper wires 
g 
little thicker than a goofe quill have been fubftituted, and found to anfwer very well. One of thefe wires fhould be elevated two or three feet above the higheft maft in the veffel ; this fhould be continued dawn the maft, as far as the deck, where, by bending, it fhould be adapted to the furface of fuch parts, over which it may molt conveniently be placed, and, by continuing it down the fide of the veffel, it fhould be always made to communicate with the water of the fea.
In regard to perfonal fecurity in cafe that a thunder-ftorm were to happen while a perfon is in a houfe not furnifhed with a proper ConduCtor, it is advifeable not to &and near places where there is any metal, sis chimnies, • gilt frames, iron cafements, or the like; but to go into the middle of a room, and endeavour to nand or fit upon the belt Non-conductor that can be found at hand, as an old chair, a ftool, &c. " It is 
" 
Bill fafer (lays Dr.
-
FRANKLIN) 
to bring " two or three matraffes or beds into the 
CC 
middle of the room, and folding them up
double, put the chair upon them ; for they
" not
)
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, ..
not being fo good Condu&ors as the walls, the lightning will not choofe an interrupt
ed courfe through the air of the room and the bedding, when it can go through a continued better ConduCtor, the wall. But where it can be had, a hammock or fwinging bed, fufpended by filk cords
)
 equally diftant from the walls on every fide, and from the ceiling and floor above and below, affords the fafeft fituation a a perfon can have in any room what.
,
 ever, and what indeed may be deemed quite free from danger of any ftroke by lightning."
If a form was to happen whilft a perfon is in the open fields, and far from any build
ing, the 
belt thing he can do is to retire within a fmall ditlance of the hi ;heft 
tree or trees he can get at ; 
he 
mull by no means go quite near them, but should flop at about fifteen or twenty feet from their outermoft branches ; for if the lightning fhould fall thereabout, it will very probably ftrike the trees ; and in cafe a 
tree was 
to be fplit, he is fafe enough at that diftance from it.
)
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In regard to the other great ufe of Elec
tricity, 1. 
e. 
its application as a medicine, there have been fo many opinions 
pro, 
and' 
contra, 
and the event in general of the in
numerable trials has been fo precarious, that to give a juft eflitnate of its power feerns to me very difficult. The innumerable cures performed by the appliCation of Ele'tricity, that are related by feveral writers, Teem to re-prefent it as a panacea for every diforder: on the other hand, the unfuccefsfulnefs of other attempts, and which (although feldom recorded) are the more numerous, fhow its inefficacy, and inutility : if therefore a de-cifion Ihould be given on the refult of all thofe cafes, Elearicity fhould be confidered as the moll ufeful, and ufelefs remedy in the whole 
materia medica.
In order however to fatisfy more fully the curiofity of the reader about this important fubjea, I (hall here fubjoin two cafes, in one of which, related by Dr. HA RI of Shrewfbury, the application of Electricity proved very pernicious, and the other is a moll remarkable inflance of its good effect. In regard to the firfl cafe it is thought by
i
force,
)
 (
OF ELECTRICITY.
85
7
 
)

 (
tome, that Electricity was injudicioufly ap
plied ; but of the veracity and juft treatment of the fecond the reader can have no doubt, for it was executed by the celebrated Dr. WATSON, a gentleman, who is
, 
both an ex
cellent phyfician, and one of the greatel
3
/
4
 EleCtricians.
CASE I.
" 
A young girl, about fixteen, whole c' right ajm was paralytic, on being efeetri-" fied the fecond time, became univerfally 
" 
paralytic, and remained fo aboµt a fort
*' night, when the increafed paify was re, *' moved by medicines, which her cafe indi-f` c,ated ; but the firft difeafed arm remained " as before ; I fhould have mentioned too, " that this arm was greatly wafted, in oom-
 
parifon to the other. However, notwith.-
. 
" flanding the former bad accident, I had a c' mind to try the effe& of Electricity on her *, again, which we renewed; and, after " about three or four days ufe, fhe became " the fecond time univerfally paralytic, and " even loft her voice, and with difficulty ig could fwallow. This confirmed me in my
G 3
" opinion,
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" 
opinion, that the elearical shocks had oc.
cafioned thefe fympt0ms.—We therefore " omitted it, and the girl, though the grew " better of her additional palfy, for fo I call " it,. remained as bad as before of her " firft*."
CASE II.
A girl belonging to the Foundling Hof-pital, aged about feven years, being firil feifed with a diforder occafioned by the worms, was at laft, by a univerfal rigidity of the mufcles, reduced in. fuch a slate, that her-body teemed rather dead than alive.. After that other medicines had been ineffeaually adminiftered for about one month, the was at laft elearified intermittedly for about two months, after which time the was fo far re
covered, that the could, without pain, exercife every mufcle of her body, and perform every aetion as well as before the had the 
diflempert.
; 
4
P- Phil. Tranf. Vol. XLVIII. 
f Phil. Tranf.., Vol. 414.
When
)

 (
When I afk perfons that have trier' Elec-city upon themfelves, or upon others, it is ten to one, but they inform me, that it affords fome relief in fome diforders, but it is not a tiemedy to be depended on, or to be ge
nerally ufed ; for patients, they fay, do not like to fubjea themfelves to a king, uncer
tain, and (on' account of the (hocks) trou-blefome treatment; befides, the elearicat machine will not always a& well, and the turning of the wheel, for the fpace of an hour or longer, is not a very pleating employment even for a fervant.
To all thefe objeaions, a philofophei would anfwer, that it is not every diforder, nor every temperament that requires 'an equal, or perhaps any application of Eledricity. That Ele&ricity has been of great benefit
.
 in many cafes, where the application of other medicines has failed, is beyond doubt, and, if two of three equivocal cafes be ex= cepted, there is no inftance of its having ever done any harm : its inefficacy in feveral cafes is in a great meafure to be attributed to the injudicious application of it, indeed more than to any other caufe ; for, in' general,
G 4
this
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this remedy has been adminifiered either by. Eleetricians, who were not phyficians, or by phyficians, who were little if at all (killed in Elearicity. In 
regard 
to the trouble, am
:
 attending its adminiftration, it would be as ridiculous to alledge it in proof of its want of utility, as it would be to degrade the knowledge, and advancement of Elearicity on account of the expences that attend the purchafe of an electrical apparatus. Lor few pence a man may be hired, who will work the machine as long as it is neceffary, and be thankful for the employment ; but, in order to obviate this inconvenience, an elec
trical machine, to work by wind, by water, 
or 
by'a • horre, might Ix easily conitrufted, with an infulated floor, or room ; and witli fuch a machine a vast number of patients might be very conveniently elearified.
After all tliefe difquifitions, that the read
er may form ajuft idea of the medical ufes of Elearicity, I fliall in fhort give the refult of what deems 
well 4uthentkated 
by, fats and reafoning under the following pa
ragraphs, and refer-ye the pra&ical ufe for the third part.
The
)

 (
PF ELECTitICITY.
8
9
 
The certain effeas of Ekaricity, when communicated to the human body, are a pro.. motion of the infenfible perfpiration, an in. creafe of the circulation of the blood,* and an increafe of glandular fecretion.
Thefe effeas haye been found always eon. Rant ; they may be proved by feyeral experi. inents inde,pendant of phyfical cafes; and I think there is no body, who will deny that f4ch promotions are not only beneficial, but 
.
0,bfolutely peccary for many diforders,
Id Ng* to 
the 
obfervatious made by phy-ficians in the application of this remedy, it muft be acknowledged that among the dif
ferent cafe% there are (event'. which are related by perfons of great veracity ; they feem to be well authenticated, and therefore their refult ,fhotild be carefully confidered. Thefe fans fhow that Elearicity, except it be adminiftered to perfons affeaed with the venereal difeafe, or to 
pregnant women, ge
nerally 
gives Tome relief at lea% if it does
* It 
has been found by very accurate 
experiments that Elearicity, communicated• to the human**, inereafes the circalatiop of the blood about 041e g2fth.
t
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not effe6t a total cure. For the apoplexy, the palfy, the dropfy, coldnels in the feet, fithila lacrymalis, rheumatifm, mortification, amaurofis or gutta ferena, and in ihort for all other diforders occafioned by obftruaions, or contraptions, Ele&ricity has been found beneficial*.
It has often been obferved in paralytic cafes, that the patients have in general re
ceived force relief after being eleftrified four or five days ; but that afterwards, finding nothing further could be obtained, they dif-continued the application of this remedy, and in thort time relapfed.
In regard to this, it might be obferved, that in force cafes, there are two kinds of
. * Abundance of phyfical cafes, in which Eleetticity has been applied, may be met with in almol.I every writer on EleCtricity, but efpecially in 
JALLABERT'S 
Experimenta Elearica, Lo VETT'S Subtil Medium proved, WESLEY'S Defideratum, or EleIricity made plain and ufeful, 
FERGUSON'S 
Introduaion to Elearicity, and-BECKET'S Effay on EleEtricity. Some cafes in which EleCtricity has been fuccefsfully applied for the amaurofis are alfo related in the 5th Vol. of the Medical Effays of the College of Phyficians in London.
ob-
 
)

 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
OF 
ELEC,TR
"
ICITY.
gi
obftruEtion, or diforders to be confidered; one that is the immediate occafion of .the diftemper, and the other which is in confe-quence of the firft. When an obftru&ion, howfoever originated, happens in any part of the body, and continues any confiderable time, it caufeth not only a bad habit in the fun&ions depending on that part, but occa-fions a deftruftion of feveral dues, and even a disfiguration of the folids. Now as for the firft kind of obftrudion, it is eafy to fuppofe that Elearicity, judicioufly applied, will prove beneficial, but to expel that it should cure the fecond feems qUite ridicu
lous. Therefore, from this confideration as well as from the daily experience, 
-
we may deduce that Ele&ricity can have very little‘ effea in cafes of long ftanding.
Laftly, I muff beg of my readers to ex-• cufe me if in the prefent chapter I have been too long, and particular: this comprehend
ing one of the molt ufeful parts of the fci-ence of Elearicity, I imagined it could not be treated too fully. Sciences are fo far in-terefting as they are ufeful; and it is for the ufe, and benefit of human kind that Philofo—' phers labour.
CHAP-
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Containing a 
compendious view of 
the principal prefertie$ of Eledricity.
A
FTER the laws hitherto eitablifhed 
in 
the fcience of Ele1ricity have been exhibited 
at 
large, and the particulars re
lating to each have been fuffiasntly confider,
ed, it will not be amifa to chow
how final! a cornpafs thole laws may be reduced, and how narrow is the foundation of all what has hitherto been done.
I 
doubt not but this recapitulation wilt prove very ferviceable to thofe, who are novices in Elearicity, as by getting in me
mory a few particulars, they will not only reconcile all that has been laid befixe, but alfo 
be 
enabled themfelves to explain molt of the following experialeols, and to underitaind the application of the hypothefxs, of which Nvp. {hall next proceed to tptig.
All the -natural bodies are divided intq two dares, 
e. 
Elearies and Conduaons.
tledrica
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OF ELECTRICITY`.
Eledrics are fuch as may' by fome meaut be excited, fo as to produce Electrical ap= pearances, but Condu&ors are fuch as can. not be excited by themfelves, i. 
e. 
without the interference of an Elearic: further, ele&rical fubftances will not tranfmit Eleari-city, whereas the fubitance of Conduaors is pervaded by it.
Ele&rics may be excited three ways, i, 
e, 
by fri&ion, by heating and cooling, and by melting, or pouring one melted fubftance Ato another.
When two different bodies, except they are both Conduaors, are rubbed together, they will both (provided that which is a Conduc
tor be infulated) appear eletrified, and pof. felled of different Elearicities; fo when a piece of fmooth glafs is rubbed with an in' fulated piece of leather, it acquires one kind of Elearicity, called the vitreous, pofitive or plus Elearicity ; and the infulated leather ac
quires the other, called the refinous, negative or minus Elearicity.
The
)

 (
The difference between thefe two Eleari-cities confifts principally in the appearances of their light, and in the phenomena of at-traaion and repulfion.
When the pofitive Elearicity is entering a pointed body, it caufes the appearance of a lucid ftar or globule on that point ; but the negative Elearicity fhows a lucid pencil of rays feeming to iffue from the extremity of the pointed body.
Bodies, poffeffed of the fame Elearicity, repel each other; but bodies, poffeffed of dif-ferent Elearicities, attract each other.
Whenever bodies of any kind come with
in the fphere of anion of an electrified body, except they are very fmall, and infulated, they become aftually poffeffed of the Elec
tricity contrary to that 
of 
the electrified body, to which they are prefented.
No Elearicity 
can be obferved upon the 
furface of any electrified body, except that furface is contiguous to an Elearic, which
2
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) (
Digibzed by 
Google
)

 (
OF ELECTRICITY.
gs
Elearic can fome how or other acquire a contrary Elearicity. at a little diflance. Otherwife,—no Elearicity can appear upon the furface of any ele&rified body, except that furface is oppofite to another body, which has a&ually acquired the contrary Elearicity, and thefe contrarily elearified bodies are, feparated by an Elearic*.
If
* On confidering this principle, it may be Aced, why any Elearicity can be obferved upon the furface of 
an 
elearified body, that is infulated at a confiderable difiance from
-
 other Conductors ? Or, which is the Elearic, that is contiguous to the furface 
of 
an elearified Con-duaor, or excited. Elearic, and which has actually ac
quired a contrary Electricity at a little diflance from the laid furface ? To this queftion is anfwered, that the air is in general the Elearic, which is oppofite to the furface of any electrified body, which being not a perfea. Conduc
tor, does eafily acquire a contrary Electricity on aftratuM of its fubitance, that is at a little diftance from the elec
trified body; and in confequence of this ftratum, it ac
. quires another ftratum contrarily electrified, and at a-little difiance from the former ; to this, other firata fucceed alternately poffefred of pofitive and negative Elearicities, and decreafing in power until they vanith. This affer-tion is eafily proved by feveral experiments, that are to be defcribed hereafter, but efpecially by the experiment of the glafs tube, mentioned in the Vlth chapter, which Chows that, in general, when an Elearic, fufficiently denfe,
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If the repulfton
between bOdieg
pciffelfed of the fame kind of Elearicity be excepted, all the Other electrical phenomena are occafioned by the Patfage of Elearicity from one body to another:
A cOnfiderable quantity of Elearicity exifts in the atmolphere, and it is Certainly employed for force gteat aftiong of nature.
Hitherto Elearicity has not been found ton terned in any fermentation, eiraporaiiorl, or coagulation, although the clouds, the rain, the hail, the fnow and the fogs, are almoft always elearified:
Thefe few laws, well Cotifidered, will be found to contain almoft all that is known of the fubjea, and if properly applied, they may explain malt of the experiments that follow.
Eefides what has been raid in this part of the prefent Treatife, there are feveral other
denfe, is prefented to an elearified body, it acquirei 
fuc. 
ceffive series, or strata of poutive and negative Ele6tri. city.
maxims,
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maxims, rules, &c. to be known in Elec
tricity; but as thefe refpea the real praaice, fo they will be occafionally inferted in other places, that feem better adapted to their re
ception,
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PART II.
THEORY OF ELECTRICITY. 
CHAP. 
I.
The Hypothilis of POtive and Negative 
Ele&'ricity.
I
T is the bufinefs of Philofophy to collea the hiflory of appearances, and from thefe to deduce fuch mechanical laws, as may either be themfelves of immediate ufe, or lead to the difcovery of other fans more interefling and neceirary for the happinefs of human kind: After a number of fuch conflant ap
pearances, which are called natural laws, have been eftabliihed, and confirmed by a fuffici-ent number of experiments, it is then proper to invefligate the caufe of thole effeas, which if it is once difcovered, and its mode 
of 
aaing is afcertained, puts an end to the trouble of experimental inveftigation, and renders the application of its effeas certain, and determinate.
Caufes
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Caufes and effeas are fo intimately con-neaed and dependant on each other, that throughout the fyftem of nature we every where difcover 'a feries of energies, which whilfl they are depending on, and derived from, their preceding
, 
terms, are at the fame time the caufes of their fucceeding ones. But whaCis the firft caufe of all the ref}, which being not the effet of any preceding, may be called the foutte of all, and the firft term in the feries ? In contemplating this fource, the mind is loft in wonder, and, after we are advanced a few Reps, we find that a cloud obftruts our further progrefs, and, from continuing our inquiry and contemplation, nothing more can be derived but an argu-menc to prove the imbecility and fhortnefs
of our underflanding.
It is certain that 
feries either finite or infinite; are not only poffible but evidently neceffary and exifting ; and as far as we can difcern the works of nature are all depending ; but is the• feries of natural caufes'finite or infinite ? This how
ever is not the fubjea of the prefent Trea-tife, and all I meant to deduce is, that, after the laws of Elearicity hive been con-
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fidered, it is neceffary that we fhould go a little further, and inveftigate, if poffible, the immediate caufe of that property in nature, or confider the moil probable conjeaures that have been offered on this fubjea, 'by the knowledge of which we may explain all the known elearical appearances, and adapt their effeas to our purpofes with fomewhat more certainty and precifion.
The waft number of hypothefes that have been framed in explaining the ele&rical phenomena from the infancy of the Science to the prefent time may be eafily imagined by confidering the 'great number of labour
ers, and the difcoveries that have been pro
duced without intermiffion in this field of wonders. It would be not only and end-lefs work to relate all the hypothefes hither
to offered, but alfo an ufelefs one, when they have been evidently contradiaed by feveral experiments, and after they have all given place to the hypothefis of a fingle electric fluid, which generally goes under the name of Dr. FRANKLIN'S. That although this hypothefis explains all the known ele&ricaI 
appearances, it is however not a demonfirable
truth,
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truth, but the moft probable fuppofition,
confefs, and in order that a due dillinaion might be preferved between the knowledge of fads, and the fuppofition of their imme
diate caufe, I have feparated the former from the latter, and followed that method which feemed more philofophical and in, ftrudive; but now to make futither apolo
gies for admitting this hypothefis at a time when numberlefs experiments' fpeak clear in its favour, would be doing an injury to the philofophical world in general, and efpecially to the ingenious philofophers that propofed and improved it. I (hall therefore, without further preamble, lay it down as it is now commonly and reafonably admitted; and shall ufe it in the explanation of the fol
lowing experiments.
All the phenomena called Elearical arc fuppofed to be ei£eded by an invifible fubtile fluid exifting in all the bodies of the earth, It is fuppofed alfo that this fluid is very elaftic, i. 
e. 
repulfive of its own particles, but attra&ive of the particles of other matter.
3
When
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When a body does not fhow any eledrical appearances it is then fuppofed to contain its natural quantity of eledric fluid (but whether that quantity bears any proportion to the quantity of matter in general, or not, is uncertain), and therefore that body is faid to be in its 
natural, 
or 
non-elar !fled jiate : 
but if a body fhows any electrical appearances, it is then faid to be eledrified, and it is fup-pofed that it has either acquired an additional quantity of elearic fluid, or that it has loft
fome of its natural (hare.
A body having 
received an additional quantity of eledric fluid is faid to be 
overcharged, 
or 
pofitively elearified, 
and a body that has loft part of its natural quantity of eledric fluid is faid 
to be 
undercharged, 
or 
negatively elarifted.
From hence it appears, why the terms pofitive and negative, or plus and minus, Elethicity came to be ufed ; for the firft fig-
hifies 
a real plus, or fuperfluity, and the fecond a real minus, or deficiency of the quantity of eledric fluid proper to a body.
137
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By this hypothefis, which is analogous to the other phenomena of nature, the eledrical appearances are eafily explained, and there is not a Tingle experiment that feems to contradi& it. Fit-ft it appears that when an eledric and a conduaing fubfiance are rub
bed together, the Elearicity is not then pro
duced, but by the anion of rubbing one body, pumps, as it were, the elearic fluid from the other*, hence if one becomes over-
 
charged
By what mechanifm one body extras s the ele&ric 
fluid 
from the other is not yet known. The celebrated Father 
BECCARIA 
fuppofes that the anion of rubbing increafeth the capacity of the Elearic, i. 
e. 
renders that part of the elearic, which is actually under the rubber capable of containing a greater quantity of elearic fluid ; hence it receives from the rubber an additional (hare of fluid, which is manifefted upon the furface of the Elearic when that furface is come out of the rubber, in which slate it lofes, or, as it were, contaas its capacity. Signior BEccAkzA's experiment to prove this fuppofition is the following. He caufed a glafs plate to be rubbed by a rubber applied on one fide of the plate, while it was turn
ing vertically, and holding at the fame time a linen thread on the other fide of the plate juft oppofite to the rubber, he obferved, that the thread was not attrated by that part of the glafs, which correfponded tothe_rubber, but by that which was oppofite to the furface of the glafs,
H 4
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charged with it, or pofitively electrified, the other muff neceffarily be undercharged, or eleCtified negatively, except 
,
its deficiency be fupplied by other bodies communicating with it. From hence alfo appears the reafon, why when an ele&ric is rubbed with an infulated rubber it can acquire but little ele&ricity, be-. caufe in that cafe the rubber not communicat
ing with other Condu&ors can fupply the electric with only that fmall quantity of fluid, which belongs to itfelf, 
or Which it 
collea4 from the contiguous. air.
Electric attraction is eafily explained ; for this does not exift, except between bodies differently electrified, which muff certainly attract each other, on account of the attrac
tion exifting betwen the fuperfluous ele&ric fluid of the bodies electrified pofitively, and the undercharged matter of the bodies elec
trified negatively.
that had juft come out of the rubber ; which (bows that the fluid, acquired by the glafs plate, did not manifat its power until the furface of the glafs was come out of the rubber. But, query, in what manner does the glafs aug
ment its capacity of holding the electric fluid by the action of the rubber ?
As
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As to the repulfion exifling between bo
dies poffefred of the fame Eledricity ; in or
der to underfland its explanation thorough
ly, the reader muff be reminded of the principle mentioned in the preceding part, which is, that no Ele&ricity, i. 
e. 
the elec
tric fluid proper to a body can neither be • augmented nor diminifhed upon the furface of that body, except the faid furface is con
tiguous to an Elearic, which can acquire a contrary Elearicity at a little diftance ; from whence it follows that no Elearicity can be difplayed upon the facing furfaces of two bodies that are fufficiently near one another, and both poffeffed of the fame Elearicity ; for the air that lays between thofe contiguous furfaces has no liberty of acquiring any con
trary Elearicity. This being premifed the
explanation of elearic repulfion becomes very eafy. Suppofe, for inflance, that two fmall bodies are freely fufpended by infulated threads, fo that when they are not ele&rified they may hang contiguous to one another.: Now fuppofe thofe bodies to be Elearified either pofitively or negatively, and then they muff repel one another, for either the increafed
or
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or diminifhed natural quantity of elearic fluid 
in 
thole bodies, will endeavour to diffufe it-felf equally over every part of the furfaces of thofe bodies, and this endeavour will caufe the faid bodies
-
 to recede from each other, fo that a quantity of air may be in-terpofed between their furfaces, fufficient to acquire a contrary Elearicity at• a little dif-tance from the faid furfaces.—Otherwife.—If the bodies, poffefled of the fame Eleari-city, do not repel each other, fo that a fuffi-cient quantity of air may be interpofed be
tween their furfaces, the increafed quantity of eledric fluid, when the bodies are elec
trified pofitively, or the remnant of it, when the bodies are elecrified negatively, by the above principle, cannot be diffufed equally throughout, or over the furfaces of thofe bodies ; for no Elearicity can appear upon the furfaces- of bodies in contaa, or that are very near one another.' But the elearic fluid, by attraaing the particles of matter, endeavours to diffufe itfelf equally through
out, or over the furfaces of thofe bodies ; therefore the faid bodies are, by this endea
vour, forced to repel one another.
I think
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I think it is unnecefrary to infift further upon the above explanation ; for the princi
ple, upon which it depends, feems univerfal and clear, fo that it may be eafily applied to explain ele&ric repulfion in general, as well
, 
as the repulfion between the above-men
tioned two bodies.
The charging of coated glafs, and other glearics, as well as the other phenomena of Elecricity, may alfo be eafily accounted for, by the above-mentioned hypothefis of Elec
tricity; but, I think it unnecefrary to enu
merate, and account for all the particulars in this place, as we (hall have occafion to fpeak of them in the explanation of the ex
periments in the third part.
CHAP
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C H A P. II.
Of the Nature of the eleelric Fluid.
H E human mind, never fatisfied, after
the caufe of fome effe&s has been dif-covered, or only gueffed at, attempts to in-veftigate fome more intimate quality, and even the origin of that fuppofed caufe, making further fuppofitions, and framing other hypothefes, which, by the courfe of things, muff certainly be lefs probable than the former. This unlimited endeavour to ac
quire knowledge is often too ridiculous to be purfued on account of its abfirufenefs, and uncertainty, efpecially when the Reps immediately preceding the fubjed in hand have but 
a 
fmall degree of probability, It is from hence that Philofophers have fre
quently (pent a great deal of time, and trou
ble in attempting to difcover the properties and caufes of what exifted only in their own imaginations. Sometimes, however, when 
a 
fuppofed exigence comes fo very near to truth, that the molt fceptic Philofopher hefi-tates not to confefs the probability of it, or when he can invent no argument to evince
2
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the contrary, then it is not only allowable, but neceffary for the bufinefs of Philofophy, to purfue the inquiry further, and if no
thing elfe can be afcertained, at leaft to pro-pofe fome further conjectures upon the former hypothefis. This now is the cafe in the fcience of Electricity, and after we have re-related the moil plaufible hypothefis as yet offered, i. 
e. 
that of a fingle elaflic fluid, we come in this place to confider the effence of this fluid, in order, if poffible, that we might attain to, at leaft, fome probable con-je&ure, refpe1ing its materials.
When nothing more than elearic attrac
tion and repulfion had ,been obferved, Elec
tricians fuppofed that thefe were effe&ed by a kind of un&uous effluvia proceeding im
mediately from the elearified body; but when the light, the burning quality, the phofphoreal fmell, &c. was perceived to be produced by excited Ele&rics, then it was naturally fuppofed, that the elearic fluid was of the fame nature with fire. This opi
nion has prevailed much among feveral Phi-lofophers, and it is from hence, that the elearic fluid has been commonly called Elec-
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tric Fire. Befides this fuppofed identity of the elearic fluid, and the element of fire, there have been two other opinions concern
ing the efrence of this fluid ; it having been thought by fome to be the ether of Sir 
ISA AC NEWTON, 
and by others (whole opinion feems to be the moil probable) to be a fluid 
Jul generic, i. e. 
different from all other known fluids.
In order the more regularly to examine thefe conje&ures it will be necefrary to pre-mile fomething in regard to the nature of fire, at leaft fo much as is fufficient for the prefent purpofe.
The element of fire may be confidered in regard to its fpring, to the different Bates of its exiftence, and to its effeas. In regard to its origin it is commonly fpecified under the names of Celeflial, Subterraneous, and Cu
linary Fire; underfianding by the firfl, that, which proceeds from the fun, and by being difperfed throughout the univerfe, gives life, and motion to almofl every thing that exifIsi by the fecond, that,• which, is the caule, volcanos, hot fprings, &c. and laffly, under
the
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the name of Culinary Fire, underftanding that, which is commonly produced upon the earth, by burning feveral fubftances. Thefe diftinaions however are little 
if 
at all ufe-ful, for whatever be the origin of fire, its ef-fees are always the fame.
In refpe& to the different mates of its ex-iftence, the Chymifts know only two; the firfl obvious one, and indeed that, to which only is given the name of Fire, is that ac
tual agitation of the particles of that ele
ment, which produces the complex idea of lucid, hot, &c. that is commonly under-flood under the name. 
Fire ; 
and the other Rate is the real principle of fire exifting as a conftituent principle in feveral, and per
haps all fubftances ; or, that matter, whole particles, when agitated in a peculiar and violent manner, produce the common fenfible fire.
This, which we may call fire in an un-a&ive Rate, is the 
Phlogilion 
of the Chymifts, and is that, which when united in a fufficient quantity with other fubftances, renders them inflammable. That this principle does real-
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ly exift, is beyond a doubt ; we may trans
-
fer it from one body to another; we may render a 1:ody inflammable, which in its own nature is not fo, by fuperinducing on it the phlogiflon ; and we may reduce a body, na—turally inflammable, to a fubftance not in
flammable by depriving it of its phlogiflon.
Now the eledric fluid, as far as we can determine, bears but a very fmall refem-blance to the above-mentioned two Rates of fire ; for although it exifts in different bo... dies, as the phlogiflon, yet when we com
pare its other attributes with thofe of fire, we then immediately perceive it to be not the fame, but a different principle. In the firft place if they were both the fame thing, they should be always together, and when
ever fuch a quantity of fire exifts, there the fame quantity of electric fluid fhould be found, but this is contrary to experiments ; for a piece of metal or other fubftance may acquire a great degree of heat without ap
pearing at all elethified, and on the other hand may be ftrongly ele6trified without ac
quiring by it any fenfible degree of heat, 
or any addition to its phlogiflon. Secondly
fire
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fire penetrates every known fubflance, and an exceedingly fmall quantity of it is diffufed alike throughout bodies of every kind, whereas the elearic fluid pervades only Con-duaors*. Thirdly the elearic fluid goes through a very long Conduaor in a fpace of time almoft inftantaneous, but fire is very (lowly propagated. I might enumerate fe-veral other improprieties attending this hy-pothefis of the famenefs of fire, and the elec—tric fluid, but thofe already mentioned are, I think, fufficient to induce my readers to fuppofe otherwife.
Dr. PRIESTLEY
)
 on obferving that the ele&ric explofion taken in different kinds of air, a&s, in general, like other, phlogiffic proceires, fuppofes that the electric mat—ter either is, or contains, phlogifiont. In regard to. this, I would obferve that there is no neceffity of fuppofing the electric mat-
 
Here may be obferved that heat pervades 
more 
ea-fily the fubtlance of fome good Conductors of Elearicity; but the rule however is far from being general,
t Obfervations. on different Kinds of Air
)
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ter either to be, or contain phlogifton, on that account; for the phlogifton, in this cafe, may, by the force of the Ele&ric ex—plofion, be extricated, either from the furface of the Conduaors, between which the ex-plofion is taken, or from particles of hetero
geneous matter floating in that air, in which the explofion is made.
In regard to the fimilarity between the effeas of fire, and the effe&s of the elearic fluid, it will be very obvious to remark that although fire is 1n feveral inftances produced by the elearic fluid, yet we fhould never confound the one with the other, and con
fider them both as the fame thing ; for it is well known that frklion produces fire, and it is by no means furprifing that the ele6tric fluid, by the rapidity of its motion, through fubflances, that in fome manner obftrua its pafl'age, fhould generate light, heat, rare
faction, and the other effects of fire*.
* Here it is proper to obferve that the elearic fluid fhows no effects of fire, except when it goes through fome medium that obfiruds its free paflige.
Mr.
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Mr. 
HENLY
)
 in confequence of feveral very interefling expdiments, that he ha's lately made, fuppofes;that, although the elec
tric fluid may be neither phlogifion nor fire, yet that it is a modification of that element, which, 'while in a quiefcent (late, is called Phlogiflon, and when violently agitated is called Fire: We conftantly obferve (lays he) I. that if two bodies are rubbed together, which have an equal quantity of phlogifton (which is the care with bodies of the fame kind, as glafs and glafs, metal and metal, &c.) they acquire either very little, or no Elearicity at all. 
II. 
That as one of the bodies has a greater quantity of phlogifton than the the other, fo 
they 
acquire a greater quantity of Electricity, as when glafs is rubbed with metal. III. That, a certain de
gree of friaion produces Elearicity, and that a 
more violent frielion pro4uces fire, , 
but no Ele&ricity, as may be obferved by rub
bing together two pieces of baked wood, of glafs, &c. IV. And that in general bo
dies, potreffed of a greater quantity of phlo-gifton, give the elearic fluid to bodies that have lefs of it, 
i. e. 
they acquire the negative
I z
Elec-
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Elearicity, when rubbed with bodies that have a lefs quantity of phlogiflorA*.
From thefe obfervations we gather, that, the eletric fluid, and fire, are produced by fimilar operations, and are both extraaed from bodies abounding with phIogifton : and hence, he concludes, that, the phlogifton, the elearic fluid, and fire, are only different modifications of the very fame element ; the firft being its quiefcent Rate of exiftence ; the fecond its firil a&ive, and the laft its more violent Rate of agitation : like fermen—
 
* Mr HENLY, in order to try what Elearicity different fubflances will acquire, infulates them upon flicks of fealing, wax, 
and rubs them againft his woollen coat, or waificoat. 
In 
this manner he has tried 
a vaft number of vegetable, animal, mineral, and artificial fuhflances ; and he has difcovered a very remarkable circumftance, which is, that, fuch 
fubilances, which 
have a great quantity of phlogillon, as 
vegetable fubflances, 
and particularly the hot, aromatic 
plants and feeds, 
&c. give 
the elearic fluid ; that is, they acquire the negative Ele6tricity when ' rubbed againft woollen cloths ; and, that fuch fubflances, which, have but little phlogition 
(as 
moll animal fubflances) 
acquire 
the 
electric fluid from the faid cloths, 
i • e. 
they are eleitrified pofitively.
tation
) (
Digitized by 
Go*
)

 (
OF 
ELECTRICIT
Y.
,
 ny
tation prothicing firft wine, fecond vinegar, lafily putrefa&ion.
I than only obferve further on this inge
l
. nious hypothefis, in order to chow its great degree of probability, that it is fo very ana
logous to the other operations of nature, and at the fame time fo clear, and fimple, that I think it can hardly be difregarded by the molt prejudiced Philofopher.
As to the identity of the Electric, and the ethereal fluid, it feems to me quite an improbable, or rather a futile, and infignifi-cant hypothefis ; for this ether is not a real, exifting, but meerly an 
hypothetical fluid, 
fuppofed by different Philofophers to be en
dued with different properties, and to be an, element of feveral principles. Some fup-pofe it to be the element of fire itfelf, others make it the caufe of attraaion, others again derive animal fpirits from it, &c. but the truth is, that not only the effence, or pro
perties, of this fluid, but even the reality of its exiitence is abfolutely unknown,
) (
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According to Sir 
ISAAC NEWTON'S 
fup-pofition, this ether is an exceedingly fubtle, and elaftic fluid, difperfed throughout all the univerfe, and whofe particles repel the parti
cles of other matter. But on this fuppofition the ele&ric fluid is different from ether ; for 'although the former is fubtle, and elaftic like the latter, yet (as Dr. 
PRIESTLEY 
obferves) it is not repillfive like the ether, but attrace tive of all other matter.
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III.
Of the Nature of Elearics and Conduelors.
T
H E remarkable difference exifting be
tween the two claffes of bodies in re
gard to Ele&ricity, i, 
e. 
Elearics, and Con-duaors, naturally induces an Elearician to inquire what is that principle in bodies, or by what mechanifm fome fubflances become capable of tranfmitting the electric fluid, whilft others are impervious to it 
e
In regard to the explanation of thefe two remarkable properties, there have been, as might be expected, feveral conjeaures of
fered, but except one probable hypothefis, there is nothing as yet afcertained. When the catalogue of Ele&rics and Condu&ors was very short and imperfe&, it was fup-pofed that, the only two conducting princi
ples were metals, and water ; and that all fubftances were nearer, or further from the nature of a perfect Conduaor, in proportion as they contained a greater or lefs quantity of the above principles in their compofition.
I 4
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Wood, for inftance, was fuppofed to be a Conduaor only on account of the water it contained within its pores ; accordingly, it was obferved, that the greater quantity of moifture the wood contained, the better 
C013-
duaor it proved to be, and on the contrary, that it aaed more like an Elearic, in pro
portion as it was freed from its moifture. But when water itfelf was obferved to be a bad Conduaor, and hot air, and charcoal to be good Conduaors, efpecially the latter, which fubilances, it is well known, contain no, water nor metal, at leaft not in fuch a quantity as is fufficient to change a non-conduaing fubftance into a Conduaor, then, the former fuppofition was laid afide, and another was offered by Dr. 
PRIESTLEY, 
in his 'fecond volume of Obfervations on the different Kinds of Air*, which feems to be well founded.
The Donor, confidering what the princi
ple is, which Conduaors poffefs in common, and finding one of their common ingre-
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dients to be the phlogifion, deduces from thence, that the conducting quality is abfo-lutely owing to the phlogillon. " Had there
been (fays he) any phlogifton in water, 
I 
" fhould have concluded, that there had " been no conducting power in nature ; but
in confequence of fome union of this " principle with fome bale. In this, metals, " and charcoal exa&ly agree. While they " have the phlogitIon, they condud; when " deprived of it they will not conduct."
And in a note 
to 
this paragraph he fub-joins.
" Having fince found, that long agitation " in the pureft water injures air, fo that a " candle will not burn in it afterwards, " which is precifely the effect of all 
phlo—" 
giftic procefres, 
I 
now conclude 
that the 
" maxim, fuggefted in this paragragh, 
is uni
t' 
verfally true."
This hypothefis feems 
very ingenious and 
probable; and, till any other more plaufible be offered, or experiments contra-did
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did it, I think we may fafely make ufe of it in purfuing our ele&rical inveftigations, and endeavour to reconcile to it the phenomena already difcovered in Electricity.
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CHAP. IV.
Of the Place occupied by the eletlric Fluid.
B
EFORE we quit the hypothetical part of this Treatife it may be proper to fay fomething concerning the refidence of the elearic fluid either natural to a body, or fuperinduced on it. That the elearic fluid, proper to a body when in its natural mate, is equally clOufed throughout all its fubftance, I think no one will deny ; becaufe that fluid is attra&ive of the particles of all other matter, and the particles of other matter are attraaive of the ele&ric fluid; and as this attra&ion is in proportion to the quantity of homogeneous matter, any quantity of matter will certainly attra& a quantity of elearic fluid proportionable to itfelf; there-
fore, the ele&ric fluid muff be equally dif-fufed throughout all the parts of that portion of matter. This propofition, however, will take place only in fpeaking of Conduaors, • for it is founded upon the fuppofition, that the ele&ric fluid, proper to a body in its natural slate, does freely pervade that fub-
 
fiance ;
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fiance ; but whether this is a fad refpeding Eledrics or not, hath not hitherto been af-certained. As far as may be judged from experiments, I fhould fuppofe this rule to hold good with Eledrics alfo, and my fup-pofition is founded upon the following rea= foning. All the Eledrics, when made very hot, become Condudors*; in that Hate, there
fore, the above rule muff hold good, i, 
e. 
the eledric fluid, proper to their quantity of matter, milli be equally diffuffed through
out their fubflance ; and as all the Elearics in nature, before they became fuch (we may fuppo' fe) were Condudors ; in that flate they certainly had their proper share of fluid. Now as they afterwards cool and become Ele&rics, it fhould feem that the change of their nature could not affe& the equal diffu-fion of the elearic fluid, which took place, whilft they were in a concluding fate. In confequence of this confederation, the differ
ence between a Condudor and a Non-con-
 
* As this propofition has been found true in all the experiments hitherto made, I think it may be confidered very properly, as a general law in the fcience of Elec
tricity.
duaor,
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duaor, in regard to their natural quantity of elearic fluid, is, that in the former, the fluid may eafily move, whereas in the latter, it is confined in its pores. But it may be afked, whether a quantity of elearic matter contains as much elearic fluid as an equal quantity of condu&ing matter ; a piece of rofin, for inflance, when melted, does it contain more, lefs, or the fame quantity, of elearic Fluid as when cold ? To this queftion I can give no fatisfatory anfwer ; for, by the experiments hitherto made, nothing certain has been de
termined. Dr. 
PRIESTLEY, 
in order to af-certain this matter, made the following expe
riment. He made a piece of glafs red-hot (in which hate it is a Condu&or) and plac
ing it upon an infulated piece of copper, left it in that fituation till quite cold (i. 
e. 
till it became an Elearic), but in all the time of its cooling no Elearicity of any kind was perceived, either in the copper or glafs, which would have certainly been the cafe if the piece of glafs had contained either more or lefs fluid when in an Elearic, than when in a conducing Elate *. This experi—
 
* 
Hiftory of Elearicity p. 716.—Experiments of a
funilar nature aro met with in BECCARIA'S Elearicifma Artificialc.
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ment feems to give a decifive anfwer to the above queftion ; but when the experiments, mentioned in the firft part, of melting an elearic fubftance into another, and other farts of a fimilar nature, are duly confidered, they feem to make the anfwer again difficult*. It muft therefore be confeffed, that this mat
ter remains as yet unfettled, and nothing but further experiments, and the difcovery of other fa&s, can determine any thing fatif
-
faaory about it;
In refpet to the place occupied by the ele&ric fluid fuperinduced on a body,' it has been thought, by feveral ingenious perfons, that, when a body is elearified, all the fu-perfluouS fluid, or all the deficiency of it, in cafe the body is elearified negatively, refides as a kind of atmofphere all around the body; to this atmofphere they attribute the phof-phoreal fmell, and that tickling fenfation
The wax chandlers, in forming their mat's in flicks, &c. find it fo flrongly attraaive of duff, 
&c. 
that they are obliged to ufe great caution in keeping it at a fufficient ditlance from the charcoal fire, over which they work, left it fhould (as it fometimes happens) cover itfelf with Afhes, and thus fpoil the work,
produced
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produced by an excited Ele&ric, and they even fuppofe that thefe atmofpheres may be made vifible. But to this affertion it is anfwered by others, that if the Eleftricity communicated to a body did refide round it like an atmofphere, it thould certainly repel the air contiguous to that body ; but this is not the refult of experiments ; for it has been found that the electric atmofphere, however denfe, if it does at all exist, has no effea upon the air contiguous to the elec
trified body, nor has the motion of the air, even a violent wind, any effea upon the at-mofphere. In regard to the above-mentioned fenfations of phofphoreal fmell, &c. it is thought that they are only occafioned by the electric fluid entering or going out of the skin in a very fubdivided manner.
From what may be deduced from experi
ments, it appears that, although the elearic ,fluid is trpfmitted through the fubftance of Conduaors, yet no communicated EleCtrici-ty can be obferved within a fufficiently nar
row cavity of an elearified body ; befides if two bodies of the fame fize and figure, but of different denfities, are eleCtrified together,
2
and
) (
Google
)
 (
OF ELECTRICITY. 
 
)
 (
OF ELECTRICITY. 
127
 
)

 (
12'S A COMPLETE TREATISE
and afterwards feparated, they will acquire each the fame quantity of Elearicity, i.
e. 
the Elearicity that they acquire will be propor
tional to their
, 
furfaces, and not to their re-fpedive quantities of matter.
We may lailly conclude that the Eledrici-ty, communicated to a body, lies not diffufed throughout the fubitance of that body, but on that furface of it, which is contiguous to a free Eledric, i. 
e. 
to an Eledric, that is not fur-rounded, by an homolougous Eledricity.
) (
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P A R T III. 
PRACTICAL ELECTRICITY. CHAP. I.
Of the ekgrka
.
 1 Apparatus in general.
H
I T H ER T O we have treated of Elec
tricity only theoritically, having noted what has been found uniformly certain re
lative to this fubjed, and having exhibited 
a' 
view of the moft probable conjectures offered in explanation of electrical appearances ; but Ele&ricity being a fcience, that requires a more practical management, than perhaps any other branch of natural philofophy, it is neceffary, that we ihould now treat of it pradically, and give the bell direEtions we are able, both in regard to the conftru&ion of the neceffary apparatus, and to the per
formance of the experiments, not only requi-fite in proving the foregoing Propofitions, but fuch alfo, as are pleating and entertain
ing.
In
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In this par‘t of my work the reader will perhaps find more novelty, than he experts ; for confidering the number of books that have been lately publifhed on this fubje&, one would imagine that all the experiments poffible to be exhibited with an elearical machine, and its appendages, have already been defcribed. The cafe however is much the contrary, for not only the old experi
ments have been diverfified, but a variety of new ones have been invented, and even the principal part of the apparatus has • under
gone feveral changes, and improvements.
In order the more regularly to proceed in the defcription of the elearical apparatus, it will not be improper to divide, its parts' into three claffes, confidering in the firs}, the in-firuments neceffary to produce Elearicity ; in the fecond, thofe proper to accumulate, retain, and employ it ; and hay, thole ne-ceffary to tneafure its quantity, and afcertain its quality.
The principal inftrument to produce Elec
tricity, is the eletrkal Machine, i. 
e. a ma-
 
i
chine
)

 (
chine capable by any means of exciting an Elearic, fo as to produce elearical appearances. The conftruCtion of thofe machines from, their firft invention to the preterit time, has undergone fo many changes, and their forms have been fo much varied, that it would be very difficult, and even tediOus
,
 to defcribe thole only, which are moll frequently in ufe. Every maker, and almoft every Elec-trican contiruas his own machines in a manner different from the reft, and as new fads, or long praCtice points out fome im-perfeCtions, the Eledrician is ready to con
trive a new method to correct the preceeding
errors.
Indeed the rapid advance of the 
fcience is mofily owing to this change, and variety of conitrudions ; for whether cafual, or defigned, a new conftrudion has generally either produced fome difcovery of importance, or expofed fome defed in the apparatus, and management of the fame,
That the reader might be left at the liber
ty of choofing the form of his machine, I thall in this- chapter lay down the moil ne-c.effary rules to conftrud electrical machines in general, and shall referve for the next chap..
K 
2
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ter the particular defcription of fome ma
chines, that are the moll ufeful, and which contain all the improvements hitherto made.
The principal parts of the machine are the Elearic, the moving Engine, the Rubber, and the prime Conduaor, i, 
e. 
an infulated Conduaor, .which immediately receives the Elearicity from the excited Elearic.
The Elearic was formerly ufed of differ
ent fubftances, as glafs, rofin, fulphur, &c. and of different forms, as cy
linders, globes, fpheroids, &c. This diver-fity then obtained on two accounts, firft, be-caufe' it was not afcertained, which fubftance or form would anfvver belt, and fecondly, on account of producing a negative, or pofitive Elearicity, at the pleafure of the operator; for before the Elearicity of the infulated rubber was difcovered, fulphur, rough glafs, or fealing-wax, was generally ufed for the negative Elearicity. At prefent, fmooth glafs only is ufed; for when the machine has an infulated rubber, the ope
rator may produce pofitive or negative Elec
tricity
-
 at his pleafure, without changing the Elearic.
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Ele&ric. In regard to the form of the glafs thofe commonly ufed at prefent are globes-, and cylinders. The moll convenient fize for a globe, is from nine to tWelve inches diameter, they are made with one neck, which is cemented * to a firong brafs cap in order to adapt them to a proper frame. The cylinders are made with two necks, they are ufed to the greateft advantage without any axis, and their common fize is from four inches diameter and eight inches long, to twelve inches diameter and two feet long, which are perhaps as large as the workmen
can conveniently make them.
The glafs 
generally ufed is the beft flint, though it is not yet abfolutely determined, which kind of metal is the heft for ele&rical globes, or cy
linders. The thicknef6 of the glafs feems immaterial, but perhaps the thinneft is pre-. ferable. It has 
often 
happened that glafs
* The belt cement for elearical purpofes is made with two parts of rofin, two of bees-wax, and one of the powder of red okre. Thefe ingredients are melted, and mixed together in any veffel over the fire ; and afterwards kept for ufe. This kind of cement licks very fal, and is much preferable to rofin only, as it is not fo brittle, and at the fame time infulates equally 
well.
K 3
globes,
)



 (
134 A COMPLETE TREATISE
globes, and cylinders, in the as of whirling, have burft in innumerable pieces, with great violence, and with fome danger to the by-ftanders. Thofe accidents are fuppofed to happen when the globes, or cylinders, after being blown, are fuddenly cooled. It will therefore be neceffary to enjoin the workman to let them pafs gradually, from the heat of the glafs-houfe, to the atmofpherical tem, perature.
It has been long queflioned whether a coating of fome elearic fubftance as rofin, turpentine, &c. on the infide furface of the glafs; has any effed to increafe its eleftrical power ; but now it feems pretty well deter, mined, that if it does not increafe the power of a good glafs globe or cylinder, at leaft it does confiderably improve a bad one. I have feveral times put a coating of rofin on the infide furface of phials and tubes, and have conflantly found, that the worft of then received fome improvement by it.
4 'I
The molt approved compofition for lining glafs globes, or cylinders, is made with fiDdr parts of Venice turpentine,
-
 ont part of rofin
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rofin and one part of bees-wax. This com-polition muft be boiled for about two hours over a gentle fire,, and muft be kept ftirring very often : afterwards it is left to cool, and referved for ufe. When a globe or cy
r
. linder is to be lined with this mixture,.a fuf-ficient quantity
, 
of it is to be broken into fmall pieces, and introduced into the glaf ; then, by holding the glafs near the tire, the mixture is melted, and equally fpread over all its internal furface, to about the thicknefs of a fixpence.
. 
In this operation care muft be taken, that the glafs b,e made hot gradually, and be continually turned, fo as to be heated equally in all parts, otherwife, it is apt to 
break in the operation.
In refped to the Engine which is to give motion to the Elearic ; multiplying wheels have been generally ufed, which, properly adapted, might give the Ele&ric .a quick motion, while they are conveniently turned by a winch. The ufual method is, to fix a wheel on one fide of the frame of the ma
chine, which is turned by a winch, and has a 
groove round its circumference. Upon the ,brafs cap of the neck
, of the glafs 
globe, or
K 4'
one
)

 (
136 A COM.PI,ETE TREATISE
one of the necks of the cylinder, a pulley is fixed, whofe diameter is about the third or fourth part of the diameter of the wheel ; then a firing or firap, is put over the wheel and the pulley, and by thefe means, when the winch is turned, the globe or cylinder makes three, or four, revolutions, for one revolution of the wheel. There is an incon
venience generally attending this conftruc-tion, which is, that the firing is fometimes fo very flack, that the machine cannot work. To remedy this inconvenience, the wheel Ihould be made moveable with refpea to the EleEtric, fo that by means of a fkrew it might be fixed at the proper diftance ; or elfe the pulley should have feveral grooves of different radiufes on its circumference.
It has been cuftomary with
, 
foine, to turn the cylinder limply with a winch, without any accelerated motion; but that feems not infficient to produce the greateft Elearic power, the glafs is capable of giving; for the globe or cylinder fhould properly make about fix revolutions in a fecond, which is more than can be conveniently done with the winch only. This method however, on ac-
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count of its fimplicity, and eafy conflate tion, fhould not be difregarded, and it may be conveniently ufed, when no very great power is required.
Inflead 
of 
the pulley and the firing as above defcribed, a wheel and pinion, or a wheel, and an endlefs fkrew, has been alfo ufed. This confiru&ion anfwers
.
perhaps as well as any other ; but, it mull be con-ftruaed with great nicety, otherwife, is apt to make a difagreeable rattling, and without frequent oiling, foon 
wears 
away by the great friaion of its own parts.
,
The next thing belonging to the Electrical
machine neceffary to be defcribed is the rubber, which is to excite the Electric. The rubber, as it is now made, is nothing more than a filk cufhion fluffed with hair ; and over this cufhion is put a piece of leather, on which fome amalgam* has been rubbed
* This amalgam has been found to excite fmooth glafs the moll powerfully of any thing yet tried. Any metal, difrolved in quick-filver, will perhaps do equally well, but the amalgam generally 
ufed, 
is made with two parts of quick-filver and one of tin-foil, with a fmall quantity of powdered chalk, mixed together until it become a mafs, like pafte.
fo
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fo as to flick as faft as poffible to the leather. Sometiine ago it was generally ufed, and it is now cuftomary alfo, to make the rubber of red bafil fkin fluffed with hair ; but the filk one, as above defcribed (which is an improvement of Dr. NooTH) is much pre—ferable. If this filk cufhion, on account of adapting it to the furface of the glafs, is to be fixed upon a metal plate, then care should be taken to make the plate free from (harp points, edges, or corners, and it should be as much as poffible concealed, or covered with filk. In fhort to conftrua the rubber properly, it muft be made in fuch a manner,
that the fide of it, which the furface of the glafs enters in whirling, may be as perfe& a Conduaor, as it can be made, in order to fupL. ply Ele&ricity as quick as poffible, and the oppofite part fhould be as much a Non-con-duaor as poffible, in order that none of the fluid accumulated upon the glafs, may return back to the rubber, which has been found by experiment to be the cafe, when t1 rubber is not made in a proper manner., ,
)[image: ]
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The rubber fhould be
, 
fupported by a fpring, by which means it
.
 may eafily fuit any inequalities, that may be found on the furface of the glafs, and by a fkrew it may be made to prefs harder or fofter, as occa-lion may require. It fhould alfo be infulated in whatever manner is moil convenient, for whenever infulation is not required, a chain or wire, &c. may be occafionally hung upon it, and thus communicate with the earth or with any other body at pleafure ; whereas, when there is not a contrivance for infula-ting the rubber, many of the molt curious experiments in EleCtricity will never be per
formed with the machine.
We come now to confider the prime Con--duCtor, or firft Conduftor, which is nothing more than an infulated conducting fubftance furnifhed with one, or more points at one end, in order to collect the Electricity im
mediately from the Elearic. When the Conductor is of a moderate fize, it is nfuai to make it of hollow brafs, but when it is very large, then, on account of the price of the materials, it is made of pafte-board co-yered with ;in-foil, or gilt paper. The
conduCtor
)
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Conduaor is generally made cylindrical, but let the form be what it will, it fhould always be made perfealy free from points, or (harp edges ; and if holes are to be made in it, which on many accounts are very con
venient, they fhould be well rounded, and • made perfealy fmooth. Further, that end 
of the 
prime Conduaor, which is at the greateft diflance from the Ele&ric, ought to be made larger than the reft, as the flrongeft exertion of the ele&ric fluid in efcaping from the Condu&or is always at that end.
It has been conflantly Obferved, that the larger the prime Conductor is, the longer, and denier fpark can be drawn from it, 
and 
the reafon of this is, that the 
quantity of 
Elearicity, difcharged in a fpark, is nearly proportional to the fize of the Conductor ; on this account the prime Conduaor is now made much larger, than what was formerly ufed. ItS fize, however, may' be fo large, that the diffipation of the Elearicity from 
its furface, may 
be greater than what the Elearic can fupply ; in which cafe fo large a Con-duaor would be nothing more than an un. weildy, and difagreeable incumbrance.
Before
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Before we quit the electrical machine it fhould be obferved, that, befides
,
 the above-mentioned parts, it -is neceffary to have a flrong Jframic to fupport the EleCtric, the rubber, 'and the wheel.' The prime Con-duCtor fhould be-fiipported by Rands with pillars of glafs, or baked wood, and not by filk firings, which admit of continual mo
tion. In fhort, the machine, the prime Conductor, and any other apparatus actually ufed, fhould be made to Band as fteady as poffible, otherwife many inconveniences will arife.
Befides the Elearical machine, the Elec
trician fhould be provided
.
 with glafs tubes of different fizes, a pretty large flick of feal-ing-wax, or a glafs tube covered with feal-ing-wax,
-
 for
.
 the negative Electricity. He fhould at feaft, not be without a glafs tube about three feet long, and one inch and a half in diameter. This tube fhould be doled at one end, and at the other end fhould have fixed a' brafs cap with a ftop cock, which is ufeful in cafe it fhould be required to con-
 
dente, or rarefy the air-within the iube
-
. •
:
The
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The beft rubber for a tube of fmooth glafs is the. rough fide of black oiled filk, efpeci—ally when it has fome amalgam rubbed upon it; but the beft rubber for a rough glafs tube, a flick of baked wood, fealing-wax, or fulphur, is loft new flannel.
The inftruments neceffary for the accu
mulation of Elearicity, are coated Ele&rics, among which, glafs coated with Conduaors obtains the principal place ; on account of its ftrength it may be formed into any fhape, and it will receive a very great charge. The form of the glafs is immaterial with refped to the charge it will contain ; its thicknefs only is to be confidered, for the thinner it is the higher charge
.
it is capable of receiving; but it is at the fame time more fubje& to be token by the force of elearic attraaion ; for this reafon therefore, a thin coated jar, or plate array be ufed very well by itfelf, and it is very convenient for many experiments ; but when large batteries are to be conftrueted, then it is neceffary to ufe glafs a little thick
er, and care should be taken to have them perfeCtly well annealed. If a battery is re
quired
)
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quired of no very great power, as containing about eight or nine fquare feet of coated glafs, I should recommend to make ufe of common pint, or half-pint phials, fuch as apotheca
ries ufe. . They may be eafily coated with tin-foil, sheet-lead, or, gilt paper on the out-fide', and brats-filings on the inGde, they' occupy a fmall fpace, and on account of their
thinnefs, hold a very good charge.
But 
- when a large battery is required, then there phials ,cannot be ufed, for they break very eafily, and for that purpofe cylindrical glafs jars of about fifteen inches high, and four or five inches in diameter are the molt con
venient:
When glafs plates or jars, having a fuffici-ently large opening, are to be coated, the belt method is to coat them with tin-foil on both fides, which may be fixed upon the glafs with varnish, gum-water, bees-wax, &c. but in cafe the jars have not an aperture large enough to admit the tin-foil, and an inftru-ment to adapt it to the furface of the glafs, then, brafs-filings, fuch as are fold by the pin-makers, may be advantageoufly ufed, . and they may be muck with .gum-water, _
bees-
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bees-wax, &c. but not with varnifh,- for this is apt to be fet on fire by the difcharge, as will appear in the latter part of this work. Care muff be taken that the coatings do not come very near the mouth of the jar, for that will caufe the jar to difcharge itfelf. If the coating is about two inches below the top, it will in general do very well; butthere are fome kinds of glafs, efpecially tinged glafs, that, when coated and charged, have the property of difcharging themfelves more eafily than others,' even when the coating is five or fix inches below the edge. There is another fort of- glafs like that, of which Florence flacks are made, which, on account of fome unvitrified particles in its fubitance, is not capable of holding the leaft charge ; on thefe accounts 'therefore, whenever a great number of jars are to be chofen for a large battery, it is advifeable to try fome of them firft, fo that their quality, and power may be afcer-tained.
Ele&ricians have often endeavoured to find fame other Elearic, which might anfwer better than glafs for this purpofe, at leaf{ be cheaper; but- except Father BECCARIA
1
S
method,
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method, which may be ufed 
very 
well, I 
do 
not find that - any remarkable difcovery has been made relating to this point.
Father 
BECCARIA 
took equal cluantities of very pure colophonium, and poWder of marble fifted exceedingly fine, and kept them
-
in a hot place for a confiderable time, where they became perfealy free from moifture; .he then mixed them, and melted the com-pofition in a proper veal over the fire, and when melted poured it upon a table, upon which he had previoufly Ruck a piece of tin-
foil, reaching within two or three inches of the edge of the table ; this done, he endea
voured with a hot iron to fpread the mixture all over the table as equally as' poffible, and to the thicknefs of one tenth of an inch.; he afterwardi coated it with another piece of tin-foil reaching within about two inches of the edge of the mixture ; in fhort, he coated a plate of this mixture like a plate of glafs. This coated plate, from what he fays, feems to have had a greater power than a glafs plate of the fanie dimenfions, even when the weather was not 
yury 
dry : and if it is not fubjed to break veil eafily by a fpontaneous
L
difcharge,
)

 (
i46 A COMPLETE TREATISE
difcharge, I think it may be very conveni
ently ufed ; for it doth not very readily at-trad moifture, and confequently may hold a charge of Elearicity better, and longer than • glafs befides, if broken, it may be repaired by .a hot iron ; but glafs, when broke, ,can. Dever be repaired,
When a jar, a battery, or in general a coated Electric, is to be difcharged, the ope
rator ihould be provided with an infirument called the.difcharging Rod, which coal& of a metal rod' fbinetimes ftraight, but more commonly beaded in the form of a C: they are made alto of two joints fo as to open like a kind of compaffes, This rod is furnithed with metal knobs at its extremities, and has a non-conduEting handle, generally of glafs or baked wood fattened to its middle. When the operator is to ufe this initrutnent, he holds it by the handle, and touching one of thecoatedfides. of the charged Elearie with -one knob, and approaching the other knob to the other coated fide, or, fame condadting fabliance coll3twutioatingb with it, he com
pletes the communicatia; between the two fide's, and diicharges theElearirA
.1
The
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Th4 inttraffimit's td ttteallaite 
-
Ave 44}tiarltiqr, and alattnin tie quality 'of E166bricity a're ctmmonly calkd 
Ekgre-thete*rs, 
and 
their 
hee
of coat
g
It. :the tinkle thtexel, zd. 'the 
Cork.; ;or Pith-halls; O. the Q.Liatirant, ttld,
4th. the difcharging Elearometer
But as 
particular defcription of the fame .will 
,
be found in the third chapter of this work.
Befides the apparatus above defcribed there are feveral other inftruments ufeful for vari
ous experiments, but thefe will be defcribed
occafionally.
The - Elearician, however, 
ought to have by him 'not only a fingle coated jar, a fingle difcharging rod, or in short, only what is neceffary to perform the common experiments, but he fhould provide himfelf with feveral plates of glafs, with jars of different fizes, with a variety of different
* The fecond fort of Ele6irometer, i. 
r. 
the cork-balls EleEtrometer was invented by Mr. 
CANTON ; 
the dif-charging Ele&rometer was invented by Mr. LANE, and bath been improved by Mr. HENLY : another on a different principle by Mr. 
RINNERSLEY; 
and the quadrant Elec-Iiinttetit, 
4liich 
is of 
weft 
invention, is a contrivance of
Mr. HENLY.
•
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inftruments of every• kind, and even tools for conftru&ing them; in order that he may readily make fuch 'new experiments, as his curiofity may induce him to try, or that may be publifhed by other ingenious perfons, who are purfuing their refearchea in this branch of philofojhy.
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CHAP: IL
The dtfcrtion qffime particular elthlrical 
Machines.
TN 
this chapter I fhall prefent the reader with the particular defcription of three elearical machines, which, I think, will be very acceptable ,after the general account of their conflruEion, which has already been given. The firft of there is that defcribed by Dr. PRIESTLEY
)
 in his Hillary of Elec. - tricity*; where a drawing of the fame may be feen, and which, on account of its extenfive fife, may be defervedly called a univerfal ele&rical Machine.
The bafis of this machine confifts of two oblong boards, which are kept in a fituation parallel to one another, about four inches afunder, by two fmall pieces of board proper-. ly adapted to that purpofe. Thefe boards, when fet horizontally upon a table, and there fixed by faflening the lower of them
) (
1
1 Part V. fee. II.
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with iron cranks, form the fupport of two perpendicular pillars of baked wood, and of
the rubber of the machine. One of the pH
_
lars, together with the fpring fupporting the rubber, flicks in a groove, which reaches almoft the whole length of the upper board, and, by means of fcrews, may be placed 
at 
any required diftance from the other pillar, which is fixed, being Yet through a mortice in the upper board, and- ftrongly fafteneds 
to
the lower.
thefe two pillars are feveraF 
holes for the admittance of the fpindles of different globes, and' as they may be fituated at any diftance from one another, they may
be adapted to receive not only globes, but alfo cylinders, or fpheroids of different fizes.
this machine, Pays Dr. 
PRIESTLEY, 
more than one globe or cylinder may be ufed at once, by fixing them one above the other in the different holes of the pillars, and by adapting to each a proper pulley, they may be whirled all at once, and their power unit—ed in order to increafe the EleIricity *; but
in
* When feveral globes are ufed at once, and their power united, it has been found by experiment, that the Elec-
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in this conflruktion do not think that 
-
differ
ent rubbers can be conveniently applied' to them all ; which is a capital iniperfeEtion.
" The rubber confifis oE a hello* piece " of copper, filled' with hotie-hairi and 
It
 covered with a bafil Mit It is fttpport-i 
" 
ed by a fooket, which receives
-
 the cylinu 
44
 drkal axis of a round and flat piece of " baked wood, the oppofite part eof which " is inferted into the locket of a- bent fled " fpring: Thefeparts are eafily feparatecI
f
fo
.
 
et 
that the rubber, or the piece of wood that " ferves to infulate it, may be changed at 
Li' 
pleafure. . The fpring admits: of
" foJd alteration of pofition. If May be 
ei
ther, flipped along, the groove, Or
.
 moved* 
it
 in 
the contrary diredioni (the groove beings wider than the' fereW which. fat eria 
tie 
fpring)
?
 " fo as to' ghre: k every defirable
" pofition
,
refped to tile globe or 
6
.
-syw
tricity does not increare in 'proportion to" their nutnbet, although it is more, than what may be produced by a fine globe: However,- as the friAion, and the 
diflietlity 
of working the machine inoreafes in proportion to the
number
globes or cylinders, lb 
I 
think' that one goOd 
largt cylinder ispreferableice Many'oV
L 4
" under
.
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" 
finder ; and it is, befides, furnithed with 
gg
 a .fcrew, which makes it 'prefs harder or " lighter, as the operator cho9fes."
The wheel of this machine is fixed to the table ; it has feveral grooves, for admitting more firings than one, in cafe that two or three globes, or cylinders are ufed at a time ; and as it is diffengaged from the frame of the machine, the latter may be fkrewed at different diftances from the former, and thus fuited to the variable length of the firing.
The prime Conduaor is of hollow copper, made in the shape of a pear, fituated with its neck upwards, and with its bottom or rounder part upon a Eland of baked wood ; and an arched wire proceeds from its neck, having an open ring at its end, in which fome fmall pointed wires are hung, that by playing lightly upon the ele&ric collect the eledric fluid from it.
This machine notwithftanding that it has feveral imperfedions, is yet a very good in.. vention ; but except different globes, or 9
7
'-
 
2
Tinders,
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linders, or feveral 'of thofe at once are re
quired to be ufed, I think a.great deal of the work may be fpared, and the machine might be made more fimple, and concife.
Next to Dr. PAIESTLEY
2
S machine I (hall defcribe another, which -was invented by Dr. INGENHousz, and which for its fimpli-city, and concifenefs, makes a fine contraft with the former.
This machine confifts of 'a circular glafs plate about one foot diameter, which is turn
ed vertically by a winch fixed to the iron axis that pates through its middle, and it is rubbed by four cushions, each about two inches long, fituated at the oppofite ends of the vertical diameter.
The frame confifts of a bottom board, about a foot fquare, or a foot long and fix inches broad, which, when the machine is to be ufed, may be faftened by an iron crank to the table.' Upon this board two other. Under, and fmaller ones are railed, which lie parallel to one another, and are faftened together at their top by a fmall piece of
wood.
)
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wood. Thefe upright boards fupport in their middle the axis of the plate, and to tent the
rubbers are fafiened.
'
The Condu&or is of hollow brafs, and from its extremities branches are extended, which comibg very near the extremity of the glafs, eollea the Eleftricity from it
The power of this machkit is perhapo more than a perfon would judge by looking at it. It may be objected that this eon-ftrudion will not eafily admit of the rub. bers being infulated, nor corifequently be adapted to a great variety of experiments ; but at the fame time it molt be allowed, that it is very portable, that it is
,
 not very liable to be out of order, and that it has power fufficiently ftrong for phyfical purpofes ; on which account it mar be conveniently ufed.
The raft machine; that I• am to defcribe, 
is 
that reprefented in fig. i of plate 2; which , has all the improvements hitherto mado,-cept that it is riot capable of admitting dif. ferent kinds, or more than one Eledrie
r
 , but which,
) (
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which, indeed, it feems not to Rand in need' of. The ele6tric power of fuch a machine I think is equal to what may be obtained by any other conitruaion, and at the fame time its fize being neither remarkably Iarge, nor at all inconvenient, renders it, I think, the 
complettgi machine 
hitherto contrived*.
The frame of this machine confifts of the bottom board A C, which, when the ma
chine is to be ufed, is fattened to the table by two iron cranks, one of which appears in the figure near C. Upon the bottom board are perpendicularly raifed two ftrong wooden pillars K L, and A H, which fupport the cylinder, and the wheel. From one of the brafs caps of the cylinder F F, an axle of fled proceeds, which pans quite through a hole in the pillar K L, and has on this 'fide of the pillar a pulley I fixed upon its fquare extremity: Upon the circumference of this pulley there are three or four grooves, in or
der to fuit the variable length of the firing
* Thefe machines are made, and fold, by Mr. GEORG
E' 
Alma's,- in Peet-firms, London, philofophical ioltru-
 
nOcarlagiutr.
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a 
b, 
which goes round one of them, and round the groove of the wheel D. The other cap of the cylinder has a fmall cavity, which fits the conical extremity of a ftrong fkrew, that proceeds from the pillar H. The wheel D, which is moved by the handle E, turns round a ftrong axle, proceeding from almoft the middle of the pillar K L.
The rubber
of this machine is on each
end two inches fhorter than the cylinder (1. 
e. 
the cylinder exclufive of the necks), and it is made to rub about one fourth part of the cylinder's circumference ; it confifls of a thin quilted cufhion of filk, fluffed with hair, and fattened by filk firings upon a piece of wood, which is:properly adapted to the furface of the cylinder. From the upper extremity of the cufhion proceeds a piece of oiled. filk, that covers almoft all the upper part of the cylinder ; and to the lower extremity of the cufhion, or rather of the piece of wood, to
which the cufhion is tied, a piece of leather is fattened, which is turned over the cufhion
j
 
i. 
e. 
Rands between it and the furface of the cylinder. Upon this leather, which reaches from the lower to almoft the upper extremity
of
)
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of the cushion, fome of the above-defcribed amalgam is to be worked, fo as to be forced as much as poilible into its fubftance. This rubber is fupported by two fprings, fkiewed to its back, 114:1 from which it may be eafily unikrewed, when occafion requires it. The two fprings proceed from the wooden cap of a firong glafs pillar*, perpendicular to the bottom board of the machine. This pillar has a. fquare wooden balls, that hides in two grooves in the bottom board A.13 C, upOn which it is faftened by a fkrew. In this manner the glafs pillar may be faftened at any required diftance, and in confequence the rubber may be made to prefs harder ot lighter upon the cylinder. The rubber 
in 
this manner is perfe&ly infulated, and when insulation is not required, a chain with a Tmall hook may be hanged to it, fo ,as to have a regular communication with the piece
This glafs pillar as well 2s
-
the glafs feet of infu-bung fools in general, should be covered with, varnifh, or rather with fealing-wax, otherwife they infulate very lin-perfeAly, on account of the moifure, that they attract from the 
air, in 
damp weather,
)
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of leather, the chain then falling upon the table, renders the rubber uninfulated.
Fig.. 2 reprefents the prime Conduaor AB belonging to this machine. TMs is of hollow brats, and is fupported by two glace pillars varniihed, that by two brats foci are fixed in the board C C. This Conduitor receives the elelric fluid through the points of the colleetor L, which are lit at about half an inch diftance from the furface of the cylinder of the machine,
If the handle E fig. i of the wheel, be turned (and on accoUtit of the rubber it ihould be turned always in the direaion of the letters a be) this machine, standing in the fituation, that is reprefented in the figure, will give pofitive Elelricity, i. ie. the prime Condutor will be eledrified pofitively, or overcharged with elearic fluid ; for by the aaion of rutbing, the cylinder pumps as it were the fluid from the rubber, and every other body properly conne&ed with it, and gives it to the prime Conduaor. But if a negative Elearicity is required, then, the chain
, 
muff be removed from the rubber
and
)
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and hung to the prime Conduaor ; for in this cafe the Ele&ricity of the prime Con-du&or will be communicated to the ground, and the rubber remaining infulated, will ap
pear strongly negative. Another Conductor equal to the Conduelor A B fig. 
2, 
may be connected with the infulated rubber, and then, the operator may obtain as firong gative Ele&ricity from this, as he can pofi. live fiNom the Conduaor A 11 
fi
g
. 
2,
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CHAP. III.
-
The particular _Defcription of fome other ne—ceJJary Parts of the electrical Apparatus.
El.I G 4. reprefents a rand fupporting
the elearpmeters D D C C. B is the bafis of it made of common wood. A is a pillar of wax, gtafs, or baked wood. To the top of the pillar, if it be of wax or 
glafs, 
a circular piece of wqod is fixed, but if the pillar be of baked -wood, that may conftitute the whole. From this circular piece of wood proceed four arms of glafs, or baked wood, fufpending at their ends, four tlearometers, two of which , D D are filk threads about eight inches long, fufpend—ing each a fmall downy feather at its -end. The other two ele&rometers C C are thofe with very fmall balls of cork, or of the pith of elder, and they are conftru&ed in th
e
e following manner. 
a b 
is a Rick of glafs about fix inches long, covered with fealing—wax, 
4nd 
fhaped at top in a ring : from the lower extremity of this Rick of glafs pro-.
ceed
)
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teed two fine linen threads * 
c 
about five' inches long, each fufpending a cork, or pith ball 
d 
about one-eight of an inch in diameter. When this electrometer is not elearified, the threads 
c c 
hang parallel to each other, and the cork balls are in contaa ; but when elearified, they repel one another, as repre-fented 'in the figure. The glafs flick a 
b 
ferves for an infulating handle, by which the elearometer may be fupported, when it is ufed without the ftand A B.
Another fpecies of the above elearometer is reprefented in fig 3d, which confifts of a linen thread, having at each end a fmall cork 
-
ball. This elearometer is fufpended . by the middle of the thread on any Conduaor proper for the purpofe, and ferves to 'hew the kind, and quantity of its Ele&ricity.
Fig 7th. reprefents Mr. 
FIENLY
9
S 
qua
drant eledrometer fixed upon a fmall ftand, from which it may be occafionally feparated and fixed upon the pritne Condudor, or in
Thefe threads fhouTd be wetted in a weak folution of fait.
M
any
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any other place at pleafure. This elearo-meter confifts of a perpendicular item form
ed at the top like a ball, and furnifhed at its, lower end with a brafs ferrule, by which it may be fixed in one of the holes of the prime Condu&or, or in its proper Rand, as occafion requires. To the upper part of the Item, or pillar, a graduated ivory femicircie is fixed, about the middle of which is a brafs arm, which contains a pin, or the
fmall axis of the index. The index confifis 
of a very (lender flick, which reaches from
the center of the graduated femicircle to the brafs ferrule, and at its lower extremity, is faftened, a fmall. cork ball, nicely turned in a lathe.
The propereft wood, for the purpofe of making the pillar and index of this ele&ro-meter, is box, and this pillar and index should be well rounded, and made as fmooth as poffible. When this elearometer is not elearified, the index hangs parallel to the pillar, as in fig. 7 ; but when it is eleari-fied, the index recedes more or lefs, accord
ing to the quantity of Electricity, from the
fletn;
)
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Clem ; as reprefented on the prime Con-duaor E fig. 2.
The main of Mr: LANE'S difcharging Elec
trometer, confifts in a brafs ball about one inch and a half in diarneter
i
 fcrewed to a brafs graduated rod, and adapted to a proper frame, fo that it may be fet at any required diflance from the prime Conduaor, or the knob of an elearic jar, The principal ufe of this ele&rometer is to let a jar difcharge by itfelf through any proper circuit, without ufing any difcharging-rod, or removing any part of the apparatus ;' and to give 'hocks nearly of the fame ftrength. Suppofe for inflance, that the above-mentioned brafs ball be tet at half an inch diflance from the prime Conduaor, and that a coated jar be fituated fo as to touch the prime Conduaor with its knob, and to have its outfide coating com
municating with the above-mentioned brafs ball. Now it is evident that the circuit, from the outfide to the infide of the jar, is inter
rupted only between the prime Condudor and the brafs ball, which lie half an inch afunder; therefore when the jar is charging, and the charge is become fo high as to firike through
M 2
half
)
 (
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half 
an inch of air, the jar will difcharge itfelf, and by keeping the brafs ball at the fame diflance from the prime Conductor, and charging the jar fucceffively, the rhocks ivill be of the fame ftrength.
This elearometer is, however, fubjea to a great inconvenience, which is, that the fur-face of the brafs ball is often deprived of its fmoothnefs by the force of the explofion, in which cafe it becomes unfit for ufe. The principal ufe for which this elearometer is intended, i, 
e. 
to give chocks of the fame firength, may be more elegantly obtained by the above-defcribed quadrant elearometer, *thich ftifters no damage by the difcharges ; hence, I think, that a delineation, and a more particular defcription of the difcharging elec
trometer is unnecefrary.
rig. 5th reprefents Mr. 
HENLY'S 
univer-. fal difcharger, which is of'a very extenfive ufe, and is compofed of the following parts, A is a flat board fifteen inches long, four inches troad, and one thick, or thereabous, which forms the bafis of the inftrument. B B are two glafs pillars cemented in two holes upon
the
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the board A, and furnifhed at their top with brafs caps, each of which has a turning joint, and fupports a fpring tube, through which, the wire DC Elides : each of thefe caps is compofed of three pieces of brafs, connected fo, that the wire DC, betides its sliding through the focket, has two other potions, viz, an horizontal _and a vertical one. Each of the wires D,C, DC is furnifhed with an open .ring at one end, and at the other end has a brafs ball D, which, by a fhort fpring focket, is flipt upon its pointed extremity, and it may be removed from it at pleafure. E is 
a 
ftrong circular piece of wood five inches in di
ameter, having, on its furface, a clip of ivory inlaid, and furnifhed with a ftrong cylindri
cal foot, which fits the cavity of the focket F, 'which is faftened in the middle of the bottom board, and has a .fcrew G, which ferves to fallen the foot of the circular board E at any required height. H is a fmall prefs belonging to this inftrument; it con-lifts of two oblong pieces of board, which may be preffed againft each other by means of two fcrews 
a 
a : the lower of thefe boards has a cylin
drical foot equal to the foot of the _circular board E. When this prefs is to be ufed, it 
is
M 3
fixed
)

 (
fixed 
into the focket F, in the place of the circular board E, which mutt, in that cafe, 
be removed,
Fig. i ith is an elearic jar coated with tin, foil on the infide and outfide, within three inches of the top of the cylindrical part of the glafs, having a wire with a round 
brafs 
knob A at its extremity. This wire paffes through the cork * D, that flops the mouth of the jar, and at its lower end, is bended fo as to touch the infide coating in feveral places.
•
Fig. i oth reprefents a battery compofed of fixteen jars coated 
in 
the infide and outfide with tin-foil, which all together contain about twelve fret of coated glafs. About the middle of each of thefe jars is a cork that fuftains a wire, which at the top is fattened round, or foldered to the wire E knobed at each end, which connects the infide coatings 'of four jars and by the wires F F F the infide coat-
 
it When corks are Wed to flop elearic jars, they fhould be made very dyy
t
 and dipped in melted bees-wax or varnifhed
ings
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ings of all the fixteeri jars are connected to
gether. Each of the wires F has a ring at one end, through 'which, one of the wires E paffes, and the other end has a brafs knob. If the whole force of the battery is not required, one, two or three rows of jars may be ufed at pleafure ; for as each of the wires F F F is moveable round the wire E, which paffes through its 
-
ring, and refts upon the next wire E, it 
.
may be eafily removed from that, and turned upon the contrary wire E ; and thus the communication between one row of jars and another may be difcontinued at plea-Cure. See the figure.
The fquare box that contains thefe jars is of wood lined at the bottoth with fheet-lead or tin, and has two handles on two oppofite fides, by which it may be eafily removed. In one fide of the box is a hole; through which, an iron hook B paffes, which com
municates with the metallic lining of the box, and confequently with the outfide coating of
all the jars.
To this hook 'is fattened a 
wire, the other end of which is colluded with the difcbarging rod.
M 4
The
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The difcharging rod confifts of a glafa handle A, and two curved wires B B, which move by a joint C, fixed to the, brafs cap of the glafs handle A. The wires BB are pointed, and the points enter the knobs D D, to which they are fcrewed, and may be un-fcrewed from them at pleafure. By this con-firation we have the opportunity of ufing the balls or the points, as occafion requires ; and as the wires are moveable by the joint C, they may be adapted to fmaller or larger jars at pleafure.
The battery, reprefented in the plate, is a fmall one in comparifon to thole now fre
quently ufed, and much too weak for the purpofe of fome experiments, hereafter to be defcribed. But I thought it fufficient to give an idea of its conftrudion ; and, when a large battery is to be confiruaed, I would recom
mend rather to make two, three, or more fmall ones as reprefented in the plate, than a tingle large battery, which is heavy, and, on feveral accounts, inconvenient. The force of feveral fmall batteries may be eafily united by a wire or a chain, and thus they may be
made
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•
made to ad in every .reipe4 laze a large 'one.
V in fig. a. is a circular brain plate flung oh the prime Condudor by a chain, and reft-ing in an horizontal pofition. Underneath this, there is another plate P parallel
, 
and equal to the former .(but
.
 it would be., better if it was a little larger), which is fupportql by-a (land H of ,hrafs, haying alfo a foket 
to 
receive the
, 
foot of th,e plate, and a (crew 0 .to fix it at different diftances.
13# in fig. 2. is a fly made o£ fmall brafs wires ,fixed in a cap of brafs alto, which is to be out upon the pointed wire. K, that is (crewed to the prime Conductor, upon whicl3 
it 
muft hand in equilibrio, like the needle -of 
a 
compafs. The other ends a, b, 
c, d 
of the wires are pointed and bent allow way.
N. B. whenever hereafter I mention the prime Conduaor, I mean the prime Cork:Luc-, tor naked, that is, without the parallel brafs plates F P, without the fly D and its fup—
,
 porting pin K, without the eleqrometers E,
and even without the knobed ,rod
.which
is
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'
is 
(crewed to it occafionally; except the con
trary is expreffed. ,
It is highly requifite for an leCtrician to 'have by him feveral infulafing 'fools, or hands, they being very neceffary for feveral experiments. The belt materials to conftruot thefe are glafs covered with fealing-wax, and baked wood*. A large ftool, proper to infu-late a chair upon, or two, three perfons handing, maybe made with a ftiong• board, about two feet and a half fquare, and may be fupported by four feet of glafs, or baked wood, about eight inches long. • &it fmall hands are better made with one foot or pill lar, and all of baked wood or glafs, without any tonduCting fubftance in their conftruc-tion. Drinkingglaffes, either varnifhed, or in part covered with fealing-wax, anfwer this purpofe very well.
* The wood fhould be baked very well, even till it be
comes
,
 quite brown, it then being in the belt ftate for infulatiori; and to make it fill better, i. e. to defend it from mofure, it may be slightly varnifhed as loon as it comes out of the oven; or elfe boiled in linfeed oil ; but in this cafe, after boiling, it fhould be made hot-again; :inil then it is fit for ON
C
HAP.
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CHAP. IV.
Prac1ical Rules concerning the Ufe of the elec. 
trical Apparatus, and the performing of 
periments,
T 
T often happens that young Electricians
are at a lofs to affign the reafon, why fome experinients do not fucceed with .them as defcribed in the Treatifes on Ele&ricity. Sometimes they are in poireffion' of very good inftruments, but, by reafon of fome circum—fiance or other, unattended to, they are quite ufelefs in their hands. This indeed can be remedied by nothing but praCtice, and it is by long fife, :that the Elearician, as well as the Pra&itioner in any art or fcience, • be= c
ri
mes fo good an Operator, as to ufe his inftruments to the heft advantage. 
A 
few rules are however very necefrary to guide hint in his operations ; and although thefe alone are infuffiCient to make a perfon a complete practical Elearician„'yet, when accompanied with the actual management of the apparatus, they facilitate the 
,
ufe of it, and render the perforinance of the- experiments more accu
rate and expeditious,
The
)
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The firft thing that the young Eledrician ihould.obferve, is, the prefervation, and care, of his inftruments. The ele&rical machine, the coated jars, and in fhort every part of the elearical apparatus, fhould be kept clean, and as free as poffible from duft, and moifture.
When the weather is :clear, and the air 4lry, :efpecially in clear and fray weather, 
,
the elecarical machine will always work well. But when the weather is very lot,. the 
.
.eledrical machine is ,not fo 
.
powerful: nor in ,damp weather.; except: it be brought into a warm room; .tand the cylinder, the lands, the jars, &e: be made thoroughly
Before the ,machine he 4fed, the cylinder
ihould
,firli wiped. very *au with a foft 
.linen cloth, that is dry,, clean, and warm ; and afterwards witka Oean lot flannel, or an old filk handkerchief; this done, if the winch be turned, when the .prime ConduCt0r, and other inftruments, are-,removed from the ele4rical ,nwhine, and,,*
;
knpale he held at a little diftance from.-the furface of the
2
cylinder,
)
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cylinder; it Will be foot) perceived that the eleCtric fluid comes like a wind froni the cylinder to the knuckle, midi if the motion be a little continued fparks, and crackling will foon follow. This indicates that the machine is in good order, and the Elearician May proceed to perform his experiments. But, if, when the winch is turned for fome time, no wind is felt upon the knuckle, then the fault is, very likely, in the rubber, and to remedy that, ufe the following direCtions: By unfcrewing the fcrews on the back of the rubber, remove it from its glafs pillar, and keep it a little near the fire, fo that its filk part may by dried ; take now a dry piece of mutton fuet, or a little tallow from a candle, and juft pals it over the leather of the rubber, then fpread a finall quantity of the above-defcribed amalgam over it, and force it as much as poffible into the leather. This done, replace the rubber upon the glafs pillar ; let the glafs cylinder be wiped once more, and then the machine is fit for ufe.
Sometimes the machine will not work 
Weil 
becaufe the rubber is not fufficiently fupplied with.eledric fluid ; which happens when
)
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when the table, upon which the machine hands, and to which the chain of the rubber is conne&ed, is very dry, and confequently in a bad condu&ing (late. Even the floor and the walls of the room are, in very dry weather, bad Condu&ors, and they cannot fup-ply the rubber fufficiently. In this cafe the bell expedient is, to conne& the chain of the rubber, by means of a long wire, with fome moift ground, a piece of water, or with the iron work of the water-pump ; by which means the rubber will be fupplied with as much ele&ric fluid as is required.
When a fufficient quantity of amalgam has been accumulated upon the leather of the rubber, and the machine does not work very well, then, inftead of putting' more amalgam, it will be fufficient- to' take the rubber off, and to fcrape a little, that, which is already upon the leather.
It will be often obferved, that, the cylinder, after being ufed fome time, contraas fome
black fpots, occafioned by
amalgam, or fome foulnefs of the rubber, which grow
-
continually larger, and greatly obftru& its elearic
)
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electric power. Thefe fpots muff be care
fully taken off, and the cylinder mutt be frequently wiped in order to prevent its con-trading them.
In charging electric jars in general; it muff be obferved, that not every machine will charge them equally high. That ma
chine, whofe ele&ric power is the ftrongeft, will always charge the jars higheft. If the coated jars, before they are ufed,, be made a little, warm, they will receive, and hold the charge the better.
If feveral jars are conneaed together,-among which there is one, that is apt to, difcharge itfelf very foon, then the other
-
jars will alfo foon be difcharged with that ; although they may be capable of holding. a very great charge by themfelves. When. elearic jars are to be difcharged, the Elec-
.
 trician muff be cautious left,. by force 
cir
cumstance not adverted to, the (hock should pafs -through any part of his body; for 
-
an unexpeted fhock, though not very 'Iron& may occafion feveral difagreeable accidents.:
In,
)
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In making the difcharge, care mull be taken that the difcharging rod be not placed on the thinneft part of the glafs, for that may caufe the burfting of the jar.
When large batteries are difcharged, jars Will be often found broken in it, which burn at the time of the. difcharge.. To remedy this inconvenience Mr. NAIRNE fays he has found a very effeaual method, which is, never to difcharge the battery through a good Conduaor, except the circuit be at leaft five feet long. Mr. NAIRNE fays that, ever fince he made ufe of this precaution, he has difcharged a very large  battery near a hundred times without ever breaking a fingle jar, whereas before he was continually break
ing them. tut here it muff be confidered that the length of the circuit weakens the force of the (hock proportionably; the higheft degree of which is in many experi
ments required.
It is advifeable when a jar, and efpecially a battery has been difcharged, not to touch its wires with the hand, before the dif-charging rod be applied to its fides a fecond,
and
)

 (
OF ELECTRICITY.
177
and even a third time ; as there generally 
iemaihs 
a refiduum of the charge*, which is fometimes very confiderable.
When any experiment is to be performed, which requires but a (mall part of the apparatus, the remaining part of it fhould be placed at a diftance from the machine, the prime Conductor, and even from 
the 
table, if that is not very large. Candles, particularly, fhould be placed at a confiderable diftance from the prime Conduaor, for the effluvia of their flames carry off much of the clearic fluid.
Laftly the young Ele&riclan fhould be cautioned not to depend on firft appearances in Elearicity. A new phenomenon may juftly excite his curiofity ; it is laudable to remark it, and 
to
 purfue the hint; but at the fame time even the doubtful affertion of
This refiduum is occafioned by the Elearicity, that, when the jar is charging, fpreads itfelf over the uncoated part of the glafs near the coating, which will not be difcharged at firft, but gradually returns to the coating
after the firft diff,harge.
'
anew
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a new fad should never be made, till after a number of fimilar and concurring experi—ments. Elearicity is a fcience that often deceives the fenfes, and the molt experienced Elearician frequently finds himfelf miftaken in things, which perhaps he may have before confidered as the molt certain.
) (
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CHAP. V.
Experiments concerning eledric Attradion, and 
Repulfion.
EXPERIMENT I. 
-
 
The eledrified Cork ball EleE/ro meter.
W
HEN the ele&rical machine is put in order, and the prime Conduetor is fet fo, that the points of the colle&or are about half an inch from the furface of the cylinder, fix at the end of the prime Con-duEtor the knobed rod I B fig. 
2. 
and hang on it the elearometer with the- cork balls fig. 3. The balls will no ,v touch one ano
ther, the threads hanging perpendicularly, and parallel to each other. But if the cy
linder of the machine be whirled by turning the winch E, then the cork balls will repel one another, and more, or lefs, according as the Elearicity is more, or lefs "power
ful.
)

 (
100 A COMPLETE TREATISE
_
In this experiment the glafs cylinder ex—
 
traeting the eleCtric fluid from the rubber, throws it upon the pointed wires of the col—
l
eCtor, and in eonfecluence upon the prime Conductor, and the electrometer ; which are all conneded together : and as bodies over-, charged with ele&ric fluid will always re
pel eacli other, fo the cork balls muff repe' each other.
If the elearometer be hung to a prime Condu&or negatively eleetrified, i, 
e. 
con-neeted with the infulated rubber of the ma-
.
 chine, the cork balls will alto repel each other; for bodies, undercharged, will repel each other, as well as bodies overcharged with ele&ric fluid.
If, in this state of repulfion, the priMe PonduCtor is touched with fome conduCting fubftance not infulated, the cork balls will immediately come together; for the eletaric fluid fuperinduced upon the priTne Conduc
tor, and the eleetrometer communicating with it, will be carried away to the ground by. that conduiting body ; fo that in this -cafe
)

 (
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Cafe the prime Conduetor can never be over-Charged, nor can it be Undercharged; if Con-heaed with the rubber; for its deficiency of fluid is fupplied.through that conducing body, with which it has been touched. But if infle'ad of the oriiludini ftibftahce, the 
irime 
Condti&or is touched with an electric; 
ds 
for inftince a flick of fealing-wax; A piece of glafs, 'Ste. then the Bork balls will Continue to repel each Other; becaufe the eleetiic fluid cannot be condu&ed thrOtigli that eleAric hence we hive an eafy
iliod of determining what bOdieS are ConZ
dtiaots; and what elearies.*  
This 
eleettical tephilfion is alfo fhevin
the 'quadrant eleetrometer; *ith a 
ldi
-
gd
downy feathet; or the like ; fdr
thefe 
-
be 
Conneeted With the priine Conduetot, and the!Witiclf ere tiii'tiecl; the eleatiortietet will
.
itidei, .arid the feather by the diver.: Oleg 
.
of its tIOWti; will appeat fvvelled in a beautiful manner
:
•
method its grofs will o very well ; but when the CO'nduEting poWer of fluids or other like bodies, ana the degree of that pOwer is to be afcertained, then re-Conde' malt be hid to othtr meant rtore nice, and met- 
rate.. •
Ex.
)
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EXPERIMENT II.
AttraOion and Repukion of light Bodies.
Connea with the prime Conduaor the two parallel brafs,plates F, P, as reprefented in fig. 
2. 
at about three inches diftance from one another, and upon the lower plate put any kind of light bodies, as bran, bits of paper, bits of leaf-gold, &c. then work the machine, and the light bodies will- foon move between the two plates, ,leaping alternately from one to the other with great velocity. If, inftead of bran or irregular pieces of other matter, fmall figures of men or other things cnt in paper, and painted, be put upon the plate, they will generally move in an ere& pofition, but will fometimes leap one upon another, or exhibit different pof-tures, fo as to afford a pleafing fpedacle to an obferving company.
In this experiment both the attraaion, and repulfion of Elearicity are obferved at 'alt.! fame time: for when the upper plate
F,
which cmitnun icates with -the- prime
Con-
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Conduaor, is elearified, the (mall bodies placed upon the lower plate, together with that plate, by being within the fphere Of anion of the elearified upper plate, become a&ually poffeffed of a contrary Elearicity, leaving their proper quantity of fluid in the lower plate, or the other conduEing bodies, that communicate with it. But bodies dif
ferently elearified attra1 each other ; there
fore the plate F, attra&s thofe light bodies., Now as foon as thefe bodies touch the plate F, they become inflantly poffeffed of the fame Elearicity with the plate, and. will therefore be immediately repelled to the lower plate, which is aCtualIy electrified with the contrary Elearicity, and by touching the light bodies, affifts in repelling them again to the upper plate ; and thus the plates continue to aa upon the_ light bodies alter
nately-.
That the light bodies cannot be attra&ed by the upper plate, except they become firft poffeffed, of a contrary Elearicity, may be obferved as follows. Put the faid light bo
dies upon a clean, and dry pane of glafs ; then take off the brafs plate P, with its Rand
N 4
G,
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EXPERIMENT II.
AttraRion and Repuffion of light Bodies.
Conned with the prime Conductor the two parallel brafs
:
plates F, P, as reprefented in fig. 
2. 
at about three inches diftance from one another, and upon the lower plate put any kind of light bodies, as bran, bits of paper, bits of leaf-gold, &c. then work the machine, and the light bodies will- foon move between the two plates, .leaping alternately from one to the other with great velocity. If, inflead of bran or irregular pieces of other matter, fmall figures of men or other things art in paper, and painted, be put upon the plate, they will generally move in an erea pofition, but will fometirnes leap one upon another, or exhibit different pof-tures, fo as to afford a pleafing fpeaacle to an obferving company.
In this experiment both the attraaion, and repulfion of Elearicity are obferved at the fame time: for when the upper plate 
F, 
which co umunicates with the- prime
Con-
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Conduetor, is elearified, the ('mall bodies placed upon the lower plate, together with that plate, by being within the fphere Of a&ion of the elearified upper plate, become aCtually poffeffed of a contrary Elearicity, leaving their proper' quantity of fluid in the lower plate, or the other conducing bodies, that communicate with it. But bodies dif
ferently elearified attra1 each other ; there
fore the plate F, attra&s thofe light bodies. Now as foon as thefe bodies touch the plate F, they become inflantly poffeffed of the fame Electricity with the plate, • and' will therefore be immediately repelled to the lower plate, which is actually electrified with the contrary Electricity, and by touching the light bodies, affifts in repelling them again to the upper plate ; and thus the plates continue to as upon the
, 
light bodies alter
nately.
That the light bodies cannot be attra&ed by the upper plate, except they become firft poffeffed of a contrary ElearicitY, may be obferved as follows. Put the faid light bo
dies upon a clean, and dry pane of glafs ; then take off the brafs plate P, with its Band
N 4
G,
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G, and in its Bead put the, pane of glafs holding it by one cornet ; this done let the wheel of the machine be' turned, and you will fee that the light bodies are not attraa-ed by the brafs plate F ; for in this cafe they have no -Opportunity of parting, with 
,
their proper- quantity of fluid, and confequentIT
can
not acquire.. the contrary Eleetricity.
,
i
 
But. if 'to. the under fide of the pane
,
o1' glafs,' on which the light bodies are placed, 
a 
finger.or any other condudor be prefented, then, tht: light > bodies
,
 will be infiantly at-traded 
by
 the plate F., and will leap 'be,
tween the glafs and: plate,
,
in the fame men, - ner 
as 
between the two. plates; for theft-
,
 
bodies now 
.
depolit their fluid upon the up,' per furface of the glafs. plate, whilfl
,
the nor-
der 
unfit& depOfits its fluid upon the finger, or other conductor, that has been brought near it*. If this experiment be continued.
-
the glafs will foon be charged.
* If the above experiment be made with a prime Con
,
 duaor
.
negatively elearified, the eire& will be 
the fame, 
only the gleeritities of the plates ate reeerfed, i, 
e. 
the
.
 upper plate is ele&rified negatively, and the under plate, by. being in the atmofphere of the upper one, is pofttively elec,, trifled.
~
 
tXPEa.
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EXPERIMENT III.
'The Flying
:
feather, or Shuttle-Cork,
The phenomena of eledric attraaion and repulfion may be reprefented alfo with a glafs tube, or a charged bottle, and fome of them in a manner- more fatisfaEory, than with the machine.
Take a glafs tube (whether fmooth, or rough, is not material), and after having rubbed it, let a fmall light feather be let out of your fingers at the diflance of about eight or nine inches from it.. This feather will be immediately attraaed 
by 
the tube, and will flick very clofe to its furface for about two or three feconds, and fometimar longer ; after which time it will be repelled, and if the tube be kept under it, the fea
ther will continue floating in the air at a confiderable diftance from the tube, without coming near it again, except it firft touches fome concluding fubftance; and if you manage the tube dexteroufly you may drive
the
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the feather through the air of a room at your pleafure.
The reafon of this experiment is obvious ; for when the feather is elearified, it cannot approach the tube again, except it firft touches fome conduaing body, becaufe it cannot part with its Elearicity when float
ing in the air, and therefore cannot acquire a contrary Elearicity : confequently it muff remain in a flate incapable of being again attracted by the excited tube.
If it be asked, why, when the feather is at firft attracted by the tube, it flicks for fo confiderable a time to its furface before it is repelled, 
the 
anfwer is, that the feather being an elearic, requireth fome time before it acquires any confiderable quantity of Elec-tIicity.
There is a remarkable circumflance attend—ing this experiment, which is, that if the feather be kept at a diflance from the tube by the force of elearic repulfion, it al
ways prefents the fame part towards the tube :—You may move the excited tube
4
about
)
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about the feather very fwiftly, aid yet the fame fide of the feather will always be pre« fented to the tube. The reafon of this phe
nomenon is, that the equilibrium of the
-
elearic fluid in the parts of the feather, being once difturbed, cannot eafily be reftored; be-caufe the feather is an elearic, or at leaft a very bad Conductor. When the feather has acquired a quantity of Electricity from the tube, it is plain that by the action of the excited tube, that fuperindhced elearicity will be, in the greateft part forced on that fide of the feather, which happens to be at firft the fartheft front the tube ; hence that part will always afterward be repelled the fartheft,
This experiment may be agreeably varied in the following manner: A perfon may hold in his hand an excited tube of fmooth glafs, and another perfon may hold an ex
cited rough glafs tube, a flick of Icaling-wax, or in fhort another elearic negatively ele&rified, • at about one foot and a half diftance from the frnooth glafs tube : a fea
ther now may be let go between thefe two differently excited elearics, and it will leap
alter-
 
)

 (
in A COMPLETE TREATISE
alternately from one eleEtric to the other and the two perfons will fedi
.
' to drive a shut= el -cork from ode to the other; by the force 
bf 
Elerftricity:
EXPERIMENT IV: 
fihall infidtital Body;
Tie a frail body; as for inflance a light
piece of cork, to
filk thread about eight 
inches long, and holding the thread by ita end, let the fmall body hang at the diftante Of about eight inches from the fide of the prime Conduftor deo
-
trifled.. This fmall body; if the electrification of the Condu6tor is not ftrong, will not be "attracted ; for; being infulated, it cannot, by depofiting its fluid upon, or receiving it from another boj: dy (when the prime Conductor is electrified negatively); become contrarily eledrified: But if a finger or any conduailig fubflance be prefented to the fide of the fmall body which is fartheft from the prime Conchittor; then the 
fmall 
body will immediately indive toward the prime Condu6tor; for it hai
'‘delivo=
)
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flepaited its own fluid upon, or acquired. force (in cafe the conduCtor is negatively ele&rified) from the body prefented to ie; And when this body has touched the pritne-., Condudor it will be inftantly repelled from it, on account of the repulfion e7cifting be
tween bodies poffefred of the fame kind of
Electricity,
-
Indeed, if this infulated body be very near to the prime ConduCtor, or the prime con-,duetor ftrongly electrified, then the fmall body will be attracted without prefenting to it, any concluding fubflance ; but in- this cafe its natural quantity of electric fluid will be either repelled into the contiguous air, or crouded on the part of the body,;• which is fartheft from the prime donduaor, if the Condu&or is electrified 
pOtively; 
but
if it is eledrified 
negatively, 
then the  • 
addi
tional  quantity, of fluid, necefrary to render the mall body overcharged, will be acquired from the air, or the natural fluid belong
ing to that body will be all crouded on that fide of it, which is neareft to the prime Con, fludor,
)

 (
,zgo A COMPLETE TREATISE
If this finaH body, infiead .of the filk, 'be fufpended by a linen thread it will be at-traded at a mach greater .diftance, than in the other cafe; for now ,the eleeteic fluid will eafily be conducted by the thread, paffing upwards,' or, downwards according as the prime Conduaor is electrified
}
 viz. tie-gatively, or pofitively.
EXPERIMENT V.' 
The electric Well.
Place upon an electric ftool a metal quart mug, or fome other conAuCting body nearly of the fame form and, dimenfion ; then tie a fhort cork ball elearometer of the kind reprefented fig. 3.* at ,the end of a filk thread proceeding from the ceiling of
, 
the room, or from any other proper fupport, fo that the elearometer may be fufpended with
,
 in the mug, and no part of it may be above the mouth ; this done electrify the mug by
* Inflead of the elearometer there may be ufed any other kind of fmall conduaing body ; but that Teems beft adapted to fuck experiments.
giving
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giving
a fpark with an excited dearic or
otherWife, -and you will fee that the elearo-
 
, meter, whilft it remains in that infulated fituation, even if it be made to touch the fides of the. mug, is not attraded by it, nor does it acquire any Elearicity; but, if whilft it Rands fufpended within the. mug, 
a 
Conductor, ftanding out of the mug, be made to communicate with, or only pre-fented toi it, then, the, eledrbmeter acquires an Elearicity contrary to that of the mug, and a quantity of it, which is proportionable to the body, with which it has been made to communicate ; and it is then immediately attracted by the mug..
The reafon why in this experiment the elearometer contraas no Ele&ricity whilft fufpended intirely within the cavity of the mug, is, becaufe the Eleetricity of the mug ads upon the eledrometer on all fides, and this has no opportunity of parting with its fluid, when the mug is eledrified pofitively; nor of receiving any, when the mug is eledrified negatively. But, as foon as any Gonda
-
tor communicates with it, the elec
7
 trometer becomes immediately poifeffed of
the
•
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the Elearicity contrary to that of the mug ; for if the mug be elearified pofltively, the fluid belonging to the elearometer will be repelled to that body, which communicates with it ; and which, being out of the mug, cannot be affeded by its Elearicity ; and if the mug is elearified negatively, it will at-traa the fluid of the electrometer, which aftually receives an additional quantity of it from that concluding body, with which it communicates. The electrometer therefore, becoming alwayS poireffed of a contrary Elec, tricity, mutt neceirarily be attra&ed.
If, by railing the fill thread a little, part of the elearometer, i. 
e. 
of its linen threads, are lifted juft above the mouth of the mug, the balls will be immediately attracted ; for then, by the aftion of the Fletricity of the mug, it will acquire a contrary Elearicity by giving to, or receiving the electric fluid from, the air above the cavity of the mug.
It has been fuppofed by fome, th
.
at the electrometer in the above experiment (or any other (mall infulated body), hanging in the cavity of an eledrifiecl veffel, or the
)
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iike, is nbt attraEed by the 
:
fides of the
becaufe the attraction of
.
 learicity; being- is the fqtiares of the 
:
_diftances in—irerfely; 'cannot affe& the electrometer one way more than another ; it being 
.
dernon
7
: fixable that; if to every point of a
;
 fpherical concave fur£aee
;
_ equal centripetal forces. are directed; tlecreafing 
as 
the fqu
a
res of
.
 the 4littanceS from thofe points, a fmall body fittiated any where within that furfac.e, would ken
-
lain there; without being attracted one way, more than another*:
But to this it may be replied, that; the demonitration of the above-mentioned 
:
pro= pofition, if 
it 
is applicable to fpherital, or cylindrical concave furfac,es; cannot, 
how
ever, 
be applied to every kind of irregular tavities, with which (if they exceed not a tertain fize) the above experiment fucceeds as well, as with the cylindrical cavity of the mug:
In thort, in this experiment, when the tnug is eledrified pofitively, it is fuppofedi
* NEWTON'S Principia book I. prop. LXX.
O
L That
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That' the fuperinduced fluid, taking place 'upon the external furface, occafions the con
tiguous 
air 'to depofit its fluid upon a fub-fequent quantity of air, and this overcharged air oceafions a contiguous circle, or quantity of air, to depofit its fluid upon its fub—fequent or next adjacent circle, and fo on.
That none of the fuperinduced fluid can exift upon the 
,
internal furface of the mug, and therefore, infulafed bodies intirely fuf-pencleel—therein, can acquire no eledricity, becaufe the internal air has no opportunity of parting with its own fluid, except a finall quantity about the mouth of the mug, where, accordingly,'a little Eledricity is ob-fervable. When- the mug is elearified ne
gatively, then it is fuppofed I. That the de
ficiency of fluid in 'the mug is only on its external furface ; for the air, contiguous to this furface, by acquiring an additional quan
tity of elearic fluid from the next ftratum of air, may become elearified pofitively. II. That the internal furface of the mug is not undercharged, becaufe its contiguous air, being furrounded by the mug, cannot be
come overcharged, by acquiring an addition
al quantity of fluid, except a fmall.quantity
4
towards
)
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towards 
the 
mouth of the mug, where, ac
cordingly, 
a 
little Elearicity is obfervable.
EXPERXMENT VI.
To diflinguilb 
the Qyality of Eledricity in eke-
 
trifled Bodies.
Before we proceed further, it is neceffary, that .we ihould defcribe fome pra&ical me
thod of diftinguifhing the quality of the Electricity in an ele&rified body, which is abfolutely neceffary for the right perform
ance of the enfuing experiments. To do this, different methods may be followed, which however are all founded, either upon the elearic attraaion, and repulfion, or upon the different appearances of the elec-. tric light. To find out the quality of Elec
tricity by the different appearances of its light, is a very convenient, and fure me
thod ; but the phenomena of attration and
.
 repulfion,' afford one mucli, more general, and eafy; for fometimes the quantity of Elearicity to be obferved is fo very final', that it will give no light, though it may be 11
.
111 capable of attra&ing or repelling.
,
 
O
2
The
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The general method to prove whether the Elearicity of a body, ele&rifled either by excitation, or communication, is negative, or pofitive, is, to bring it pretty near to an elearified elearometer 
D 
or C fig. 
4, 
and obferve whether the body attra&s or repels it ; .for if the elearometer is elearified po-fitively, and the elearified body repels it, then you may conclude that the body is alfo elearified pofitiyely; becaufe bodies, poffeffed of the fame kind of Ele&ricity, repel each other ; but if the body prefented attraas the Elearometer, then it mull be elearified negatively, becaufe there is no elearic attraaion between bodies, unlef9 they are differently elearified ; and as the elearometer is known to be elearified pofi-tively, the body is confequently elearified negatively.
This may be alfo done by elearifying the 
eledrinneter 
negatively ; but then the effe&s are juft the contrary, i. 
e. 
the elearified body, if negative, will repel the elearometer, and if pofitive, will attraa it.
)
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In this experiment, however, it muff be obferved, that, if the Elearicity of the elec
trified body is much ftronger, than that of the electrometer, or the Elearicity of the latter ftronger, than that of the former, and the elearified body be brought very near the ele&rometer, then, they will attraa one another, notwithftanding they are poffeffed of the fame kind of Elearicity. Suppofe, for inflance, that one of the elearometers C is politively elearified, fo that its cork balls _may diverge about half an inch, and a glafs tube ftrongly excited be brought near it; when this tube is a foot diftant, or more, .the electrometer will be a little repelled by it; but if the 
tube be 
brought nearer, the cork balls, that before diverged half an inch, will now converge till .they are in conta&, and 
appear, 
as they actually are, unelec-trified ; becaufe the action of the excited tube has repelled their fuperfluous fluid through'the threads up to the rethoteft part of the elearometer. If the tube be pre-fented Bill nearer, the balls will then be at-traded by it, becaufe the ftronger Elearicity of the tube repels not 
only their fuperin-
 
0 3
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duced, but alfo their natural quantity of fluid up the threads, &c. and therefore the balls, becoming negatively electrified, muff neceffarily lie attraCted by the tube.
) (
But should a more precife method than the above, be required to determine the qua
lity of the Elearicity of an elearified body, the following may be _ufect. Firft elearify one of the electrometers C, placed upon the Hand fig. 4, either pofitively, or negatively, at pleafure: touch it, for inflance, with an excited glafs tube, fo that its balls may re
,
-pel, and ftand about two inches dillant from one another ; then 'touch the other elearo-Meter C viiith the elearified body, that you defile to 
-
examine, fo that it may be pof, feffed of the fame degree of Elearicity: Laftly, take either of the two eledrometers
by the top of the glafs handle a, difengage
 
.
it from the arm of the Rand, and bring it near the other elearorneter; if then, the balls of one electrometer repel thole of the other, you may.conclude that they are pof-feffed of the fame kind of Electricity ; but if they attract each other, you may con-dude that they were elearified with con-
:
 
) (
Crary
) (
,
- -
)

 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
OF ELECTRICITY.
zg'
trary Elearicities; and as you know the Elearicity of that elearometer, which was firft elearified, you will alfo know the Ele&ricity of the other ele&rometer,
of the elearified body, with which it was touched.
The above experiment may be alfo made with the fingle
7
thread electrometers ; for if they are brought near to one another, when their feathers are ele&rified, they will, if poffeffed of the fame Elearicity, repel, or if - poffeffed of contrary EleCtxicities, attraa each other.
EXPERIMENT VII. 
The infulated metallic Rod.
Infulate in an horizontal pofition a me-; tallic rod about two feet long, having blunt ends, and to one of its ends fufpend an Elearometer, like that reprefented fig. 3, then bring within three or four inches diftance of its other end an excited glafs tube. On the approach of the tube, the balls of the ele&rometer will open, and if
0 4
you
)

 (
2cp A COMPLETE TREATISE
you prefent towards them a body pofitively eledrified, you will perceive, that they di-
7.
 verge with pofitive Elearicity. If the tube is removed, the balls come together again, and no Elearicity remains in them, or in the metallic rod. But if while the tube is near one end of the rod and the balls di-yerge with pofitive Elearicity, the other end of the rod, viz. that, from which the elmarometer hangs be touched with Tome concluder, 'the cork balls will come imme
diately together, and
, 
they will remain fo• when the Condudor has been. removed ;—remove now the excited glafs tube, and the balls will immediately diverge with nega
tive Elearicity, which Chows that the rod remains undercharged, i. 
e. 
eledrified nega
7
 tively.
The reafon of this experiment is, that the repelling power of the excited tube driving the fluid of one end of the rod to its other end, 
i. 
e. 
to that, with which the ele&rometer is conne&ed, renders this end elearified pofi-tively ; but in fad the tube communicates no Eledricity to the rod, it only diflurbs the equable diffufion of its fluid : in confe-
 
quence
)
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quence of this, the ele&rometer, hanging to the overcharged end of the rod, mutt neceffarily appear to be eledrified pofitively; 
bit 
when the tube is removed, then the elearometer appears again uneledrifiecl : for the fluid, which had by the ad
-
ion of the tube been driven to one end of the rod, now retires to its former fituation, and leaves the rod with the elearometer une-leOrifie(1.
In the fecond cafe, when the balls of the eledrometer diverge with pofitive Elearicity, if that end of the rod is touched with fome condtidor, all its fuperfluous fluid, which is no other, than that belonging to the op-polite end of the rod, will be communi
cated to that' body, with which the rod is touched, and therefore the eledrometer re
mains uneledrified : but now in 
fat 
the rod has loft fome of its natural quantity of fluid ; for if the end of it, that is fartheft from the excited tube, remains in its natural Rate, the other end is undercharged ; confe-
 
quently, when the tube is removed, the finall quantity of fluid, that remains in the rod 
will diffi}fe 
itfelj uniformly through it x but this
)

 (
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this quantity of fluid is lefs than that, na
turally inherent in the rod; the rod will .therefore remain undercharged, and hence the balls of the elearometer diverge with ne
gative Ekaricity.
As _this experiment is the bafis, or key, of feveral other, I shall infift on it a little longer, and to render its explanation more intelligible, and clear, I shall make ufe of the following diagram.
) (
A
B.
) (
Let the above-mentioned infulated rod be reprefented by the line A B. When this rod is in its natural Rate (in refpea to Elec-,tricity), then the ele&ric fluid belonging to 
-
it, is equally diffufed throughout the rod. But when the excited tube is brought with
in three or four inches diftance of one of the ends, for instance B, then the fluid, be
longing to that end, will be driven to the end A, which end therefore becomes over—charged, and the end B undercharged, yet the rod has no more elearic fluid now,
than it had before; and when the tube is re.
OlgilizedbY
Google
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removed to fome difiance from the rod, the fuperfluous fluid, repelled to the .end A; returns to its former place, 
i. e. 
to 
-
the end , B, and the equilibrium in the rod is reftored. But if when the fluid in the rod is repelled, to the end A, this end be touched, the fluid repelled thither will immediately be tonduCted away by the body, that touched it, and will leave the end A of the rod, in a natural state ; but at the fame time the end B, is un
dercharged ; therefore, when the tube is re
moved, part of the natural fluid, belonging to the end A, will go to the end B, and thus the whole rod will remain undercharged, i. 
e. 
negatively eleetrified.
If the above experiment be made with an ele&ric negatively electrified, for instance a rod of fealingwax, inflead of the excited glafs tube, then the 'apparent Eledricities in the rod will be juit the reverie of what they were before ; for in this cafe, that end of the rod, to which the eie&ric has been prefented, will 
be 
overcharged,' and the oppofite end undercharged, which oppofite end, if touched in this hate with fbme conduCting fubitance, 'ill acquire forne of the cleCtric fluid from
that
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that fubftance, and when, after that fubftance has been removed, the excited ele&ric is alfo removed, the rod will remain overcharged,
In making this experiment, care muff be taken that the end of the rod be very blunt, and that the elearic be not very powerfully excited, otherwife a fpark may pafs from this to the rod, which renders the experiment precarious.
EXPE
.
R1MENT VIII.
The two infulated metallic Rods.
Take two rods of metal each about' a font long, furnithed with knobs at both ends, and, either by filk lines, or by inflating fools, Infulate them, fo that they may Band horizontally in one diredion, and at about half an inch diftance from one another. To the middle of each of thefe rods hang au electrometer like that reprefented fig. 3. This done, take an excited glafs tube and, bring it to about three inches diftance from the knob of one of the rods ; on doing which the eledrometers of both rods will appear eledrified : keep the tube in that fituation for
about
)
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about two feconds, then remove it. The rods now will remain elearified, as appears by the ele&rometers, the firft, viz. that to which the excited tube had been prefented remaining negative, and the other pofitive.
The reafon of this phenomenon is, that when the tube was near the end of one of the rods, the a&ion of its fluid, repelling the fluid of that rod, caufed it to pals in a fpark to the other contiguous rod, on which account, when the tube was removed, the firft rod, having loft fome of its natural fluid, remained undercharged, and the other rod, acquiring the fluid loft by the former, became over
charged.
In this experiment if inftead of the glafs tube, an elearic negatively excited be brought near the end of one rod, then that rod will be elearified pofitively, and the other negatively ; for the adion of this eledric, producing juft the contrary effe& of the glafs tube, inftead of repelling the fluid of the firft rod into the fecond, attrads that of the fecond into the firft.
In
)

 (
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In t1 is experiment, the elearic does not communicate any Electricity of its own ; but only difturbs the equilibrium between the fluid of the rods.
) (
'
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CHAP. VI. 
Experiments on elearic Light.
H E following experiments
, 
require to be made in the dark; for although the elearic light in feveral circumftances may be feen in the day-light, yet its appearance in this manner is very confufed, and that the EleClrician might form 
a 
better idea of its different appearances, it is abfolutely neceffary to perform fuch experiments in a darkened room.
EXPERIMXNT• L
The Star and Pencil of eldiric Light.
When the eleCtrical machine is in good order, and the prime Conductor is fituated with the collector fufficiently near the glafs cylinder (which fituation I (lull call hereafter its proper place), turn the winch, and you will fee a lucid Liar at each of the points of the collector. This liar is the conflant ap
pearance of the eleCtric fluid that is entering 
a 
point. At the 
fame time 
you will fee 
a 
ftrong light proceeding from the rubber, and
fpreading
)
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fpreading itfelf over the furface of the Ender ; and if, the excitation of the cylinder is very powerful, denfe ftreams of fire will proceed from the rubber, azid darting round almoft half the circumference 
of 
the cylinder; will reach the points 
of 
the 
co
llector
If the chain of the rubber is taken 4, and a pointed body, as for inftanee, the point of a needle or a pin, is prefented to the back of the rubber, at the diftance of about two inches, a lucid pencil of rays 'will appear to proceed from the point prefented, and di
verge towards the rubber. This pencil 
is 
the conftant appearance of the eledric fluid Ming from a point; and in fad it now comes out of the point, in order to fupply the rubber, which is conftazitly exhaufted by the cylinder in motion.
If another pointed body be prefented to the
,
 prime Conductor, it will appear illuminated • with a ftar ; but if a pointed wire or other
* If the prime Conduaor is removed, the dente fireams of fire will 
go quite round the cylinder; 
reaching from one fide of the rubber to the other:
pointed
)
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pointed, conducting body ' be conneaed with the prime Conductor, it will throw out a pencil of rays; for the prime Condu&or being overcharged, the fluid departing from it muit, agreeably tp the 
law, form 
a pencil on that point froM which it flies off, 
and a filar, 
on that, point, which it enters*.
From this experiment may 
be 
learned the method of diflinguithing the quality' of 'the Electricity of an electrified body, by the ap
pearance of the elearic light ; for if a' needle, or any other pOinted body be prefepted iii
* It may be afked, why the elearic ikuid entering a point, caufeth the appearance of ,a (tar, and when going out of the point caufeth the appearance of a bruth of rays ? In anfwer to Ibis queffion, F. 
BECCAliIA 
fuppofes,-that -the flar is occafioned by the difficultjr, with which_ the elearic fluid is extricated from the air,- which is an elec
tric ; fuppofe, for inftance, that a pointed wire is prefent-ed to a body politrvely elearified, the elearic fluid is firft from that body communicated to the air between it and the wire, and then; the wire mutt extricate it, from that air. The broth, he fuppofes, to be occafioned by the force, with which the elearic fluid, going out of a point, runs through the contiguous air, to that which is more remote from it, i. 
e. 
by dividing the contiguous air, and not by affixing itfelf to it.
the
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the ctark with the point towards 
a 
body itrongly ele6trified, it Will appear illuminated with a flar, 
when 
that body is dearified
(
poritively, and 
with 
a pencil
brufh, When 
'it is eledrified negatively.
Eki
,
EsiiVIEN'r II. 
Drawing Sparks.
Let the prinie Condu&or be fituated in its proper place, and eIedrify it by working the Machine; then bring a metallic rod with a round knob at 'each end, or .the knuckle of a finger, within a proper diftance 'of the prime Conduaor, and a fpark will be feen 'between that, and the knuckle, or knobed wire. The longer, and ftronger fpark is 'drawn from that end of the ,prime
.
Conduc-
-
tor, which is 
.
fartheft from the cylinder, 
or 
-
rather from the end of the knobed rod I P, 
-
fixed at its end 13, fig. 2. ; for the eleCtric fluid feems to acquire an impetus by going through a long Conduaor, when eleetrified `by a powerful machine*.
The reafon 
of this, I think, is, becatife that end of the 
-
prime Conduaor is lefs influenced by the atmofphere of the excited cylinder.
This
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This fpark (which has the fame appearance whether drawn from a prime Conductor po-ifitively, or negatively
,
 electrified) appears like
Aoug line'* of fire, reaching from the Con-Kludor to the oppofed body, and often (par
ticularly when the fpark is long, and differ tnt x.onduding fubliances are near the line ,of its direCtion) it will have the appearance of being bolded to tharp angles in different places, exa±ly refembling a flash of light
ning. Notwithftanding, however, this ex
tended appearance, which is imputed to the quick paffage of the luminous matter, the elethic fluid, palling from one body to ano--tiler in a fpark, is reafonably thought to pro
ceed in ,a feparate, and, nearly globular
Thellive&ion of the (park often (Ieceivtis -the moft experienced:Electrician, it feeming ,fornetimes to proceed from one place, and at times under the fame circumflances to .proceed from the oppofite. When the prime Candu&or is elearified pofrtively, the fpark
It 
often darts brufhes of light lids-ways 
in 
every 4i 
reftion,
P 
2
Mat
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muff certainly proceed from it, and go to 
the 
body prefented ; and when the prime Con-duCtor is eledrified negatively, the fpark muff proceed from the, body prefented, and go to the ConduCtor. This, however, we learn by reafoning from other experiments ; for the real direlion of the fpark in the above experiment, is much more rapid in its motion, than to admit its form, much lefs its direction to be perceived by our eyes.
EXPERIMENT III.
The eledric Light 
.
flafbing between two 
metallic Plates.
Let two perfons, one ftanding upon an in-fulated ftool, and communicating with the prime Condu&or, and another ftanding upon the floor, each hold in one of his hands a metal plate in fuch a manner, that the plates may Rand back to back in a parallel fitu-'ation, and about two inches afunder. Let the winch of the machine be turned, and you will fee the flashes of light between =the two plates fo denfe and frequent, that yoµ may eafily diftinguifh any thing in the room. By this experiment the eledric light is exhibited
4
•
in
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in a very 
copious, and beautiful manner, and 
it bears a 
firiking refemblance to lightning.
EXPERIMENT IV. 
To fire inflammable Spirits.
The power of the ele6tric fpark tb fet fire to inflammable fpirits, may be exhibited 
by 
feveral different methods, but more eafily thus : Hang to the prime Conduaor a short rod having a (mall knob at its end, then pour fome fpirits of wine, a little warmed, into 
a 
fpoon of metal * ; hold the fpoon by the handle, and place it in fuch manner, that the (mall knob on the rod, may be about one inch above the furface of the fpirits. In this fituation if, by turning the winch, 
a 
fpark be made to come from the knob, it will fet the fpirits on fire,
This experiment happens in the very fame_ manner whether the Conduaor is elearified
* The readieft way to warm the fpirits for this experi
ment, is to fet it on fire with a candle when it is in the fpoon, and after it has burned for about two feconds, to blow it out with your breath. In this Rate it will be found very ready to take fire, even by a final! fpark.
P 
3
pofitively
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pofitively or negatively, i. 
e. 
whether the fpark be made to come from the Conduttor, or from the fpoon ; it being only in confe—quence of the rapid motion of the fpark that the fpirits are kindled.
It will be perhaps fcarce neteffary to re
mark, that the more inflammable the fpirits are, the more proper they will be for this experiment, as a fmaller (park will be fuffi. cient to inflame them; therefore reaified fpirit of wine is better than common proof fpirit, and xther better than either.
This experiment May be varied different ways, and may be rendered very agreeable to a company of fpedatarsi a perfon, for inftance, handing upon an ele&ric ftool, and communicating with the prime Conduaor, may hold the fpoon with the fpirits in his band, and another perfon, aanding upon the 'floor, may fet the fpirits on fire by bringing his finger within a fmall diftance of
it.
Inftead of his ,finger, he 'may fire the 
fpirits with a piece of ice, when the experi
ment will feem much more funprifing. 
kf 
the fpoon is held by the sperfon ihtntling upon
the
)

 (
or LEcTgicrry. 2,3
the floor, and the infulated perfon brings lome concluding fubifance over the furface of the fpirits, the experiment fucceeds 
aR
EXPERIMENT V.
The artOcial Bolonian Stone illuminated 
1 jr 
the eledric Light.
The 
molt 
curious, experiment to 
th
ew the penetrability of the electric light, is made with the real, or more eafily, with the artifi
cial Bolonian ftone, invented by the late Mr. J. CANTON. This phofphorus is a calcareous fubftance generally ufed in the form of a powder, which has the property of abfotb-ing light, when expofed to it, and after
wards to appear lucid when brought into the
dqk
Take
) (
The method of making this phorphcrus is as follows. " Calcine Tome commun oyfter fhells" (if they are old, and half calcined by ,time, fuch as are commonly found upon the lea ihore, they are, as Mr. W. 
CA 
NTcal obferves, fo much the hetter), " •by keeping them in a good coal " fire for half an hour ; let the purell part of the calx 
be 
" pulverized, and rifted ; mix with three parts of this 
," powder 
one part of the flowers of Sulphur ; let this
P 4
" mixtuo
)[image: ]
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Take fome of this powder, and, by means of fpirits of wine, or xther, flick it all over the infide of a clear glafs phial, and flop it with a glafs ftopper, or a cork and fealing, wax. If this phial be kept in a darkned room (which for this experiment muft be very dark) it will give no light, but let two or three ftrong fparks be drawn from the prime Condu&or, when the phial is kept at about two inches diftance from the fparks, fo that it may be expofed to that light, and this phial will receive that light, and after-
 
"' mixture be rammed into a crucible of about an inch " and a half in depth, till it he almoft full ; and let it be 
44
 placed in the middle of the fire, where it muft be kept " red-hot for one hour at leaf{, and then fet it by to " cool : when cold, turn it out of the crucible, and cut
" ting or breaking it to pieces, fcrape off, upon trial, the " brighteft parts ; which, if good phofphorus, will be a 
- " 
white powder, and may be preferved by' keeping it in " a dry phial with a ground topple."
If this phofphorus, whether in the phial or not, be kept in the dark, it will give no light, but if =poled to the light either of the day, or of any thing elle, and after—wards brought into a dark place, it will then appear lucid for a confiderable time. For farther properties 
'
of thiq phofphorus, fee the Phil. Trani: Vol. LVIIL
warda
)
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wards will appear illuminated for 'a confider-able time,
This powder may be Ruck upon a board by means of the white of an egg, fo as to reprefent figures of planets, letters, or any thing elfe at the pleafure of the operator, and thefe figures may be illuminated in the dark, in the fame manner as the above-defcribed phial.
A beautiful method to exprefs geometrical figures with the above phofphorus, is to bend fmall glafs tubes of about the tenth part of an inch diameter, in the fhape of the figure defired, and then fill them with the phofphorus powder. Thefe may be illu
minated in the manner defcribed, and they are not fo fubjeft to be fpoiled, as the figures reprefented upon the board frequently are.
The bell method of illuminating this phofphorus, and was that Mr. 
W. 
CANTON 
generally ufed, is to difcharge a fmall eledric jar near it,
EXPERT-
 
)
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EXPERIMENT VI. 
The luminous Covtludor.
Vig. 6. Plate I. reprefents a prime Con,-gator invented by Mr. HENLY,
thews clearly the direaion of the eleIric finid paging through it, from whence it is
called 
the luminous Conducclor. 
The mid—dle part .E F of this Condu&or is a glats tube about eighteen inches long, and three pr four inches in diameter. To both ends of this tube the hollow brafs pieces V 1), )3 E, are cemented air-tight, pne of whi
t
cla has a point C, by which it receives the 
tuarig 
luid; when fa near the pcci
s
ted cyr tinder 
a 
*
I
v
 .elearical machine, and the other has a knobe4 wire .Q, from which A ftrong fpark nay be drawn ; and from each of the pieces F D, B E, a knobed wire pro—meds Nvithip the cavity of the glafs tube.
''he 4rAffs PtieCc 
F 
PI 
pr
 4 E, is 
co;;
0
11,9.(ed 
of two 
parts, i. 
e. 
.a ,cap 
g 
cemented tc
,
 thug 
glafs tube, and having a hole with a YabTs by which the cavity of the glafs tube may
e4avfted of air ; and the ball D, which
is
)
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is fkrewed upon the cap F. The fupportere of this inftrument are two glafs pillars flamed in the bottom board H, like the prime Condor reprefented fig. 
z. 
When the glafs tube of this Conduttor is exhauited of air by means of an air pump, and the brafs ball is lkrewed on, as reprefented in the figure, then it is fit for ufe, and may ferve for a prime Condu&or to an ele&rical machine,
If the point C of this Conductor is fet near the excited cylinder of the machine, it will appear illuminated with a liar ; at the fame time the glafs tube will appear all illu
minated with a weak light ; but from the knobed wire, that proceeds within the glafs from the piece F D, a lucid pencil will iffue out, and the oppofite knob will appear
urinated with a liar, which, as well as the pencil of rays, is very clear, and difoernible among the other light, that occupies the greater part of the cavity of the tube.
14 the point e, infield of being pnefented to the 4ylinder, be canneaed with the rub
ber 
,
of the ;machine, *he appearance of ilea within
)

 (
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within the tube will be reverfed ; the knob which communicates with the piece F D ap—pearing illuminated with a liar, and the op—pofite with a pencil of rays ; becaufe in this cafe the direaion of the ele&ric fluid is juit the contrary of what it was before ; it then going from D to B, and now coming from B and going to D.
If the wires within the tube E F, inflead of being fumithed with knobs, be pointed, the appearance of light is the fame, but it feems not fo lirong in this, as in the other cafe.
EXPERIMENT VII. 
The condWing  Glafr Tube.
Take a glafs, tube of about two inches diameter, and about two feet long; fix to one of its ends a brafs cap, and' to the other a flop-cock, or 
a 
valve ; then by means of an air-pump exhauft it of air. If this tube be held by one end, and its other end be, brought near the elearified prime Conduc.. tor, it will appear to be full
.
 of light, when—
 
ever
)
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ever a fpark is taken by it from the prime Conduaor ; and much more fo, if an elearic jar be difcharged through it.
This experiment may alfo be made with the receiver of an air-pump; take, for in-fiance, a
, 
tall receiver clean and dry, and through a hole at its top infert a wire, which muff be cemented air tight. The end of the wire, that is within the
,
 tube, muff be pointed, but not very fharp; and .the other end muff be furnifhed with a knob. Put this receiver upon the plate of the air pump, and exhauft it. If now the knob of the wire at the top of the receiver be touch
ed with the prime Conduaor *, every fpark will pafs :through the receiver in a denfe and large body of light, from the wire
r
 to the plate of the air-pump.
When any thing is to be touched with the prime Conduaor, that is not very portable, as the air-pump above mentioned, the communication between the former and the latter, may be made' by means of a rod furnithed with an eletrib handle, or the like.
EXPE-
 
)
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tXPERIMENT
The Aurora Borealis.
Tate a phial heady of the &Ape and lire Of a Florence Intik ; fit a flop-dock or 
valve to 
its neck, and exhautt k of air as -Mitch as it is -pOilible with a good air-pump. if this 
glafs 
is rubbed in the common marl.. -ner ufed to •excite elearics, it will appear luminous Within, being full of a &Zing-light, which plainly refeinbles the aurora, 'borealis, or northern light. , This phial may alto be made luminous by holding:it by either 
-
end, .and bringing The 
,
Other -end to the prime C
o
nduaor ; in this cafe all -the. cavity -Of the .glafs will inflantly appear full .of flafhing light, - which retrains in it for a- con—fiderable time after it has been removed from the prime Conduaor.
Inftead of the above-deferibed glacs veal, a glafs tube, exhaufted of air and hermeti
cally fealed, may be ufed, And perhaps with better advantage. The molt remarkable cir—cumfiance of this experinient is, that if the
phial,
)

 (
ttECTRI67 t Y. 223
phial, 'or tube after it has 'eeh relhaved troth theplinie ttondu&or 
-
`(and even feVeral hours eter its tlailling light hath teafed to appear), be grafped With the 'hang, th'ong fialheS of light will iturnediatety appear *ithin the ears, w hich often rea' krOin dhe oaf its en& to 'the 'other.
the' Cadet on which thiS 641etirrieht'at;• Vends *re two ; fir the 
-
condualtig nature 
of 
the vacuum, `arid feeond 'the chgrging.of the 'grafi : for 'when 'One rick of 'the •glafs
is touched with the
-
prirnetonein&Or, the elearic flUid,
--
cornMunicated ko The 'Outl. fidefurface Of 'orte lid6 of the'phial,, cairfeth ihi natural fluid belonging 'to the infide furface*to , depart from its place, grid go 'to the oppofite fide of the phial ; and this fluid, paling thrOugh the vacuum, caufes the light within the phial, which light is more or lefs fubdivided, 
according 
'as the' vacuum is lefs or more perfe&. Now, that part of the phial, WhiCh 'has 'touched the prime Condnetor, 'is 
-
aatially 
-
Charged; 'for its 'out'-
 
`fide
has acquired an additional
-
quari;-
 
tiry of eleetriC
-
dud the infide'ffirface
tits 16ft part of 'its
; tut as. the outfide
'of
)
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of the phial has no coating, therefore, when it is removed from the prime Condiiaor, and it is not grafped with the hand, or other Conduaor, the charged part of the glafs can be difcharged only gradually ; that is, whilft its outfide furface is communicating its fuperfluous fluid , to the contiguous air, the infide furface acquires the eleCtric fluid from the other end of the phial, which fluid pairing through the vacuum, caufes that flafh-ing, which is obfer.ved for fo confiderable a time. If the phial is grafped with the hand, its difcharge is accelerated, hence the flafhes within the phial appear more denfe and co
pious, yet it cannot be difcharged all at once by this operation, becaufe the hand cannot
- •
touch every part of the glafs at once.
EXPERIMENT IX.
The viable eledric ./Itmyhere.
G I fig. 2. Plate II. reprefents the re
ceiver with the plate of an air-pump. In the middle of the plate I F, a flort rod is fixed, having at its top a metal ball B nice
ly polifhed, whofe diameter is nearly two
inches.
)
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inches. From the top of the receiver, ano
ther rod A D with a like ball A proceeds, and is cemented air-tight in the neck C ; the diftance of the .balls from one another being about four inches, .or rather more. If, when the receiver is exhaufted of air, the ball A be eletrified pofitively, by touching the top D of the rod A D with the prime Condu&or or an excited glafs tube, a lucid atmofphere appears about it, which although it confifts of a feeble light, is yet very con-fpicuous, and very well defined; at' the fame time the ball
.
 B has not the leaft light. This atmofphere does 'not exift all round the ball A, but reaches 'from about the middle of it, to a fmall diftance beyond that fide of its furface, which is towards the oppofite ball B. If the rod with the ball A be elec
trified negatively, then a lucid atmofphere, like the above defcribed, will appear upon the ball B,- reaching from its middle to a finall diflance beyond that fide of it, that is 
.
to-wards
, 
the ball A ; at the fame time the ne
gatively electrified ball A remains, without any- light. -
) (
The
)[image: ]
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The Operator in IhiSeitperirheiit, •Mult be 'careful not to elearify :the ball'A•to
j
olnuch, for then'the eleetriC fluid *ill pals
-
in a fpaelc 'from one ,ball to the other, andihe experl-inenewill not haVe the deiked effed. 'Alit
' Ile praetice, howeVer,Will"ferider•the Operation very eafy and familiar.
By this elegant experiment, which is of the celebrited F. 'BECcA•RIA, 'we 'have an ocular deinOnfliatiiin_ of the theory of 
'a 
"tingle eleftric fluid; We 'fee that 'Elec
tricity 'COrifills 'of One uniform, • homogeneous fluid, and not two, viz. the 
.
vitreous, and refinous, 'as fome have fuppofed ; for if -the politive, 'and negative tledricity were two diftin& fluids 'attractive of wie:inothet, there fhould, in' the abOve experinient,‘al*ays'ap-.pear two Vatmofphetes, i. 
e. 
one about the ball A, and another about •the
-
b4I'B; 
for 
when the ball A is overcharged with eithei fluid, 'it fliould iheiv that fuperfltiOns' fluid. On its furface, and this 'fluid ihoUld'attria towards the ball A, an atmofpheie of • 'the contrary fluid from the ball B. But thii, `is
.
 we obferved bere, is not the cafe ; for
)
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the appearance of the lucid atmofphere is always on one ball, namely, that which is overcharged with the electric fluid ; thus when •the ball A is eleCtrified pofitively, the 'fuperfluous fluid is vifible on that part of it, which is neareft to the ball B, becaufe B being in a contrary Rate of Ele&ricity, en
deavours to attraft it ; but, when the ball A. is elearified negatively, it will attraa the fluid proper to the ball B, which fluid on that account appears upon the furface of B, juft in the as of leaping to the ball A.
In order to remove an error, that has been adopted by feveral writers on Elec
tricity, it will be not amifs in this chapter to mention, that the eleCtric light has all the Trifmatic colours, as well as the light of the fun. This may be eafily experienced by viewing an elearic fpark through a glafs prifInt
See Dr. PaIESTLEY'S 
initory of t 
leEtricity, part VIII. Sec. XIII, a, XII.
2
C 1-1 A P.
)

 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
228 A COMPLETE'TREATISE
CHAP. VII. 
Experiments with the Leyden Phial. 
EXPERIMENT I.
Of charging-, and difcharging  a Phial in
general.
Take a coated jar; as D E fig. 
2, 
Plate I, and place it upon the table near the prime Conductor, fo that the knob of its wire, and that only, may be in conta& with it: fix the quadrant elearometer E fig 
2, 
upon the prime Conduaor, and then turn the winch of the machine. You will obferve, that as the jar is charging, the index of the electrometer will rife gradually as far as go°, or thereabouts, and then reft: when this happens you may conclude, that the jar . has received its full charge. If now you 
take 
a difcharging rod, and holding it by the glafs handle, apply firit one of its knobs to the outfide coating of the jar, and then bring the other knob near the knob of the wire.. of. the jar, or near the prime Con-
 
4
duaor,
)
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dudor, that communicates with it, you will hear a report, and fee very vivid fparks be
tween the difcliarging rod, and the ccindua-ing fubftances, communicating with the fides of the jar. This operation difcharges -
.
the jar. If, inflead of ufing the difcharging rod, you touch the outfide of the jar with one hand, and bring the other hand near the wire of the jar, the fame fpark and re
port will follow, but now you will feel a (hock, which affeas your wriils;! elbows, and, if ftrong, your breaft alfo*. If a
.
 number . of perfons join hands, and ,the firft of them touches the butfide of :the jar, and, the laft touches the wire communicating
.
 with the' infide, they will all feel the (hock, and precifely at the fame perceivable time. This (hock. bearing
.
 no refemblance to any fenfation otherwife felt, cannot confequently be defcribeds and in oi-der
.
that a perfon may form a juft idea of it, he mull abfolutely feel it.
A Chock may be given 
to 
any (Ingle part of the body, if that part only be brought into the circuit.
Q3
The
)
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The reafon of the charging of the phial, or jar in this experiment, is, that when a fuperfluous quantity of elearie fluid is forced. upon the infide  furface of the &I's, it caufeth an equal quantity of fluid, naturally inherent in
.
 the glafs, to depart from 
the 
oppofite furface, in confequertee of the re. pulfion natural to the particles of the elec_ tric fluid, which repulfion is exerted even through the glafs ; one fide therefore o£ the glafs remains overcharged, and the other undercharged ; as foon therefore as the com. munication between the two fides of the jar is compleated, the fuperfluous fluid on. one fide of the Oafs flies -violently to the other fide, and the rapidity of its motion Oo. oafiont the fpark, the report, 8cc.
If the coated jar be held by the 
wire 
communicating with its infide, and the out• fide coating be prefented to the prime Con-du&or, it will be charged as readily as in the other method, but with this difference, that 
in 
this cafe the outfide will be pofitive, and the infide negative.
w.
)
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We have fuppofed above, that the prime conduCtor was electrified pofitively ; but if the experiment be repeated, when, tip Con-duaor, by being connected with the rubber of the machine, is elearified negatively, the 
jax 
;would in the fame manner be charge‘ except that in this cafe the fide that touches the prime conduaor, would he electrified aegatively,, and the oppofite fide, 
poil7
43R.EIENT14
To, Ann krit an infulatfd Jar cannot be
cbarpd...
Set a 
coated
, 
jar npon an electric itpol ; conuea its wire, or its outfide coating with the prime Conductor, and turn the winch of the machine. You will then obferve, that *iOe* of the quadrant elearometer, placed woxi the prime Condu&or, Coon vifes to 9O°, fperningly *wing that thp jar is charged. Thel; remove the electric Roo! with the jar frog} the prime Condu&or, and either with
clifchargipg 
rod, or with your hands, ea-
 
Q4 s deavour
)
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deavour 
to 
difcharge the jar, and you will
find; that
.
 it is not charged ; 'for
fpark, 
no IhOck, 
nor any 
-
other' phenomenon 
of charged glafs, will appear.
—
 
The reafon why in thiS experiment 
-
the 
infide of the jar 
-
could acquire 'no'additional elearic fluid, and therefore the* 'could ac:-quire no charge, is
.
 becaufe' the outfide could not at the fame time part with' its
,
 own fluid, its communication with the earth being cut off by the eledric ftool. But repeat this experiment with' only this' variation, that, by means of a . chain or . otherwife, the out-fide 'of the jar be made 'to '6mmunicite with the table, and you will then find, that the jar will be charged ; for in this cafe the 
-
fluid; naturally inherenfin the'tititer fiirface of the jar; can readily be' repelled through :the chain, &c. 
'into the `table.
If :a jar be infUlated, and orie 'fide' M
.
 
infteadi of being connected
earth, 
be conneaed'• With'• the infulated rubber, whilfi the' other fide con muniCates with the prime Condudor,sthe jar Will be alto-charged, and perhaps .in -a' more expeditious manner;
for
)
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for whilit the rubber exhauils one fide, th
e 
other fide is fupplied by the prime Con-duCtor. In this manner it is shown, that the jar is charged with its own fluid, i. 
e. 
the natural eleCtric fluid of one of its fides, is, by the a&ion of the machine, thrown on the other fide:
EXPERIMENT
,.rhe preceding Experiment diverfiXed. ,
To make the above experiment irra clearer; and more fatisfattory manner, place the jar upc;n 'the flool as before, and with its wire, not in 
.
'contact, but at -about -half an inch diflance from the prime Conduecor, hold the knob of another wire
.
at fuch a-diftance from the -outfide coating of the jar, as' the knob' of 
:
the 
,
jar is from the prime Condudor; then let-the winch of the machine be turned, and you will obferve, that whenever a fpark tames from the prime ConduCtor to the wire of the jar, another fpark paffes from the outifide coating of the' jar to the knob of the wire
-
prefented towards it; which thews, that as
.
 a quantity of eleCtric fluid is entering the infide of the jar, an equal quantity of it is
leaving
)
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E-A if tS E '
hying the outfide. In, this manger
:
 Ale* becomes charged.
If inflead of the- knobed wire,' a, pointed one be prefented to the outfide of the jar, will appear illuminated with a fta; ; and if inflead of prefenting any wire to 4* j4„ 4 pointed wire be connected with its coating, it will appear illuminated with a brufh of rays (1. 
e. 
by throwing the ele&ric fluid into the air), which will taft as long as the jar is charging.
If the knolkof another jar be prefetted to 
the 
outride coating of the infulated jar in at; above experiment, it will alio be charged; fo; the fluid, going out of the ontfide coating of, tbe firfk jar, i. 
e. 
that flanding upon the4q0,1, will go in the infide of the other jar, and qua the fluid, inherent to the outfide of.** jar, to depart from its place *.
E
x,
ge It is cafy to noderftand from this 
Cr 
peTippi;N: hqw several phial,s may bq conne4ed together, fo that tIagy may be charged all at once, with nearly the fame trouble as one is charged. It muff, however, be obferved, that when feveral jars are fo copneaed, that the infide of one
corn.
)
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EXPIIRI KENT IV.,
To jhow that the Charge of a74r, or MO 
is general does not rode in the. coating.
Take a naked phial,. and for a' coating oaa, the. outfide flick a piece of tin-foil; with a little tallow, or bees-wax, f.o that, it can jia adherA to the glafs, ; and for an infide coating 
ufe 
fault leaden fhot, or quickfilver; laftly, infert through its neck a knobed wire corm. municating with the fhot, or quickfilver.—This done, hold the phial thus coated by its outficle. coating, and charge, it, by prefenting its knobed wire to the prime Condudor. When it is charged turn it upfide down, and let its wire, and quickfilver, or fhot fall its a glafs • receiver ; then remove its outfide coating alfo. In this, operation the phial does, not lofe its charge, and if you examine' the quickfilver or fhot, you will find that it contains no more Eletiricity, than any other like concluding infulated body, which has
communicates with the outfide of another, &c: they can
not be charged fa high, nor fo eaftly, as otherwife; the difficulty increafing nearly in proportion to the number of the jars.
been
)
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been in contaa with the prime Condu&or, would contain. Replace the outfide coating again upon the phial, pour the shot or quickfilver again into it, or any other con—cluding fubftance, then touch with one hand the outfide coating, and with the other, by introdticing a finger or a wire, touch the infide non-eledric, and you will feel a chock, which will convince you, that the glafs has loft very little of its charge by the operation above mentioned.
The fame experiment' may be more con
veniently made by laying a - pane of glafs upon a metal plate; and covering an equal part of the upper' furface with' tin-foil, having a filk thread faftened to one of its fides, by which it may be eafily taken off, when'the glafs is charged, and as eafily re-' placed,' when required.
EXPE
:
11-114E NT V.
To 
prove that the eledric Fluid does not expel the 
Ai
r
 contained in a Phial.
Through a hole `Made in the cork that . flops a coated phial, introduce a fmall glafs
tube
)
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tube open 
at both ends, and of- about one thirtieth part of an inch in diameter ; bend that part of the tube, that is out of the phial in an horizontal fituation, and with bees-wax faften the cork fo, that no air can get in or out of the phial, except it pafres through the glafs tube; laftly, put a fmall drop of red wine, or 
ink, in 
the horizontal part of the tube, fo• that it may be eafily moved through it by the leaft rarefaaion, or condenfation of the air -within the phial. If this phial thus furnithed be charged, by conneaing the prime Con-duaor with its wire, the drop of liquor in the glafs tube will not be ftirred from its fitu-ation, which chows that the eledric fluid, immitted into the phial, does not exclude any of the air, that the phial contains. If the phial be difcharged, the drop of liquor in the tube will be often pufhed a little out of its place, and' afterWards return to its former fituation, which 
chows, that on mak
ing 
the difcharge, the air within the phial was a little difplaced, or rarefied. This how
ever is to be imputed to fome fpark, that generally happens within the cavity of the phial, on account that the wire is 
not
) (
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in perfet contaa with 'the infide coat-
ling
 
 T
-
The courfe of the elet7ric Fluid in the Dyeharsie 
rendered vilible by the Star, and Pena
When a jar is charged, take a difcharging rod having its ends pointed, 
e. 
the difcbarging rod reprefented in fig. 1o. Plate I, without its knobs, and keep it as reprefented, fig.
that is, in fuch a fituation, that one of its points C may be at about one inch diflance _from the knob A, and the other point .B, 'at an equal diflance from the outfide coating of the jar; by thefe means the jar will be dif-charged filently, and if its infide be eleari-fied pofitively, you will fee, that the,pointC of the difcharging,rod, is, illuminated ,with 
a
au, and the point B
becaufe,
_s'
,
 Having repeated this experiment with a fmall -whofe charging piece (as we may ,call it) was a produce
, 
tion of the infide coating, which was of one piece of tin
foil, duck to the,glafs with bees-wax, in,conquence which nolpark could happen within the phial, I found that the drop of liquor in the glafs tube, was not Itirred -.dither in charging, or difcharging,the phial.
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=cafe, the elearic .fluid,
,
 going from the infide :to
7
the ‘outfide elf 
-
-the jar, enters the paint!C, and iffues 'froth the point B. But: if the 
.
jar -is erearified negatively on :the 'int
-
1de, iiideonftqnently' pofitivei on -the. on tfide, -then The Oneil df rays will appear np6n
.
the :point ',.raiid
-
the'llar upon the point B ; :for in this cafe
-
theeiearic 'fluid pdites `froth the ':Ontfide to'the infideof 'the jar.
N. B. This experiment, as well as any other, in which the 'Clearic light isto
:
be bb-ferited, 'requires to be made in the dark.
EXPERIMENT VII.
The 
Courje of the elearic Fluid 
in 
the Dif. 
charge fhown by the Flame of 
a 
Wax-taper.
Remove the circular
,
 piece of wood -E from 
-
the nniverfal difcharger, reprefented fig. 5. PlateI. Fix the wires D B, D C, fo that their- knobs D D may be about two inches diftanee of one another; and upon the locket fix'a piece of wax taper lighted, fo that its 'flanie may be juft In the 'middle between the knobs D D. Having difpofed the apparatus in this manner, 
if 
you eonnea, by-means of
2
a chain
)
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a chain or otherwife, the outfide of a charged jar with one of the wires C, and bring the knob of the jar to the other wire C, you will obferve, that on making the difcharge, which mutt pafs between the knobs D D, the flame of the wax taper is always driven in the dire&ion of the ele&ric fluid, that is, it will be blown upon the knob of that wire, which communicates with that fide of the jar, which is negatively elearified.
In this experiment the jar muff have an exceeding fmall charge, jult fufficient to pafs through the interval in the circuit ; which experience will prefently determine : other-wife the experiment will not fucceed, or be perhaps rendered equivocal *.
* If it be ailed, why this experiment does not fucceed with a great explofion as well as with a very fmall one, the anfwer is, that when a jar highly charged, is brought near one of the wires of the univerfal difcharger, it creat
e
s an atmofphere about the knob of the faid wire, which at-mofphere difturbs the flame, of the wax taper, before the aaual difcharge ; befides the elearic fluid in a great ex-plofion, by its elaftic nature, paffes through the-flatne of the wax taper too fwiftly, for to communicate to it any vifible motion ; in the fame manner as a bullet, difcharged by a piftol againft an open .door, makes a hole through
the door, without shutting it.
.
.
Ex-
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EXPERIMENT VIII.
The Courfe of the electric Fluid in the Dileharge, rendered confpicuous by the Motion communi
cated to a pith ball. •
Bend a card length-ways, over a round ruler, fo as to form a channel, or femicircular groove*. Lay this card upon the circular board E of the univerfal difcharger reprefented fig. 
5, 
of Plate 
I. 
and in the middle of it put a pith ball of about half an inch diameter; then at equal dillances, about half or three quarters of an inch from the cork ball, lay the two brafs knobs 
D D. 
The card being perfectly dry, and rather hot, if you conned, by means of a chain or otherwife, the outfide of a charged jar, with one of the wires C, and bring the knob of the jar to the other wire C, you will obferve, that on making the difcharge, which mutt pals
-
 between the knobs 
DD, 
and 
over 
the card, &c. the pith
44.
 Inftead of the card, a piece of baked wood may be cut in that ihape, and painted over with lamp-black and oil ; which will anfwer better than the card, 
it 
being much more fleady, and not fo liable to attract 
'314:Awe.
B.
ball
)
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ball is always driven in the direaion of the electric fluid, i. 
e. 
it is pulhed towards that knob, which communicates with the negative fide of the jar.
It muff be obfervea that in this experi
ment the charge of the jar mull be juft fuf-ficient to pafs through the interval in the circuit ; the card, or piece of baked wood, muff be very dry and Clean ; and in fhort the difpofition of the apparatus, and the per
formance of this curious experiment, require a degree of nicety, that can only be obtained
by practice.
Without great precaution, it 
fometimes fails ; but when the Operator has once got it to fucced, and follows exa&ly the fame method of operation, he may be Pure, that the event of the experiment will be conflantly as above defcribed.
EXPERIMENT IX. 
The Leyden Vacuum.
Fig. 8 and 9. of Plate I. reprefent a fmall phial coated on the outfide about three inches puthe fides with tin-foil ; at the top of the neck of this phial, a brafs cap is cemented,
having
) (
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having a hole with a valve, and from the cap a wire proceeds a few inches within the phial, terminating in a blunt point. When this phial is exhaufted of air, a brafs ball is (crewed upon the brafs cap, which is cemented into its neck, fo as to defend the valve, and prevent any air from getting into
the exhaufted glafs *.
This phial exhibits 
clearly the direction of the electric fluid, both in charging and difcharging ; for if it be held by its bottom, and its brafs knob be prefented to the prime Conductor pofi-tively eledrified, you will fee that the electric fluid caufeth the pencil of rays to proceed from the wire within the phial, as reprefented fig. 9. and if it is difcharged, a ftar will ap
pear in the place of the pencil, as reprefented in fig. 8, But if the phial is held by the brafs tap, and its bottom be touched with the prime Condudor, then the point of the wire on its infide, will appear illuminated with 
a 
ftar, when charging, and with a pencil, when difcharging, ' If it be prefented to a prime
* The infide of this phial requires no coating, becaufe-as the elearic fluid pervades vacuum, it can pars freely from the wire to the furface of the exhauiled glare, with
out the help of a. non-dedric coating.
R 
2
)
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Condudor elearified negatively, all theft appearances, both in charging, and dif—charging, will be reverfed.
This experiment of the Leyden vacuum, together with the two preceding ones, namely the feventh and eighth of this chap—ter, are inventions of Mr. HENL Y, and they exhibit an ocular demonftration of the hypo—thefis of a fingle elearic fluid.
EXPERIMENT X.
To pierce a Card, and other Subfiances with 
the ele1ric Exple/ion.
Take a card, a quire of paper, or the cover of a book, and keep it clofe to the outfide coating of a charged jar ; put one knob of the difcharging rod upon the card, quire of paper, &c. fo that between the knob, and coating of the jar, the thicknefs of that card, or quire of paper, only is 
in-
terpofed ; lailly by bringing the other knob of the difcharging rod near the knob of the jar, make the difcharge, and the eleCtric matter, ruching through the circuit from the pofi—
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pofitive, to the negative furface of the jar, will pierce a hole (or perhaps feveral) quite through the card, or quire of paper *. This. hole has a bur railed on each fide, except, the card, &c. be preffed hard between the difcharging rod and the jar ; which fhows that the hole is not made in the diredion 
of the 
paffage of the fluid, but in 
every direction 
from the center of the refitting 
body.
If this experiment be made with two cards, inflead of one, which however muft be kept very little diflant from one ano
ther 1-, each of the cards, after the explofion, will ,be found pierced with one or more holes, and each hole will have burs on both furfaces of each card.
* The hole, or holes, are larger or fmaller, accord-, ing as the card, &c. is more damp, or more dry. It is remarkable that if the noftrils are prefented to it, they will be affe&ed with a fulphureous, or rather a phofpho-real fmell, juft like that produced by an excited Elec-
 
tric.
This may be eafily effeaed by bending a little one the cards.
R
3
If
)

 (
inftead of paper, a very thin plate of glafs, rofin, fealing-wax, or the like, be in, terpofed between the knob of the difcharging rod, and the outfide coating of the jar, on making the difcharge, this will be broken in feveral pieces.
Small infeds may, alto be killed in this manner ; they may be held between the out-fide coating of the jar, and the knob of the difcharging rod, like the above card ; and a Chock of a common phial fent through them, will inilantly deprive them of life, if they are pretty (mall ; but if larger, they will be affeded in fuch a manner, as to appear quite dead on firft receiving the ftroke, but will, after fome time, recover : this, however, depends on the' quantity of the charge fent through them.
EXP
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EXPERIMENT XI.
To flew the gored of the Shock felt over tht
Surface of a Card or other Sul:fiances.
Put the extremities of two 
Ntires 
upon the furface of a card, or other body of an elec
tric nature, fo. that they may be in one di-reaion, and about one inch diflance from one another ; then, by conne&ing one of the wires with the outfide of a charged jar, 
and 
the other wire with the knob of the jar, • the (hock will be made to pats over the card or other body.
If the card be made very dry, the 
lucid track 
between the wires will be vifible 
upon 
the card for a confiderable time after 
the explofion. 
If 
a piece 
of common 
writing 
paper be ufed inftead of the card, it will be.torn by the explofion into very 
finall 
bits.
If inflead of the card, the 
explofion 
is 
fent over the furface of a piece of glafs,
- R 4
this
)
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this will be marked with an indelible track, which generally reaches from the extremity of one of the wires to the extremity of the other. In this manner the piece of glafs is very feldbm broken by the explofion. But Mr. 
HENLY 
has difcovered a very remark
able method to increafe the effe& of the ex-plofion upon the glafs ; which is by prefling with weights that part of the glafs, which lies between the two wires, (i. 
e. 
that part, over which the 'hock is to pafs). He puts &II a thick piece of ivory upon the glafs, and places upon that ivory a weight at plea—Lure, from one quarter of an ounce, to fix pounds : The glafs in this manner is gene
rally broken by the explofion into innumera
ble fragments, and fome of it is abfolutely reduced into an inpalpable powder. If the glafs is very thick and refills the force of the explofion, fo as not to be broken by it, it will be found marked with the molt lively prifmatic colours, which are occafioned by very thin Iaminx of the glafs, in part fepa-rated from it by the (hock. The weight laid upon the glafs is always (hook by the ex-plofion, and fometimes it is thrown quite
off
)
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off from the ivory *. This experiment may be moll conveniently made with the univerfal difcharger. Fig. 5. of Plate I.
EXPERIMENT
7
9
0 (hew the Diregion of the elegric Fluid in the Difcharg', by caq/ing the Shock to go over the Surface of a Card.
Difpofe the apparatus in the manner de-fcribed in the preceding experiment, but with this difference, that inflead of laying the extremities of both wires upon the fame fide of the card, one of them be placed under the card ; then fend a (hock through the faid wires, as in the preceding experiment, and you will obferve, that the elearic fluid will run over that fuiface of the card, upon which lies the extremity of that wire, which is conneaed with the po-fitive fide of the jar ; and in order to pats
* If (mall reprefentations of houfes, 
Sc.:. 
be hid upon 
a 
board, place ! on tht piece of ivory ; 
that, being 
fhook by the explofion, will give a very natural idea of an earthquake
)
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to 
the extremity of the other wire, it will break a hole through the card juft over the extremity of that wire, which is connected with the negative fide of 
‘
the-jar.
This excellent experiment, which chows the direaion of the eleaxic fluid in the difcharge of a jar, is a difcovery of Mr. Lur, 
LIN 
of Geneva.
N. B. With very large jars, this experi
ment has been obferved to pierce feveral holes, and in fuch manner as to render the experi
ment not fatisfa&ory.
EXPERIMENT
To fwell the Clay, and break frail Tubes with the elet7ric Explq/ion.
Roll up a piece of foft tobacco-pipe clay in a fmall cylinder C D fig. 4. Plate II. and jnfert in it two wires A, B, fo that their ends within the clay may be about a fifth part of an inch from one another. If a ihock be Lent through this clay, by ,con-
 
netting
)
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pelting one of the wires A, or B with the putfide of a charged jar, and the other with the infide, it will be inflated by the fhock, e. by the fpark, that paffes between the two wires, and after the explofion will ap-
 
pear as reprefented fig. 5.
If the (hock 
fent through it is too firong, and the clay not very moift, it will be broken by the explofion, and its fragment fcattered in every dire6tion.
To make this experiment with a little va
riation, take 
a 
piece of the tube of 
a 
tobac
co-pipe, about one inch long, and fill its 
bore 
with moift clay, then infert in it two wires, as in the above rolled clay, and fend 
a 
(hock through it. This tube will 
not 
fail to burft by the force of the explofion, and its fragments will be fcattered about to a great 4iftance.
If inftead of clay, the above-mentioned tube of the tobacco-pipe, or a glafs tube, (which will anfwer as well) be filled with any other fubftance either elearic, or non-eledric inferior to metal, on making the dif,
,
 
charge,
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charge, it will be broken in pieces with nearly the fame force..
This experiment is the invention of 
Mr. LANE, 
F. R. S.
EXPERIMENT XIV.
To 'how the Courfe of the electric Fluid by the fpontaneous Dlicharge.
Take a coated phial of a fmall fize, and if the naked part of it, i. 
e. 
from its out-fide coating to the cork, is very dry, breathe upon it once or twice, fo as to render it Tightly damp; then holding the phial by its outfide coating, prefent its knob to the prime Conduaor, while the machine is in a&ion, and you will fee, that after the phial has received a fmall charge, a beautiful bruih of rays will proceed from the cork, which, after going a little way into the air, turns its courfe towards the outfide coating of the phial. If the phial, inflead of the prime Condu&or, be prefented to the infu-lated rubber, then the bruth, inftead of pro
ceeding from the cork, will ifrue from 
the
outfide
)
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outfide coating, and dire S1 its courfe towards the cork or wire of the phial ; fhowing be
yond a doubt the truth of the hypothefis of a fingle elearic fluid.
This experiment, which is of Mr. 
1--TEN-
Ly, requires a nicety of operation, without which it will not fucceed as above defcribed. The quantity of moifture upon the phial, and the quantity of Elearicity communi
cated by the machine, muft be of a de
gree, which nothing but practice can deter
mine.
EXPERIMENT XV.
To make the elegric Spark viable in Water.
Fill a glafs tube of about half an inch diameter, and fix inches long, with water, and to each extremity of the tube adapt a cork, which may confine the water ; through each cork infert a blunt wire, fo that the extremities of the wires within the tube may be very near one another ; laftly con—neCt one of thefe wires with the coating
of a fmall charged phial, and touch the
.
.
other
)

 (
other wire with the knob of it ; by which means the {hock will pafs through the wires, and caufe a vivid fpark to appear between their extremities within the tube. In per.. • forming this experiment care mull be taken, that the charge be exceedingly weak, other-wife the tube will burft.
C fig. I+ Plate II. reprefents a common drinking glafs almoft full of water.. A B are two knobed wires fo bent, that their' knobs may be within a little diflance of one another in the water. If one of thefe wires be conneaed with the outfide coating of a pretty large jar, and the other wire be touch
ed with the knob of it; the explofion which mull pafs through the water from the knob of one of the wires to that of the other, will difperfe the water, and break the glafs with a furprifing violence. This experi
ment is very dangerous if not conduEed with great caution.
EXP
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OF ELECTRICITY. 25S EXPERIMENT
¶7'o prove that the elec1ric Spark dilplaces, and rarifies the Air.
Fig. 3. Plate II. reprefents an inftrument, which the inventor, Mr. KINNERSLEY
)
 calls the 
eletirical Air Thermometer, 
it being very ufeful to obferve the effeas of the ele&ric explofion upon air. The body of this ther
mometer confifts of a glafs tube 
A B, about 
ten inches long, and nearly two inches dia
meter ; and clofed air-tight at both ends 
by two'brafs 
caps. Through a hole in the up
per cap, a fmall tube H A, open at both ends, is introduced in fome water at the bottom B of the large tube. Through the middle of each of the brafs caps, a wire F G, E I is introduced, having a brafs knob within the glafs tube, and by Eliding through the caps, they may be fet at any diftance from one another. This inftrument is, by 
a 
brafs ring C, faftened to the pillar of the wooden Band C 
D, 
that fupports it. When the air within the tube A B is rarefied, it will prefs upon the water at the bottom of
the
Google
)

 (
the tube, which will confequently rife in the cavity of the fmall tube ; and as this water rifes higher or lower, fo it chows the greater or lefs rarefadion of the air within the tube A B, which has no communication with the external air.
If the water, when this inftrument is to be ufed, is all at the bottom of the large tube, i. 
e. 
none of it is in the cavity of the fmall tube; it will be proper to blow with the mouth into the fmall tube, and thus caufe the water to raife a little in it, where, for better regulation, a mark may be fixed.
Bring the knobs G I of the wires I E, 
F 
G into contaa with one another, then conne& the ring E, or F with one fide of a charged jar, and the other ring with the other fide, by which operation a chock will be made to pafs through the wires F G,
I 
E, i. 
e. 
between the knobs E I.
In 
this cafe you will obferve, that the 
-
water in the fmall tube, is not at all moved from the mark ; which chows, that the pairage of the elearic fluid through Condudors fuf-
 
3
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)
 (
256
 
A COMPLETE TREATISE
)



 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
-
0
.
F ELECTRICIT
.
Y.'• 25
7
 
ficiently large, occafions
-
no rarefadiOn, •uor difplaces the air about.them.
Put the. knobs G, I a little diftant from one another, and fend a (hock through them as before, and you will 
fee 
that the fpark .between the two knobs, not only difplaces, but rarefies confiderably the air; for the water will be fuddenly puihed almoft at the top of the fmall tube, and immediately it will fubfide a little, as for inftance- as 'far as fl, which is occafioned by the fudden dif-placing and replacing of the air about the place, where the fpark appeared within the tube A B. After that the water has fubfided fuddenly from the firif riling, it will then gradually, and (lowly come down to the mark, at which it ftood before the explo-fion ; which is the effect of the air that was rarefied, and which gradually r4turns to its
,
 former temperature.
If this experiment be made in a room, where the degree of heat is variable, then proper allowance mutt be made for this cir-cumftance, in eitimating the event of the experiment ; for the ele&rical air thermo-
 
S
meter
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meter is affeited 'by heat, or cold in general; as well as by that caufed by an elearic fpark.
EXPERIMENT 
xvii. 
To fire Gun, powder.
Make a fmall cartridge of paper, and fill it with gun-powder, or elfe fill the tube of a quill with it; infert two wires, one at each extremity, fo that their ends within the quill, or cartridge, may be about one fifth of an inch from one another ; this done, fend the charge of a phial through the wires, and the fpark between their ex
tremities, that are within the cartridge, or quill, will fet fire to the gun-powder. 
s
 If the gun-powder be mixed with Reel filings it will take fire more readily, and with a very fmall chock.
EXPE+
•
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ExP RIDUsT XVIII. 
To firike Metals into Glair.
take two flips of common window-
-
-gIafs about three inches long, and half an inch wide ; put a fmall flip of gold, filver, or brafs leaf, between them, arid tie them to
gether, dr elfe prefs them together between the boards of the prefs H, belonging to the univerfal difcharger fig. 
s, 
Plate I, leaving a little of the metallic leaf out between the glaffes at each end; then fend 
a 
Mock through this metallic leaf, and the force of the explofion will drive part of the theta' into fo clofe a contact with the glafs, that it cannot be Wiped off, or even be affeet-ed by the common menftrua, which other. wife would difiblve it.
In this experiment the glaires are often shattered to pieces, but whether they are broken or not, the indelible metallic tinge Will always be found in feveral places,, and fometimes through the whole length of both
glaffes,
S 2
ELIC,1
1
3.■ •
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EXPERIMENT XIX.
To fiain the Paper, or Glafs.
Lay a chain, which forms a part of the circuit between the two fides of a charged jar, upon a fheet of white paper, and if a fhock be fent through it, the paper will be found flained with a blackifh tinge at every jundtire of the links. If the charge be very large, the paper, inflead of being flamed with fpots, is burnt through. If the chain be laid upon 'a pane of glafs, inflead of paper, the glafs  will often be found flained with fpots' in feveral places, but (as' might be expe&ed) not fo deep as the paper.
If this experiment be made in the dark, a fpark will be feen at every jun&ure of the rinks; 'and if the 'links are fmail, and the fhocic pretty 'hong, the chain will appear illurniriated like a line of fire; which shows that,the elearical fluid meets with fome re-
 
Mance
palling from one link of the chain
to another.
EXPE-
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EXPERIMENT XX. •
The lateral ExplOon.
- If a jar be difcharged 
.
with a difcharging Tod,- that has no ele&ric handle, the: hand that holds it,. in making the 
-
difcharge,
-
feets Tome kind of 'hock, efpecially when .the charge is confiderable.---In other ;Word$.. A perfon or any concluding fubifance, that is.. conneIed ,with one. fide of a jar,',,,but
forms
part of the circuit,
kind of chock, i, 
e. 
fome effed:of,,the
;charge. This-. may be rendered Nifible,ifii
the: follOWitig :manner.. Corine4
the 
izoiitfule'of :a charged jar a 'piece of) chain j - them difcharge :the jail;thf0ugh anothercip,
inflanrc, with a difcharging rod inr the7tonimor( way, 
-
mut ;the :cbairA t114 communicates with the outside; of .the jar, arid Which-makes no: part
;
 Elf the circuit
.
,
will appear lucid
th'e dark, i, :6!.; fp41O 
will appear between the links-
1
; :whicb.fhpvis that the elearic, fluid,, natural to that chain, mull- by fOrnerineans 
-
have ,been diflurbPth This. chain. Will.alfo appear luminous, 
if
S3
is,
)
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is not in contaa with the outfide of the jar, but only .very _near it ; and on making the difcharge, 
a 
fpark will be feen between the jar, and the- end of the chain near it. This elearical appearance out of the cir
cuit of a difcharging jar, is that, which we call the 
lateral Exploion, 
and to make it appear in the molt confpicuous manner obferve the following method, which is of pr. 
PRIESTLE Y.
- When a jar is charged and flands Upon the table as ufual, infulate a thick metallic Tod, and place it fo that one of its ends play be • contiguous to the outfide coating of the 
:
jar, and within about half an
' inclt
of its other end,: place a body of about fix c4: ceven feet in length ; and a feVii inches 
its 
breadth ; then put it chain
,
 upon the ta.
,
 Isle, fo that one of its ends
-
 may be.
-
about one inch and 
4 
half diftant from the coat
s
. 
iiig of the jar. ; • - at the other
-
end- of the chain apply one knob of the difcharging rod, and bring the other knob to .the wire of the jar in order to make the explofion. On making the difcharge, in this manner, a ftrong fpark will be feen between the
itlfuT
)
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infulated rod, which communicates with the coating of the jar, and the body near its extremity, which fpark does not alter the fiate of that body in refpe& to Ele&ricitT; hence -it is imagined that this lateral fpark flies from the coating of the jar, and returns to it At the fame inftant, allowing no per-
.veptible 
fpace of time, in which an ele1ro-meter can be affe&ed. Whether this lateral exploflon is received on flat and (month fur-faces, or upon lharp points, the fpark is al
ways equally long and vivid.
The caufe of this phenomenon feems to be the interruption in the circuit, made by introducing bad Conduttors into it ; for, as this interruption is greater or leis, fo the lateral explofion is more 
or 
leis confOerable, 
•
S4
CHAP.
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CHAP. VIII.
Experiments with other charged.Elegrics.
r17
1
 H A T the experiments
.
 made with
other charged ele&rics, are fimilar to thofe•made -with charged glafs, is very evi—dent : fince it has been obferved abovein thg Firft Part, and alfo in the experiments already defcribed, that the property of being charged, of exploding, &c. 
l
iSnot inherent in glafs, as glafs, but, as being 
:
impervious to the electric fluid ; and in confequence, it muft be com
mon
, 
to 'all fuch fu-bitttnces; which like glafs, are impervious to, that fluid : therefore, under the title, 
,
of experiments with other elec-trks, I mean to dcfcribe experiments, not of 
a. 
different nature from the above mentioned, but only the manner of coating, and ufing, other ele&rics, which are not fo manageable as glafs ; but at the fame time, have fome peculiar advantages. Thefe methods I (hall reduce to three, i. 
e. 
&II, that of making the noble experiment of charging a plate of air; fecondly, the method of coating refinous fubllances; and laftly, a method of trying other eledrics, that are in a fluid Elate
.
Ex-
 
)
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:OF ELECTRICITY.. 26,s, EXPERIMENT• I..,
TO charge a Plaie of Air.
.
.
Take two fmooth circular ,board4 quite pla
i
n,. and each , about, Ogee •or..four feet. in diameter;
:
 ',coat :one fide 9f each: with
;
,--which fhould be:
n
pafted down,' and burniihed, and
;
 turncri..ov_er the 
:
edge of: the hoard. ,,Thefe boards-J40.be bOth infulated, parallel to one another,
;
 in
;
 an hor4ontal,-
.
pp
,
. fition ;- they muff be turned with their coat
ed .fides,towards•each, other, and should be placed
,
--igfuch,, 
a 
manner, as to be eafily re-moved
:
to,,, or from
.
eash•other'; -toil° which, it 
will be 
proper to fix to-,one of the boards,
a 
firong,fuppoAter
, gigs, or baked wood, 
and to.£ufpend the:other, hyifilk firings, from the ceiling. of. the rporn!;, from which; by,a proper pulley, it may. 
-
be lowered or railed, - fo as to be at 
any 
diftance required from the lower, board; which gay
;
 la,e 1:44ce4.tIppp, the
-•
• When .thefe boards are placed in the man, npr aboy,,e delcribed, and .at about one 
.
inch cliftaRcRfrgrn, one another, they may be ufed exaaly
)

 (
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exactly as the two coatings of a pane of glafs. If one of the bonds is connedeci with the clearified prime Conductor, and the other be left infulated, they will receive no charge, agreeable to the fecund eieperiment of the preceding chapter, and if after kale time you touch them, you will receive only a (park from the upper board, in eonfequence of its being conneded with the electrified prime Conduflor. If, whilft one of the boards is receiving Ele&ricity, the other communi
cates with the earth, then, the _plate of air between them will be charged, like a coated plate of glafs ; for that board, Which cotm-municates with the-earth, will acquire an flearicity contrary to that of. the other Ord ; and if you touch them, t. 
e. 
make a communication between them, they will 
ex.. 
Mode, give the lhook, &c. fimilar to a charged jar. °
Irk this experiment
cannot be expeaed, that fuch an explotion, and with fuch a force will be produced, as by an equal furface of coated glifa ; for here the coatingi cannot be brought fo near one another as to render them capable of 
a 
high charge, becaufe the
plate
) (
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plate of air being much fiefs compa& than 
giais, 
may be eafily broken by ,the force of the charge, i. 
e. 
it
 may eafily difcharge itfelf. Notvritlaitanding, however, that 
a 
plate of air is dot capable of rec'e'iving a very high charge, yet this experimeut has a • great advantage, which is, that here we may fee what preffes betWeen the two coatings either in charging, 
tr 1ifcharging 
the
.
plate Of air, and we may into duce feveral things into the fubilance of this: coated elearic, which prOduce feveral remarkable appearances. By this experiment the true'itate of •the earth, when coveted by ele4ftrified clouds,'may be reprefented exceed
' ingly well ; and?ekteral meteors, hat happen ir`v1 that 'Rate, and Which are thought to be effe&s ofEleCtricity, may be imitated; filch as water-fpouts*, and whirlwinds, befides
P-it Was fome time ago doubted whether the' caufe of water-(pouts could be attributed to Elearicity, or not; but 
atiprastit 
it feems ptttty well afcertained thattbey are elec
trical •phenornena ; it having been lately °braved (betides other reafons) that a Rath of lightening was feen at the bona that a •water4pbut was brolcen,..and difappeared, 
L
ee. aptain Coox's Voyage round the World during the
Pats
721-,•31,743-rr-5, .by • Mr. G, Fun 6 T ER 
F.
!
 R. :S.
rot
,
lr. P- IV.
) (
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the well-known elearical phenomena, thunder and lightening.
In order to
:
reprefent a water-fpout, as it is often obferved at lea, place the two boards at about two inches 'diftance from one another ; put a large drop of water about the rriiddle of the loweft of them, and fix a metallic ball, or any other piece of metal, that is foniewhat fpherical *
4
. to the upper board, juft oppofite to, and at about half an inch diftance from the furface,of'the ;water. If in this fituation the upper board be -elearified
)
 whilft the lOwer communicates with the.earth, the water, 
which 
reprefents the lea, _ will be attra4led by the metallic ball, which Jeprefents a ;cloud,: and riling nearly in a .conical body, 
,
;will-, af
ford a pretty good ,reprefentation of 
/
the water-fpout 
t.
:rfhe
* The trretalliccovering of fame kind of coat buttons anfwers exceedingly well, and may,be pafted on 
,
thotin,
foil coating of the board.
. . - 
t The knob .of a charged-bottle
-
being brought near the water in a Anetal plate, 'or common earthen'ware fawcer, (bows:AUL expetiment• in a fimple, and beautiful, manner. If a large drop of water be placed upon the knob of an infulated charged bottle, and the knob of ano-
 
ther
)

 (
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The appearance of a whirlwind is but fel-dom, and by chance to be obferved. The bran between the two plates F, P fig. 2, Plate I, is often whirled like the duft in a whirlwind ; but there is no certain rule, that I know, for producing this phenomenon.
In order to fucceed in this experinient, Mr. BECKET directs to place the boards above mentioned, about four or five inches afunder, and to put fome bran, and very fmall bits of paper about the center of the lower board. If in this fituation the upper board be con-neCted with the eleCtrified prime Conductor, and the lower be either connected with the ground, or with the rubber of the machine, the bran, and bits of paper will be attracted, and repelled, alternately, by the boards.
" But (fags Mr. BECK 
ET
the molt furpriz-
 
4i 
ing appearance in this experiment, and what gives it the molt exact refemblance
ther bottle charged with the contrary Elearicity 
ba 
brought near the drop of water, it will be fquirted away in ,a curious manner, particularly if the coating of the infu-lated bottle be touched at the fame time.
In his Effay on Elearicity, p. 14.1.
4
cc 
o
f
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" of a whirlwind, is that fometimes, wheri " the Electricity is very ftrong, a quantity o€ " the paper and bran Will accumulate in one " place, forming a kind of column between 
44
 the boards, and fuddenly acquire a fwift " horizontal motion, moving like a whirlipg " pillar to the edge of the boards, and ,frorr4
.
 " thence fly oft and be fcattered about
-
 the' 
64
 room to a confiderable dillance, I owns 
44
 I am entirely at a lots to account for this 
46
 extraordinary appearance—I call it extra " ordinary, becaufe it but feldom occurs, 
and 
4g
 Teems to depend either on a certain degree " of attraction, quantity of the bran
;
 or dif,
tance between the boards ; and I could " feldom get it to fucceed perfe&ly but by " accident."
The phenomena of thunder and lightening are exhibited at the fame time by a fponta-
,
 neous difcharge of the plate of air
s
 which may be eafily produced by fetting the boards at about an inch diftance from each other, and elearifying them ftrongly.
EIC1E+
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EXPERIMENT It. 
To coat refirsons Eloccirics.
The belt method to coat fuch elearics, as rofm, fealing-wax, &c. that can eafily be melted, is firft to put a circular piece of tin
foil, about two inches lefs in diameter than the plate you intend to make, upon a marble table; then, to pour over it the eleftric juft melted. This may be fpread 
-
and flattened by preffing it with a pane of glafs, or any thing, that is even, and fmooth ; afterwards, another piece of tin-foil equal to the former is to be fluck upon ,the eleCtric, which may be done by preffing it gently with a hot iron ; and then the plate, which may be eafily feparated from the marble table, will be fit for ufe.
EXPERIMENT III. 
To infidate fluid Ele1rics.
Take a large earthen difh, flat at the bot
tom, and flick within it a piece of tin-foil about an inch fhorter than the flat part of the difh all around, and through a fmall hole
made
Digitized by 
Go*
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made in the bottom of the difh, introduce a (lender wire, which Tnuft communicate with the tin-foil ; then pour into the difh Tome melted tallow, or other eleftric fubftances, that you defire to try; laftly, let a round ,brafs plate *, equal to the tin-foil, Buck irL the difh, and either proceeding from a glafs arm, or from the' prime Condu&or, juft touch the furface of the elearic in the difh, and let it Rand parallel, and oppofite to the tin-foil Buck in its bottom. In this manner the plate of liquid ele&ric is coated, and may, be eafily fubjeaed to experiments.
Plates of other confiftent eledrics, that can
not eafily be melted, may be coated in the fame manner as a plate of glafs ; and fame of them will be found to anfwer as 'well, if not better than glafs.
* The brafs plate F fig. 2 of Plate'I may be very ufe-ful for this purpofe.
CHAP.
)
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CHAP. IX.
Experiments on the influence of Points, and the ufefulnejl ?f
-
 pointed  metallic Condua ors , to defend Buildings from the t:Pds of Lighten
. ing.
M
Y reader in the mute of this work mull have obferved in feveral of the experiments already defcribed, the remark
able property, that points have, both. of throwing off, and receiving 
jilently 
the . elec
tric fluid ; but in .this chapter I (hall defcribe fume more curious experiments of this kind, by which the influence of points, in refpe& to Elearicity, 'may be better underftood, and which may, in a more particular manner, de-monftrate the utility of metallic Condu&ors to houfes, or piles. of building, in order to preferve them from the damage often occa-fioned by a ftroke of lightening, which is one of the greateft benefits that mankind has received from the fcience of Elethicity.
) (
EXPE-
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EXPERIMENT
To dilebarge a jar,
When a large jar is fully charged, which would give a terrible thock,_pai-one of your hands in contact with its outfide coating; with the other hold a lharp-pointed• needle, and keeping the point direaed towards the knob of the jar, proceed gradually near-it, until the point of the needte touches the knob. This operation difchargeS the jar.
tirely, and you• will.either receive no fhock at all, or fo frnall. a, one, as Can hardly be perceived, The point of the needle there-! fore has filently, .and gradually drawn all the fuperfluous fluid from the
,
 infide -furface of the elearic jar.
EXPERIMENT II.
Drawing the Eledricity from  the prime Con= 
dudor by a Point.
Let a perfon hold the knob of a brafs rod at fuch a diflance from the prime Conduaor, that fparks may eafily fly from the latter to 
the 
former, whenthe machine is in motion.
Then
)

 (
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'T'hen let the winch beturned, and while the fparks are following 
one 
another, prefent the Tharp point of a needle at nearly twice the dif-; tance from the prime Conduftor, that the knobed rod is held ; and you will obferve that no more fparks will go to the rod ;— remove the needle intirely, and the fparks Will be Peen again ;;--prefent the needle, and the fparks difappear; which evidently Chows that, the point bf the needle draws 
offllent6? 
:airttoit all the' fluid, that the cylinder throws upon the prime Condudor:
If the needle be fixed upon the prime Con
.
-
-
-t]luEtor with the point outward, and the knob of a difcharging rod, or the knUckle of 
a 
finger be brought very near the prime Con-tludor, though the excitation of the cylinder tray be very firong, yet you will peiceive that no fpark, or an exceeding fmalYone 
can. be
 obtained from the prime Condudor.
'EXPERIMENT
The elearic Fly.
Fix the fly defcribed in the third chapter, upon the prime Condu&or, as reprefented by
T 
2
)



 (
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D fig. 
2 
of Plate I, then turn the winch of the machine, and the fly will immediately begin to move round, in an horizontal pofi-tion, and in the direaion of the letters 
abcd, 
i. 
e. 
contrary to the direaion of the points of the wires. If the experiment is repeated with a Conduaor negatively elearified, the fly will turn the fame way as before, viz. in the direaion of the letters a 
b c d. 
The rea—fon of this experiment depends upon the re-pulfion exifling between bodies poffeffed of the fame Elearicity ; for whether the fly is elearified pofitively or negatively, the air oppofite to the points of the wires (on ac
count of the points eafily tranfmitting Elec
tricity) acquireth a flrong Elearicity, ana
logous to that of the points, and therefore, the air and the points muff repel each other. This explanation is confirmed by obferving that the above fly not only does not move in vacuo ; and even if placed under a dole re
ceiver, it will turn but for a little while, and then flop ; for the quantity of air contained in the receiver, may become readily, and
equally elearified*.
EXP
E-
 
* If, when the fly under the dole receiver is flopped, you put the end of a finger on the outfide of the glafs, oppofite
to
)
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EXPERIMENT IV. 
The dee/rifled Cotton.
Take a fmall lo'ck of cotton, extended in every direaion as much as conveniently can be done, and by a linen thread about five, or fix inches long, or by a thread drawn out of the fame cotton, tie it to the end of the prime Conduaor ; then let the winch of the ma
chine be turned, and the lock of cotton, on being elearified, will immediately fwell, by repelling its filaments from one another, and will firetch itfelf towards the neareft Con-duaor. In this fituation let the winch be kept turning, and prefent the end of your finger, or the knob of a wire towards the
to one of the points of the fly, this will move again brifk-ly : and by altering the pofition of your finger occafion-ally round the glafs, you may continue its aEtion a con-fiderable time, viz, till moft of that part of the glafs is charged. In this cafe, when the finger is applied on the outfide of the receiver, the glafs lofing part of its natural electric fluid from the outfide 
(i. e. 
if the fly is electrified pofitively, or 
vice verfa, 
if negatively) receives the fluid of the eleCtrified air on its infide furface; hence this air is put in a (late of being again elearified by the point of the fly, which renews the motion of the fly.
3
lock
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lock of cotton, which will then immediately move towards the finger, and endeavour tq 'touch it ; but take with the other hand pointed needle, and prefent its point towards the cotton, a little above the end of the fin
ger, and you will obferve the cotton immedi
ately to fhrink upward, and move towards the prime Conduetor.—Remove the needle, and the cotton will came again towards the finger.—Prefent the needle, and the cotton will fhrink again ; which clearly Bows, that the needle, being (harp pointed, draws off the elearic fluid from the cotton, and puts it in a Bate of being attraaed by the prime gonduEtor, which could not be effeIed by a wire having a blunted end, 
or_ 
a pund'ball for its termination.
EX1'ERIMENT V. 
The eleHrifiedi3ladder
t
 
Take' a large bladder well blown, and cover. it with gold, filver, or brafs leaf, flicking 
it 
with gum-water; fufpend this bladder at the end of a filk thread, at leaft fix or feven feet long hanging from the ceiling of the room, and ele&rify the bladder, by giving it a
ftrong
)
 (
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 (
firang (park with the knob of a charged bottle ; this done, take a knobed wire, and
prefent it to the bladder when motionlefs; and you will perceive, that as the knob ap
proaches the bladder, the bladder alfo moves towards the knob, and when nearly touching it, gives it the fpark, which it received from the charged phial, and thus it becomes un-eleCtrified. Give it another fpark, and, in-fiead of the knobed wire, prefent the point -of a needle towards it, and you will perceive that the bladder will not be attracted by, but rather recede from the point, efpecially if .the needle be very fuddenly prefented to
wards it. This is one of Mr. HE N L 1(
2
8 ex-
 
periments.
•
Before we proceed to the praaical ufe of pointed Conductors to buildings, in order to defend themfrom lightening, which is nothing more than the' proper application of the preceding experiments, it will be proper to fay fomething in explanation
-
of the above property of points, the caufe of which has occafioned feveral controverfies. In order to this, it fhould be remembered, that the eledric fluid, fuperinduced upon an infulated
T 4
body,
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body, is confined upon that body by the air, which furrounds it ; further, that Elearicity, by being continually communicated to the air, which is never a perfea elearic, is gradually diffipated, from whence follows this very evident principle, i. 
e. 
that as a greater or lets quantity of air is contiguous to a given quantity of elearified furface, fo that furface lofeth its Ele&ricity fooner or later. Suppofe for inftance, that a pointed needle is fixed upon the prime Conduaor ; mark a dot upon, any part of the prime Conduaor, which may be nearly equal to the point of the 
needle, 
and then elearify the prime Con-duaor. Now it is evident to bare infpe&ion, that although the point of the needle, and the dot, &c. are of equal furfaces, yet the former is expofed to a quantity of air, which almoft entirely furrounds it, and which -is vaftly greater, than the air contiguous to the latter ; hence, the Elearicity, communicated to the prime Condu&or, is diffipated more eafily from the point of the needle, than from the dot, or any other part of the prime Conduc
tor. Befides, the air about the point may more eafily be moved, in Confequence of the elethical repulfion, than at any other part
of
) (
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 (
of the furface of the prime Conductor, and new air, 1. 
e. 
uneledrified air, pates more frequently by it, which taking always part of the Elearicity 'of that body promotes alfo its diffipation.
In the fame manner may be underifood, why the Elearicity is more eafily diffipate& at (harp edges and corners,
, 
than at flat ones ; for as the furfaces of bodies in general are more or lefs plain, fo they are expofed. to a lefs or greater quantity of air, and participate more or lefs of the nature, and properties of points.
When the pointed body is negatively elec
trified, it is for the fame reafon, that it ac
quires the elearic fluid through the point, eafier, than through any other part of its furface ; i. 
e. 
becaufe the point exhibiting the leaft furface to the greateft quantity of free air, has the greateft number of particles of air, from which it can extract the electric fluid *.
* For a more particular explanation of the the above-mentioned property of points, fee BECCAILIA'S Artificial Elearicity.
EXPE-
 
)
 (
OF ELECTRICITY.
 
)
 (
OF ELECTRICITY.
281
 
)

 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
EXPERIMENT VI.
The Thunder-houfe.
Fig. = of Plate II is an inftrument repre-fenting the fide of a houfe, either furniihed with a metallic Conductor, or not; by which both the bad effects of lightening linking upon a houfe not properly reamed, and the ufefulnefs of metallic Condu&ors, may be clearly reprefented. A is a board about three quarters of an inch thick, and ihaped like the gable-end of a houfe. This board is fixed perpendicularly upon the bottom board B, upon which the perpendicular glafs pillar CD is alfo fixed in a hole about eight inches diftant from the bafis of the board A. A fquare hole I L M K about a quarter of an inch deep, and nearly one inch wide, is made in the board A, and is filled with a fquare piece of wood, nearly of the fame di—menfions.—I mention, nearly of the fame dimenfions, becaufe it muff go fo Wily into the hole, that it may drop off, by the lea& shaking of the inftrument.
. 
A wire L K is fattened diagonally to this fquare piece of
wood.
)
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wood. Another wire I H of the fame thick-nefs, having a brafs ball H, fcrewed on its pointed extremity, is faftened upon the board A ; fo alfo is the wire M N, which is fhaped in a ring at 0. From the upper extremity of the glafs pillar C D, a crooked wire pro
ceeds, having a fpring focket F, through -which a double knobed wire flips perpen
dicularly, the lower knob G of which falls jun above the knob H. The glafs pillar D C muff not be made very fait into the bottom board ; but it muft be fixed fo as it may be pretty eafily moved round its own axis, by which means the brats ball G may be brought nearer or farther from the ball 14, without touching the part E F G. Now when the fquare piece of wood L M I K (which may reprefent the ihutter of a window or the like) is fixed into the hole fo, that the wire L K lands in the dotted reprefentation I M, then the metallic communication from H to 0, is complete, and the inftrument reprefents a houfe furnifhecl with a proper metallic Con-duaor ; but if the fquare piece of wood L M I K is fixed fp, that the wire L K flands in the direction L K, as reprefented in the
figure,
)
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figure, then the metallic Conduaor HO, from the top of the houfe to its bottom, is interrupted at I M, in which cafe the houfe is not properly fecured.
Fix the piece of wood L M I K, fo that its wire may be as reprefented in the figure, in which cafe the metallic Conduaor H 0 is
difcontinued.
Let the ball G be fixed at 
about half an inch perpendicular diftance from the ball H, then, by turning the glafs pillar D C, remove the former ball from the latter; by a wire or chain conne1 the wire E F with the wire Qof the jar P, and let another wire or chain, fattened to the hook 0, touch
the outfide coating of the jar.
Conned 
the wire Qwith the prime Conduaor, and charge the jar; then, by turning the glafs pillar DC, let the ball G come gradually near the ball H, and when they are arrived fufficiently near one another, you will ob-ferve, that the jar explodes, and the piece of wood L M I K is puttied out of the hole to a confiderable_diflance from the thunder-houfe. Now the ball G, in this experiment, reprefents an electrified cloud, which when it
is
)
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is 
arrived fufficiently near the' top of the houfe A, the Ele&ricity firikes it, and as this houfe is not fecured with a proper Conduaor, the explofion breaks part of it, 1. 
e. 
knocks off the piece of wood I M.
Repeat-the experiment with only this vari
ation, viz. that this pi,ece of , wood I M is futated fo, that the wire L K may nand in the fituation I M ; in which cafe the Con-duaor HO is not difcontinued ; and you will obferve, that the explofion will have no effe& upon the piece of wood L M ; this re
maining in the hole, unmoved ; which chows the ufefulnefs of the metallic Conduaor.
Further; unfcrew the brafs ball H from the wire H I, fo that this may remain pointed, and with this difference only in the apparatus repeat both the'above experiments ; and you will find 
.
that the piece of wood I M is in neither cafe moved from its place, nor any explofion will be heard, which not only de-monftrates the preference of Conduaors with pointed terminations to thofe with blunted ones, but alfo chows that a houfe, furniihed with flag) terminations, although not fur-
 
nithed
)
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ailed with a regular Conductor, is ahnoft fufficiently guarded againft the effeds of lightening;
To prove farther the pfefeteriee of pointed
,
 Conductors to blunt ones, the experiment of the electrified cotton
-
 (viz. the fourth experi= Ment of this chapter)
.
 may be eafily repeated with this apparatus, by which it may bd ihown, that a pointed Condudor, filently drawing off the eledric fluid from the fmali clouds near it, which are reprefented by the cotton tied to the wire of the ball G, repels them, and may thus in fome cafes, perhaps, a&ually prevent a ftroke of lightening, where-1 as the blunted Condu&or facilitates it. Small' feathers may alfo be tied near the knob G,
, which, by repelling' he another, maye*hibit better reprefentation of
-
an electrified cloud; and in fhort, with a little contrivance, .the above
,
 defcribed apparatus, commonly called the 
Thunder-houfe, 
may be adapted to reprefent the principal phenomena of lightening, toge= ther with feveral circumfiances preceding, of following it,
CHA1.
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A P. X. 
Medical Eledricity.
W
H EN we mentioned the ufes of Elearicity in the Firft Part of this Treatife, we obferved that Elearicity had been found beneficial in many diforders, oc-eafionectby oliftruaions, in which a promo
,
 tion of the infenfible perfpiratiOni and. of glandUlar fecretion was neceffary, or an a& ditional impetus required to be given• to the common courfe of the fluids in the human body. We alfo confidered the different opi
nions relating to this fubjeCt ; 'in this chapter therefore, nothing remains- bur to defcribe a pra&ical method of applying Elec.
,
' trieity to the human bbily, when • affeeted with different diftempers.
The promotion of the infenfible perfpira tion • is produced by fimple elethification a patient therefore, bn whom• this effe& 
is 
to be produced by Ele&ricity, ihould be in-fulated in the mid convenient fituation, and
-
 " by being conne&ed with the prime Conduc-
 
2
tor
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tor of the machine, he fhould be kept elec—trified as long, and often, as his phyfician may think proper. Shocks in this cafe, and even fparks, fhould be avoided ; for though they may not be a&ually injurious, yet they are by no means pleafing fenfations ; efpecial—ly to a fick perfon.
In cafes of partial obftruaions, as rheu—matifm in the knees, fhoulders, &c. prong fparks may be drawn from the afreded part, and fometimes fmall (hocks may - be very proper.
In fome cafes, where (hocks may be thought necefrary, they fhould be confined 
to 
that part only, which is affeaed with the diforder, and fhould never be too ftrong; a number, of fmall (hocks (as for inftance, from a half-pint phial fully charged) having been found to be more beneficial, than large ones. In order to confine the (hock to one part of the body only, as for iriftance to the knee, tie a wire or a chain round the leg, a little below the knee, and put another chain round or in conta& with the thigh,
‘
 a little above the knee ; laftly conned one of
4
thefe
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thefe chains with the 'outfide coating of the jar, and tie the other to one of the wires of the difcharging rod. Now, when the jar is charged, if you bring one knob of the difcharging rod, near the knob of the jar, the (hock will be fent through the knee, as defired. The wires may alfo be faftened on each fide the knee, by filk firings, and the chock fent from one fide of it to the Other, if needful. If the quadrant elec-. trometer is fixed upon the prime Conductor, and the Operator obferves to difcharge the jar always when the index is arrived to a given degree, the chocks will be precifely of the fame ftrength.
A very ufeful inftrument to cure the tooth-ach, is reprefented fig. 6, Plate II. It' confifts of two wires A E, B E, fixed in two holes in the piece of baked wood H. Thefe wires from C' to D, and G to F are bended in a plane inclined to the reft of the wires ; their extremities D E, F E, being again' bended towards one ano
ther, and in the plane of C A G B. The extremities A B of the wires are bended in 
a 
ring. When this infirument is to be ufed,
U
it
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it muff be applied in fuch a manner, that the affe1ed tooth may be embraced pretty firmly by the two wires at F, which being flexible, may be adjufted fo as to receive teeth of different fizes ; then the end A, or B of one of the wires, by means of a chain or a wire, muff be connected with the out—fide of 'a charged jar, and The end of the other wire with the knob of the jar, fo as to make the fhock pafs through the wires of the inftrument, and in confequence through the tooth. A fingle (hock, fent through an af-
. 
fe&ed tooth in this manner, will often cure it inflantaneoufly ; it is however proper to fend always two or three fhocks through it.
) (
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CHAP. XI.
Experiments with the elegrical Battery.
The force of accumulated Eleftricity, great
,
 as it appears by the experiments performed with a tingle coated' jar, is very fmall 
when 
compared_with that, whiCh is produced
-
by . number of jars conneaed together ; and if the effeas of a tingle jar are 
furprifing, 
th6 prodigious force of 
a large 
battery iS certain
ly aftonifhing. To ObferVe 
that 
the metals, even 
the moil purified platina,' which, refills the gre'atell efforts of 
thermic fire, 
are a6tual
,
 ly, and 
almoft inftantaneoufly 
rendered red
,
 hot, and fufed t to fee animals' 
deftroyed; and to hear the loud report of a large 
elec
tric battery, are things that atviays 
produce a kind of terror in the mind of  an attentive obferver. Experiments of this kind fhould be conduaed with great caution, and the Operator ought to be'attentive, not only to the bufinefs in hand, but alfo 
to. the 
per, fons, who may happen to be near 
him, pro-hibitirig their touching, or even coming 
too near any part of the apparatus ; for if a
U 2
mistake '
)
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miftake in performing other experiments may be difagreeable, thofe in the difcharge of a large battery may be attended with work confequences.
When a battery is to be charged, inflead of a large prime Condu6tor, a fmall one 4 much more convenient; 
I
 for, in this cafe, the diffipation pf the Elearicity is not lb confiderable. The quadrant ele
&
rometer, which fhovvs the height of the charge in the battery, may be fixed either upon the prime Conduaor, , or upon the battery, in which latter cafe, it fhould be placed upon a rod proceeding from the wires of the jars, and 
if 
the battery be very large,, it fhould be elevated two or three feet above them,
The index of the elearometer in'charging a large battery will feldom rife fo high as 9c°
)
, becaufe the machine cannot charge a bat—tery fo high in proportion, as a fingle jar. Its limit is often about 60
°
 or 70°, more or lefs in proportion to the fize of the battery, and the force of the machine.
) (
EXPE-.
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EXPERIMENT L
The melt Wires.
Connea with the hook, communicating with the outfide coating of 
a 
battery, con
taining at leaft thirty fquare feet of coated furface, a wire, that is about one fiftieth part of an inch thick, and about two feet long ; the other end of it mutt be faflened to one end of the difcharging rod ; this done, charge the battery, and then by bringing the difcharg-ing rod near its wires, fend the explofion through the fm211 wire, which, by this means, will be made red-hot, and melted, fo as to fall upon the floor in different glowing pieces. When a wire is melted in this man
ner, fparks are frequently feen at a confide-rable diftance from it, which are red-hot particles of the metal, that by the violence of the explofion are fcattered in all directions. If the force of the battery is very great, the wire will be intirely difperfed by the explofion, fo that none of it can be after
wards found.
U 
3
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By repeating this experiment with wires of different metals, and the fame force of ex-plofion, it will be found that fome metals are more readily fufed than others, and fome not at all effeaed ; which fhows the difference of their conduEting power. If it be required to melt fuch particles of metals, that cannot eafily be drawn in wires, as ores, grain gold, &c. they may be fet in a train upon a piece of wax ; this train may be inferted in the circuit, and an explofion may be fent through it, which, if it is fufficiently flrong, will melt the metallic particles, as well as the wires : or, if the quantity to be tried, be large enough, it may be confined in a fmall tube of glafs.
In melting wires of a confiderable length, it is often obferved that when the force of the explofion is juft fufficient to render the wire red-hot, the rednefs begins firft from one end of it, namely that which communicates with the pofitive fide of the battery, and from thence gradually proceeds to the other end. This is another ocular demonflration of 
the 
theory of a Tingle elearic fluid.
4
If
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If a wire is flretched by weights, and a chock is fent through it, which renders it juft red-hot, the wire, after the explofion, will be found confiderably-lengthened. If a wire is
. melted upon a piece of glafs, the glafs, after the explofion, will be found marked with all
' the prifmatic, colours.
EXPERIMENT
% "how that the elet₹ric 
Fluid 
prefers 
a 
'hart Pajage through the Air, 
to a 
long 
one 
through good Conductors.
Bend a wire about five feet long in the form reprefented by fig. I 1, Plate II, fo that the parts A, B may come within half an inch of one another ; then conne& the extremi
ties of the wire with the hook of the battery, and the difcharging-rod, as directed in the preceding experiment, and fend the charge of a battery through it. On making the ex-plofion a fpark will be feen between A and B, which chows that the electric fluid choofes rather a thort pal: age through the air, than the long one through the wire. The charge however, does not pats intirely through A
U 4
and
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and B, but part of it goes alto through the wire, which may be proved by putting a slender wire between A and B; for on mak=
ing the difcharge with .only this addition in the apparatus, the fmall wire will be hardly made red-hot, whereas if the large wire A D B be cut in D, fo as to difconti-nue the circuit A D B, the fmall wire will be melted, and even exploded by the fame fhock, that before made it fcarcely red-hot. In this manner (fays Dr. PRI 
EST LEY, E Y, 
who is the inventor of this experiment) may the conduaing power of different metals be tried, ufing metallic circuits of the fame length and thicknefs, and obferving the difference of the paffage through the air in each.
EXPERIMENT
To make Globules of Metals.
Take 
a 
very flender wire, and put it in 
a 
glafs tube, about one quarter of an inch in dianieter ; then fend the charge of a battery through it, and the wire will be melted, and reduced in globules of different 'fazes, which 
are 
found nicking on the infide furface of the glafs tube, and they may be eafily fepa-
 
rated
)

 (
rated 
from it 
at pleafure : thefe, upon exami
nation, will all be found hollow, and are little more than a mere fcoria of metal.
It mull be obferved in making this experi
ment, that the charge of the battery must neither be too high, nor too weak ; for in the fOrmer cafe the wire will be reduced in pieces exceedingly fmall, or rather exploded in fmoak, and in the latter cafe it will be im-perfefly fufed, fo that its pieces will be large, and irregular.
EXPERIMENT IV. 
The Fairy Circles.
Fix upon each of the knobs 
D D 
of the univerfal difcharger, fig. 5, Plate 
I,, 
or upon the wires that fupport the knobs, if the knobs are removed, a flattish, and fmooth piece of metal, or femi-metal (watch-cafes are very fit for this purpofe), fo that their furfaces may come fo near each other, that the battery may be difcharged through them ; then conned one wire of the difcharger with the outfide of the battery, and the other wire, by the help of the difcbarging rod, with the infide of it,
fo
)
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fo as to make the difcharge, which will 
' oceation the fpot, and circles deferibed in the 
Firft Part of this Treatife, upon the furface of 
each of the pieces of metal fixed upon the
difcharger.
•
Thefe circles have hitherto been exhibited upon the furface of no other fubftances 
but 
metals, and they are -found to be marked more dittinaly upon fuch metals, as melt with the leaf heat. The moll beautiful of thefe rings are produced by a number of dif—charges from a large battery, every part of the apparatus remaining exa1ly in the fame fituation. If the pieces of metal receive the explofion in vacuo, the ,fpot formed on them is very irregular, and confufed.
I have given thefe fpots the appellation 
of 
Fairy Circles, 
on account that they bear fome refemblance to the fpots fo called, which 
are 
often obferved upon the grafs in the fields. Thefe, which we may call natural Fairy Circles in the fields, it has been thought to be effe6ted by lightening, on account of their bearing fome refemblance to the above-men
tioned circles produced by Elearicity ;, the
fuppofition,
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fuppofition, however, Teems not very proba
ble ; for the (pots in the fields, called Fairy Circles, have no central fpot, no concentric circles, neither are they always of a circular figure ; and, as I am informed, they feem to be rather beds of mufhrooms, than the effec1s of lightening.
EXPERIMENT V.
TO mark coloured Rings on Metals.
In order to exhibit coloured rings upon the furface of metals, place a plain piece of any of the metals upon one of the wires of the univerfal difcharger, and upon the other wire fix a Tharp-pointed needle with the point jull oppofite to the furface of the metal ; then conne& one wire of the difcharger with .the outfide of a battery, and the other with the difcharging-rod, &c. In this manner, if ex-plofions are repeatedly fent either from the point to the piece of metal, or from the latter to the former, they-will gradually mark the furface of the piece of metal, oppofite to the point, with circles confifting of all the prif-matic colours ; which are evidently occafion-
 
ed
)

 (
Digitized by 
Google
)
 (
Digitized by 
Google
)
 (
3oo A 
COMPLETE TREATISE
ed by laminae of the metal, railed by the force of the explofions.
Thefe colours appear loaner, and the rings are clofer to one another, when the point is nearer to the furface of the metal. The num
ber of rings is greater or lefs, according as the point of the needle is more sharp or more blunt ; and they are reprefented equally well upon any of the metals.
The point of the needle is alfo coloured to a confiderable difrance, the colours upon it returning in circles, though not very diflina-ly. This is an experiment of Dr. 
PRIEST-4 LEY.
EXPERIMENT VIi
The Earthquake.
The appearance of the earthquake, as re-
,
 prefented with the explofion of a battery, is occafioned by the concuffion given to feveral fubitances by the explofion pafling over their furfaces. To give a reprefentation of the impreflion made upon houfes by the earth
quake, frnall flicks, cards,. or the .like may be
placed
)
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placed upon the furface of the body, over which the explofion is to be tranfmitted, fo as to Rand very light. Thefe flicks, &c. will. never fail to be 'hook ; and often be thrown down by the explofion.
It is remarkable that an explofion will not pafs over the fame length of furface of, all bodies, though they are equally good Gon
da
-
tors. Water, ice, wet wood, raw fleih, and mofi of the animal fluids, are the ben to makethis remarkable experiment; to do which nothing more is required, than to infert part of the furface of the faid fubflances into the circuit of the two fides of a battery ; a chain for inftance communicating with the outfide, ,may be placed fo as nearly to touch the fur
l
. face of a quantity of water, and at about eight or nine inches diflant * from another chain, fituated alfo very near the furface of the water, and communicating with one end of the dif-
 
charging-rod.
If the ends of the chains 
touch the water, the experiment will happen in the fame manner.
The diftance, at which an explofion will firike over the furface of the above-mentioned fubftances is much greater, than that it can ftrike through in air only.
The
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The report, in this experiment, is much louder than when the explofion gaffes through the air only. The concuffion given to the water by the explofion paffing over its furface, is not only fuperficial, but affe&s its whole body ; and if the hand is kept deep under its furface, whilil the explofion paffes over it, the concuffion may be very fenfibly felt.
The fpark, that in this experiment paffes over the furface of the water, feems to 'bear a great refemblance to the balls of fire, that have fometimes been feen over the flu-face of the fea, or land, in time of an earthquake ; and hence it feems very probable, that thofe balls of fire are eledrical phenomena. -
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CHAP. XII. 
Promyiwous Experiments.
EXPERIMENT I.
To Jhow that Smoak, and the Vapour of hot Water are Condutiors.
L
ET a cork ball elearometer be fuf-pended about four or five feet above. the prime Conduaor, then turn the winch of the machine very gently, and you will find, that the balls of the eleetrometer will not diverge: Put upon the prime Conduc
tor a wax taper * juft blown out, fa, that its fmoak may afcend to the electrometer ; then turn the winch again, and' the balls of 
the electrometer will immediately feparate a little with the fame force of Eleetricity from the prime Conduaor which ihows that fmoak is a Conduaor in a fmall degree.
'* 
A green wax taper is 
the 
belt for this experiment.
In
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In the fame manner, by placing a fmall veffel with hot water upon the prime Con-dudor, inflpd of the wax, taper, it may be proved, that its vapour is alfo a Condudor but inferior in its concluding power, to the fmoak. This experiment is an invention of
I
-
IENLY.
EXPERIMENT H.
To prove that Glafi and other Eledrics hesome 
Conduclors, when they are made very hot.
Take a fmall glafs tube of about one twentieth of an inch in diameter, and above • a foot long ; clofe it at one end
;
 and M-troduce a wire into it, fo that it may be extended through its whole length: let two. or three inches of this wire proje& above the open end of the tube, and there fallen it with a bit of cork;. tie round the clofed end of the tube, another wire, which will be feparated from the wire within the tube only by the glafs iriterpofed between them. In thefe circumitances endeavour to fend a chock through the two wires, i, 
e. 
the wire
in—
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inferted in the glafs tube, and that tied on its outfide, by connecting one of them with the outfide, and touching the other with the knob of a charged jar, and you will find that the difcharge cannot be made, unlefs the tube be broken ; becaufe the circuit is interrupted by the glafs at the end of the tube, which is interpofed between the two wires. But put that end of the tube, to which the wire is tied, into the 
,
fire, fo that it may become juft -red-hot, then en-
 
deavour
difcharge the jar again through 
the wires, and you will find that the explo-lion will be eafily tranfmitted from wire to wire, through the fubitance of the glafs, which, by being made red-hot, is become a Conduaor.
In order to .afcertain the conducing qua
lity of hot refinous fubflances, oils, &e. bend a glafs tube in the form of an arch CEP D fig. 7, Plate II ; and tie a
-
,filk ftring GCB to it, whichferves to hold it by, when it is to be fet near the fire ; fill the middle part of this tube with rofin, fealing. wax, &c. then introduce two wires A E, B E through its ends, fo that they may
X
touch
)
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touch the rofin, or penetrate a little way~ in it. This done, let
:
 a perfon hold the tube
, 
over a clear fire, fo as to melt the rofin within it ; at the fame time, by conne&ing one of the wires A, or B with the outfide of a charged jar, and touching the other with the knob of the jar, endeavour to make the difcharge - through the rofin, and you will obferve that, while the rofin is cold, no fhocks can be tranfmitted through it; but it becomes a Conduaor, according as it melts, and when totally melted, then the chocks will pats through it very freely.
EXPERIMENT III.
To Jhow that hot Air is 
a 
Conduelor.
EIearify one of the cork-ball ele&rome-ters, fufpended upon the nand fig. 4 of Plate I, or elearify the prime Conduaor with 
the quadrant eledrometer j then 
bring a red-hot iron within a fufficient diftance of the-elearometer or prime Conduaor, and you will find that they foon lofe their Ele&ricity, which is certainly concluded by.. the hot 
air contiguous to the iron ; for if the exTe
7
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riment be repeated with the fame iron, when cold, i. 
e. 
by bringing it within the fame diflance of the elearified Elearometer or prime Conductor, their Electricity will not be concluded away as before.*
The above experiments. may reafonably induce us to fufpea, that feveral fubilances, which are ranged among Conduaors, would become elearics if they were brought into a colder temperature ; and that all the eleC-tries become Condudors, when they 
are 
heat
ed in a very high degree.
* It has been often obferved, that a battery may be difcharged by introducing a red-hot iron between two knobs interpofed, and batting at fome diftance from each other in the circuit : but if, inflead of iron, 
there 
be introduced a piece of red-hot gla'fs between the knobs, (the diflance between them remaining as at &ft) the battery cannot be difcharged: whence we may infer that either hot air is not fo good a Conduaor as has been imagined, or elfe, that air heated by iron (perhaps from its ignited particles) is ftronger with refpeet to its con-duaing
-
power, than when heated, by the red-hot glafs.
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EXPERIMENT IV.
fro elearity.the Air of 
a 
Room.
The air furrounding the elethical ma
chine when in ufe, and contiguous to every highly eledrified body, always acquires a portion of Electricity, which it retains for a confiderable time. A very expeditious method, however, to electrify the air, is to fix two or three needles upon the prime Condudor, and to keep it firongly electri
fied for about ten minutes. If afterwards an eledrometer be brought into the air fur-rounding the apparatus, it will plainly fhow that the air has acquired a confiderable quantity of Eledricity, which it will retain even after the apparatus has been removed into another room. To eledrify the air ne
gatively, conned the pointed needles with the rubber when infulated ; and make a com
munication: by a chain or wire, from the prime Condudor to the table.
Another method of electrifying the air, is to charge a large jar, and infulate it :
then
)
 (
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then conned a sharp-pointed wire, or a number of them, with the knob of the jar; and make a communication from the outfide coating to the table. If the jar be charged pofitively, the air of the room will loon become flrongly eleotrified pofitively like-wife : but if the jar be charged negatively, the air will become alfo negative. A charg.. ed jar being held in one hand, and the flame of a candle infulated, and held in the other, being brought near the knob of the jar, will alfo loon produce the fame ef. fea.
EXPERIMENT V. 
The 4tmofpbere of 
Smoak.
Take a brafs ball or any piece of metal that is free from points or edges, of about three or four inches diameter, and infulate it upon a narrow eledric Hand ; then give - it a fpark with the knob of a charged phial, and immediately prefent to it a wax taper juft blown out and fmoaking, The fmoak in this cafe will be attraaed by the eledrified body, and by encompang that
X 3
body,
)

 (
body, will form a kind of atmofphere about it. This atmofphere will remain for a few feconds, and afterwards, beginning from the bottom, will gradually vanifh, until at laft, intirely departing from the elearified body, it goes, off in a slender column, that foon rarefies, and diffufes itfelf into a confiderable fpace.
This experiment, will not fucceed unlefs it be made in very dry weather, and in a room, where the air is not agitated: care muff ilfo be taken, that in blowing out-the taper, and prefenting it to the elearified body, the air be difturbed as little as 
pof-fible.
This phenomenon has induced fome phi-lofophers to fuppofe, that the Elearicity of an electrified body, resided about it, i. 
e. 
relied upon its furface like an atmofphere, which, they thought, was made very evident by the fmoak. But this appearance, when duly confidered, is far from proving any fuch elearic atmofphere, and the caufe of it may be very eafily explained in the fol
lowing manner. The fmoak is attrafted by
the
)
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.the eleCtrified body in the fame manner, and for the fame reafon, that other bodies are at-traCted by it. It remains fufpended about that body, and cannot all come into contact with its furface, on account of the elafticity of its particles. It remains fo long fufpend-ed about the eleCtrified body, and is not im
mediately repelled, becaufe it is 
a 
bad Con-duCtor, and acquires EleCtricity very slowly but having acquired a fufficient quantity of Eledricity, it begins to quit the elearified 
body, 
and afcending in the air, extends itfelf into a large fpace, in confequence of the repulfion exifting between its 
own elearified particles.
EXPERIMENT VI.
To thew that Metals condua the elearic Fluid 
through their Subfiance.
Take a wire of any kind of metal, and cover part of it with fome 
eleCtric fubftance, as rofin, fealing-wax, &c. then difcharge 
a 
iar through it, and it will be found, that it conduCts as well with, as without the ele&ric coating.  This proves that the elec-
 
X 
4
tric
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tric fluid pafl'es through the fubitance of the metal, and not over its furface. A wire con
tinued through a vacuum is alfo a convincing proof of the truth of this obfervation.
EXPERIMENT VII.
The elearifled Cup and Chain.
Infulate a metallic cup, or any other con.. cave piece of metal ; and place within it a pretty long metallic chain, having a filk thread tied 'to one of its ends. To the han
dle of the cup, or to a wire proceeding from it, fufpend a cork-ball elearometer; then elearify the cup by giving it a fpark with the knob of a charged phial, and the balls of the eledrotneter will immediately diverge. If, in this fituation, one end of the chain be gradually railed up above the top of the . cup, &c. by the filk thread, while the 
lower" end of the chain remains in it, the balls of the ele&rometer will converge a little ; and more or leis in proportion to the elevation of the chain above the top of the veffel ; which proves that the Elearicity of the cup and chain together is more denfe,
when
)
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when thefe bodies are in a compact, than when they are in a more extended form. A more eafy method to thew this property of Elearicity, is that ufed by T. Ronayne,
. 
Efq: which is as follows: He excites a long flip of white flannel,, or a filk ribband, by rubbing it with his fingers ; then by air, plying 
his 
hand to it, takes off as many fparks as the excited ele&ric will give ; but when the flannel, &c. has loft the power of giving any more fparks in this manner, he doubles, or rolls it up ; by which operation, the
.
contraaed flannel, &c. appears fo ftrong-ly ele&rical, that, it not only gives fparks to the hand Imought near, but it throws out fpontaneous bruihes of light, which appear very beautiful in the dark.
EXPERIMENT VIII.
z
To fiat() the Courfe of the elaric Fluid by the Flame of a Wax-taper.
Fix at that extremity of the prime Con-duCtor, which is the remoteft from the ma
chine, a brafs rod fix inches long, having on its extremity 
a 
brafs ball about three—
 
fourths
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fourths of an inch in diameter, and. let the winch of the machine be moved. If in this fituation the flame of a wax-taper be, pre-.fented to the above-mentioned brafs ball, it will be blown almoil hbrizontally, and in a dire&ion from the ball, that is, in the di-re&ion of the electric fluid. If a wire with a like ball be fixed to the infulated rubber, the flame of a wax-taper, prefented to this ball, will be blown alfo in the direction of the electric fluid, that is, it will be blown upon the ball, fhowing the true courfe of the electric fluid in a very fimple and convincing manner.
EXPERIMENT IX.
To Jhow the electric Attradion, and Repulion 
by the eledric Light.
Fix a pointed wire upon the prime Con-duaor, with the point outward, and ano
ther like wire upon the infulated rubber; then let the winch of the machine be turned, and the points of both wires will appear illuminated, viz. the former with a brufh, and the latter with a liar. In this fituation,
take
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take an excited glafs tube, and bring it fide-way of the point of the wire fixed upon the prime Condu&or, and you .will fee, that the brufh of
.
 rays iffuing from the point, is turned fideway, i. 
e., 
is repelled by the at-mofphere of the tube ; and if the excited tube be held juft oppofite to the point, the br‘ufh will .intirely vanifh, becaufe both the tube and the point are elearified pofitive-ly. If the excited tube be brought near the point of the wire fixed upon the rubber, the liar upon .it will turn itfelf towards the tube ; for this wire, being electrified nega
tively, will attract the electric fluid of the ex-
.
 cited tube.
If this experiment be repeated with an excited flick of fealing-wax, or any other elearic, negatively elearified, inftead of the glafs tube, it will be found, that the brufh proceeding from the wire fixed upon the prime Conductor, will turn itfelf towards the excited wax, &c. and the liar upon the point of the wire negatively electrified, will be diverted from it, or intirely fuppreffed, if the excited flick of fealing-wax be brought juft oppofite to the point.
EXPE-
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EXPERIMENT 
X.
The elearined Capillary Syphon.
Let a fmall bucket of metal, full of water, be fufpended from the prime Conduetor, and put in it a glafs fyphon of fo narrow ex-. tremity, as the water will juft drop from it. If in this difpofition of the apparatus the winch of the machine be turned, the water, which, when not eleCtrified, only dropt from the extremity of the fyphon, will now run in a full stream, which will even be fubdivided into other fmaller itreams ; and if the experiment be made in the dark, it will appear beautifully illu
minated.
EXPERIMENT XI.
the elarified Bells.
Fig. to of Plate II, reprefents an inftru-ment having three bells, which are caufed to ring by the power of eledric attraction and repulfion. B is a brafs piece furnifhed
4
with
)
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with a hook, by which it may be fulpend-_ ed from the rod proceeding from the extre
mity of the prime Condu6lor A. The two bells C, and E are fufpended by brafs chains, but the middle bell D, and the two fmall brafs clappers between C D, and D E, are fufpended by filk threads. From the con
cave part of the bell D a brafs chain pro—ceeds, which falls upon the table, and has a filk thread F at its extremity. The appa
ratus being difpofed as in the figure, if the cylinder of the machine be turned, the clap
pers will fly from bell to bell with a very quick motion, and the bells will ring as long as they are kept elearified.
The two bells C and E, being fufpended by brafs chains, are firit electrified, hence they attraa the clappers, communicate to them a 
little 
Eledricity, and repel them to the unelearified bell D, upon which the clap
pers depofit their Ele&ricity, and then run again to the bells C, E, from which they acquire more Elearicity, &c. If by holding the filk thread F, the chain of the middle bell be railed from the table ; the bells, after ringing a little while, will flop, becaufe the
bell
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bell D remaining ihfulated, will loon become as ftrongly elearified as either of the other two bells, in which cafe the clappers, hav
ing no opportunity to depofit the Eletri-city that they acquire from the bells C, E, muff confequently flop.
If this experiment be made in the dark, fparks will be teen between the clappers and the bells.
EXPERIMENT XII.
The Spider feemingly animated by Electricity.
Fig. 9 of Plate II, reprefents an elearic jar, having a wire C D E faftened on its outfide, which is bended fo as to have its knob E, as high as the knob A. B is a fpider made of cork with a few fhort threads run through it, to reprefent its legs. This fpider is faftened at the end of a filk thread, proceeding from the ceiling of the room, or from any other fupport, fo that the fpider may hang mid-way between the two knobs A, E, when the jar is not charged. Let the place of the jar upon the
2
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table be marked ; then charge the jar - by bringing its knob A iu,contaa with the prime Conduaor, and replace it in its marked place. The fpider will now- begin to move from knob to knob, and continue this mo
tion for a confiderable time, fometimes for fe-veral hours.
The infide of the jar being charged po-fitively the fpider is attraaed by the knob A, which communicates to it a fmall quan
tity of Eledricity ; the fpider then be
coming poffeffed of the -fame Elearicity with the knob A, is repelled by it, and runs to the knob E, Where it difcharges its Elearicity, and is then again attracted by the knob A, and fo on. In this manner the jar is gradually difcharged ; and when the dif-charge is nearly compleated, the fpider
nifhes -its motion. ,
EXPERIMENT XIII.
The Spiral Tube.
Fig. 13 of Plate 
II, 
reprefents an infiru-
meat 
compofed of two glafs tubes C 
D, 
one
within
)

 (
within another, and clofed with two knobed brafs caps A, and B. The innermoft of thefe tubes has a fpiral row of fmall round
pieces of tin-foil, Ruck upon its outfide fur-face, and laying at about one thirtieth of an 'inch from each other. If this inftru—ment be held by one of its extremities, and its .other extremity be prefented to the prime Conduaor, every fpark that it receives from the prime Condudor, will caufe fmall fpark to appear between all the round pieces of tin-foil Ruck upon the innermoft tube, which in the dark affords a pleafing fpefta-ele ; the inftrument appearing encompaffed by a fpiral line of fire.
The fmall round pieces of tin-foil are fometimes fuck upon a flat piece of glafs A B C D fig. 12, fo as to reprefent curve lines, flbwers, letters, &c. and they are il
luminated after the fame manner as the fpiral tube; i. 
e. 
by holding the extremity C, or B in the hand, and prefenting the other extremity to the prime Conduaor, when the machine is in motion.
EXPE..
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EXPERIMENT XIV. 
The dancing Balls.
Fix a pointed wire upon the prime eon-iludor, with 
the 
point outward ; then take a glafs tumbler, grafp it with your hands, and' prefent its infide furface to the point of the wire upon the prime Condu&or, while the machine is in 
Motiori; 
the glafs in -this manner will loon become charged ; for its infide furface acquires the Electricity from the point, and its outfide lofes its natural quantity of elearic fluid through the hands, which ferve as a coating.—ThiS done put a feW pith balls upon the table and cover theM with thiS charged glafs tumbler. The balls will immediately begin to leap up along the fides of the glafs, as reprefented fig. is, Plate II, arid will continue' their motion for a confiderable time.
In this experiment the pith balls are at-traaed and repelled by the eledric fluid ruperinduced upon the infide furface of the glafs;
-
 v. hich they gradually conduct to the
Y
. 
table
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table or other concluding body upon which the glafs is fet; at the fame time that the outward furface of the glafs acquires the ekaric fluid from the contiguous air.
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CHAP. XIII.
Further Properties of 
tAe 
Leyden Phial, 
or 
charged Eledrics.
T
H E properties of charged elearics, plain as they may appear at firfl fight, and conformable to the commonly eflablifh-ed theory of Electricity, are yet, when at
tentively confidered, far from being intirely underflood, fo as to require no further expe
riments, or leave no doubt in the mind 'of the fpeculative EleCtrician. The first quef-tion, that naturally occurs, in confidering a charged phial, is where does the fuperin-duce& electric fluid refide ?—Is it lodged in the fubflance of the glafs, or in the air con
tiguous to the furface of the phial? In the first cafe, if the electric fluid penetrates a certain quantity of the fubflance of the glafs, it follows that a glafs plate may be given fo thin, that the electric fluid may freely pervade its fubftance*. If fuch a
plate
* I have often blown glafs balls, fo thin that then thicknefs was lefs than one-fix hundredth part of an inch,
Y
2
and
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plate can be made, it will be eafy, from thence, to determine •how far can -the elearic fluid penetrate the fubftance of the glafs, when charged in the ufual manner. In the fecond cafe, if the electric fluid refides in the .air contiguous to the glafs, it mull repel that air, i. 
e. 
a glafs bottle fhould contain lefs air when charged, than when in its natural 'late; but this is contrary to experience.
The late Mr. 
CAN TON 
charged fome thin glafs balls of about an inch and 'a half in diameter, having tubes of about nine inches in length, and afterwards fealed them her—metically. If thefe balls, when they were cold, were prefented to an elearometer, they (hewed no fign of Elearicity ; but if they were kept a little while near the fire, they then appeared ftrongly elearieal, and pof
-
felled of that kind of Elearicity, with which their infide had been charged. Mr. 
CANTO N 
difcovered farther, that if thefe balls are kept under "water, they retain their virtue
and have always obferved, that they were capable 
of 
re-\ceiving a charge, which they 'retained tur a confiderable time; if they were not made very hot.
for
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fora confiderable time, even for feveral years ; but if they are often ufed, their power is foon exhaufled. It is obvious to remark, that the Ele&ricity, which appears upon the outfide of thefe balls, when they are rendered hot, 1. 
e. 
when the glafs is rendered a Conductor by the heat, is not that Eledricity, which properly conflitutes the charge, but the fuperfluous Electricity of their' infide*.
As for' the Elearicity, which conflitutes the charge, it being juft fufficient to balance the contrary Elethicity of the oppofite fur-face of the glafs, it will lofe its power, as foon as it is arrived to that furface, which in the cafe of the above-mentioned
* If a charged jar be infulated, and difcharged with an infulated difcliargng rod, after the difcharge both the fides of the jar, together with the difcharging rod, will be found poffeffed of the Elearicity contrary to the Electricity of that fide of the jar, which was touched laft before the difcharge; which fhows that one fide of a charged elec
tric may contain a greater quantity of Eleetricity 
than
-
that, which is fufficient to balance 
the 
contrary Elec
tricity of the oppofite fide: This redundant Electricity should be carefully confidered in performing experiments of a deli
i
cate nature.
it 
3
balls
,
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balls, it ,aaually reaches, before it can aet upon the elearometer.
The moil remarkable phenomena 
pro
duced 
by charged elearics, are exhibited with flat plates of glafs, jointly charged, like a fingle coated plate. If two glafs plates, having plain furfaces, be placed one upon the other, and their outward furfaces be coated with tin-foil, in the ufual manner of coating a fingle plate for the Leyden ex
periment, and then be charged, by prefent-ing one coating to the prime Condu&or, and communicating the other with the earth, the plates (which we (hall call A, and B) after having been charged, will adhere very firmly to one another, and if feparated, A,
viz, that, whole coating was prefented to the prime Conduaor, will appear pofitive on both fides, and B negative on both fides. If thefe plates are laid in contaa as before they were charged, and are difcharged by making a communication between the two coated fides, they will be found Bill to ad
here to one another after the difcharge, and if feparated, they will appear fill elec
trified, but with this remarkable difference,
viz,
)

 (
viz. 
that now A is negative on both fides, and B pofitive on both fides. If thefe plates, after being difcharged, be feparated in the dark, fialhes of light are perceivable between their internal furfaces. By laying the plates together, touching their coatings
.
 and feparating them fucceffively, the flafhes may be obferved for a confiderable number of times, diminithing by degrees, until they quite vanith.
Father 
BECCARIA 
explains thefe and other fimilar phenomena of charged, as Well as of excited eletrics by the following princi
ple, which he diflinguifhes by
.
. the
;
 name of 
vindicating ElecIricity. 
When two bodies, either a Condu&or, and an elearified elearic, or two contrarily and equally elearified elec-tries are joined together, they adhere to each other, and their Elearicities difappear; but as foon as they are feparated, the eletrics re
cover their Elearicities*. How far this prin
ciple can be of ufe to explain the phenome
na of charged glafs, &c. I will not take upon me to determine. It would exceed
* See BE‘CCARIA'S Artificial Electricity, Part. II.
fee. VI.
Y
too
)

 (
3i8 A-COMPLETE TREATISE
,
 
too 
far the limits of my work, if I were to enumerate, and account for all the particu—
 
lars. When the principle is expreffed, the
ingenious reader may eafily apply it to ex
plain the effeas. I ihaJl only mention 
an
obfervation of Mr. HE N-LY relative to this
fubje&, which feems not conformable to Father I3Ecc A RI A
9
S theory, and with that (hall conclude this part of my work. Saya Mr.HENL v in one of his papers prefented 
to
the Royal Society, in Which he defcribes the above-mentioned experiments of the two glafs plates, " Crown-glafs, that is, " the glafs commonly ufed for Path
" dows, though fo much thinner, fucceeds 
" 
in this experiment as well as the
.
 plate- 
" 
glafs ; but what is very remarkable, the 
" 
Dutch plates, when treated in the fame " manner, have each a pofitive and" nega-" tive furface, and the Elearicity of both fur-
.
 " faces, of both plates, is exchanged for the " contrary Elearicity in the difcharge. If 
a 
" clean, dry, uncoated plate of looking-glafs " be placed between the coated looking-glafa 
" 
plates, 'or between
.
 the plates of crown.: " glafs, it appears, after charging, to be ne—
 
gatively elearified 
on 
both fides ; but if it
)
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r be placed between the 
Dutch 
plates, it ac-
 
quires, like them, a pofitive Ele&ricity 
on
one furface, and a negative Electricity on 
" 
the other." -
In another paper, Mr. HEN!..Y further 
.
pbferves, that if the Dutch plates. are fepa-rated immediately after being charged, they will then as like two plates of looking—glafs, i. 
e. 
one of them will be pofitive, and the other negative on both fides; but if a little time be allowed before the plates be feparated, the experiment will confiantly fuc-eeed as above,
) (
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PART IV. 
New Experiments in Electricity.
T
H E laws of Elearicity, together with the experiments neceffary for their demonftration, having already been defcribed, in as compendious a manner as could be done, without obfcurity, I. fhall in the Iafl Part of this work relate fuch new experi
ments, and obfervations, as I have
.
 made during the courfe of about two years, in which time I have purfued the Science of 
Eearicity 
with a particular view to difco-ver, if poffible, the unknown caufe of feveral elearical phenomena, efpecially thofe reltive to atmofpherical Elearicity.
The firft inftrument that I made ufe of, to obferve the Elearicity of the atmofphere, was an elearical kite, which I had conftruaed, not with a view to obferve the Elearicity of the air, for this, I thought, was very weak and feldom to be obferved ; but as an inftru-ment, which could be occafionally ufed in
time
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time of 
a thunder-ftorm, in order to obferve the Eledricity of the clouds. The kite how—ever being juft finifhed, together with 
its 
firing, which contained a brats wire through its whole length, 
I 
railed it the 3111 of Auguf 1775, at feven of the clock in the afternoon, the weather being a little cloudy, and the wind juft fufficient for the purpofe. The ex
tremity of the Bring being infulated, 
I 
ap
plied my fingers to it, which, contrary to my expe&ation, drew very vivid, and pun
gent fparks :,I charged a coated phial at the firing feveral times ; but I did not then ob-ferve the quality of the Elearicity. This fuccefsful experiment induced me to raife the 
kite 
very often, and to keep it up, for feveral hours together, thinking that if any periodi cal Elearicity, or any change of its quality took place in the atmofphere, it might very probably be difcovered by this infirument. 
In 
the following two Chapters I (hall defcribe the cqnftruaion of the elethical kite with its appurtenances, and (hall tranfcribe the moft remarkable part of my journal, relative to the kite, i. 
e. 
defcribing fuch experiments only, which are more remarkathe, and do not hap
pen 
very commonly ; for although I 
have
ufed
)
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ufed my kite, fometimes ten, and more times in a week, and at any hour of the. day or night, yet is the greateft part of thofe experi—ments are only of ufe to confirm a few laws of atmofpherical Eletricity, I null leave their particular detail, and shall only fubjoin thofe jaws at the eud of the fecond chapter.
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C H A P. I.
The confirutlion of the elearical Kite, and other Injiruments ufed with it.
T
HE firft elearical kite, that I con-
,
 ftruCted, was (even feet high, and it was made of paper with a flick or ftraiter, and a cane bow, like the kites commonly ufed by fchool-boys. On the upper part of the ftraiter I fixed an iron fpike, projecting about a foot above the kite, which, I then thought, was abfolutely neceflary to collect the Elec
tricity, and I covered the paper of the kite with turpentine, in order to defend it from the rain. This kite, perfed as I thought it to be, in its conftruCtion, and fit for the expe
riments, for which it was intended, foon manifefted its imperfeCtions, and after being railed a few times, it became quite unfit for farther ufe; it being fo large, and confe—quently heavy, tha
s
t it could not be ufed, .except when the wind was firong, and then after much trouble in railing and drawing it in, it often received fome damage; which foon obliged me to conftrud other kites upon a different plan, in order to afcertain which
method
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method would anfwer the bell for my put. pole. I gradually leffened their fize, and varied their form, till I obferved upon trial, that a common fchool-boy's kite, was as good an elearical kite as mine. In confe—quence of which. I- conftruded my kites in the moil fimple manner, and in nothing dif-ferent from the childrens kites, except that I covered them with varnifh, or with well boiled linfeed dil, in order to defend them from the rain, and I covered the back part of the firaiter with tin-foil, which however has not the leafi power to increafe its Eledricity. I alfo furnifh the upper extremity of the ftraiter with a (lender wire pointed, which, in time of a thunder-ftorm, may perhaps draw the Elearicity from the clouds, fomewhat more effeaually; but in general, I find, as it will appear in the account of the experi
ments, that it does not in the leaf affea the Elearicity at the firing. The kites, that I generally have ufed, are about four feet high, and little above two feet wide. This fize, I find, is the molt convenient, becaufe it renders them eafy to be managed, and at the fame time they can draw a fufficient quantity of firing. As for filk or linen kites, they require a good
3
deal
)

 (
deal of wind to be railed, and then they are not fo cheap nor fo eafy to be made, 'as paper kites are. The firing fometimes breaks, 
,
and the kite is loft, or broken, for which reafon, thefe kites fhould be made as cheap and as fimple as poffible.
The firing is the moll material part of this apparatus; for the Electricity produced is more or lefs, according as the firing is a bet
ter, or a worfe Conduaor. The firing, whidh I made for my large kite, confuted of two threads of common twine twilled together with a brafs wire between the ftra'nds. This ftring ferved very well for two, or three trials, but on examination, I foon found that the wire in it was broken in many places, and' it was continually fnapping; the metallic continuation therefore being fo often intet—rupted, the ftring became foon fo bad, that it ailed nothing better than common twine without a wire. I attempted to mend it, by joining the broken pieces of wire, and.work-ing into the twine, another wire, which proved a very laborious work ; but the remedy had very little effe& ; the wire breaking again after the firft trial, which determined me 
to
adopt
)
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adopt other methods ; and after feveral experi.z. meats, I found that the belt firing was one
;
 which I made by twitting a copper. thread * with two very thin threads of twine. Strings like. this I have ufed for the greateft part of my experiments with the kite, and I find them to be exceedingly ufeful, and fit for the pur-pofe. Silver or gold thread would do much better, to mitt with the twine, bet aufe they are much thinner than copper thread, and in confequence the string would be much lighter;. but at the fame time it is to be confidered, that gold or filver thread is much dearer than copper thread.
I have attempted to render the twine 
a 
good Condu&or of Eledricity, by covering it with conducing fubliances, as lamp-black, powder of charcoal, very fine emery, and other fubftances, mixing them with diluted gum-water ; but this method improves the ftring very little, and for a very fliort time ; for the faid concluding fubftances are foon
* I snean fuch a thread of copper as is ufed for vial-flings, &c. in imitation of gold threads, which are nothing more than 111k or linen threads covered with a thin lamina of copper.,
rubbed
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rubbed off of the twine. Mr. 
NAI It NE 
inform
ed me, that he had ufed to foak the firing of his ele&rical kite in a ftrong folution of falt, which rendered it a good Conduaor, fo far as it attracted the moifture of the air. In confequence of this information I foaked in. falt water a long piece of twine, and by rail
ing a kite with it, I found that it conduaed the Elearicity pretty well, but I thought it much inferior to the above—defcribed firing with the copper thread : befides, the faked firing in wet weather not only, leaves part of the falt upon the hands of the. Operator, and in confequence renders them unfit to manage the reft of the apparatus, but it marks a white fpot wherever it touches the clothes.
In raifing the kite when the weather is very cloudy and rainy, in which time there is fear, of meeting with great quantity of Elearicity, I generally ufe to hang upon the firing A B fig. 8, plate II, the hook of a chain, C, the other extremity of which falls upon the
ground.
Sometimes I ufe another caution 
befides, which is to fiand upon an infulating fool ; in which fituation, I think, that if any great quantity of Elearicity, fuddenly dif-
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charged by the clouds, ftrikes the kite, it can
not affect much my perfon. As to infulated reels, and fuch. like inftruments, that fome gentlemen have ufed for to raife the kite, without danger of receiving any Chock ; fit for the purpole as they may appear to be in theory, they are yet very inconvenient to be managed. Except the kite be raifed in time of a thunder-ftorm, there is no great danger for the Operator to receive any (hock. Al
though I have raifed my eleCtrical kite hun
dreds of times without any caution whatever, I have very feldom received a few exceedingly
flight chocks in my arms.
In time of a 
thunder-norm, 
if the kite has not been raifed before, I would not advife a perfon to raife it while the fiormy clouds are juft overhead ; the danger in fuch time being very great, even with the precautions above mentioned at that time, without railing the kite, 
the 
Elearicity of the clouds may be obferved by a cork ball Electrometer held in the hand in an-open place, or if it rains, by my elearo-meter for the rain, which will be defcribed hereafter.
Whera
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When the kite has been railed, I' generally introduce the ftring through a window iri a roam of the hotfe, and fallen it'' to a ftrbng 
silk 
lace, the extremity of which is generally tied to a heavy chair in the room: In fig: 8, of Plate Ill; A B reprefents part of the ftring of the kite, whiCh comes within the room ;
reprefents the filk Iace; D E, a frnall prima Conductor; which, by means of a frrrall wire, is conneaed with the ftring of the kite ; and F reprefents the quadrant elearometer fixed upon a ftand of glafs, covered with fealingl wax; which I ufed to put near the prime Con= duaor, rather than to fix it it a hole Upon the Condu!tor, becaufe the firing A B fornetimes Makes fo as to pull the prime Conduaor down, in which cafe the quadrant elearamoi. ter remains fafe upon the table, otherwife it would be broken, as I have often experienced before I thought of this method. G repre= fents a glafs tube about eighteen inches long, with a knobed wire cemented to its extremityi .which inftrument I tile for to °Verve the quality of the Elearicity, .when the Eleari-
,
 thy of 
the 
kite is fo {hong, that I think it tot fafe to come very near 
the 
firing. The
Z 2
• method
)



 (
34.0
,
 A COMPLETE TREATISE
method is as follows I hold the inflrument by that extremity of the glafs tube, which is the fartheft from the wire, and touch the firing of the kite with the knob of its wire, which being infulated, acquires a fmall quan
tity of Elearicity from it, which is fufficient to afcertain its quality when the knob of the inflrument is brought near an elearified elec
trometer. Sometimes, when I raife the kite in the night time, out of the houfe, and where I have not the convenience of obferv-ing the quality of its Elearicity by the at- traction and repulfion, or even by the appear
ance of the electric light, I make ufe of a coated phial, which I can charge at the firing, and when charged, put into my pocket, wherein it will keep charged even for feveral hours *. By making ufe of this inftrument,
I am
* The conftruaion of this phial is as follows. Betides 
• 
the coating on the infide and outfide that this phial has, like any other of the fame kind, a glafs tube open at both ends is cemeiged into its neck, and proceeds within the phial, having a fmall wire fattened to its lower extremity, which touches the infide non-electric coating. The wire with the knob of this phial is cemented into another ears tube, which is nearly twice as long, and fmaller than the
tube
)
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I am obliged to keep the kite up no longer than it is neceffary to charge the phial, in order to obferve the quality of the Eledricity in the atmofphere ; for after that the kite bas been drawn in, and brought, home, I can then examine the Eledricity of ,the infide of the, phial, which is the fame as that of the kite.
When the Elearicity of the kite is very firong, I fix a chain, communicating with the ground, at about fix inches diitance from the firing, which may carry off its Eledri-city, in cafe, that this ihould increafe fo much, as to put the byftanders in danger.
tube cemented into the neck of the phial. The wire is cemented fo, that only its knob projeas out of one end, and a fmall length of it out of the other end of the tube. If this piece with the wire be held by the middle of the glafs tube, it may be put in or out of the tube, which is in the neck of the phial, fo as to touch the fmall wire at the lower extremity of it, and that without difcharging the phial, if it is charged. I have kept fuch a phial charged for fix weeks together, and probably it would keep much longer, if it were to be tried. The ingenious young Elec
trician may make ufe of fuch a phial for feveral diverting purpofes.
Z 3
Befldes
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Befides the above-defcribed apparatus, I have 9ccafkonally ufed fome other inflru-rnents, which I have often varied, according as fome particular experiments required ; but as they are of no great confequence, I than omit to defcribe them. It is only neceWary, before I enter into the narration of the princi
pal experiments performed with the kite, to give an idea of the flandard of my quadrant eledrometer, which may, very probably, Phew the fame intenfity of Ele&ricity 
under a 
number of degrees different from the other infirument of the fame kind. When the kite is flying, and the apparatus is difpofed as in fig. 8, of Plate III, I bring, under the extremity E of the prime Condudor, a little bran, held upon a tin plate, and obferve, that, when the, index of .the eledrometer is at ten degrees, the prime Condudor begins to attract the bran at the diftance of about three fifths of an inch, when the index is at twenty degrees, the prime Condudor attracts the bran at the diftance of about one inch and a quarter, when the index is at thirty degrees, the bran begins to be attract at the difiance of two inches
and
)
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and one fifth.
Thefe diflances vary as the weather changes its degree of drynefs, but in frofly weather, 
I 
obferve them conftantly as above.
) (
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C I-I A P. II.
Experiments performed with the eledrical
Kite.
CEptember the 
2d, 
Ins. The weather
being very cloudy, and aEtually rain
ing, the kite was -railed at eight o'clock P. M. with two hundred yards of firing, which had a brafs wire through its whole length. The wind was from the fouth and very ftrong: The Elearicity at the firing was negative, and kill fufficient to charge a half-pint phial fo as to give a (hock fen- _ fible to the elbows. The kite, after being up for about one hour, fell to  the ground, having its paper, which was not properly varniihed, almoft intirely torn off by the violence of the wind and the rain.
September the i4th. The kite was raifed with a firong north wind at half pat, three P. M. The Eledricity was pofitive, and pretty ftrong, the index of. the
.
eledro-
 
. 
2
meter
)

 (
OF ELECTRICITY. 345
meter being generally about 2O". The weather was rather cold, and very thick clouds were gradually approaching the ze—nith. The kite was pulled down at half paft four P. M.
N. B. At night the aurora borealis was very flrong, and feveral flaihes of lighten-1 ing were feen near the horizon towards the north.
September the 23d. A fmall kite was railed at half paft ten o'clock in the morning, and it was kept up for eleven hours fuc—ceffively, viz, till half paft nine P. M. The firing, which was only a common twine without a wire, was conftantly elec
trified pofitively although in a very fmall degree. About nine o'clock the EleEtricity appeared fironger, fo that a fmall phial, charged at the firing, gave a pretty fenfible Chock. The weather was very clear, and
The index of the eleftrometer in general raifes higher or falls lower, according as the kite comes nearer to, or goes farther from the zenith ; the length of the firing remaining the fame.
warm ;
) (
Digitized by 
Google
)
 (
346 A COMPLETE TREATISE
)

 (
warm ; 
but in the night no aurora borealis, or any other eiearical appearance was per.. ceived. The wind was eaft by fouth,, and fo • weak that the kite was kept up with great difficulty.
Oaober the loth, 
1775. 
The weather being clear, and the wind bloWing 
ftrong 
from the fouth weft, the kite was railed at eleven o'clock A. M. with ninety yards of ilring, which had a copper thread twilled in*. The wind, during the experiment, increafed and deCreafed feveral times, and the Eleari-city, which was pofitive, as it appeared by the index of the Elearometer, alfo increafed and decreafed. At noon the violence of the wind caufed the kite to fall. At half paft four o'clock, the wind being a little more moderate, the kite was railed again. The Elearicity was alfo pofitive, and feemed ra' ther itronger than it had been in the morn, ing. The weather at this time was cloudy ; the
,
clouds appearing much thicker near the laorizon, than about the zenith. The kite
* Such firing as this was ufed in all the following periments
1
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was pulled down. at half paft five o'clock
*
 and at half after feven was railed iagaini every phenomenon continuing the fame. At eight o'clock, while I was pulling the kite in, I infulated the firing when only thirty.. five yards of it were out, and was fur
7
 prifed to find that now the Eledricity was as ftrong as it had been, when all the ftriog was out, which was ninety yards long. , It muft however be remarked that at this time a few flathes of lightening were feen among the clouds, which were pretty thick, abotit the horizon: At a quarter paft eleven o'clock, the kite was railed again, which_ was the fourth time of railing it that day ;. the weather then being very clear, and the wind the fame as in the afternoon4. The Ele&ricity was very weak, but conftant=a 
iy 
pofitive. The kite was pulled down after having being up a few minutes only. -
Odober the 16th. At about two P. M. 
a 
thick fog being juft cleared up, the wea
ther became clear, and the wind _began to blow from the fouth fouth weft. The kite was railed with one hundred and twenty yards of firing, and it was kept up no
longer
)

 (
balls, it ,aaually reaches, before it can at upon the elearometer.
The molt remarkable phenomena 
pro—duced 
by charged ele&rics, are exhibited with flat plates of glafs, jointly charged, like a fingle coated plate. If two glafs plates, having plain furfaces, be placed one upon the other, and their outward furfaces be coated with tin-foil, in the ufual manner of coating a fingle plate for the Leyden ex
periment, and then be charged, by prefent—ing one coating to the prime Condu&or, and communicating the other with the earth, the plates (which we shall call A, and B) after having been charged, will adhere very firmly to one another, and if feparated, A, viz, that, whole coating was prefented to the prime Conductor, will appear pofitive
on both fides, and B negative on both fides. If thefe plates are laid in contaa as before they were charged, and are difcharged by making a communication between the two coated fides, they will be found flill to ad
here to one another after the difcharge, and if feparated, they will appear fill elec
trified, but with this remarkable difference,
viz,
)
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'viz. 
that now A is negative on both fides, and B pofitive on both fides. If thefe plates, after being difcharged, be feparated in the dark, flafhes of light are perceivable between their internal furfaces. By 
laying 
the plates together, 
touching 
their coatings' and feparating them fucceffively, the flathes may be obferved for a confiderable number of times, diminifhing by degrees, until they quite vanifh,
Father 
BECCARI A 
explains thefe and other fimilar phenomena of charged, as well as of excited eledrics by the following princi
ple, which he diflinguifhes by the, name of • 
vindicating Eledricity. 
When two bodies, either a ConduIor, and an ele&rified elearic, or two contrarily and equally electrified` elec-trics are joined together, they adhere to each .other, and their Ele&ricities difappear; but as foon as they are feparated, the elethics re—cover their Ele&ricities*. How far this prin
ciple can be of ufe to explain the phenome
na of charged glafs, &c. I will not take upon me to determine. It would exceed
* See BE‘CCARIA'S Artificial Electricity, Part. IL
fee. VI.
Y
too
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too far the limits of my work, if I were to enumerate, and account for all the particu
lars. When the principle is expreffed, the ingenious reader may eafily apply it to ex
plain the effeas. I 1114 only mention an obfervation of Mr. HE N-LY relative to this fubje&, which Teems not conformable to Father BEccARtA's theory, and with that I (hall conclude this part of my work. Says Mr. 
HENLY 
in one of his papers prefented to the Royal Society, in which he clefcribes the above-mentioned experiments. of the two glafs plates, " CroWn-glafs, that is, " the glafs commonly ufed for lath win " dows, though fo much thinner, fucceeds 
" 
in this experiment as well as the' plate. 
glafs ; but what is very remarkable, the " Dutch plates, when treated in the fame " manner, have each a pofitive and nega-" five furface, and the Elearicity of both fur
" faces, of both plates, is exchanged for the " contrary Elearicity in the difcharge. If a 
" 
clean, dry, uncoated plate of
.
looking-glafs " be placed between the coated looking-glafs' " plates, 
t
or between
-
 the plates of crown. " glafs, it appears, after charging, to be ne-
 
gativety eledrified on both fides ; but if it
cc 
be
)
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" be placed between the Dutch plates, it ac
7
 
quires, like them, a pofitive Electricity on
one furface, and a negative Eleetticity on " the other."
In another paper, Mr. HE N L Y further obferves, that if the Dutch plates- are fepa-rated immediately after being charged, they will then a& like two plates of looking-glafs, i. 
e. 
one of them will be pofitive, and the other negative on both fides; but if 
a 
little time be allowed before the plates be feparated, the experiment will conftantly fuc-eeed as above,
) (
FART.
Digitized by 
Google
)
 (
OF ELECTRICITY. 
 
)
 (
OF ELECTRICITY. 
329
 
)

 (
33o A COMPLETE TREATISE
PART IV. 
New Experiments in Elthlricity.
T
H E laws of Elearicity, together with the experiments neceffary for their demonftration, having already been defcribed, in as compendious a manner as could be done, without obfcurity, I. fhall in the Taft Part of this work relate fuch new experi
ments, and obfervations, as I have, made during the courfe of about two years, in which time I have purfued the Science of Elearicity with a particular view to difco—ver, if poffible, the unknown caufe of feveral electrical phenomena, efpecially thofe relative to atmofpherical Elearicity.
The firft inftrument that I made ufe of, to obferve the, Elearicity of the atmofphere, was an electrical kite, which I had conftruaed, not with a view to obferve the Elearicity of the air, for this, I thought
)
 was very weak and feldom to be obferved ; but as an inftru-ment, which could be occafionally ukd in
time
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time of a thunder-florm, in order to obferve the Elearicity of the clouds. The kite how—ever being juft finithed, together with its firing, which contained a brafs wire through
its whole length, I raifed it the 3 ill of Auguft 1775' at feven of the clock in the afternoon, the weather being a little cloudy, and the wind juft fufficient for the purpofe. The ex
tremity of the firing being infulated, I ap
plied my fingers to it, which, contrary to my expetation, drew very vivid, and pun-gent
.
fparks :,I charged a coated phial at the firing feveral times ; but I did not then ob-ferve the quality of the Elearicity. This fuccefsful experiment induced me to raife the kite very often, and to keep it up, for feveral hours together, thinking that if any periodi-
. 
cal Elearicity, or any change of its quality took place in the atmofphere, it might 
lery 
probably be difcovered by this inftrument. In the following two Chapters I (hall defcribe the conftruaion of the elearical kite with its appurtenances, and than tranfcribe the molt remarkable part of my journal, relative to the kite, i. 
e. 
defcribing fuch experiments only, which are more remarkable, and do not hap
pen very commonly ; for although I have
ufed
)
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ufed my kite, fometimes ten, and more times in a week, and at any hour of the, day or night, yet as the great& part of thofe experi
ments are only of ufe to confirm a few laws of atmofpherical Ele&ricity, I flail leave their particular detail, and than only fubjoin thofe jaws at the end of the fecond chapteF,
)[image: ]
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CHAP. I.
The confirudion of the eledrical Kite, and other Injiruments ufed with it.
T
HE firft elearical kite, that I con-itruaed, was feven feet high, and it was made of paper with a flick or ftraiter, and a cane bow, like the kites commonly ufed by fchool-boys. On the upper part of the ftraiter I fixed an iron fpike, projecting about a foot above the kite, which, I then thought, was abfolutely neceirary to collea the Elec
tricity, and I covered the paper of the kite with turpentine, in order to defend it from. the rain. This kite, perfe& as I thought it to be, in its conitruaion, and fit for the expe—riments, for which it was intended, foon manifefted its imperfeaions, and after being raifed a few times, it became quite unfit for farther ufe; it being fo large, and conic-quently heavy, that it could not be ufed, .except when the wind was firong, and then after much trouble in railing and drawing it in, it often received fome damage; which foon obliged me to conftrua other kites upon a different plan, in order to afcertain which
method
)
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method would anfwer the bell for my put. pole. I gradually leffened their fize, and varied their form, till I obferved upon trial, that a common fchool-boy's kite, was as good an elearical kite as mine. In confe-quence of which I confiru&ed my kites in the molt fimple manner, and in
.
 nothing dif-ferent from the childrens 
kites, 
except that I covered them with varnich, or with well boiled linfeed dil, in order to defend them from the rain, and I covered the back part of the ftraiter with tin-foil, which however has not the leaft powe'r to increafe its Eleetricity. I alfo furnifh the upper extremity of the ftraiter with a fender wire pointed, which, in time of a thunder-form, may perhaps draw the Eleetricity from the clouds, fomewhat more effeCtually; but in general, I find, as it will appear in the account of the experi
ments, that it does not in the leaft affect the EleCtricity at the firing. The kites, that I generally have ufed, are about four feet high, and little above two feet wide. This fize, I find, is the moil convenient, becaufe it renders them eafy to be managed, and at the fame time they can draw a fufficient quantity of firing. As for filk or linen kites, they require a good
3
deal
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deal of wind to be railed, and then they are not fo cheap nor fo eafy to be made, as paper . kites are. The firing fometimes breaks, 
,
and the kite is loft, or broken, for which reafdn, thefe kites fhould be made as cheap and as fimple as poffible.
The firing is the moft material part of this apparatus; for the Electricity produced is more or lefs, according as the Bring is a bet-
 
ter, or a worfe Condu6lor.
The firing,
. 
whidh I made for my large kite, confifted of two threads of common twine twilled together with a brafs wire between the ftrands. This firing ferved very well for two, or three trials, but on examination, I foon found that the wire in it was broken in many places, and' it was continually fnapping; the metallic continuation therefore being fo often inter
rupted, the firing became foon fo bad, that it aded nothing better than common twine without a wire. I attempted to mend it, by joining the broken pieces of wire, and_ work
ing into the twine, another wire, which proved a very laborious work ; but the remedy had very little effect ; the wire breaking again after the first trial, which determined me 
to
adopt
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adopt other methods ; and after feveral experi~ ments, i found that the beft firing was one, which made by twilting a copper. thread * with two very thin threads of twine. Strings like, this I have ufed for the greateft part 
of. my
 experiments with the 
kite, 
and I find them to be exceedingly ufeful, and fit for the pur= pole. Silver or gold thread would do much better, to twift with the twine, betaufe they are much thinner than copper thread, and hi confequence the firing would be nvuch lighter ;. but at the fame time it is to be confidered, that gold or flyer thread is much dearer thati copper thread.
I have attempted to render the twine 
ft 
good Conductor of Elearicity, by covering it with conducing fubftances, as lamp-black, powder of charcoal, very fine emery, and other fubftances, mixing them with diluted gum-water ; but this method improves the tiring very little, and for a very fhort time for the faid concluding fubftances are fowl
* I mean filch a thread of copper as is nfed for trial. mings, &c. in imitation of gold threads, which are nothing more than filk or linen threads covered with a thin lamina of copper.
rubbed
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rubbed off of the twine. Mr.NAI it NE inform
ed me, that he had ufed to foak the firing of his elearical kite in a ftrong folution of falt, which rendered it a good Conduaor, fo far as it attraaed the moifture of the air. In confequence of this information I foaked in falt water a long piece of twine, and by raif-ing a kite with it, I found that it conduaed the Elearicity pretty well, but I thought it much inferior to the above—defcribed firing with the copper thread : befides, the faked firing in wet weather not only leaves part of the falt upon the hands of the. Operator, and in confequence renders them unfit to manage the rcft of the apparatus, but it marks a white fpot wherever it touches the clothes.
In railing the kite when the weather is very cloudy and rainy, in which time there ,is fear of meeting with great quantity of Elearicity, I generally ufe to hang upon the firing A B fig. 8, Plate II, the hook of a chain, C, the other extremity of which falls upon the
ground.
Sometimes I ufe another caution 
befides, which is to fiand upon an infulating fool ; in which fituation, I think, that if any great quantity of Elearicity, fuddenly dif-
 
Z
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charged by the clouds, ftrikes the kite, it can
not affed much my perfon. As to infulated reels, and fuch like inftruments, that fome gentlemen have ufed for to raife the kite, without danger of receiving any Chock ; fit for the ptzrpofe as they may appear to be in theory, they are yet very inconvenient to be managed. Except the kite be raifed in time of a thunder-ftorm, there is no great danger for the Operator to receive any {hock. Al
though I have raifed my electrical kite hun
dreds of times without any caution whatever, 
I 
have very feldom received a few exceedingly
flight chocks in my arms.
In time of 
a 
thunder-dorm, if the kite has not been railed before, I would not advife a perfon to raife it while the ftormy clouds are juft overhead ; the danger in fuch time being very great, even with the precautions above mentioned : at that time, without railing the kite, 
the 
Electricity of the clouds may be obferved by a cork ball Electrometer held in the hand irk an 'open place, or if it rains, by my electro
meter for the rain, which will be defcribed hereafter.
Whets
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When the kite has been raifed, "generally introduce the firing through a window in a room 
of 
the horde, and fallen it' to a ftiong filk lace, the extremity of which is generally tied to a heavy chair in the room; In fig. 8, of Plate ITI, A B repreferits part of the ftrittg of the kite, which comes Within • the room t reprefents the filk lace; D E, a fn-iall prima Conduaor, which, by means of a fmall -wire, is conneded with the ftring of the kite ; and F reprefents the quadrant elearometer fixed upon a fland of glafs, covered with fealinv waX, which I ufed to put near the prime Con;‘ du6tor, rather than to fix it itr a hole n'pori the ConduCtor, becaufe the 'firing A B fornetimea fhakes fo as to pull the prime ConduEtor down, in which cafe the quadrant elearome. ter remains fafe upon the table, otherwife it would be broken
;
 as I have often experienced before I thought of this method. G repre= Tents a glafs tube about eighteen inches long, With a knobed wire cemented to its extremity, .which inftrument I ufe for to obferve the quality of the EleCtricity, *heti the Ele6tri.
,
 city of the kite is fa ftrong, that I think it not fafe to come very neat the firing, The
Z 
2
method
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method is as follows I hold the inftrument by that extremity of the glafs tube, which is the farthefi from the wire, and  touch the firing of the kite with the knob of its wire, which being infulated, acquires a fmall quan
tity of Elearicity from it, which is fufficient to afcertain its quality when the knob of the inftrument is brought near an elearified elec
trometer. Sometimes, when I raife the kite in the night time, out of the houfe, and where I have not the convenience of obferv-ing the quality of its Elearicity by the at-traaion and repulfion, or even by the appear
ance of the elearic light, I make ufe of a coated phial, which I can charge at the firing, and when charged, put into my pocket, wherein it will keep charged even far feveral hours *. By making ufe of this inftrument,
I 
am
* The conflruaion of this phial is as follows. Betides the coating on the infide and outtlde that this phial has, like any other of the fame kind, a glafs tube open at both ends is cemented into its neck, and proceeds within the phial, having a fmall wire fattened to its lower extremity, which touches the infide non-elearic coating. The wire with the knob of this phial is cemented into another glafs 
tube, which is nearly twice as long, and fmaller than the
tube
)
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I 
am obliged to keep the kite up no longer than it is neceffary to charge the phial, in order to obferve the quality of the Elethicity in the atmofphere ; for after that the kite has been drawn in, and brought, home, I can then examine the E1e&ricity of ,the infide of the_ phial, which is the fame as that of the kite.
When the Eledricity of the kite is very firong, I fix a chain, communicating with the ground, at about fix inches diftance from the firing, which may carry off its Eledri-
city, 
in cafe, that this should increafe fo much, as to put the byftanders in danger.
tube cemented into the neck of the phial. The wire is cemented fo, that only its knob projeas out of one end, and a fmall length of it out of the other end of the tube. If this piece with the wire be held by the middle of the glafs tube, it may be put in or out of the tube, which is in the neck of the phial, fo as to touch the fmall wire at the lower extremity of it, and that without difcharging the phial, if it is charged. I have kept fuch a phial charged for fix weeks together, and probably it would keep much longer, if it were to be tried. The ingenious young Elec
trician may make ufe of fuch a phial for feveral diverting purpofes.
Z 3
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Befides 
the above-defcribed apparatus, I have gccafionally ufed fome other inftru-ments, which I have often varied, according as fome particular experiments required ; but as they are of no great confequence, I (hall omit to defcribe them. It is only necefFary, before I enter into the narration of the princi
pal experiments performed with the kite, to give an idea of the fiandard of my quadrant eledrometer, which may, very probably, Phew the fame intenfity of Eledricity under 
a 
number of degrees different from the other inftrumenf of the fame kind. When the kite is flying, and the apparatus is difpofed as in fig. 8, of Plate III, I bring, under the extremity E of the prime ConduCtor, a little bran, held upon a tin plate, and obferve, that, when the index of .the eledrometer is at ten degrees, the prime Condudor begins to attract the bran at the diftance of about three fifths of an inch, when the index is at twenty degrees, the prime Condudor attracts the bran at the diftance of about one inch and a quarter, when the index is at thirty degrees, the bran begins to be attract at the diflance of two inches
and
)



 (
and one fifth.
Thefe difiances vary as the weather changes its degree of drynefs, but in frofty weather, I obferve them conftantly' as above,
) (
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CHAP. II.
Experiments performed with the electrical
Kite.
S
Eptember the 2d, 1775. The weather being very cloudy, and aaually rain
ing, the kite was -railed at eight o'clock P. M. with two hundred yards of 
firing, 
which had a brafs wire through its whole length. The wind was from the fouth and very ftrong. 
J
 The E1e6tricity at the firing was negative, and juft fufficient to charge a half-pint phial fo as to give a (hock fen-fible to the elbows. The kite, after being up for about one hour, fell to the ground, having its paper, which was not properly varniihed, ahnoft intirely torn off by the violence of the wind and the rain.
September the 14th. The kite was railed with a ftrong north wind at half pal. three P. M. The Electricity was pofitive, and pretty ftrong, the index of the eletro-
 
2
)

 (
meter being generally about 20
0
*: The weather was rather cold, and very thick clouds were gradually approaching the ze
nith. The kite was pulled down at half pail; four P. M.
N. B. At night the aurora borealis waa very firong, and feveral flafhes of lighten-1 ing were feen near the horizon towards the north.
September the 23d. A fmall kite was raifed at half part ten o'clock in the morning, and it was kept up for eleven hours fuc—ceffively, viz, till half pail nine P. M. The firing, which was only a common twine without a wire, was conftantly elec
trified pofitively although in a very fmall degree. About nine o'clock the Elearicity appeared ftronger, fo that a fmall phial, charged at the firing, gave a pretty fenfible Chock. The weather was very clear, and
The index of the elearometer in general raifea higher or falls lower, according as the kite comes nearer to, or goes farther from the zenith ; the length of the firing remaining the fame.
warm ;
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warm ; but in the night no aurora borealis, or any other electrical appearance was per, ceived. The wind was call by fouth, and fo • weak that the kite was kept up with great difficulty.
Oaober the i oth, 
1775. 
The weather being clear, and the wind blowing firong from the fouth weft, the kite was raifed at eleven o'clock A. M. with ninety yards of firing, which had a copper thread twilled in*. The wind, during the experiment, increafed and deCreafed feveral times, and the Eleari-city, which was pofitive, as it appeared by the index of the Ele&rometer, alfo increafed and decreafed. At noon the violence of the wind caufed the kite to fall. At half pall four o'clock, the wind being a little more moderate, the kite was raifed again. The Elc&ricity was alfo pofitive, and feemed raw ther fironger than it had been in the morn, ing. The weather at this time was cloudy ; the
,
clouds appearing much thicker near the horizon, than about the zenith. The kite
* Such ftring as this was aced in all 
the 
following ex
periments.
WAS
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arias pulled' down
,
 at half pat five o'clock; and at' half after feven was railed againi 
every 
phenomenon continuing the fame:
,
 - 
At 
eight o'clock, while I was pulling the 
kite in, 
I infulated the firing when only thirty five yards of it were out, and was fur
l.
. prifed to find that now the Elethicity. was 
as 
firong as it had been, when all the ittii;* was out, which was ninety yards long. -It tnuft however be remarked that at this time a few fialhes of lightening were feen among the clouds, which 
were 
pretty thick about the horizon: . At a quarter paft eleven o'clock, the kite was railed again, which 
-
was the fourth time of railing it that day ;. the weather then being very clsar, and the wind the fame as in the aftertwon4 The Ele&ricity was very weak, but conftant=. lyi pofitive. The kite was pulled down after having being up a few minutes. only.
O6tober the i6th. At about two P. Mi a thick fog being juft cleared up, the 
wear 
ther became clear, and the wind _began to blow from the fouth fouth weft. The kite was railed with one hundred and twenty yards of firing, and it was kept up no longer
)

 (
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IongFr , 
than a quarter of an hour.. The Elearicity was pofitive and pretty flrong; the 'index of, the elearometer being about 15
6
. At half part three o'clock the kite was railed again, the weather being very little cloudy. At half pall four o'clock the clouds became very thick, and in a 
.
short time began to rain, which increafed the Elec—tricity of the kite without changing its qua-Iity ; the index of the electrometer arriving to 20°. The kite was pulled down at five o'clock.
Oaober the i 8th. After having rained a great deal in the morning and night before, the weather became a little clear in the afternoon, the clouds appearing feparated, and pretty well defined. The wind was well, and rather firong, and the atmofphere in a temperate degree of heat. In thefe circumftances at three P. M. I raifed my ele&rical kite with three hundred and fixty feet of firing. After that the end of the firing had been infulated, and a leather ball, covered with tin-foil, had been hanged to it, I tried the power, and quality of the Elec
tricity, which appeared to be pofitive and
pretty
)

 (
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pretty firong. In a short time a (mall cloud palling over, the Eledricity increafed a little; but the cloud being gone, it decreafed again
.
 to its former degree. The firing ,of the kite was now fafiened by the filk lace to a poll in the yard of the houfe, wherein, I live, which is fituated near Iflington,, and
.
 I was repeatedly charging two coated phials, and giving (hocks with them :
7
—while I was fo doing, the Eledricity, which was fill pofitive, began to 
decreale, 
and in two or
.
 three minutes time it became fo weak, that it could be hardly perceived with a ;very' fenfible cork ball eledrometer. Obferving at 
the 
fame time that a large and black cloud was approaching 
the 
zenith (which, no. doubt, caufed the 
decreale 
of the Eledricity)
.
 indicating imminent 
rain, 
I introdUced the end of the firing 
through 
a 
window, 
in a' firft floor 
room, wherein 
I 
failened it by 
the filk lace to an old 
chair. The quadrant 
ele4rometer was fet 
upon the fame window, 
and was, by means of a 
wire, 
connected with the thing of 
the kite. Being now. 
three quarters of an 
hour after three o'clock, 
the Elearicity was abfolutely 
unperceivable ; 
however in about three minutes time it be-
 
came
)
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cattle again perceivablq, but now upon trial was found to be negative ; it is therefore plain that its flopping was nothing more than a change from pofitive to negative, which was evidently occafioned by the ap-; proach of the cloud, part of which by this tithe, had reached the zenith of the kite, and the rain alto had began to fall in large drops:—The cloud came farther on ;—thd rain increafed, and the EleCtricity keeping pace with it, the electrometer foon arrived to Is°. Seeing now, that the EleCtricityr was pretty ftrong, I began again to chargé the two coated phials, and 
.
to give fhocks with them; but the phials had not beers charged above three or four times, before I perceived that the index of the elearometer was arrived to 35°, and was keeping Rill` increafing.. The fhocks now being very fmart, I defifted from charging the phial any longer, and confidering the rapid ad-
-
vance of the Eledricity, thought to take off' the infulation of the Bring, in cafe that if it fhould increafe farther, it might be filently conducted to the earth, without caufing arty bad accident by being accumulated in ther infulated firing, To effect this, as I had
I
no
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no proper apparatus near. me, I thought to remove the filk lace, and fatten the firing itfelf to the chair ; accordingly I difengaged, the wire that connefted the elearoMeter with the firing ; laid hold of the firing ;
tied it from the filk lace, and fattened it toi the chair ; but while I effeaed this, which took up lefs than half a minute of time, I received about a dozen, or fifteen very firong (hocks, which I felt all along my• arms, in my breaft, and legs; fhaking nte in fuch a manner, that I had hardly power enough to effea' my purpofe,. and to warn the people in the room to keep their diflance. As foon as I took my hands off
. 
-the firing, the Electricity (in confeqUence of the
-
chair being a bad Conduaor) began to fnapl between the firing and the fhutter of tire• window, which was the neared body to it.
. 
The fnappings which were audible at a good. diflance out of the room, feemed, firft ifochronus with the (hocks, which I had re—ceived, but in about a minute's time, oftner, fo that the people of the houfe compared their found to the ratling noife of a jack• going•when the fly is 
off. • The 
cloud now. was jufi over the kite; it 
was 
black, and
well
)
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well 
defined, of almoft a circular form, its diameter appearing to be about 40
0
; the rain was copious but not remarkably heavy. As the cloud was, going off, the el'e&rical fnapping began to weaken, and in a fhort time, became unaudiable. I went then near the firing, and finding the Ele6tricity weak, but fill negative, I infulated it again, thinking to keep the kite up fome time longer ; but obferving that another larger, and denfer cloud was approaching apace towards the zenith, and I had then. no proper apparatus at hand, to prevent every poffible bad acci
dent, refolved to pull the kite in ; accord
ingly a gentleman, who was by me, began pulling it in, while I was winding up the firing. The cloud was now very nearly over the 
kite, 
and the gentleman, who was pulling in the firing, told me, that he had received one or two flight {hocks in his -arms, and that if he were to feel one more, he would certainly let the Bring go, 
upon 
which 
I 
laid hold of the firing and, pulled the kite in as fail as I could, without any farther obfervation ; being then ten minutes after four o'clock.
N. B.
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N. B. There was neither thunder
-
 or lightening perceived that day, nor indeed for fome days before 9r afterwards.
November the 8th, 1775. The Wind being north weft, and juft fufficient, the kite was railed at three quarters pail eleven A. M. with one hundred and twenty yards of firing. The Ele&ricity was pofitive and weak ; the weather being cloudy. At noon the clouds grew thicker, and the Ele&ricity quite vanithed; however in a few feconds it returned, and from this time it evidently kept increafing and decreafing, according as the clouds became thinner or thicker. At forty minutes after one o'clock the Ele&ricity vanithed again ; a thick cloud then covering almoft the whole hemifphere; but as a little rain began to fall, the Eleftricity re
turned, and it was hill pofitive. At three quarters pail three o'clock the clouds began to grow thin, and the Elearicity increafed a little ; but at this time I was obliged to pull the kite in. The index of the ele&rometer in this experiment feldom arrived to 6
°
. •
A a
No-
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November the i6th. The weather being very clear and fray, the kite was railed at a quarter part ten A. M. with one hun
dred and twenty yards of Bring. The Elec
tricity was pofitive and pretty ftrong, the index of the electrometer going from 9° to 15°, raifing as the wind blew ftronger, and the kite was more elevated, and 
vile verfa. 
At a quarter pall three o'clock the wind, which was north north weft, intirely failing, the kite fell.
November the i 7th. The weather being exceedingly damp, and the fog fo denfe, that the houfes at about a quarter of a mile diftance could not be diftinguifhed, the kite was railed at two P. M. with one hundred and ten yards of ftring, while it was rain
ing, but very little. The Eledricity was pofitive, and fo weak that the cork balls of an electrometer diverged about three quarters of an inch. The wind being very violent I was obliged to pull the kite in, after having been up for about five minutes.
De-
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December the sth. 1775. The weather being equally cloudy, and the wind weft by north, and hardly fufficient, the kite was railed at a quarter paft three P. M. with one hundred and twenty yards of ftring. The Electricity was pofitive and fo weak, as to caufe the cork balls of an cle&rometer to diverge about an inch. At a little after four o'clock the kite was pulled in; and at eight o'cloCk in the evening it was railed again. At this time the Ele&ricity was much ftronger than in the after-. noon, but conftantly pofitive. The weather clearing up, the clouds were driven away by the wind, which was now a little 'fironger than in the afternoon. At forty minutes after eight o'clock the fiy was clear, the moon and ftars appearing very bright; except that a few thin clouds were yet to be feen near the horizon. The index of the eledrometer was now
going from i se to zog.
At ten mi-
 
nutes after nine o'clock the kite was drawn in.
Aa z
N. 
B.
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N. B. No aurora borealis was to'be Peen.
) (
December the loth. The weather being cloudy and hazy, the kite was raifed at three quarters after ten o'clock A. M. with one hundred and forty yards of Bring. The EleCtricity was pofitive and pret—ty ftrong, the index of the dearometer 
going from 16
°
 to 21
°
. At half paft one, P. M. the weather growing a little clearer, I pulled the kite down, and after having interpofed a filk ribband between its loop and the extremity of the firing, fo as to infulate the kite, I railed it again with the fame length of firing, and after I had infulated the lower extremity of the Bring, I obferved that the intenfity of the Eleetricity, as it appeared by the index of the elearometer, was, as nearly as could be determined, the fame as before, i. 
e. 
when the kite was not infulated with refpe& to the ftring.
At two o'clock P. M. I pulled the kite down, and found upon obfervation, that the filk ribband had contracted no moifture, fo
4
• that
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that the kite was perfeCtly infulated by it: This experiment of infulating the kite have often repeated at other times, and have always met with the fame fuccefs ; hence it appears, that it is the firing and not the kite, which in general collects the Electricity from the air. The kite therefore in ge
neral is only ufeful to extend the firing high into the open air.
January Me 4th, 1776. The frofi hav
ing been very hard during the day and night before ; the wind began to blow very strong from the fouth at two o'clock A. M. which occafioned a .fudden thaw and a co
pious rain. At eight o'clock A. M. in which time the kite was raifed, the hemifphere appeared like a uniform dark canopy, under which feveral fmall, irregular, and darker clouds were running very fait; the rain was conitant, but not remarkably heavy. M foon as the firing of the kite was in-fulated, the Electricity, which was negative, began to fnap from it, to the fhutter of the window and other bodies near ; the index of the eleCtrometer arrived to 40°. and it would have certainly gone farther, if the ap-
 
A a 3
paratus
)



 (
paratus had been drier ; but the air was fo damp, that it was almoft impoffible to keep any part of the apparatus fufliciently free from moifture. The Elearicity however, gradually decreafed, fo that at ten o'clock A. M. at which time the kite was pulled in, the index of the elearometer was at a lit
tle above 12°. The coated phials in this experiment were charged furprifingly quick; three
-
 or four feconds of time being fuffi-cient to charge two half-pint phials com
pletely.
January the i ith. The ground was covered with ice and fnow, and the atmofphere was fo hazy, that the houfes at a mile diftance could not be perceived. The wind was fouth call by fouth, and juft' fufficient to raife the kite, which was raifed at three o'clock P. M. with one hundred and twenty-four yards of firing, and kept up till half an hour after midnight. When the kite was firft raifed it began to thaw, but as loon as it was dark it began to freeze again very hard. The Ele&ricity was pofitive, and pretty ftrong, the index of the electrometer being about 13°. At half part four o'clock
4
I let
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I 
let out thirty-four yards more of ftring, fo that all the ftring the kite now had, was one hundred and' fifty-eight yards. With this addition of ftring the Ele&ricity increafed, fo that the index of the ele&ro-meter arrived to 17°. At half after five o'clock the wind began to increafe, and the Elearicity to decreafe, until the index of the ele&rometer arrived to 6°. At three quarters pall fix o'clock the index of the eledrometer was about I3°, and at feven o'clock it arrived to 2o° ; the wind being now quite eaft. At one quarter part feven o'clock the index of the ele&rometer was about 25°. From this time the wind and the Ele&ricity began both to decreafe, fo that at nine o'clock the index of the elearometer was about I o°. At eleven o'clock the wind in-creafed. At twelve o'clock the wind was very firong, and the index of the elec
trometer was about 6°. At half pail twelve o'clock the index of the ele&rometer was between 3°, and 4° ; but the wind being grown very violent, the firing broke very near the window, and was loft with the kite.
A a4
N.B.
)

 (
N. B. 
A few minutes after the kite was loft, it began to fnow copiouily.
January the z6th. The froft being very intenfe as it had been for about three weeks, and actually fnowing, I railed the kite with feventy yards of ftring; but before the firing was infulated it ceafed to fnow and the weather began to clear up, and loon became very ferene. The Elearicity was pofitive, and very ftrong, the index of the elearometer being about 32°. At eleven o'clock the firing broke, and the kite fell, after having been up for above three quarters of an hour.
February the 17th, 1776. The weather being cloudy, rainy, and fo hazy, that the houfes at half a mile diflance could not be difcerned, the kite was railed at three quar
ters part eleven o'clock A. 
M. 
with one hundred and feventy-five yards of firing, The wind was pretty ftrong ; the Eledricity was negative, and alfo ftrong, the index of the electrometer being about zo°. In about five minutes time the.rain ceafed, the wind
weakened,
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weakened, and fhifted a little towards the fouth, and the Elearicity changed from ne
gative to pofitive. The index of the elec
trometer was now about 15°. In two or three minutes time it began to rain again, and continued fo for the greateft part of that day ; the wind became very weak, and the Elethicity changed again from pofitive to negative, and continued fo till half an hour after noon, at which •time the wind be
came fo weak, that I was obliged to pull the kite in.
February the r 9th. The fIcy being full of pretty well defined clouds, and the wind weft north weft, the kite was railed at half paft three o'clock P. M. _ with one hundred and feventy-five yards of ftring. The Elec
tricity was pofitive and ftrong, the index of the elearometer going from 1O° to 20°. At three quarters paft three o'clock a dente cloud paffed over the kite, which occafioned the index of the electrometer to defcend to 4°. As the cloud went away, the elec
trometer elevated its index. At four o'clock the kite was pulled down,
April
)

 (
April the 8th, 1776. The weather was clear and the northern light very ftrong. The kite was raifed for a few minutes at nine o'clock P. M. with one hundred and feventy-five yards of Bring ; the wind being north north weft and pretty ftrong. The Elec
tricity was pofitive, and, as I could judge, the index of the elearometer would have arrived to 15°.
May the i sth, 1776. The weather being cloudy, and the wind north; the kite was raifed at three o'clock P. M. with one hundred and feventy yards of firing. The Eledri-city was at firft exceedingly weak, and, as I imagine, (for I had not time to examine it) pofitive. But a denfe cloud paffing over the kite, the Elethicity vani(hed, and as a few drops of rain fell, a very weak nega—tive Elethicity appeared, which foon in-creafed, fo as to caufe the index of the elearometer to arrive to Is°. The rain_ however, in a few minutes, ceafed, and the Ele&ricity gradually decreafed and va-nifhed. A very weak pofitive Elearicity
mediately took place ; but as another denfer cloud
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cloud paffed over, and a few very fmall drops of rain fell, the pofitive Elearicity vanifhed, and the negative took place. The cloud and rain foon went off, and the Ele&ricity became again pofitive, and continued fo till the kite was pulled down. According as the clouds, which paffed -continually over the kite, were
thinner or thicker, fo the Elearicity was more or lefs intenfe, fometimes caufing the index of the ele&rometer to arrive to 5
°
, and at other times being fcarce per-ceiveable with the cork ball ele&rome-ter. At five o'clock the kite was pulled in; the weather being then pretty clear, and the index of the eledrometer at 3°. The wind, during this experiment, was itronger or weaker according as the clouds which paffed over were thicker or thinner. At half paft feven o'clock in the evening of the fame clay, the kite was raifed again, with the fame length of ftring, the wind being then rather strong, and the weather pretty clear. • The Elearicity was pofitive, and the index of the ele&rometer flood at le; but as fome clouds came from the north, the Elearicity began to decreafe, and by eight o'clock, it juft feparated the balls of an
eledro-
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elearometer, the hemifphere being then
intirely covered by clouds.
At half part eihh: o'clo^ k the kite was pulled down, the clouds over the kite being then very thin, and the index of the eledroineter at 5
°
.
June the 4th, 1776. The weather being cloudy and the wind on the fouth fouth weft, the kite was railed at one o'clock P. M. with one hundred and feventy yards of firing. The Elearicity was pofitive, and the index went from i
°
 to 7
°
. At three quarters pad one o'clock the clouds began to be diiiipated, and the Elearicity increafed a little. At two o'clock the kite was pulled in.
June the i7th. The weather being cloudy, and the wind fouth well, the kite was railed 
at five 
o'clock P. M. with one hundred and feventy yards of firing. The Elearicity was- pofitive, 'and the index of the ele&rometer went from to
°
 to 16°. In this experiment the clouds, whether thicker or thinner, feemed, to have no &Fed upon the Elearicity of the kite. At a quarter pail fix o'clock the 
kite was pulled in.
June
.
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June the loth. The weather being cloudy and the wind eaft, and juft fufficient, the kite was raifed at three quarters part three P. M. with one hundred and feventy yards of ftring. The Elearicity was pofitive, and the index of the elearometer (food about 8°. At five o'clock the weather began to clear up, and the Ele&ricity to increafe, fo thtt in half an hour's time the index of the elearorneter arrived to 17° ; and at fix o'clock it flood at 25°. But the wind fuddenly failing about this time, the kite fell.
January the 8th, 1777. The weather being frofty and 
clear, and the wind 
north, and pretty firong, the kite was 
raifed 
at four o'clock P. M. with one hundred and feventy yards of firing. The Elearicity 
was 
pofitive and ftrong, the index of the elearometer being at 36°. The fpark taken from the fmall prime Conduaor, was remarkably pungent in this experiment; although it was hardly a quarter of an inch long. At a quarter paft five o'clock the kite was pulled in.
General
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General Laws, deduced, from the Experiments 
performed with the elarical Kites.
The air appears to be elethified at all times; its Electricity is conftantly pofitive, and much ftronger in frofty, than in warm weather *; but it is by no means lets in the night, than in the day-time t.
The prefence of the clouds generally leffens the Ele&ricity of the kite ; fometimes it has no effe& upon it; and it is very feldom that it increafes it a little.
* My obfervations upon the Elearicity of the atmof-phere, have been made in almott every degree of tempe
rature, from x5
4
) to So° of. 
FARENHEIT'S 
Thermo
meter.
_ t In all my experiments it happened only once, that the firing of the kite gave no figns of Elearicity ; it was one afternoon, when the weather was warm, and the wind fo weak that the kite was railed with difficulty, and could hardly be kept up for a few minutes ; in the 
evening however, 
the wind, which in the day-time had been north weft, thifted to the north call, blowing a little ftronger, I then railed the kite again, being half patt ten o'clock, and obtained, 
as ufual, a pretty thong pofitive 
EleEttt-
city.
) (
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)
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When it rains, the Electricity of the kite is generally negative, and very feldom pofitive.
The aurora borealis feems not to affect the Elearicity of the kite.
Ae electrical fpark taken from the firing of the kite, or from any infulated Conductor connected with it, efpecially when it does not rain, is very feldom longer than a quarter of an inch, but it is exceedingly pungent. When the index of the eledrometer is Snot higher than 2,0
°
, the perfon that takes the fpark, will feel the effect of it in his legs ; it appearing more like the difcharge of an electric jar, than the fpark taken from the prime Conductor of an ele&rical machine.
The Elearicity of the kite is.in gene-, ral itronger or weaker, according as the firing is longer or shorter, but it does not keep, any exact proportion to it; the Elearicity, for inftance, brought down by a firing of a hundred yards, may raife the index of the eledrometer to 20
°
, when with
double
)
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double that length of firing; the index of the vlearometer will not go higher than 25
°
.
VII. When the weather is damp, and the Elearicity is pretty firong, the index of the -ele&rometer, after taking a fpark from the firing, or prefenting the knob of a coated phial to it, rifes furprifingly quick to 
is 
ufual place; but in-dry and warm weather, it rifes exceedingly floW.
Thefe few laws are in fhort the deduction of all my experiments performed with the kites, during the courfe of about two years. How far they may be of ufe, or may coincide with the obfervations of other 
'
experimenta-tors, I will not pretend to fay. My expe
riments have been performed at Iflington, and perhaps the refult of fimilar ones may be different at other places, efpecially under different climates; I with, therefore, that they may lie accurately repeated in other places, and their refult may be compared together, in order to determine, if poffible, fomethinz fatisfaaory, 
-
relative to the caufe
of
)
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of that perpetual Elearicity, which exifts in the atmofphere, and which, very probably, occafions the Eledricity of 
the clouds.
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CHAP. III.
Experiments performed with the Atmolpherical Eledrometer, and the EleHrometer for the Rain.
F
IG. 1, of Plate III, reprefents 
a 
very Pimple inftrument, which 
I 
have con
trived for the purpofe of making obferva-tions on the Elethicity of the atmofphere, and which on feveral accounts feems to be the molt ufeful for that purpofe. A B is a common jointed fifhing-rod without the laft, or fmalleft joint. From the ex
tremity of this rod proceeds a (lender glafs tube C, covered with fealing-wax, and having a cork D, at its end, from which 
a 
pith ball elethometer is fufpended. H G 
I 
is a piece of twine fattened to the other extremity of the rod, and fupported at G by a fmall firing F G. At the end 
I 
of the twine, 
a 
pin is faftened, which, when pufhed into the cork 
D, 
renders the electrometer E u ninfu I 
ated.
When
)

 (
When I would obferve the Elearicity of the atmofphere with this initrument, I thruft the pin I, into the cork D, and holdingthe' rod by its lower end A, project it out from. a window in the upper part of the houfe, into the, air, raifing the end of the rod with the electrometer, fo as to make an angle of about so° or 60
0
 with the ho
rizon. In this fituation I keep the inftru-ment for a few feconds, and then pulling the twine at H, I difengage the pin from the cork D, which operation caufes the firing to drop in the dotted fituation K L, and leaves the ele&rometer infulated, and elec
trified, with an Ele&ricity contrary to that of the atmofphere.—This done I draw the inftrument into the room, and examine the quality of the Elearicity,'without obitruaion either from wind, or darknefs,
With this infirument I have made ob-fervations on the Elearicity of the atmof-phere, feveral times in a day for feveral months, arid from them I have deduced the following general. ‘obfervations, which
B b 
2
feena
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feem to coincide with thofe made with the elearical kites.
That there is in the atmofphere at all times a quantity of Elearicity ; for, when
ever I ufe the above-deftribed hill-rut
-
neat, it always acquires Come Elearicity.
That the Electricity of the atmofphere, or fogs, is always of the fame kind; namely, pofitive ; for the electrometer is always ne—gative, except when it is evidently influenced by heavy clouds near the zenith; as it appears by the obfervations made the 19th of October in the following fpecimen of the journal.
That in general the firongeft Eleari-. city is obfervable in thick fogs, and alto in fray weather ; and the weaken, when it is cloudy, warm, and very near 
-
raining : but it does not feem to be lefs by night, than in the day.
That in a more elevated place the Electricity is fironger than in a lower one; for having tried the atmofphericalielearome-ter
)

 (
ter both in the (lone, and iron gallery on the cupula of St. Paul's Cathedral, I found that the balls diverged much more in the latter, than in the former lefs elevated place ; hence it appears, that, if this rule takes place at any diftance from the earth, the Elearicity hi the upper regions of the atmofphere muff be exceedingly firong.
) (
Bb3
) (
-
)
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The following is the moft remarkable part of the journal of the obfervations made with the above-defcribed ittmolpherical eledrometer, in which I have noted the Elearieity of the elearometer, i. 
e. 
the contrary of that in 
) (
the atmofphere.
) (
B. The ftroke
 fignifies 
as above.
) (
Opening of the eleCtrometer in
in
) (
Qt_iality of the Electricity.
) (
4
) (
Very little
)[image: ] (
Very little T
I
V
) (
'Negative -
---Politive
Negative
) (
 
Time of obfervation.
Clouds.
Fog.
Wind.
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 paft to o'clock
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Cloudy
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Heavy clouds
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Lefs clouds
Little
 
0
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November the 6th, II o'clock, P. 
M.
Few at a diftance
Exceedingly thick
0
 
November the8th, it at noon
x
x
0
Hardly any 
Very little
 
Cloudy
Pretty thong
0
0
(24,
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o'clock, A. M.
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x2
Little at a diflance 0
0
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to 
o'clock, A. M.
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Very little
. Cloudy
Little
 
February the 6th, 1777, t o'clock, P. M.
 
0
 
 
 
 
February the 7th, 12 at noon
Little
0
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any
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Very little
 
February the 27th, 
12 
o'clock, P. M.
Few 
on the north
0
0
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The eleftrometer for the rain, in princi
ple, is nothing more than an infulated in-ftrument to catch the rain, and by a pith ball eledrometer to thew the quantity and quality of its Ele&ricity.
Fig. 
2, 
of Plate 
III, 
reprefents an inftru-ment of this kind, which I have frequently ufed, and after feveral obfervations, have found to anfwer very well. ABC I is a ftrong glafs tube about two feet and a half long, having a tin funnel 
D 
E cemented 
to 
its extremity, which funnel defends part of the tube from the rain. The outfide fur-face of the tube from A to B is covered with fealing-wax ; fo alfo is the part of it which is covered by the funnel. F 
D 
is a piece of- cane, round which feveral brafs wires are twitted in different directions, fo 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, and a (lender wire proceeding from it, goes through the bore of the tube, and commu
nicates with the ftrong wire A G, which is, thruft into 
a 
piece of cork fattened to the
Bb 
4
cud
)

 (
376 A COMPLETE TREATISE
end A of the tube. The end G of the.wire A G, is formed in a ring, from which I fufpend a more or• lefs fenfible pith ball elec
trometer, as occafion requires.
This inftrument is faftened to the fide of the window frame, where it is fupported by ftrong brafs hooks at C B, which part of the tube is covered with a filk lace, in order to adapt it better to the hooks. The part F C is out of the window, with the end F a little elevated above the horizon. The re
maining part of. the inftrument comes through a hole in one of the lights of the fafh, within the room, and no more of it touches the fide of the window, than the part C B.
When it rains, efpecially in palling show—ers, this inftrument, handing in the fituation above defcribed,, is frequently elethified, and by the diverging of the eledrometer, the quantity and quality of the Elearicity of the rain may be obferved, without any danger of a miftake. With this inftrument I have obferved that the rain is generally, though
, 
not always, eledrified negatively, and fometimes fo firongly, that I have been able
)
 (
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able to charge a fmall coated phial at the wire A G.
This inftrument should be fixed in fuck a manner, that it may be eafily taken off from the window,, and replaced again, as occafion requires ; for it will be necefrary to dein it very often, particularly when a fhower of rain is approaching.
I shall conclude this chapter with the de—ccription of a pocket ele&rometer fig. 5 and 6, of Plate III, that I have lately con. ftruCted, and which on feveral accounts feems preferable to thofe of the molt fenfible fort now in ufe. The cafe, or handle, of this electrometer is formed by a glafs tube about three inches long, and three tenths. of an inch in diameter, half of which is covered with fealing-wax. From one extremity of this tube, i. 
e. 
that, without fealing-wax, a fmall loop of filk proceeds, which ferves occafionaHy to hang the electrometer on a pin, &c. To the other extremity of the tube, a cork is adapted, which, being cut tapering on both ends, can fit the mouth of
the tube with either end.
From one
extremity
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extremity of this cork, two linen threads proceed, a little Ihorter than the length of the tube, fufpending each a little 
cone 
of pith of elder. When this elearometer is to be ufed, that end of the cork, which is oppo-fite to the threads, is pufhed into the mouth of the tube ; then the tube forms the in-fulated handle of the pith elearometer as reprefented fig. 6, Plate III. But when the elearometer is to be carried In the' pocket, then the threads are put into the tube, and the cork flops it, as reprefent-ed fig. 5. The peculiar advantages of this elearometer, are, its convenient fmall faze, its great fenfibility, and its continuing longer in good order than any other I have yet feen.
Fig. 4, of Plate III, reprefents a cafe to carry the above-defcribed elearometer. in. This cafe is like a common tooth-pick cafe, except that it has a piece of amber fixed on one extremity A, which may occafionally ferve to elearify the elearometer negatively, and on the other extremity it has a piece of ivory fattened upon a piece of amber B C. This amber B C ferves only to infulge the
ivory,
)
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ivory, 
which, when infulated, and rubbed, againft woollen cloths, acquires a pofitive Elearicity, and it is therefore ufeful to 
elec
trify the elearometer pofitively.
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C H A P. IV.
Experiments made with the Elearophorus, com—monly called a Machine fir exhibiting per—
 
petual Eledricity.
,
I
N fig. 9, of Plate III, there are reprefent-ed Tome Plates, commonly called, the Machine for exhibiting perpetual Electricity, or the 
Elearophorus. 
This machine confifts of two plates, one of which B, is a circular glafs plate covered on one fide with come fulphureous or refinous electric, molt com
monly with a compofition made of equal parts of rofin, (hell-lac, and fulphur ; the other plate A, is a brafs plate, or a board covered with tin-foil, which is nearly of the fame dimenfions as the electric plate, and it is furnifhed with a glafs handle I, which, by means of, a brafs or wooden focket, is fcrewed into its center. This machine is the in
vention of an Italian philofopher. ( Mr. 
VOLTA 
of Como), and its ufe is the fol.
Firft,
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fir,ft, the plate B is excited, by rubbing its coated fide with a piece. of 
new 
white flannel, and when excited as much as poffible, is fet upon the table with the coated fide up. permoR ; fecondly, the metal plate is laid upon the excited elearic, as reprefented in the figure ; thirdly, the metal plate is touched with the finger or any other Condu&or, which, on touching the plate, receives a fpark from it. Lally, the metal plate A, being held by the extremity of its glafs handle I, is feparated from the elearic plate, and, after it is elevated above that plate, it will be found ftrongly clearified with an Elearicity con
trary to that of the elearic plate, in which cafe it will give a very fIrong fpark to any con-
 
duaor brought near it.
By fetting the 
metal upon the elearic plate, touching it with the finger, and feparating it fucceffively, a great number of fparks may be obtained apparently of the fame Rrength, and that without exciting again the eleetric plate. If thefe fparks are repeatedly given to the knob of a coated phial, this will pre-featly become charged.
The
)
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The aftion of thefe plates depends upon a principle long ago difcovered, viz. the power that an excited electric has to induce a con
trary Elearicity in a body brought within its fphere of action ; the Metal plate therefore, when fet upon the excited electric, acquires a contrary Electricity by giving its ele&ric fluid to the hand, or other Conduaor that touches it, when fet upon a plate pofitively electrified, or acquiring an additional quantity of fluid from the hand, &c. when fet upon a plate electrified negatively.
As to the continuance of the virtue of this electric plate, when once excited without repeating the excitation, I think, there is not the leaft foundation for believing it perpetual, as fome gentlemen have fuppofed ; it being nothing more than an excited electric, it muff gradually lofe its. power by imparting con
tinually fome of its Electricity to the air, or
other fubilances contiguous to it.
Indeed 
its Electricity, although it ,could never be proved to be perpetual, by experiments,' lafts a very long time, it having been obferved to be pretty ftrong feveral days, and even weeks
•
4
after
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after excitation. The great duration of the Eledricity of this plate, I think, depends 
upon two 
caufes : firft, becaufe it does not lofe any Elearicity by the operation of put
ting the metal plate, upon it, &c. and fecond-ly, becaufe of its flat 
figure, 
which expofes it to a Iefs quantity of air in companion with a flick of fealing-wax, or the like, which being cylindrical, expofes its furface to a greater quantity of air, which is continually robbing the excited elearics of their virtue.
The firft experiments that I made, relative to this machine, were with a view to difcover which fubftance would anfwer belt for coating the glafs plate, in order to produce the greateft effe&. I tried feveral fubftances either Pimple or mixed, and at laft I obferved, that the ftrongeft in power, as well as the eafieft, I could conftrua, were thole made with the fecond fort of fealing-wax
fpread
* It is remarkable that fometimes they will not 
ael 
well at firil, but they may be rendered very good by fcraping with the edge of a knife the Mining, or glofry furface of the wax. This feems analogous to the well-known pro-. perty of glafs, which is, that new cylinders or globes,;"
made
)
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fpread upon a thick plate of glafs t
A plate that I made after this- manner, and no more thin fix inches in diameter, when once excited, could charge a coated phial feveral times fucceffively, fo ftrong as to pierce a hole through a card with the difcharge. Some
times the metal plate, when feparated from it, was fo itiongly elearified, that it darted firong flafhes to the table, upon which the ele&ric plate was laid, and even into the air, befides caufing the fenfation of the fpider's web upon the face brought near it, like an ele&ric ilrongly excited. The power of fome of my plates is fo ftrong that fometimes the elearic plate adheres to the metal, when this is lifted up, nor will they feparate even if the metal plate is touched with the finger, or other Conductor.
made for ele&rical purpofes, are often very bad elearics at' firit, but that they improve by being worked, 
1. e. 
by hay—ing their furface a little worn. Paper alfo has this pro—perty.
* I have lately teen fome of thole plates conftruaed by Mr. G. ADAMS, which a6led exceedingly well; and they were made with a compofition of two parts of then.. lac, and one part of Venice turpentine, without any glafs plate.
If;
)

 (
OF EL
.
ECTRIC.ITY. 385
If, after having excited the fealing-wax, I lay the plate with the wax upon the table,
il
and the glafs upperma, 
e. 
contrary to the common method, then, on making the ufual experiment of putting the metal plate on it, and taking the fpark; &c. I obferve ;t to be attended with the contrary, Ele&ricity, that is, if I lay the metal plate upon the ele&ric one, and while in that fituation, touch it with an infulated body, that body acquires the pofitive Elearicity, and the metallic, removed 
frorp the ete&ric 
plate, appears to be, negative; whereas it would become pofitive, if laid upon the excited wax. This experiment, I find, anfwers in the fame manner, if an elearic plate is ufed, which has the fealing-wax coating on both fides, or one 
o£ 
Mr. 
ADAMS'S, 
which has no glafs plate.
If the brafs plate after being feparated from, be prefented with the edge toward the wax, lightly touching it, and thus be drawn over its furface, I find that the Electricity of the metal is abforbed by the fealing-wax, and thus the elearic plate lofes part of its power; and if this operation is repeated five
Cc
or
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cr fix times, the elearic plate lofes its power intirely, fo that a new excitation is neceffary in order to revive it.
If, inflead of laying the elearic plate upon the table, it is placed upon an elearic hand, fo as to be accurately infulated, then the metal
.
 plate fet on it, acquires fo little
Elearicity, that it can only be difcovered with an elearometer ; which Chows, that the Elearicity of this plate will not be confpicu-ous on one fide of it, if the oppofite fide is not at liberty either to part with, or acquire more of the elearic fluid. In confequence of this experiment, and in order to afcertain how the oppofite fides of the elearic plate would be affeaed in different circumftances, I made the following experiments.
Upon an elearic fland E fig. 9, Plate 
III, I 
placed a circular tin plate, nearly fix inches in diameter, which by a (lender wire H com
municated with an electrometer of pith balls G, which was alfo infulated upon the elearic Rand F. I then placed the excited elearic plate 
D 
of fix inches and a quarter in diame
ter, upon the tin plate, with the wax upper-
 
moft,
)
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moil, and on removing my hand from it, the ele&rometer G, which communicated with the tin plate, i. 
e. 
With the under fide of the elearic plate, immediately opened with negative Electricity. If, by touching the electrometer, I took that Electricity off, the electrometer did not afterwards diverge. Bdt if now or when the electrometer diverged; I prefehted my hand open, or any other uniti-fulated Condudor at the diflance of about one or two inches, over the eleCtric plate, withOut touching iti then the pith balls diverged, or if they diverged before, came together, and immediately diverged again with pofitive
Electricity
removed 
the 
hand, and the 
balls came together ;=approached the hand
i
 and they diverged ; and fo on.
If while the pith balls diverged with nez
,
 gative Electricity, I laid the metal plate, hold= ing it by the extremity 
K. 
of its Oafs handle, upon the wax, the balls came; for a little time, towards one another, but foon opened again with the fame, is 
e: 
negative EleCtri-; city:
C d 2
if
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If whilft the metallic relied upon the elec
tric plate, I touched the former, the elec
trometer immediately diverged with pofitive Elearicity, which if, by touching the eleazo-meter, I took off, the elearometer continued without divergence.—I touched the metal plate again, and the elearometer opened again; and fo on for a confiderable ,number of times ; until the metal plate had acquired its full charge. On taking now the metal plate up, the elearometer G infiantly diverged with firong negative Elearicity.
I repeated the above-defcribed experiments with this only difference in the difpofition of the apparatus, i. 
e. I 
laid the elearic plate D with the excited fealing-wax upon the circular tin plate, and the glafs upper-moft ; and the difference in their refult was, that where 
the 
Elearicity had been pofitive in the former difpofition of the apparatus,
-
 it now became negative, and 
vice verfil; 
except that, when I firft laid the elearic plate upon the tin, the elearometer G diverged with negative Elearicity as well in this, as in the other difpofition of the apparatus.
I re-
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I repeated all the above experiments with an eleetric plate, which befides the fealing-wax coating on one fide, had a ftrong coat of varnifh on the other fide, and their refult was fimilar to that of thofe made with the above-defcribed plate.
As to the explanation of there experi-
,
 ments, they feem to depend upon thefe two well known principles, 
viz. 
that a body brought within the fphere of action of an eleCtrified body, does aCtually acquire the contrary EleCtricity; and that the exift-ence of one kind of Eleetricity upon the furface of 'a fubftance whatever, caufes the exiftence of the contrary Eletricity upon
, 
fome other fubflance near it.
Cc 3
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Experiments on Colours.
AVIN G accidentally obferved than an eleetric chock fent over the fbrface of a card, marked a black ftroke upon a red fpot of the card, I was from this in
duced to 
-
try what would be the effe& of fending chocks over cards painted with dif
ferent water colours accordingly, I painted feveral. cards with almoft every colour I had, and fent chocks * over them, when they were very dry; making ufe of the uni-verfal difcharger fig. 5, Plate I. The effects were as follow.,
Vermillion was marked with a ftrong black track, about one tenth of an inch
wide.
This ftroke is generally fingle as reprefenteci by A B fig. 7, of Plate III; fometimes it is divided in two towards the
4
i The force generally employed was the full chi* of, onef oot and a half of coated glafs
.
)





 (
OF ELEC
.
TRICITY.
39i
middle, like E F; and fometimes, particu
larly when the wires are fet very diftant from one another, the Broke is not con
tinued, but interrupted in the middle, like 
G H. 
It often, although not always, hap—pens, that the irnprellion is marked ftrong-er at the extremity of that wire, from which the elearic' fluid iffues, as it ap. pears at E, fuppofing that the wire C communicates with the pofitive fide of the jar; whereas the extremity of the ilroke
l
, contiguous to the point of the wire D, is neither fo firongly marked, nor furrounds the wire fo much as the other 'extremi, ty E.
Carmine received a faint and flender preffion of a purple colour,
Verdigrife was (hook 'off from the fur-face of the card, except when it had been mixed with firong gum-water, in whicli'cafe it.received a very faint impreffion.
White lead was: marked' with a ftrong black track, not fd broad as that on vermil-
 
,
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Red lead was marked
,
faint mark
much like earminqy
.
,-;
The other--irviciles,s
,
 d tricd,,:::were orpi-
 
ment, gamboilge., fa
rtes
:ultra-
 
marine, _ Ernflititr, Ebel:
-
 :and ajew , others, which, were c.onlpounds , of .the above ; 
-
but they received. no ipprleffion. . -1-
 
.7
.
.
It having been infinuated,Ithat the flrong black mark, which vermillion receives from the elearic fhock,. might poflibly be owing to the great quantity of fulphur contained in that mineral, I was induced to imaktr the following experiment. I mixed tbgepr', ther equal quantities of orpiment, , lag4
,
 flower of fulphur, and with this inixtm,-_, by the help, as ufual, of very diluted gum-?, water, I painted a card; but the elearic 'hock feat over sit, left not the. leaf} int-preflion.
Defirous of carrying this itiveffigation,ou colours a little further, witil a. parti9ar. view to determine fomething relative to the;
proper
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properties of lamp-black and oil *, I pro-. cured fome pieces of paper painted on both fides with oil colours, and fending the charge of two feet of coated glafs over each of them, by making the intemption of the circuit upon their furfaces; I oblerved that the pieces of paper painted- with lamp-black, Pruffian blue, vermillion, and purpltbrown, were torn by the explotion, but white lead, Naples yellow, Englifh ochre, and vcrdi-grife remained unhurt.
The fame chock fent over a piece of pa—per painted very thickly with lamp-black and oil left not the !call impreffion. I fent the !hock alfo over a piece of paper un—equally painted with' purple brown, and the paper was torn where the paint laid very thin
s
 but remained unhurt where the pa
.
int
* It has Aen been obferied, that when the lightening has firuck the malls of (hips, it has palled over fuch parts of the malls, which were covered with lamp-black and tar, or painted with 1.
,
mp-black and oil, without the lead injury, at the fame time that it has fhivered the un
coated parts, in filch a manner as to render the malts ufe-lefs. For 
a 
particular account 
s
of fuch fads, fee the Phil. Trani
-
. Vol. XLVIII and 
LXYII.
was
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was evidently thicker. Thefe experiments 
. I repeated feveral times and with fome 
little variation, whieltnatuially produced dif-
 
ferent effeCts'; c however, they 'all feem to 
point out the'ftilloviingi3rcipofition.
I. A coat of OA 
rjairit, 
over any fubitance, defends it from the effects of fuch an electric (hock, 'as would Ofherwife injure it ; but by no Tn6ans defends it from any electric (hock whatever. II. No one' colour feems prefer
able to the others, if they are equal in fub-fiance, and equally well mixed with oil ; but a thick coating does certainly afford a better defence, 'than a thinner one.
By rubbing the above-mentioned pieces of paper, I find that the paper painted with 
lamp-black and cif 
is more eafily excited, and acquires a itronger EleCtricity, than the papers painted with the other colOurs ; and, perhaps on this account it may be, thatlamp-black and oil might refill the fhock fome, what better than the other .paints,
It is remarkable, that vermillion receives the black impreffion, when painted with lin-
 
feed
)
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feed oil, nearlY
,
as'Well as
-
-`when Paintectwith water. The Paper,' painted with white lead and oil, receives' alfo a black mark ; but' its
nature is very
- The track, when 
firft made, is almoft as
, 
dark at that mark
ed on white lead; painted with water, but it gradually loferits blacknefs,'and in about one hour's time (or kinger,lf the paint is not freth),. it appears without any'darknefs, and' when the paintettpaper is laid in a' proper
light, appears only marked
colourlefs 
track, as if matte 
,
by- a fingei-nail. I fait 
,the Thock alfo over a piece of board, which had- been painted with white lead and oil about four years before; and' the explofion marked the black track upon this alfo ; this track'however was not fo ftrong, nor vanifh-ed
,
ifo :food:as that marked' upon the painted"; paper,
-
 but in about two days time it alit) Va.! niched
) (
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CHAP. VI
.
Promifiwous Exterinzents.
O
Bferving that a . firong fpark may be obtained from the metal plate belong
ing to Mr. VOLTA'S machine, defcribed 
in 
the fourth chapter of this Part, when not the leaft fpark can be obtained 
from the 
ele&ric plate itfelf, I was naturally induced to make ufe of the above-mentioned metallic plate, to difcover the Ele&ricity of very weak elearics; which otherwife would be either
inobfervable, or fo fmall as not to permit its
. •
quality to be afcertamed. Accordingly I con-
 
ftru&ed feveral fuch plates of different fizes, beginning from that of a common metal button fattened upon a flick of fealing-wax, and by ufing them, I obtain a very fenfible Elearicity from the hairs of my legs, when ftroked, and of my head, or any part, that - I have tried of my body, or the head of airnoft 
any 
other perfon.
)
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In this manner I obtain fo ftrong fparks from the back of a cat, a hare's non, a rabbit's fkin, a piece of flannel, or of paper, that I can prefently charge a coated phial with either of thofe, and fo strongly, as to pierce a hole through a card with its flifcharge.
I have often obferved that, when ftroking a cat with one hand, and holding it with the other, I feel frequent fmart pricklings on different parts of that hand, which holds the animal. In thefe circumftances, very pungent fparks may be drawn from the tips of the ears of the cat.
Smooth glafs rubbed with a rabbit's fkin, dry and warm, acquires, I find, the 
nega
tive 
Eledricity; but if the fkin is cold, the glafs is. excited pofitively. Sometimes fmooth glafs may be excited negatively with new white flannel, dean and dry, and alfo with a hare's fkin.
Obferving the ftrong ele&ric power of new white flannel, I thought that a piece of it, rolled round the globe of an elearical.
4
ma-
 
)
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machine, would perhaps give a ftronger Eleetrieity 'to the prime ConduCtar, than the glafs itfelf. 'In order td try the truth of my fuppofition, I tied a large piece of flannel, dry and warm, round the globe of the ma= chine, and for a rubber, I applied the palm of my hand, then turned the winch, firfi flowly, and afterwards brifkly; but con
trary to my expeetation, the Elearicity at the prime Conduaor, although pofitive, was fo weak, that the index of the quadrant elearometer was not moved' from its per'-; pendicular fituation. Surprifed'at this event, I refolved to take off the apparatus ; but_ was more furprifed, when, on removing the flannel from the globe, the former appeared fo ftrongly pofitive, that it darted feveral ?parks to my arm, and other contiguous, bodies, and the latter remained fo ftrongly negative, that the ele&rometer upon the prime Condu&or inftantly elevated its index to about 45°. .This experiment being feverai times repeated, produced always the fame effed.
Having had occafion to coat a ten ounce phial, for the Leyden experiment, I Ruck
the
)
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the brafs filings on the infide of. it, with varnifh, agreeable to the directions given by fome writers on Electricity. This phial remained about a ,week unufed, but , it happened that whilft I was charging and difcharging it for fome experiments, on making a difcharge, it exploded with a greater noife than ufual, the cork with the wire being at the fame time blown out of the neck of it. Being intent upon the main experiments in hand I omitted to exa
mine this phenomenon ;—I replaced the cork into the neck of the phial, and went on charging and difcharging it again ; but it had not been charged above three or four times more, when, on making a difcharge, the varnifh that Buck the brafs filings, was in a flame, which burnt the under fide of the cork, and occafioned  a good deal of fmoke and flame to come out of the phial. Some days after, this experiment was re
peated in the prefence of three gentlemen, well verfed in Electricity, when the cork with the wire, was alfo pufhed out of the neck of the phial; but the varnifh was this 'aft time fo far burnt, that the brafs filings were almoft all dropped to the bottom of the phial,
and
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and they had their colour changed by the combuftion.
In making fome experiments, of a nature rather different from Electricity, I acciden
tally obferved, that when I agitated fome quickfilver in a glafs tube hermetically feal-ed, and in whole cavity the air was very much rarefied, the outfide of the tube ap
peared fenfibly elefirified; its Elefiricity however was not conftant, nor, as I firft thought, in proportion to the agitation of the quickfilver. Being defirous of afcertain-ing the properties of fuch tubes, I conftruft-ed feveral of them, and by means of two cork ball ele&rometers, obferved their pro
perties ; but as they all agree in regard to the chief points, I (hall only defcribe one, which is the belt of them. This tube is reprefented by fig. 3, of Plate III. Its length is thirty-one inches, and its diameter is little lefs than half an inch. The quickfilver in it may be about three fourths of an ounce, and in order to exhauft it of air, I clofed it while the quickfilver was boiling in its op-pofite end.
Before
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Before this tube is ufed, I make it a little warm and clean it ; then holding it nearly horizontal, I let the quickfilver in it, run from one end of the tube to the 'other, by gently, and alternately elevating and de-preffing its, extremities. This operation im
mediately renders the outfide of the tube ele&rical, but with the following' remark
able property, viz. that end of the tube, where the quickfilver adually Hands, i6 poll-Irv; and all
-
 the remaining part is negative.. If by elevating this pofitive end of the tube, a little, I let the quickfilver run to the oppofite end, which was' negative, then the former inftantly becomes
-
 negative ; and the latter
pofitive.
The pofitive end has always a 
ftronger Eledricity than the negative: If when one end of the tube, for inftance A, is pofitive, i, 
e. 
when the quickfilver is in it, I do not take off that Ele&ricity, by touch
ing it ; then on elevating this 
-
end A, fo
' 
as to let the quickfilver. run- to the oppofite
. 
end B, it appears negatively elethified in a very fmall degree. If 'by depreffing it again 
it 
be rendered pofitive a fecond tithe,' and that pofitive Ele&ricity is neither taken 'off,
D d
then
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then on elevating this end A again, it ap
pears to be pofitive in a fmall degree : but if whilft it is pofitive, its Elearicity be taken off, then on being elevated, it appears ftrong-ly negative.
When about two inches of each extremity , of this tube is coated with tin-foil as it\ ap
pears in the figure, that coating aflifts to render the Elearicities at the extremities of the tub2 more confpicuous, fo that fometimes they give fparks to a Conductor brought near,
In regard to the conftruaion of fuch tubes (which I have made of feveral lengths, from nine to thirty-one inches) it is obfervable that fome will act very well, while others will hardly acquire any Elearicity at all, even when they are made very hot. I am not yet thoroughly fatisfied in refpea to this difference, but fufpea that the thicknefs of the glafs is more concerned, than any thing dfe, it appearing that a tube, whofe glafs is about one twentieth of an inch thick, anfwers better than either a thicker or a thinner one.
I shall
)
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I fhalllaftly finish this Treatife with men
tioning ' two remarkable difcoveries lately made 
in 
Electricity, which, as they came to my notice after a great part of this work had already been printed, could not be con
veniently inferted in any other place. The firft of thefe difcoveries is of Mr. KoESTLIN, Who (as he Pays in his Latin Differtation of the 
Effects of 
Elearicity upon fome organic Bodies) has found that both animal and vege
table life is retarded by negative ele&rification. The other difcovery is of Mr. 
ACHARD, 
at Berlin, who, in the month of January 1776, obferved, that water froze, to the twentieth degree below the freezing point of 
RE 
AumuR 's thermometer (which anfwers to the thirteenth degree below o of FARENHEIT'S fcale) was an ele6tric. He tried his experiments in the open air where he found that a rod of ice two feet long and two inches thick, was a very im-perfeaConduEtor when R 
EA 
um uR's thermo
meter was at fix degrees below o, and that it would not in the leaft condua, when the thermometer was at 2o°. By whirling a fpheroid of izz in a 
prop:r machine, 
he even eledrified the prime Condu6tor fo as to
D d 2
attract
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Sit.
attra6t, repel, give fparks, &c. The ice, that this gentleman made ufe of,
-
 was free from bubbles of air, and quite tranfparent ; to pro-. duce which, he ufed to fet a veffel, contain—ing diftilled water to be frozen, upon the window of a room, which was rather warm with refpea to the ambient air, where the water, began to freeze on one fide of the veal, while on the other fide it was tlill liquid.
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A
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11R 
condenfed or much rarefied obliruas excitation, 1.
a current of it from elearified points, 36. elearified,, 72. -
elearified artificially, 3o8. receiving a charge, 265. heat-
 
ed by redhot iron, a conduaor,, 306. heated by red-hot
glafs a very bad condu&or, 307.
Amalgam 
defcribecl, 137.
Animals 
the effe&s of Elearicity upon them, 36, 37. 61. 86.
Apparatus, elearical 
defcribed, 129. 16o.
Atmohbere, its 
Elearicity, 70. of ikoke, 309. elearical, vi-
 
fible in vacuo, 
224.
Antojiberical 
Elearicity, 70. elearonteter, 370.
Aural!ion 
elearic, between bodies differently elearified, 37.
its caufe, 
104.
Aurora borealis, an 
clearical phenomenon, 73. imitated, 222. ,
B
Battery, elarical, 59. its 
conftrudion, 142. i66. experi-
 
mend performed. with it, 291.
Beth, Markal
r
 si6.
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INDEX.
Black duff 
railed 
from 
metals by eletlrical explofions. 64.
Black 
.
ftrokes 
marked upon colours, 
390.
Broil, 
of electric light, 14. 
207.
C
Capillary 'Jr, 
electrified, 39, 316.
Card pierced with die electric explofion, 244.
Cement 
for electrical purpofes, 
133.
Charcoal its 
properties, 9.
Charging and dilibarging 
in general, 52, 
53. 
57. a glafs jar,
175. 228. a battery, 176. other electrics, 271.
Charged 'larks, 
52. 55.
Cbbcolate, its Electricity, 
22. 
its power rellored, 23.
Circles 
marked upon metals by electrical explofions, 66. 299.
fairy, 297.
Clouds 
generally electrified, 72, their influence upon the kite,
X
366.
'
Coating, 
53. glafs 143. a plate of air, 265. other electrics,
271, 272.
Cobffloss 
between electrified bodies of the electrophorus, 384.
Colours, 
prifmatick, marked by electric explofions upon metals,
67. 299. ditto upon glafs, 62. 248. experiments upon, 390.
Conrinunicated Electricity, 
29. 
31. 49,
Compofitiou 
for lining glafs globes or cylinders, 134.
Conduaor, prime, 
132. 
139. luminous, 218.
Condu8ors, 
3. a table of, 8. their nature, 119. obstructing
the paffage of Electricity, 61. metallic to defend build-
 
ings, 76.
Cup 
electrified, 312.
Cu/bion, 
or rubber, 137.
D
Difeafes 
cured by Electricity, 9o,
Difcbarging rod, 
146, 168.
De, 
black, railed from metals by electrical explains, 64.
Barth.
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Earthquakes, 
thought to be effects of Electricity, 74. tated, 249. 300.
Plearic atmohbere, 
whether it does exift or not, 126. the af-fection of bodies immerged in it, 31. 94. does not exclude
.
the air, 236.
Elearic
tot. its nature, io8. its place, 123. a fingle 
fluid, 226. its courfe !hewn, 238, 239. 241. 249. z5z•
3
1
3.
Elearie light, 
in vacuo, 218. 220. 222. its prlfmatic colours, 327. peculiarly penetrating, 215. 
247.
Elearic hark, 1. 
36. !hock, 53. 59. attraction and repulfion, 37. 104. fly, 169. 275. liar, 14. 207. pencil, 14. 2c7. well, t 9o.
Elearical 
air thermometer, 
zsg. 
apparatus, 1
O. battery, 59
1
 
14.2. t66. bells, It 6. machines, 2. 132. 149. fpider, 318.
Elearicity, 
2. pofitive or plus, and negative or minus, 16. 102. vitreous, t5. refinous, 16. perpetual, 23. 380. rendered more confpicuous by contracting the electrified bodies, 31 z. produced different ways, 20. communicated to conductors, 3t.  communicated to electrics, 49. hypothefis of, lot. per. vading the fubftance of Conductors, 311. acquires an im
petus, 210. atmofpherical, 70. not confpicuous within the cavities of electrified bodies, i27. 190. firing inflam
mable fubftances, 66. 213. 
258. 
melts metals, 6z. the caufe of thunder and lightening, 71. promotes vegetation, 38. promotes evaporation and the circulation of the blood, 37, 86. 
Negative 
retards animal and vegetable life, 403. of the air,'72. of the kite, 344. 366. of the clouds, rain, 'now, and hail, 72. not produced by fermentation, evaporation or coagulation, 96. applied as a remedy for feveral difeafes, 84. 
different 
produced by different rubbers, 16, vindicating, 327.
Elearieities 
the two, t t. their particular appearances, 12. 
Slaricr 
2. a table of, 5. become conductors when made
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very hot, 7. 3O4. 306. their nature, 119. refinous and fluid, coated, 271.
Elaronseter, 
147. fikigle thread, 16o. pith or cork ball, 16o. difcharging, 163. quadrant, 16r. atmofpherical, 370. 
for 
the rain, 375. for the pocket, 
377. 
flandard of that ufed with 
the 
electrical kite, 34z.
Etarophorer, 
380.
.Evaporation 
increafed by Electricity, 38. does hot produce Electricity, 96.
Excitation, 
2. 
by 
rubbing, 2O. by heating and cooling, zo. 24. by melting, zo, 21. encreafed by the amalgam, 137.
Experiments, elejirical, 
concerning attraction and repulfion, 179, on electric light, 207. with the Leyden phial, 228. with other charged elearics, 264. on the influence of points, and the ufe of metallic Condu&ors, 273. with 
the 
electrical battery, 295. promifcuous, 203. with the eleCtrical kite, 344. with the rain and atmofperical elearo-meter, 370. with the electrophorus, 380. on colours, 39o‘
F
Fairy rings, 
297.
Falling fiat-, 
thought to be an Electrical phenomenon, 74.
Fermentation 
does not produce Electricity, 96.
Fire 
its origin, 11o. different states of its exiftence, 111. its
refemblance to the electric fluid, 112.
Fly, elearical, 169. 
275.
Fogs 
electrified, 72. strong Electricity in time of, 374•
G
Glafs, 
the belt for electrical purpofes, 533. foluetimes4 con
, ductor, 7. 144. globes and cylinders, 133. veffel exhaufted, 7. veffel with the air condenfed, 7. tube 145. exhaufted con
ducting tube 22O. containing quickfilver, 400. thinneft ac
quires the ftrongeft charge, 56. 142.
4
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Hail 
electrified, 72.
Hypothsfis 
of Electricity, rot .
Hurricanes 
thought to be effects of Electricity, 74.
I
Ice 
an electric when froze very hard, 403,
In./date, 
3. the conftruction of fools to, 17o.
• 
Infnlated 
metallic rods to attract the Electricity from the clouds, 
72.
IC:
Kite, eleRrical, to attract the Electricity of 
the clouds, 72. its conftruction, 333. experiments made with it, 344. propo-fitions deduced from the experiments made with it, 366. conftruction of its firing, 335.
L
Leyden phial, 56. 
its coating, to. bodies without the circuit effected with the explofion of it, 26. its two fides contrarily electrified, '44. its fpontaneons difcharge, 142. 179. inca
pable of becoming charged when infulated, 231. its redun
dant Electricity, 325. experiments performed with it, 228. to put into the pocket when charged, 340.
Leyden clams", 
242.
Lightening, an electrical 
phenomenon, 71. imitated, 270. its effects avoided, 
76. 
82. 273. ' '
LitfldISOUI 
conductor, 218.
Machines eldkical, 
2. their conftruction in general, 132. the defeription of ltime particular ones, 149. for exhibiting perpetual Electricity, 380.
)
;Igilized by 
Goo,*
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Magmetiftts 
not effecting Electricity, 39. given by the electric explofion, 65.
Medical Electricity, 
84. 287.
Metallic Conduaors, 
76. their con.ftructian, 77. their ufe exem
plified, 282.
Metals 
conduct the electric fluid through their fubtlance, 3rt. melted by Electricity, 293. calcined and revivified by the electric explofion, 64. ftruck into grafs by the electric ex-plofion, 259. coloured rings marked upon them by repeated explofiots, 67. 299. circles marked on them by the,explo. fion, 66. 297. in part refift the paffage of the electric fluid, 61, 295. the difference of their conducting power in which manner afcertained, 294. 296.
Minus, 
or negative Electricity, 16.
N
Negative Elearicity, 16,
Nott-conduaarr. 
3. the fame as electric', 4..
Non-elearics, 
4.
P
Paper, 
quire of, pierced with the electric explofion, 244. 
Pesci! 
of rays, 14. 207.
Perpetual 
Electricity, 23. the machine for exhibiting it, 308. 
Perfonal fecurity 
in time of a thunder,ftorm, 82.
Phohborus, 
Mr.   CANTONS, dekribed, 215. illuminated by Electricity, 215.
Phlogillou, 
its exiitence, III. the cattle of 'the conducting quality in bodies, 12 t.
Polarity 
deftroyed, reverfed, and given to needles by the electric explofion, 56.
Pofitive 
or plus Electricity, i6.
Pointed bodies 
their influence, 35. 273. their properties exem
plified. 273. 282. their properties explained, 279.
2 
current Qf air from them when electrified, 36.
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1 
Priam' tothiador, 
132. its conftruction, 139. 
1112111R0411
1
 st8.
R
Rai" 
generally electrified, 72, the electrometer for the, 371.
Repubfou 
electrical, 1. 94. its caufe, 105.
ROdusw 
of the charge, 197.
Reif:toms Electricity, 16.
Rings fair', 
297.
Rubber, 
z. its conftraction for an electrical machine, r37. for
a glafs tube, 142. for fealing.wax, &c. 142. different Elea-
 
- tricity produced by different, 16. its Electricity different
from that of the electric, 15.
Riles, 
practical, 171.
S
Salta 
firing for the kite, 337. threads for electrometers, t 6 z. 
Sealing-wax 
excited by melting, 22.
Usti, 
electric, 59. weakened by the length of the conductor, 6o. deltroying animal and vegetable life, 61. melting metals, 6z. calcines metals, and revivifies their calces, 64. acting laze a phlogiftic Fr:kers upon different kinds of air, 68. given to one or 
more 
perfons, 229. fmall 
ones 
are 
better for pbyfical perpofes, 288.
&saw 
electrified, 72.
Spark, electric, 
21o. its 
effects 
upon an animal body, 36. Sorter and fironger from charged electric. than from elec
trified Conductors, 58. vifible in water, 6i. 253. difplacet and rarefies the air, 255.
Stikr 
electric, 318.
Star, 
electric, 
14. falling 
thought to be an electrical pheno
menon, 74.
Sulpha, excited 
by melting, 
at, 22.
T
na, 
of Electricity, 98.
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rbswirr an electrical phen0menton, 
7
 t. imitated. 27o, 
7'hunder-boufe, 
z8z.
rourmalin, 
its properties, 24. its properties found in other
precious Rona, z8.
rii1e 
glafs, x41. conducting, azo. fpiral, 319. containing
quickfilver, 400.
V
Fervor" 
9, 40. Leydea.s4a.
Figerahku 
dell.royed by the.electricaleteplofion, 61. their rage-
 
*scion Rromotal by electrification, 38. their vegetation re-
 
'tarded by negative electrification, 4
0
3.
rireour 
Electricity, 15.
. rate,: 
running from a 
pipe electiiiect, 38.
3 16. the fork via*
ble in it, 61.
Wegertfteest, 
an electrical phenomenon, 74, a61. imitated.
z.68.
Well alearic, 190.
Whirligniod 
thought to be atte
j
leacialpheiomenol, 74. imi-
 
tatc4 z49.
-
.
Wind 
from electrified points, 36. frern excited olecttite, 40.
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rbei4Or 
an 
electrical phon0mcnen, 7 t. imicates4,17o, 
91
,
under-boufe, 
282.
rournialin, 
its properties, 24. its properties found in other
precious ikons, z8.
rub glafs, 141. cotulecting,, az°. fpirals 319- containing
quickfilver, 400.
V
Fames" 9
,
 4
0
. Larcieth 
2
4a.
For:alp 
cleftreyed by tbe electrical explofioe, 61. their vege.
tenon promoted by Electrification; 38. their vegetation 
re-
 
‘tarded by negative elecuification„ 403.
Fitt-emu 
Electricity, 15.
W
ererranning from a pipe electrified-, 38. 3
the fgarit #i&
ble in it, 61.
Fatertilvist, 
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