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VIIL, Experiments and Obfervations in Ekestricity..
By My. William Henly, F. R. S.

P AR T L

Remar ks on the effelts of lamp~blackand tar, or lamp>black
and oil, as protectors of bodies from the firoke of light-
ning s with fimilar ¢ffelts produced by experiments in.the
artificial eleciricity.

Read, Jan. 16and 23, F ™\ R. LEWIS, in his Philofiphical Com-

"o . merce of Arts, p. 364. mentions a
remarkable inftance of the effect of.a.coating of lamp-
black and tar, in preferving thofe -parts- of .the maft of a
fi{ip, which were -covered with . if, from damage by a
ftroke of lightning which fhivered the other, that is; the
uncoated parts of 1it; in a very extraordinary manner.
The account is recited at:large in vol. XLVIIL of the
Philofophical: Tranfaétions. Captain: NAIRNE, in. his
‘Remarks on the Effeéts of. Lightning, on the. maftsof
feveral veffels which were ftruck .in.the Bafon at Que-
bec/ "’, mentions, in his létters to fome friends-in London,
RO lefs than five inftances, where the lightning. pafling

(a) His .own. {hip, the Generous Frimd:, . was ‘twice preferved. there. by

kis.cenduor..
over
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86 Myr. HENLY's Experiments and

over thofe parts of the mafts of the fhips which were
covered with lamp-black and tar, or painted with lamp-
black and oil, without the leaft injury, thivered the un-
coated parts (tearing out {plinters fiveorfix feet in length,
and fix or eight inches deep) in fuch a manner as to ren-
der the mafts entirely ufelefs. A very curious inftance
of this kind hath lately been communicated to me by a
learned and ingenious member of the Royal Society, from
whom I received the account which1{hall here infert ver-
batim,

“On the firft of April, 1776, being on board a bng
¢ in the latitude 34° N. our veflel was ftruck with light-
< ning, which difabled our fore-maft. Upon getting the
“¢ whole of the top-mafts down upon the deck, I ob-
« ferved the following particulars, with regard to the
¢ courfe and effets.of the eleétrical matter. The light-
¢ ning bhad firft firuck the pinnacle of the fore-top-gal-
¢ Jant-maft (on which, at that time, there happened to
“ be no iron fpindle, as nfual) which it juft {plit flightly
¢ for about two feet and a half, where it was painted
¢ with Jamp-black and oil (I could not, however, afcer-
“ tain whether this part of the maft had been newly
¢ fplit or not: it might have been firft occafioned by
4 driving in the iron {pindle, whereon a vane is ufually

¢ placed; for there was a hole where fuch a {pindle had
“ been



Olfervations in Elelfricity. 87
“been fixed) and then the lightning immediately fhi-
¢ vered the reft of that maft as far as it was greafed, till
¢-it met the bottom of that and the top of the top-maft,
“ which had likewife been coated over with lamp-black
¢ and oil, on.an old coat of tar. Over thefe it glanced,
“ withaut any perceptible effect, till it reached that part
“ of the top-maft which was alfo greafed; this part it (hi-
¢ vered, fplitting off large {plinters-which were thrown
¢ on the deck. The lower part of the fore-maft being
% tarred, the lightning flid over it for about nine
% feet, without the leaft mark of violence; then darted
¢ into the fore-maft, where it was greafed; rived it ter-
¢ ribly, tearing off fplinters as large as a man’sarm, and
¢ four or five feet long, all the way down. It continued
¢ this courfe till it again met a coat-of tar, which was
¢ laid on the maft for more than five feet above the
“ deck; here its effeéts on the maft difappeared, and its
“ courfe feemed te be divided different ways by two at-
“ tradtive bodies of iron; one, in a cleet faftened to the
% fore-maft, about ten inches below the top of the laft
“-mentioned coat of tar, by two large {pike-nails: this
¢ cleet with the nails was entirely ftruck off; the light-
“ ning then tore the canvas coating round the foot of
“ the maft (about a yard below the. cleet) without any

% other hurt to the maft itfelf; and from thence was
tartradted.



88 My. HENLY's Experiments and
¢ attracted by a large anchor lying in a horizontal pofi-
¢ tion on the deck, about two feet from themaft, All this
¢« part of the eleétrical matter feems to have been then
¢ difcharged by the different conduétorsof the two flukes
¢ and the main fhank of the anchor, without any other
¢ vifible effet than breaking a piece out of a large iron
¢ pot, ftanding in an immediate diredtion to one of the
% flukes, and about ten inches diftant. The other divi-
¢ fion of the electrical matter darted from the maft to
¢ the belfry, about fifteen inches diftant, tore off two
¢ cleets faftened to it by large iron nails; then defcended
¢ to the large iron hinges which hold the palls or ftops
¢ (joined to the belfry-pofts) of the windlafs, where,
“ after tearing off a fmall nail or-twe, it totally difap-
¢ peared. ‘The belfry which was painted was much
¢ {plit, but not broke to pieces. The moit remarkable
¢ part of this accident, and for which the whole relation
“ is given, is, the effe¢t of the tar and lamp-black and
“ oil as repellents of the eleftrical matter; for in four
*“¢ inftances, 11t, at the head of the fore-top-gallant-maft ;
“ 2dly, at the bottom of that and head of the top-maft;
¢ adly, at the bottom of the top-maft and head of the
“ fore-maft; and gthly, at the bottom of the fore-maft;
“ the lightning had glanced over all thofe parts without
“ doing the leaft damage, and had regularly darted into,
¢ and

“a
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¢ and fhivered all the intermediate parts of thofe mafs,
¢ Where they were covered with greafe. This appears
¢ {0 extraordinary to me, that I thought proper to take a |
*¢ note of it upon the {pot, in order tooccafion themaking
“ of fome philofophical inquiries and experiments on
¢ the {fubje&t by thofe more capable. of accounting for it
¢ than myfelf: and for that reafon the above relation
¢ may be depended on as juft and true, after a repeated
¢ and critical -examination of the feveral parts of the
¢ mafts which I have defcribed. W. D.”

In confequence of this relation, and the hint which
concludes it, I have been induced to make the following.
experiments. 1ft, A glafs tube, eight inches long, with
a bore or cavity of about a quarter of an inch chameter,
being filled pretty clofely with lamp-black, and each end
ftopped with a bullet, the ftem of which juft entered,
and was cemented in the cavity of the tube, condu&éd
the charge of a jar containing three {quare feet of coated
furface in{’cantaneouﬂy, but with fcarce any explofion.
2dly, Such a tube being filled with a mixture of lamp-
black and.oil (as ufed by the painters) entirely failed to
condué the thock. 3dly, Theouter furfaceof fuch a tube
being painted with lamp-black and oil, and excited with
dry warm flannel, acted (the tube being alfo dry and
warm) as-a very ffrong negative cle@ric. 4thly, A piece

Vor. LXVIL N of
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of polithed plate glafs being introduced into the circuit,
the ends of the wires which compofed the circuit were
laid at about an inch and arr half from each other upon
the furface of the glafs, when the jar above-mentioned
being difcharged, the polifh of the glafs was always torn
off in an irregular and deep line, extending from one
wire to the other; but if a piece of glafs painted with
lamp-black and oil were thus introduced into the cir-
cuit, and the difcharge made as before, not the {malleft
trace of the eleétricity could ever be perceived on its fur-
face. sthly, If inftead of the glafs, a flip of writing-paper
was introduced into the circuit, it was torn i pieces by
the explofion, much of it flying about the room in the
form of fine flue or down. 6thly, A flip of the fame
paper, painted with lamp-black and oil, received not the
leaft injury, nor thewed the {fmalleft trace of the ele¢tri-
city upon its furface; but the common oiled paper, with-
out Iamp-black, was torrx confiderably, though not fo
much as the paper unoiled’”.  When the charge of the
jar above-mentioned is made to pafs between the furface

(4) Mr. cavairo, who hath fince repeated tliefe experiments, finds, that
if the paper be very thinly painted with the lamp-black and oil, it will be torn
by the explofion; but having tried a piece of the fame that I had ufed' immy
experiments, he was not able to make the leaft impreffion on it. Lamp-black
and tar therefore, on account of the greater tenacity of the latter, and its being
equally a non-candudtor, feems to be the moft proper for the purpofe.

of
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of thick plate glafs, and that of a cylinder of ivory three-
quarters of an inch diameter, prefled by a weight of
about fix or eight ounces Troy; the glafs is always fhi-
vered into very fmall_fragmehté, and part of it is fome-
times reduced to an impalpable powder. But 7thly,If the
plate of glafs be covered with a flip of writing-paper,

 painted with lamp-black and eil, or with a flip of eiled
filk (fuch as is frequently ufed for garments) the charge
pafies over thefe fubftances without leaving.the fmélléﬁ:
trace on either of them, though the glafs under them be
broken by the blow of the exploﬁon
From thefe experiments, and the obfervations. above
recited, I think the following corollaries may be deduced.
1ft, That a charge of eleétricity, or a ftroke of lightning,
which is the fame thing, paffes, in many cafes, upon the
furface of bodies, in a much larger proportion than
through the interior {ubitance of them, as appears by the
mafts of thips, coated with lamp-black, &c./’; and by the
experiment above recited, with-the cylmder of ivory and
the glafs &c.; forin this experiment, thecharge being re«
fifted by the ivory (which however is fometimes {plit by
the ;exploﬁon.) farces a paflage between that and .the
glafs,.and being there confined by heavy weights, exerts
(¢c) Sce a curious inftance of this kind in M. apawson’s Voyage to
Senegal, p. 2394
N 2 its
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its expanfive power in fuch manner as to reduce to the
finalleft fragments the plate of glafs then expofed to its
violent operation. 2dly, This violent effort of the electri-
city produces not the leaft effect upon the furface of the
{lip of paper painted with lamp-black and oil, or upon a
flip of oiled filk, placed in the fame fituation. 3dly, May
not therefore a coating of lamp-black and tar, or lamp-
black and oil, be in fome cafes ufefully applied on flight
buildings of wood, &c. to preferve them from damage
by lightning, as well as to prevent thofe large cracks and
rents (the ufual effect of the heat of the fun) from being
made in them? 4thly, As the effect of the lightning on
the mafts of thips has been in fo many inftances pre-
vented by a coating of lamp-black and tar, or lamp-black
and oil, it feems probable, that a fafe and fixed con-
duétor might be applied to them in a very cheap and
convenient manner, as follows; v7z. let all thofe parts of
the maft which are ufually greafed, be provided with
plates of metal three inches broad, which plates might
extend a few inches upon the other parts of the maft
which are coated with lamp-black and tar, or lamp-black
and oil; and thus by the condu&or of metal, and the
protector of lamp-black and tar, placed alternately and
extending the whole length of the maft, it would pro-

bably be preferved from damage by lightning. A
metallic
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metallic communication might be made from the maft
to the water in the manner I have before mentioned, in
Phil. Tranf. vol. LXIV. P- 412. This method of making
conductors to fhips, from its fimplicity and practicability,
I had fome thoughts-of recommending to my acquaint-
ance in the marine department; but there is one objec-
tion toit, which Ithink a very material one, and thall there-
fore ftate it in its full force: it is this; the lamp-black and
tar, or lamp-black and oil, though they proteét, by their
propertyof repelling the eleétric matter, thofe parts of the
maft which are coated with them, yet being perfect non-
conduétors, thofe things or perfons which might hap-
pen to ftand in their vicinity (as in the tops, &c.) would
be in danger of a fevere {trake, perhaps.deftruction, by
the lightning. How far the other oil colours, v:2. thafe
prepared from minerals and ‘metals, may anfwer thefe
purpofes, may perhaps deferve enquiry, and the morefo,
as the experiments are not difficult to make. The belfry-
pofts painted with white lead, mentioned in the letter
above recited, were much fhivered. sthly, As-oiled filk
feems to be fo good a fecurity againft the effects of a
charge of eledtricity, may not garments, vi2.. cloaks and
hats, covered with that fubftance, contribute in fome
meafure to protect the wearers (if overtaken by a ftorm)

from a ftroke of lightning? particularly, if the precau-
4 tions



94 Mpr. MENLY’s Experiments and

tions be properly attended to, which I have before re-
commended from Dr. WINTHROP, in Phil, Tranf, vol.
LXIV. p. 151.

P A R T II.

On the elellricity of chocolate: and the refloration of that
property to ity when loff, by melting it together with a
Small quantity of olive-oil.

HAVING been informed by my ingenious friend
Mr. GEORGE ADAMsS, philofophical inftrument-maker to
his majefty, that Mr. sANDERS, an eminent manufacturer
of chocolate, had frequently obferved a very vivid light
flafhing upon its furface, when cooling in the tin pans in
which it is received from the mill; particularly in clear,
frofty evenings, when it would alfo ftrongly attraét light
fubftances, fuch as fmall particles of duft, bits of paper,
firaw, thread, &c. ;. 1 was very defirous to afcertain, if I
could, the caufe of thefe phenomena. For this purpofe
I waited on Mr. SANDERS, in company with Mr. ADAMs,
and made the following experiments. 14t, A large cake

(d) The wax-chandlers alfo, in forming their fticks, &c, of wax, are fre-
quently fpeftators of thefe effe@ts of eleélric attraltion,
of
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of chocolate being turned out of the tin pan, in which it
had been fet to cool; I prefented towards it Mr. cAN-
-ToN’s ele&trometer, and obferved that, at fix inches dif-

tance, the balls began to diverge; and when they came
within two'inches of the chocolate (being {ufpended over
it) their divergence was full aninch and an half, and upon
examining their elericity, I found the chocolate to be
in-a plus or pofitive ftate. 2dly, Having feparated another
large cake from the pan, I touched it repeatedly with
the knob of a fmall phial, properly prepared for the
Leyden experiment; then bringing that knob gently
toward one of my knuckles, I faw a {park between them,
and had a {fmall fenfation in my knuckle. 3dly, Having
{eparated another cake of chocolate from the tin pan
which contained it, I touched the cake repeatedly with the
brafs bail on the neck of my Leyden vacxum, or analyfis
of the Leyden bottle’”, and inftantly perceived a moft
beautiful and large pencil of rays darting from the wire,
and fpreading themfelves through the bulb towards the
coated part of the bottte. 4thly, Changing the pofition of
the bottle, I prefented the coated bulb towards the cho-
colate, and then. perceived (as I expected) a {mall lumi-
nous {park upen the point of the wire in the neck of the
bottle; completely proving the eleétrical quality of the

fe) Deferibed in Phil, Tranf. vol. LXIV. pi 400,
ehocolate,
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chocolate, and afcertaining its' direction in the expeti-
ments.

Before I had an opportunity of making this com-
plete inveftigation, I had feparated a piece of chocalate
from the tin pan in which it had been cooled, and acci~
dentally left, for fome months, under an open counter
in a thop, expofed to duft, damp air &c.; notwithftand~
ing which, on its feparation from the pan, it attracted a
thread of trial at g quarter of an inch diftance. I-then
took a quarter of a pound of chocolate, and -having
melted it in an iron ladle, poured it into a tin pan, and
the next day (it being perfetly cooled) feparated it from
the pan, and found it ftrongly eleétrified plus; but as the
electricity was foon loft by handling (owing, I fuppofe,
to the large quantity of condudting matter contained in
it) I melted it again, but produced no electricity; which
1 imputed to the chocolate having become very dry and
powdery. I therefore melted it a third time, adding a
little oil of turpentine; but this trial alfo (perhaps from
the evaporation of the {pirit) failed. I then melted itthe
fourth time, and added a {fiall quantity of olive-oil, fuf-
ficient as I imagined to reduce it again to its original
confiftence, and having cooled it in the tin pan as before,
I found on removing it, that its electricity was completely
reftored. The large proportion of phlogifton in oil is
well known; and as the addition of oil to the chocclate

completely
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completely reftored its electricity when loft, is not this
an indication of a great affinity at leaft between phlogif-
ton and the eleétric fluid, if indeed they be not the fame
thing//? Further, as eleéricity is produced in the choco«
late by heat and friction, and manifefted by its ufual
phenomena in the cooling of that fubftance, guery, may
not eleétricity be produced from the other oily nuts, ker-
nels, or feeds (particularly thofe of the torrid zone)
treated in the fame manner?-

However, as the electric matter is réfident in, and may
be difengaged from, all the fubftances we are acquainted
with ; as the air is at all times replete with it; as its ope-

ation is fo fecret, {o rapid, and at times fo tremendous;
as it is fo eafily excited or put in adtion by frition, by
heating and cooling, and perhaps by means we are totally
unacquainted with; I think we may fafely conclude,
that eleéricity, as it is one of the moft powerful, is alfo
one of the moft important, agents in nature. Many ufe-
ful difcoveries have been made refpecting the action, in-
fluence, and effeéts of this fubtile fluid; but certainly
much remains to be done, and the field for future la-
bourers feems daily to enlarge. Indeed, notwithftanding
the number of difcoveries in eleétricity this age may
juftly boaft of, I cannot but be of opinion (which I men-

(f) A thick feum from the furface of fome linfee-doil expofed to-the air, and
thoroughly dried, became a very ftrong negative eleétric,

Vor. LXVIL O tion
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tion as an incitement to the ftudy) that, compared with
the facts ftill undifcovered in that branch of philofophy,
they bear but a very {mall proportion.

P A R T III.

Obfervations on fome new and fingular pbenomena in ex-
cited and charged glafs; with experiments made in con-
Jequence of thefe pbenamena, further illufirating the
Franklinian theory of the Leyden bottley and a defcrip~

ion of the apparatus confiructed for that purpofe by
Mr. HENLY.

HAVING carefully repeated the experiments with
the two coated plates of looking-glafs, mentioned in my
paper on Mr. voLTA’s machine, and finding with Mr.
LANE, that they exaétly agreed with the account given
by Mr. syMMER and Mr. EFLES, I was defirous to be fa-
tisfied whether glaffes of a different thicknefs would be
differently affected in the experiment. For this purpofe
I tried two large fquares of crown or window-glafs, and
found them to charge and difcharge exaétly as the look~
ing-glafs plates had done; but on trying the experiment
with two plates of Nuremburg glafs, commonly called

Dutch plates, I was not a little furprifed to find that each
of
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of the plates, when feparated after charging, had a pofi-
tive and a negative furface; and that having replaced
them, and made the difcharge as in the Leyden experi-
ment, the ele&ricity of all the furfaces was changed,
though it appeared to be very ftrong, and continued to
give repeated flafhes of light, when the plates were al-
ternately clofed, touched, and feparated, as the looking-
glafs plates above mentioned. If a clean dry uncoated
plate of looking-glafs was placed between the coated
plates, either of looking-glafs or crown-glafs, before they
were charged; that uncoated plate was always found,
upbn {eparating them after charging, to be eletrified
negatively on both its furfaces; but if it was put between
the Dutch plates, it acquired, like them, a pofitive and a
negative electricity. As this phenomenon was not fatif-
factorily accounted for, it occafioned much conwverfation
with refpet to Dr. FRANKLIN’s theory of the Leyden
bottle, which I had myfelf (as I imagined) fatisfactorily
explained and even demonfirated. 1 was, however,
foon convinced, that that theory is not fo generally
received as I imagined; for I met with a number of
gentlemen who not only doubted, but feemed abfolutely
to deny it. This induced me to'make fome further ex-
periments, in order (if I could) more fully to illuftrate
that theory, and to put the matter out of doubt. For

0 2 this
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this purpofe a pretty large jar was coated and furnifhet
as in fig. 1. A is the jar; 88 the tin~foil 'coating; c a tin-
ftand which {upports the jar; p-a focket of metal which
fupports a rod of glafs £; F a curved wire or plate of
metal with pointsy not very (harp; this wire or plate ot
metal is faftened to the end of a brafs rod 6, which rod
ismoveable at pleafure in a fpring tube K, that tube being
fixed by a focket upon the top of the glafs rod e. The
charging wire of the jar communicates with both parts of
the infide coating of the jar by horizontal wires (the ends
of which are bent a little downwards) fixed at right an-
glestoeach other, in order to prevent thaking and ratling.

THE USE OF THE DDUBLE COATED JAR.

According to Dr. FRANKLIN’s theory, the fame quantity
of the electric matter which is thrown upon one of the
furfaces of glafs in the:operation of charging it, is at the
fame time repelled or driven ovt fromthe other furface,
and thus one of the furfaces becomes-charged plus, the
other minus; and that this is really the cafe is, I think,
fatisfactorily proved by this contrivance. For example,
place the jar as ufual,.with the knob in contaét with the
prime conduétor;. then work the machine, and the appa~
ratus being perfe@ly dry and in good order, a fmall lu-
minous {park will appear upon the upper point of the
wire F (a plain indication that the point is then receiving

6 eletricity
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eleGricity from the upper ring of coatingon the outfide
of the jar) and a fine ftream or pencil of rays will at the
fame time fly off, beautifully diverging from the lower
point of the wire ¥ upon the bottem ring of coating on
the jar. When thefe appearances ceafe, which they will
-as foon as the jar becomes charged, let a pointed wire be
prefented towards the prime conductor; this will foon
difcharge the jar filently, during which the lower point
of the wire F will be illumined with the fmall fpark,
while the upper point of the wire will throw off a fine
pencil of rays, diverging towards the upper ring of coat~
ing, to which it ftands contiguous, as upon Dr. FRANK~
LIN’s hypothefis it ought to do. . A wire of the fame form
as that marked F may be inferted on a fmall eleétric ftand,
fitted by a proper bafe to the bottom of the jar on the
infide; this will thew the appearances when the jar is
charged negatively.

The fame experiment may be very conveniently made
with a large pane of crown glafs’?/, coated in two places
at a proper diftance from each other (fig. 2.) leaving a
fufficient. quantity of glafs uncovered quite round the
two coatings. This coated plate of glafs thould be fixed
in a frame, and mounted upon a proper electric.ftand.
Another ftand of glafs or fealing wax fhould be provided,

(£)- Mine is eightecn. inches by fousteen inches,
to
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to fupport a wire.or piece of metal placed horizontally,
and curved {o as to bring the ends of it, which fhould
have blunt points, within half an inch diftance of the
two tin-foil coatings on one of the furfaces of the glafs.
On the oppofite fide of the glafs, two wires, bluntly
pointed, are alfo to be employed; one of thefe is to com-
municate with the prime conductor, and to throw off the
electricity from thence upon one of the coatings of tin-
foil placed contiguous to it; the other wire is to commu-
nicate with the earth, ftanding in a perpendicular direc~
tion, with the point bent towards and reaching within
half an inch of the other coating of tin-fcil (on the fame
furface of the glafs) to receive the eletricity thrown off
by that coating, while the oppofite fide is charging.

EXPERIMENT.

The apparatus being perfectly dry (the uncoated part
of the glafs and the frame, 8&c. fthould be varnifhed),
clean, and in good order; the plate of glafs thould be fo
fixed, that each of the four coatings of tin-foil may come
within half an inch of the point of the wire oppofed to
it. The apparatus being thus placed, if a powerful ma-
chine be worked in a dark room, the clediricity will be
{een to iffue from the point of the wire in contact with
the prime condudétor upon one of the tin-foil coatings a

oy
("lb‘
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(fig. 3.) charging it pofitively. The coating B (fig. 3.)

on the other fide of the glafs throwing off; at-the fame
time, an equal quantity of the electric matter, (vifiblg in

the form of a {mall luminous fpark upon the point ot the:

infulated wire F) is thus left in a negative ftate. The

ele&ricity paffing along the infulated wire, flies off from:

the other point of it in a pencil of rays, diverging upon

the tin-foil coating c (fig. 2.) on the fame fide of the

glafs, charging it pofitively; while the oppofite coating
D (fig. 3.) throws off its electricity, which is received in

a fmall {park upon the point of the wire (G) eppofed to

it, and communicating with the earth. Thus, by the
fame operation of the cylinder, may a pofitive and a ne-

gative charge of eleétricity be obtained at the fame time
upon each furface of the glafs; and by applying two
curveddifcharging rods (which thould haveglafs handles)

at the fame inftant, {o as to come nearly into contact with

the coatings upon each furface of the glafs, the whole
will be difcharged together; or if a pointed wire be pre-

fented near to the prime conductor, they will all be dif-
charged filently, and then the appearances on the points
of the wires will all be reverfed; that which was a brufh
or pencil of rays being now a fmall luminous {park, and
that which was a luminous {park being a brufh or pen—.
cil of rays. If the machine be very powerful, the
rubber
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rubber may be infulated, and a blunt pointed wire, com-
municating with the earth, may be placed within half
an inch of it; this wire, while the plates are charging,
will throw off a beautiful pencil of rays diverging upon
the rubber, and thus compleatly exhibit the progrefs of
the electricity through all the apparatus, from its exit
out of the earth to its entrance into the earth again: and
its return may be manifefted by reverfing all the ap-
pearances upon the points of the wires, in the operation
of difcharging the glafs filently by a pointed wire pre-
fented toward the prime conductor, as above directed.
Another very fatisfattory method of demonftrating the
truth of Dr. FRANKLIN’s hypothefis is as follows. I take
a bottle, containing about one hundred {quare inches of
coated furface, properly prepared for the Leyden expe-
riment, and holding it by the wire, I fet the coating upon
the prime conductor, and charge it negatively (fig. 6.);
when charged (if not too dry) the upper edge of the
coating will throw off one or more pencils or brufhes of
light .into the air, which vifibly incline towards the
charging wire of the bottle, and fometimes actually reach
it. If I'hold the bottle bythe coating, and prefent the knob
to the prime conductor, charging it pofitively (the bottle
‘being'in a proper ftate) a finall {fpark of light firft appears
wpontheedgeof the cork in the neck of the bottle, through
which
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which the wire paffes; after a few turns of the globe,
this fpark becomes a fine brufh, darting out from the
cork, and gradually lengthening, till it forms a beautiful
arch, the end of it regularly extending downward,
till it reaches the edge of the coating and refts upon it
(fee fig. 5.). I remember, when T firft fhéwed thefe
experiments to my fincerely refpeted z_md'Woxthy friend
the late ingenious Mr. FERGUSON, F. R. s. he exprefled
great fatisfaction; and affured me, that he thought
them fome of the moft convincing he had ever feen
exhibited for the purpote. If the bottle be dry, it will,
in both cafes, be difcharged {pontaneouily; but if the
uncoated part of the glafs-be then breathed upon, the
appearances may be produced at plezifure. I have lately
prepared another bottle for this purpofe, the infide of
which is coated in the ufual manner; but the outfide is
covered with fquare pieces. of tin-foil about a quarter of
an inch broad, and about three-fixteenths of an inch
diftant from each other; the bottom is compleatly ca-
vered with the coating (fig. 4.). If in charging this bot-
tle, the elefiricity paffed abfolutely through the glafs, it
would find a ready conveyance by the coated bottom into
the table (and then indeed it could never be charged at
all); but the truth is, that this bottle does not become
charged till ftrong flathes of eleéricity have pafied,

Vor. LXVIIL P diverging
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diverging in different direétions quite round it. If it be
difcharged by bringing a pointed wire near the wire, or
the prime conductor, with which it is in conta&, the noife
it occafions much refembles the report of a fired cracker;
and the uncoated glafs between the fpots of tin-foil is
very brilliantly illuminated. 1f the bottle difcharges it-
{elf fpontaneouily, or be difcharged fuddenly, by making
a regular communication by the rod between the two fur-
faces of the glafs, the whole outfide furface {feems to be
illuminated. To produce thefe appearances the glafs

mufi be thoroughly dry.

EXPERIMENT,

A fmooth piece of mahogany, two inches fquare and
five inches long, was hollowed into an elliptic groove,
about three-quarters of an inch deep, and painted with
lamp-black and oil. Into this groove two wires, termi-
nated by brafs balls each three-quarters of an inch in
diameter, ‘were introduced; the brafs balls being placed
about one inch and an half from each other: between
the brafs balls, at an equal diftance from each, was
placed a ball of the pith of elder, half an inch in dia-
meter, nicely turned in a lathe. The apparatus being
thus adjufted, and the circuit compleated by a fhort chain,

a bottle, containing forty fquare inches of coated furface,
was
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was many times difcharged through it; and whether the
bottle was charged pofitively or negatively, the pith-ball
conftantly moved in the diretion of the fluid, according
to Dr. FRANKLIN'S hypothefis. This is a delicate experi-
ment; but, as I have perfeétly fucceeded in it, I tthought‘{
it proper to give this fhort account of it. Perhaps if the
pith-ball were fufpended by a filk ftring, it might anfwer
the purpofe as well; but this I have not tried.

EXPERIMEN T.

In melting {mall wires fome inches in length, I have
often obferved the wire to become red-hot, firft at that
end in contat with the difcharging rod, and the rednefs
has proceeded gradually and regularly towards the coat~
ing of the jars or battery ; plainlyand fully demonf’cré.ting
the diretion of the eleétric matter in the difcharge of
the jars or battery, which,, for this experiment, were al-
ways charged pefitively. This phenomenon hath alfo
been obferved by Mr. BELL, and many times by Mr.

NAIRNE.
EXPERIMENT.

Before I quit the fubject of the Leyden bottle, I fhall
mention one experiment more which: I have lately made,
and which gives a full and compleat an{fwertoaparagraph
in Dr. priesTLEY’s Hiftory of Eletricity, 2d edit. p. 4635.
L 21. Itisthis: I pracured fome phials coated with. fil-

P2 ver,
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ver, by burning it into the very fubftance of the glafs,in
fuchamanner that nothing canremoveit withoutinjuring
the glafs togéther with the metal. Glafs thus coated
and burnifhed has certainly a.moft elegant appearance,
has no inequalities ar points upon its furface, and charges
as high and as readily as when it is coated with tin-foil ;
fuch glafles will difcharge fpontaneonfly, and one of them,
which was very thin, was bur{t by the explofion ; -an acci-
dent which, by this double annealing, I was in hopes to
have prevented, but was forry to find myfelf difappointed.

OBSERVATIONS ON EXCITED GLASS,

In my remarks on Mr. VvoLTA’s curious little machine
lately prefented to the Royal Society; 1 have obferved
that the eledtric matter, being once thoroughly excited
and put in aétion, is not fo foon as might be expected
reduced again to a quiefcent ftate, efpeciaily in' bodies fo
‘peculiarly adapted to affe& ‘each’ other as thefe appear to
be. As a proof, I introduced the experiments with the
looking-glafs, crown-glais, and Dutch Aﬁlates. I alfo men-
tioned Dr. PRIESTLEY’s obfervations on the rgfduunt of
his battery; and in a note to that paper, 1 added an ex-
periment made by my friend the rev. Mr. HEMMING,
F. R. 5. who fhewed me a fmall bottle, wnich then at-

tracted a thread of trial, though it had ftood in a cup-
I board
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board in his ftudy feventy days from the time he charged
it. I alfo mentioned a ﬁnghlar effe€t of his cylinder,
which will feparate‘the balls of Mr. caANTON’s electro-
meter, at twelve or fourteen inches diftance, fometimes
a fortnight after ufing, though the air of the room may
have been many times changed, and a variety of methods
ufed to deftroy that power in the interval. As the detail
is curious, I fhall here infert one fet of experiments,
as I find them regiftered in a journal, which Mr.
HEMMING took the trouble to make for my f{atisfac-
tion. On May 13 1776, the cylinder was ufed, and
when placed in the cupboard at 10 o’clock A. M. it fepa-
rated the balls at {feven inches diftance. The power was
then entirely deftroyed by breathing on it, and the elec-
tricity marked o. From that time the journal proceeds
as follows:

Day. Houx, Diftance at which the
balls diverge.
May 13 IL A.M. 7 inches.
14 8 a. 13
Breathed on it once, 9
Ditto four times, 8
Door open till 07 A. M. 5
14 3 P.M. 7
7 P. M. 6
10 P. M. 6;

Breathed
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Day. Hour, Diftance at which the
balls diverge.
Breathed on it twice,, o inches
May 14 105 Pu M. 6
15 § poM. 13 wind N,
Door open ten minutes, 8
g P.M. 13
10 P.M. 8
The power deftroyed by flame, 0
16 7 A. M, 147 wind N.
18 8 p.M. 17 wind N.
IT P M. 7+
Deftroyed by flame;, o
20 A fire in the room the whole day.
4 P. M. 2
8 r.Mm. I
10 P?. M. 3
21 7 A.M. 9
9 P.M. 9
Deftroyed by flame quite round o
22 7 A.M. 8
I0 A.M. 117 wind N.
Applied flame quite round the cylinder, o
I P.M. 123
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Day. Hour. Diftance at which the
balls diverge.
May 22 4 P.M. 125 inches.
8 p. M, jhmeaicl o
107 P. M. 2

23d, Mr. HEMMING fhewed me the experiment, when I
{faw the balls {feparate at twelve inches diftance from the
cylinder. The caufe of thefe phenomena is, no doubt,
the excited electricity lodged in the pores of the- glafs
ating upon the vapour in the air of the room, and pro-
ducing a greater or lefs effet, as circumftances may
contribute to increafe or diminifh its operation. The cy-
linder was now ufed again, which clofed this fet of ob-
fervations. Mr. HEMMING has added a meteorological
journal for the time; but the particulars of this I did not
think it neceflary to introduce in the above extract.

A SECOND SET OF OBSERVATIONS.

Feb. 3, 1777, the cylinder was excited, and from the
sth to the 14th no fire had been made in the ftudy.

Day. Hour. Diftance at which the
balls diverge.
14 3 P. M, 7 inches.
I0 P. M. ©
15 9 A.M. I1

{h) Thisavas the firft time, fince Auguft or September, that T had obferved
my cylinder fo retain its attradtive power longer than twelve hours after being
excited, though it was conftantly ke:t in the fame place, and, as well as 1 can
obferve, under the very fame ciscamttances.

Feb,
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Day. Hour, Diftance at which the
balls diverge.
Feb, 13 4 P.M, 8 inches.
o B.M. o
10 P. M. o
A large fire in the ftudy the whole day.
16 9. A, M.
12
8§ r.M.
10 P. M.
17 9 A.M.
6 p.M.
I P.M.
18 8;a. M.
Abfent till 224, 3 P. M.
6 r.M.
7 P.M.
I
8
2
5
9
I
9
2

P. M.
A. M.
P. M.
P. M.
P. M.
P. M.
A. M.

23

24

oooooom\IOONm.NONmOO\p\.o

3 P.M.
Feb.
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Day. Hour. Diftance at which the
balls diverge.
Feb. 25 9 A.M. 2 inches.
Abfent till 28th, 3 P.M. 2
9 P.M. o
Mar. 1 9 A.M. o
The fire in the ftudy put out at noon.
10 P.M. o
2 9 A. M. o
I P.M. o
Abfent till 8th, 3 P.M. o9
6 p.M. 4
8
9 rP. M. o
10
9 8 Am 9
7
8 ¢p. M. o
10
10 8 a.m. 8

The cylinder was now excited again, which clofed this
fet of obfervations. Thefe changes inthe electricity feem
very extraordinary, and I think them not eafily to be ac-
counted for, as they happened in ftates of the weather
which were totally different. I regret, however, that an
accurate and fenfible hygrometer was not obferved the

VoL. LXVIIL Q whole
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whole time; and for fuch a purpofe I fhould re¢commend
Mr. cOVENTRY’s; made with a number of circular pieces of
iffue<paper, amounting toa cettain weight, thoroughly
heated and ftrung on a thread, kept feparate from each
other by a {fmall glafs bead, and fuf{pended on one of. the
ends of alever, nicely poized, and turning freely on its
axis; the other -end ferving as an index to a graduated
fcale, on which it thews ‘the weight of the moifture im-
bibed at any time by the'papers. This hygrometer, from
its extrenmte {enfibility, 1 thould choofe, I fay, to recom-
mend for ’this purpofe, in preference to any other that
I have ever feen.

HAVYNG lately had 'occsfion to thew the experi-
ments with the coated Dutch plates to an excellent elec-
trician (Mr. cavaLLo) and having charged them ®s high
as I could, and feparated them ¥ think rather more expe-
ditioufly than ufual, I was aftonifhed to find, that the
very {fame plates I have fo often mentioned were now
charged, the one pofitively, the other negatively, on both
furfaces. 1 then lid them together, and having made
the -difcharge as ufual, I feparated them, and found one
of the plates negative on both fides, and the other plate
pofitive on one furface, and negative on the other. Here
was a new caufe of admiration, and I was utterly at a lofs

10 account for it, as the plates had in every inftance be-
fore
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fore uniformly adted as reprefénted in my paper. At
length I recolleéted, that this experiment had been made
rather mare expeditioufty than ufual: I therefore re-
peated it, and having allowed fomewhat more time be-
tween the removal of the plates from the prime con-
ductor, and the feparation of them, in order to examine
thevir, electricity, I found on each plate a pofitive and a
negative furface; and having replaced them and made
the difcharge, I obferved:that the eledtsicity of all the
furfaces was changed. I have mentioned this circum-
ftance, to thew how {mall a difference in the manner of
making an experiment, will make an-effential difference
alfo in the refult. There is fomething; hewever, very
fingular in this kind of glafs, whichr I believe is owing to
its not being properly annealed; for I once met-with a
plate of it which I found very difficult to charge at all;
and when a fmall quantity of electricity had been forced
into it, it diffipated proportionably fooner, without the
ufe of the difcharging rod.

In glafs, properly annealed, whether in the form of
plates or jars, prepared.for the Leyden experiment, the
diffipation of the ele&ricity is, in fome ftates of the atmo-~
fphere, a remarkable, and fometimes (when there is not
a fire in the room) a difagreeable circumftance: this ef-
feé, however, in the jar itfelf, may be in a great mea~
fure prevented, by having the uncoated part of the glafs

Q2 neatly
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neatly covered with the beft varnith®’; and I fhould not
omit to obierve, that Mr. HEMMING’s bottle, which re-
tained its charge {o long, was prepared in this manner.

P OSTS SO CRTITPT,

Containing fome experiments and obfervations on Mr.
VOLTA’S machine, by Mr. TIBERIUS CAVALLO, Witk

vemarks by Mr. HENLY.

Mr. voLTa’s machine, which occafioned feveral of
the preceding enquiries, hath lately been made by Mr.
CAVALLO, by coating the glafs plate (about fix inches in
dlameter) with fealing-wax. With one excitation of this

plate he foon charged.a bottle compleatly, and with that
charge pierced three holes in a card, which he hath fince
thewed me. If, when this machine ated vigorouily, he
inverted the excited plate, and fet the brafs plate upon
the glafs, he produced a contrary electricity, but in a
much fmaller degree. If when the fealing-wax was
ftrongly excited, {o that fparks, two inches long, might
be drawn from the brafs plate, the excited wax, &c.
was placed on an eleétric ftand, and the procefs continued
as ufual; the fparks from the brafs plate prefently dimi-

{2) The varnithing fhould be feveral times repeated,
nifthed,
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nithed, and in a fhort time almoft totally ceafed: this,
I think, clearly indicates that the eleétricity in the lower
furface of the glafs and the table were mutually affected
in the operation, as well as that, inthe excited fealing-wax
and the brafs plate’”’, I have feen one of thefe machines,
made by Mr. cavaLLo, a¢t fo ftrongly that, upon fepa~
rating the brafs plate from the fealing-wax, a flath has
ftruck from the brafs toward the table, and it has befides
given a ftrong fpark upon the knuckle, when heldat up-
wards of an inch diftance. If the brafs plate, after being
raifed from the wax, be prefented with its edge toward
the wax (lightly touching it) and thus drawn over its
furface, the eletricity of the plate, he obferves, will be
abforbed by the fealing-wax, clearly fhewing the ftrong
negative ftate in which the excited wax is left on the re-
moval of the brafs plate.

The attraction between the plates is alfo fometimes {o
firong, that the coated glafs has frequently been lifted
up by the brafs plate from the table; yet in a few days,
being carefully placed in a proper repofitory (in contact
with each other) not the leaft fign of eleétricity has been

(b) Tt has been fuppofed by fome gentlemen, that the very fame quantity of
ele&ricity imparted by the finger to the plate on touching it, was emitted again
by the plate on removing it from the eleftric and prefenting it towards the
knuckle; and that therefore, in air perfe@ly dry, this machine would at all
times exhibit its phenomena without a frefh cxcitation of the ele&ric, and
thus merit the appellation of a machine for exhibiting perpetual elettricity : but
the fadt above anentioned entirely refutes that fuppofition.

2 difcoverable
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difcoverable on their {feparation: fo far is even this ma-
chine from exhibiting perpetual eletricity. Indeed, in
this particular, it is far exceeded by Mr. GREY’s apparatus
of the cone of fulphur in the glafs, which, on being fe-
parated, I have never perceived to fail of exhibiting
ftrong figns of electricity, in every ftate of the weather.
To this apparatus I have lately added the improvements
of M. £P1Na4s, and find that they fully anfwer his report.

‘THE following paper contains a fet of experiments
which may perhaps lead to fome curious, ufeful, and im-
portant truths in electricity. They are made with the
moft fimple apparatus, and in the moft {imple manner;
nothing more being requifite for this purpofe than a few
fticks of fealing-wax (one of them being referved as a
teft) to the ends of which the fubftances to be examined
are to be fixed or tied as occafion may require, and Mr.
cANTON’s eleétrometer, neatly made and properly infu-
lated. With this fmall apparatus may almoft every ar-
ticle that can be propofed be examined with the utmoft
facility, ‘The animal, the vegetable, the foffil kingdom,
with all the works and combinations of art and manu-
facture, may afford materials ; almoft any of which, by

aflight friction againft woollen cloth or filk, will become
5 electrified
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elecirified (either pofitively or negatively, according tor
the nature of the-fubftance and form of its furface, and
the quality and furface of the rubber) fufficiently to fe-
patate the balls of the eleGtrometer, {o as to determine
their elericity in a very fatisfatory manner. 'This, I
think, fully confirms an opinion I have long entertained
and meritioned in a former paper, vsz. that the flighteft
fri¢tion of bodies of every kind, in every fituation, may
difturb the ele@tric matter contained in them, though the
effe& be imperceptible to us, having no electrometer nice
enough to difcover it. Here, therefore, is a boundlefs
field for future enquiry; and, to aflift thofe who may be
inclined to profecute it, I fhall mention a few general ob--
fervations and precautions, which I have found exceed-
ingly ufeful in the courfe of my own experiments. 1ft,
The air thould be dry, and the apparatus clean and warm.
2dly, The fubftances to be tried thould be perfectly clean.
3dly, When the rubber hath been ufed once or twice, it
fhould be, held near the fire or the flame of a candle,
not only to prevent its acquiring moifture, but to take off
the eleétricity left in it by one fubftance, before another
be examined; for it fhould always be remembered, that
whenever a fubftance is made ele&trical by friétion, the
rubber acquires the contrary eleétricity, and this electri-
city, if it be not carefully taken off as is above directed,

will
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will fometimes remain in it {o as to confufe and aétually
miflead in the experiments. 4thly, Some minute {ub-
ftances, as a {mall leaf, feed, or hair, will not be eafily
excited in damp weather; thefe, therefore, as well as the
apparatus, fhould be warmed; for heat, I find, doth al-
ways difpofe bodies to become eletrical. gthly, The in-
fulating ftands, and the fticks of fealing-wax, with which
the fubftances to be examined are conneéted, thould not
be rubbed, left they, by the frition, thould be made
eledtrical, and, ating through the fubftance in contac
with them, deceive in the experiment. 6thly, The ani-
mal fubftances, as hair, horn, bone, cartilage, nails, teeth,
mufcles, &c. become eleétrified pofitively, by friction,
againft woollen cloth or black filk; and the vegetable
creation, with very few exceptions, negatively. The metals
differ with refpect to kinds, form, and furface, and may be
differently affected by different rubbers. Laftly, I muft
notomit to obferve that, among vegetables, I find the hot,
acrid,pungent, and aromatic fubftances, as the fpices,&c. to
be much more eafily excited, and ftronger in their power,
than the cold ones, as the feeds of gourd, melon, or cu-
cumber. Among the herbs, hemlock and parfley are
ftrong: a fingle leaf of laurel, bay, yew, rofemary, &c.
will be found very powerful; but, as I have before ob-

ferved, this field is indeed immenfe, and life itfelf too
thort
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thort for a compleat inveftigation. The experiments
prove, however, how univerf{ally the ele&tric matter is
diffeminated; or, in other words, its exiftence in all bo-
dies; with what readinefs it is excited; and, I think, the
conftancy of its a&ion (though imperceptible to us) as
well as its ufe and importance, as a principal agent in the
greateft, and to mankind the moft interefting, operations
in nature. I have enclofed a catalogue, exhibiting at
one view the articles I have had an opportunity to try,
with their kinds of eletricity marked againft them;
hoping this fpecimen may induce gentlemen of more
leifure to purfue the enquiry.

Hair, wool, down,. and many other articles, may be
made up in the form of little tafels, and in this marnner
readily fixed upon or tied to the end of an eleétric for
experiment.

Yor. LXVIIL R The
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The following fubftances being fixed or tied upan the
end of a ftick of fealing-wax, and excited by friction
againft a woollen garment or a piece of foft black fitk,
became eleétrified as marked in the columns of the
annexed table. The ftrongeft in power are diftin-
guifhed by the letter s, and the weakeft by the let-

ter w.

METALS.

A new guinea; a fmooth fix pence; a I

Wool. Si&.

brafs ferule; tin, and tin-foil; enamelled
coppcr, s; gilding on leather, s; lead
ore; copper ore; iron ore; ftream tin;
Milled lead; copper, s; a polithed fteel
button, s; a new filver ditto; a metal}
button gilt, s; tutenague ditto, s; iron;
Lead from a tea-cheft, in which there }

Neg. Neg.

Pof. Pof.

is a mixture of tin, w; Neg. Pof.

A gilt button, bafket pattern; the

juncture at the end of a brafs ferule; Pof. Neg.

ANIMAL
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ANIMAL SUBSTANCES.

'Tortoife'-fhell, w3 ivory, s; bone, s;
horn; lamb’s-tooth ; horfe’s-hoof; deer’s-

hoof; mufcle of .the leg of a deer, s; |

cartilage, s; fpur of a young cock;

bill, claw, and fcale from the leg of a }

turkey, s; fcale of a carp; the chry/alis of

a moth, recent from the earth, cleanfed ;

craffamentum of the human blood ex-
ficcated, w; quills; claw of an unboiled
lobfter; cowrie and feveral other fmooth

fhells, s; fhell of a hen’s egg; tail of |

a fmall fith; thigh of the elephant bee-
tle; a fmall beetle, fmooth furface; hu-
man hair; red and white horfe’s and bul-
lock’s hair, s; hog’s briftles, s; wool;

filk from the worm, w; oyfter-fhell,

fmooth furface;

Mother of pearl, and feveral other
fhells;

Mufcle and cocklepﬂaells, recent; are-
cent {nail-thell, rough furface; elitra of
the ftag-beetle; oyfter-fhell, rough fur-
face;

Waol, Sik.

-

+ Pof. Pof.

Neg. Pof.

J
( Neg. Neg.
VE

GETABLES.
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YVEGETABLES.

Rind of cheftnut, s; Barcelona nut- )

fhell, s; cathew nut, s; cocoa nut-thell
polithed; brazil; ZAgnum wite; black
ebony, s; box, w; cane, s; quinquina,

or Peruvian bark, s; tamarind-ftone; |

coffee-berry roafted, s; nutmeg, s; gin-
ger, s; white pepper, freed from the
huik, s; cinnamon, s} cloves, s; mace,s;
all-fpice, s; capficum, both fides of the
pod, s; hemlock, s; a clove of garlic;
ditto of efchalot, freed from the hutk, s;
a green onion, s; rue, s ; cork, s; leaves
of laurel, bay, yew, hdlly, rofemary, with

their berries, s; parfley, s; leaf of tur- |

nip; ditto of Savoy cabbage, s; celery, s;
fago, s; thime, s ; carrot; turnip; potatoe; _
an acorn, s; rind of Seville orange, s;
a large Windfor bean, s; a white pea;
root of the white lily ; fnow-drop root;
feeds of gourd, melon, cucumber, w; a
fpecies of long-mofs, w; an apple, s;
down of the cotton-ruth; w; fea-flag;
leaf of the American aloe, s; cotton, w;

S

J

Wool. Silk.

Neg. Neg.

Hemp;
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Hemp; flax; ftalk of the tobacco-leaf;
{pike, from the leafof the American aloe;
palma-chrifti nut; horfe-radith;

A white kidney-bean, fmooth furface;
black negro of the fame; fcarlet of the
fame ;

CORALLINES.

Sea-fan, the horny part, w; rough
coral, w3

Spunge, w; coral polithed, w ;

SALTS.

Allum, w,

Borax,

Nitre purified,

FOSSIL AND MINERAL SUBSTANCES.

Common pebble-ftones of all colours,
s; marble, s; pit-coal, s; black-lead,
w; jet, s; a/beflos; mineralized ful-
phur; thunder-bolt ftone; cornu-ammo-
nis; thark’s-tooth; coat of petrifaction;

Several fmooth native cryftals; brown
Iceland ditto; 7alk, s; Ceylon pebble,
fmooth and tranfparent; agate, s; corne-
lian; amethyft, s;

)
}
}

} {fmooth furfaces ; }

z
|
|

2%
Wool. Silk,

Neg. Pof,

Pof. Pof.

Neg. Pof.

Pof. Pof.

Neg, Neg.
Pof. Pof.

Neg. Neg.

Pof. Pof.

A fpecimen
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' Wool. Silk.
A fpecimen of gypfum, Neg. Pof.

ARTIFICIAL SUBSTANCES.

Staffordfhire ware _glézed,; Chinaware,
s3 Wedgwood’s ware glazed, s; whale’s /
fin prepared, w; writing-paper; parch-
ment, s; fheep’s gut, )

Tobacco-pipe, s; Wedgwood’s ware ]
unglazed; elaftic gum, s; hard under-
cruft of aleaf; a tallow-candle, w; oiled
filk ; painted paper, s; filver, burnt into
glafs, unburnifthed; pearl-barley, w3 In-
dian ink,; w; blue vitriol, s, )

Dr. LEwis’s glafs porcelain, Neg. Pof.

Pof. Pof.

Neg. Neg.

Silver burnt into glafs, burnifhed, could not be excited
either with the woollen or filk. It is fuppofed that the
fubftances being fo intimately incorporated or blended
together, the friction at the fame time excited both the
fubftances, fo as to counterad and deftroy the effett of
each other.

In thefe experiments I have been affifted by Mr. ca-
vaLLo and Mr. apams, who have carefully repeated
them in my prefence. It may be proper to obferve alfo,

that the white pea, a fcarlet bean, and the thorn from
3 the
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the American aloe’”; being rubbed upon new, fine, cla~
ret-coloured cloth, became weakly eleétrified pofitively.

A lock of black hair from a young colt I have ob-
ferved to become very weakly electrified negatively,
when excited either with wool or filk.

It will be proper to obferve, that the rubber of wool-
len cloth, which I ufed in the preceding experiments,
was a part of the coat or waiftcoat which I happened to
wear at the time; but being defirous te try the effect of
another, I took a piece of fine, new, white flannel, and
ufing that fide of it which is free from knap, I perceived
a remarkable difference; v72. the copper and other hut-
tons, the different ftones, fhells, China ware, moft of the
animal fubftances (hair excepted) and all the vegetable
ones, which with the former rubbers were pofitively,
being now negatively eletrical; but thofe which were
negative with them, I found to be negative with thefe
alfo/. In all the experiments with the flannel, I had

hit.h.erto:

(4) All thefe fubftances have finooth furfaces.

(i) On this account an ingenious friend of mine propofed the following:
queftion, wiz. Whether, if the eleftric matter were inherent (as I afferted) in.
the different fubftances 1 examined, the kind of ele@ricity could be changed by
the ufe of different rubbers? I reminded him of Mr. cANTON’s experiments.
with a glafs tube, and informed him,, that a ftick of fealing-wax becomes pofi-
tively ele@trified by dipping it in quickfilver, or exciting it with a flip of tin-
foil; that a fimooth glafs tube may be made negative by drawing it crofs-wife

over
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hitherto warmed the fubftances, but kept the rubber
cold; fufpeting that, in- fome cafes, the refult might be
different from what it is when the rubber is warm and
the fubftance cold: bit this, With the effect of cloths of
different textures and colours, filks, fattins, velvets,lea~
ther drefled. in oil, 'and in'allum, 8c. fed as rubbers, I
have not had leifure to derermine. A (mall turnip and a
potatoe, which I-could not excite at all with either of the
‘rubbers when they and the fubftances were cold, I ex-
cited in a very fmall degree with the flannel a little
warmed; butvery ftrongly when-the flannel and the re-
{peétive articles: were, éach of thém, moderately warm.
A fprig of celery ated very powerfully when the
flanriel only had been previoufly warmed ™. As in all
cafes the ‘rubbér is affécted with-an eledricity contrary
to that of thé fubftance rubbed, it will be fufficient for

.over the back of a cat, or by exciting it with a dry, warm rabbit’s fkin; that
a fmall coated bottle miay be charged with a flip of writing- paper, excited by
drawmg it.britkly between the ﬁngers of a dry hand {0 as to pierce a hole in a
card; that the dry leathern cover of a book may be m:de ftrongly ele&trical by
the friction of a dry hand, and that its eledtricity is remarkably fhewn by
touching it vnth an infulated button, in the form of the plate to Mr, voLTA’s
machine. He then acknowledged, that fuch an obje@ion as he had ftarted muft
certainly be groundlefs,
" (%) A palma-chrifii nut was excited very ftrongly with the flannel, weakly
‘with my coat, and not all (in aroom where there was no fire) with the black
filk. I have alfo to add, that fome particular fubftances, though negatively
¢leétrical when heated, become pofitive when cold, by friftion againft the very
fame rubber.

5 many
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many purpofes to ufe a rubber with a handle of glafs,
wax, &c. with which the eleftricity of many fixed bo-
dies, gems that are fet in metals, 8&c. and other articles
that it would be impioper to divide or remove, may be
determined. Suth rubbers of different forms have been
conftruéted and fatisfattorily employed in' a variety of
igftances by Mr. ERRINGTON and Mr. cAvALLo, who
havel extended their enquiries far beyond the limits at
which I defifted; their colleftion of animal, vegetable,
foffil, and artificial fubftances, added to my catalogue,
amounting to almoft one thoufand articles.

G O N CL U S I O N.

AT the conclufion of the fecond part of the pre-
ceding paper, in my remarks upon the eleétricity of
chocolate, I have obferved, that many and great difco-
veries have been made in this age, refpecting the a&ion,
influence, and effeéts of eleétricity; but it is a queftion
that hath been frequently put to eleétricians, What is
eledtricity? For my own part, I have generally chofen
(perhaps for want of a better anfwer) to reply bya fimilar
queftion, v7z. What is air? or, what iswater? For,as thefe
are underftood to be fluids diftin&t from all others, and

VoL, LXVIL S diftinguifhed
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diftinguiflied by the names they bear, fo have I ever cone-
frdered eleétricity as a fluid /w4 generis, and properly cha«
raterifed by the term eleétricity, eleciric fluid, or ele&ric
matter; and have always avoided the term eleiric fire,
as conveying a confufed idea of atual inflammation,
burning, 8&¢.: but I now begin really to doubt, whether
another appellation might not be applied with greater-
propriety; whether electricity may not-be confidered as 2
pure, ethereal, elementary fire,inherent in all bodies, inti-
naately connected or blended with an earthy or other bafe,
and apparently, though not actually, remaining in itin &
quiefcent fate, till roufed into aétion by fome proper ap-
plication, as motion, or rather fri¢tion, which may, and
probably does, collect it in our experiments. (But can
motion convey inftantaneoufly that which is not material,
but enly a quality, a property, an accident, or affection,
of matter, through fuch circuits as thofe of Dr. waTsoN,
and produce fuch aftonifhing effecis at the interruption
of thofe circuits? Befides,in Dr. FRANKLIN’S moft curious
and dectfive experiment of charging the Leyden bottle
with its own electricity, the glafs undergoes no friction
whatfoever; but the efedtricity inherent in it is fimply ex-
haufted from one of its furfaces, and forced routid upon
the other by the eleéirical apparatus: the fame may be
adferted of badies prefented toward a conduétor negatively
5 electrified,
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eletrified, or to the infulated rubber of the eletrical
machine.) That it may be faid to refide in vegetables,and
is extracted together with their oil; that in fermentation,
effervefcence, and putrefattion, it flies off in the phlo-
giftic vapour thence arifing (fee note 1. at the conclufion
of this paper); that in diftillation it is difengaged and
brought over in an ardent {pirit, in which it refides, re-
taining its original properties ina purer bafe ; that, fince by
the collifion of flint, fteel, 8zc. actual fire is inftantaneouily
produced (as in the inftance of the dry axle of a carriage,
which, by the fri¢tion of the nave againtt it, {oon takes
fire) fo by the friction of other bodies, which by long per=
feverance would produce the fame effect, this latent fire
may be firft excited, and its appearances, though unob-
ferved, be thofe we term eleétrical, A wind-mill, when
it works under the break (as the millers term it when no
iron is concerned) foon catches fire (the mill-ftones,
when no corn is between them, produce the fame effect,
though the motion be the fame in both cafes) and many
a mill hath been confumed by this means. The method
ufed by the Indians, of producing fire by the friction of
two pieces of wood againft each other is well known;
and in all thefe cafes may not the firft effects of the
latent fire, thus roufed into action, be the produétion of
thofe very appearances we call elerical? See notes 2.
3. 4. §.and 6.

S 2 This
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This thought, I confefs, remained fo ftrongly im-
prefled upon my mind, that I requefted fome of my
friends, -who had ‘a better opportunity than myfelf;
to make the trial. For this purpofe fome pieces of
wood were baked in an oven, in order to expel the moif=
ture, and prepare them for the experiment. When they
were cooled, - a-friction was begun, which, as I expected,
foon produced ele@ricity; one piece of the weod being
excited pofitively, the other negatively, as I have fince
myfelf feveral times experienced. Had the friction been
centinued, the producion of actual fire might perhaps
have been the confequence. May not, therefore, the
preduction -of actual fire be the wltimum of eleCiricity?
or, in other words, elecricity the firft effet of latent fire
thus roufedinto action; actual fire, the fecond; and in-
flammation and diffolution, its third.and greateft effort?
like fermentation, producing firft, wine; fecondly, vine-
gar; lafly, putrefadtion. “To give fome countenance to
this fuppofition, let fome of the effedts of ele@ricity and
fire be placed in a comparative view. Firft, a. {fmall iron
wire, held in the flame of a candle till it acquires a white
heat, will frequently burit into little balls, flying off in
alldirections. The fame effe@ is produced by a flint and
fteel; and in.a fuperior manner, by a ftrong charge of
eledtridity, or a flath of lightning pafling through fuch
2 2 {mall
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a {mall wire; the balls then appearing, on examination,
to be little more than the /corie of the metal. The effect
of eleétricity, lightning, and fire, in deftroying the power
of the artificial or natural magnets, is a circumftance that
hath been often remarked, and repeatedly publithed.
The effects of eleétricity, in common with fire; on proof-
{pirit, gun-powder, pbo/pborus, dry lint, and many other
fubftances, muit occur to every gentleman converfant in
thefe experiments; indeed the parallel might be conti-
nued much further. But it may be afked, if this be
really the faét, fhould not metals become eleétrical by
fri¢tion? I anfwer, they are readily excited, provided they
be firft properly infulated; (but if metal be rubbed
againft metal, the phlogifton or latent fire, if I may be
allowed the expreflion, is {fo nearly proportioned in the
two metals, that the equilibrium is reftored as foon as
deftroyed, from the very nature of the bafe, which is the
moft perfet conduétor we are acquainted with) to il-
luftrate this, let it be remembered, that though the
hydroftatic paradox may be readily explained, yet the
fluid muft be confined in a proper veffel; and
though the weight, the {pring, and the compreffibi-
lity of the air, be eafily demonftrable, a fuitable appa-
ratus muft neceffarily be employed for each purpofe.
It
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It is a queftion by no means decided, how the clouds be-
come electrified? But if we {uppofe the eleétric matter to
be a pure, ethereal, elementary fire, refident in all bo-
dies; that the great procefs of vegetation is carried on
by means of this fubtile, active, volatile, and pervading
element; that it is continually exhaling from all the ve-
getable tribe; that as evaporation is a remarkable agent
in the coolinig of heated {ubftances, that is, a good con~
ductor of their fire, as I am well aflured it is of eleétri-
city; may we not conclude, that this is one great caufe
of the clouds becoming at times furcharged with this
fluid? The great effect of eletricity in promoting ve-
getation, hath been fully proved by Dr. px MAIMBRAY,
the abbé NOLLET, Mr. JALLABERT, and other gentle~
men, and was very remarkable in that year when the
fatal earthquake happened at Lifbon. Dr. sTUXELEY’S
obfervations on the frequent appearances of fire-balls,
corufcations, and awrore boreales, at this time (which I
well remember) deferve to be particularly noticed; and

it is generally remarked, that thunder-ftorms are pre-

ceded by acontinuance of hot weather, and that amoderate

temperature immediately fucceeds the ftorm. The re-

marks and obfervations of the worthy Dr. #aLEs on this

fubje&t feem alfo to merit peculiar attention. Further,

as the rays of the fun, concentrated by a powerful burn-

ing
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ing mirror, will produce a fufion of metals, and inftantly
reduce a number of fubftances prefented to the focus to
a calx, as the fame effect is in many cafes produced
by a ftroke of lightning; and as the colours of the
eleciric and folar light are equally divifible by the prifin;
may not thefe alfo bear fome kind of relation to each
other’”? Upon the whole, is there not an high degree
of probability in the fuppofition, that light, fire, phlo-
gifton, and eleétricity, are only different modifications of
one and the fame principle? See notes 7. 8.and 9. A
fimilarity in feveral of the phenomena of ele&ricity and
agnetifm hath been long fince pointed out by Dr.
PRICE, from M. £P1nas; and the effect of heat on both.
admirably difplayed by Mr. cantoN. Of all the fub-
ftanees I have yet examined, the moft difficult to excite,
I'obferved to be a fine, fmooth, unarmed load-ftone, and
a piece of black lead; thefe feemed to bid defiance to all
my rubbers: at length, however, with a piece of new
flannel they were both excited, in a very fmall degree,
negatively. In fhort, T have not yet met with a fingle
article (on which the experiment could be tried) that I
could not, with one or other of my rubbers, make in

(1) Many other particulars might be adduced in this place; but they are pura
pofely omitted, this paper being already extended farbeyond the limits otiginally
intended by the author,

{fome
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fome degree eleétrical. The laws by which all thefe
fluids are governed, and what coriftitutes the precife dif-
ference between them, may yet, perhaps, by fome fortu-
nate philofopher, by a train of juft reflexion, and a fet of
happily contrived and well-conducted experiments, be
much farther elucidated. Laftly, I do not fpeak of thefe
things as facts of which I am abfolutely convinced; but
earneftly wifh to recommend them to the ferious con-
fideration of future enquirers. From what hath been
faid, however, I apprehend it will {carcely be doubted,
that eleétricity, whatever it be (as I have often remarked)
is one of the greateft and moft important agents in the
operations of Nature; that the effeéts of lightning, there-
fore, are but as difcords in her harmony; and, though
fingly confidered, they may appear unpleafing notes,
yet perhaps may be neceflary to fill up and compleat her
grand and general chorus.

NOTES ON THE CONCLUSION,

1. I'am juft informed by Mr. ApAwms, that Mr. CLARKE,
an ingenious gentleman from Ireland, hath lately proved,
to the fatisfaction -of fome of the ableft chemifts there,

that the variety of airs produced by different gentlemen
in
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in their pneumatical refearches (that produced from the
calces of metals perhaps excepted) are only phlogiftic
vapours arifing from, and partaking of, the qualities of
the fubftances from which they are difengaged.

¢ The vapour of fermentation is much more fubtle
¢ than common air, it pafles through bodies which
¢ would be impenetrable obftacles to the latter.

¢ Mr. DE SMETH was not able to retain it by the aid
¢ of lutes: a moiftened bladder, tied over the mouth of 3
¢ veffel which contained fome fermenting matter, was
“ not at all inflated during the height of fermentation.

“ Dr. PRIESTLEY has obferved, that the fixed air from
¢ fermenting beer combines eafily with the vapour of
¢ water, as alfo with the {moke of rofin, fulphur, and
¢ other eletrical {fubftances. _

¢« If it were permitted me to indulge in conjectures, I
¢ fhould fay that fome experiments induce me to be-
¢ lieve, that every elaftic fluid refults from the combina~
¢ tion of {fome folid or fluid body with the inflammable
¢ principle, or perhaps even with the matter of pure
“ fire; and that on this combination the ftate of elafti-
¢ city depends.” See HENRY’s tranflation of M. Lavol-
s1ER’s Effays, phyfical and chemical.

Mr. LANE, in his curious and moft important experi-
ment of diffolving iron in water impregnated with fixed

VoL. LXVIIL T air,
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air, obferved, that after the water fo impregnated had
been pafled through a clofe filtering paper, it was ren-
dered quite tranfparent, the iron being in perfeét folu-
tion. This clear liquor he endeavoured to preferve in its
tranfparent ftate, by ufing every means that then occur-
red to him'to retain the elaftic vapour, but without fuc-
cefs, for in a few hours the tranfparency diminithed:
afterwards the liquor became opaque, and depofited the
iron that had been diffolved in it.

2. Several gentlemen have obferved, that in working
their electrical machines with great velocity, as heat was
produced by-the friction, the ele@ricity was proportiona-~
bly leflened.

3. Mr. ERRINGTON, a gentleman who often recreates
himfelf with mechanical operations, frequently ob-
ferved, that after he had been for fome time brifkly
working his drill, the firing of it-became ftrongly elec-
trical.

4. Mr. cavarro, who fometimes amufes himfelf with
the violin, having played a few {prightly airs, examined
at my requeft the hairs of the bow, and the ftrings of
the inftrument, and found by his eleétrometer that both
of them were electrical; the former in a plus, the latter

in a sminus ftate. In this cafe, the rofin contributes to
I the
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the eleétricity. Perhaps a tenor or bafs-viol'might pro-
duce the effect in a greater degree..

5. Mr. cavaLLo likewife informs me, that takihg twe
pieces of broken China ware, he ftruck: the eages of
them brifkly together, and produced {parks of fire, but
no eledricity. He then rubbed the broader furfaces
gently together, and producéd a ftrong eletricity; pofi=
tive in one piece, negative in the other. This experi-
ment I have feveral times repeated. to my entire fati{-
faction.

6. 1 have myf{elf obferved, that two glafs tubes, rubbed
brifkly together, produce a vivid purple light and ftrong
phofphoreal fmell, but no attraction or repulfion; but
two pieces of plate glafs, each two inches long and one
inch broad, warmed and rubbed gently againft each
other, produce eleltricity, negative in one piece, pofitive
in the other. Both glafs and amber I have alfo made
eleétrical by blowing upon them (previoufly warmed)
with a pair of bellows.

7. Platina, in the pureft ftate to which it could be re-
duced by chemiftry, and on which Dr. LEwis informed
me that the ftrongett fires he could raife had no further
effec, I have been able to fufe in a finall degree, by a
firong charge of eleétricity. Phil. Tran{. vol. LXIV.
P. 416.

T 2 8. Since
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8. Since the learned and accurate F. BECCARIA pube
lithed the account of his curious experiment of revivi~
fying the calces of metals by ele&ric'iry, it hath been re-
peated with perfect fuccefs by feveral other gentlemen.
9. With refpect to earthquakes, upon this hypo-
thefis Dr. STUKELEY’s and the rev. Mr. MITCHEL’ inge-
nious theory may both be near to truth, as the difference
between them will confift more in words than in fats.
See a moft curious and aftonithing effe¢t of evaporation
produced by eleétricity in Dr. FRANKLIN’s Experiments
and Obfervations, firft edit. p. 415. Perhaps it may not
be improper to mention in this place the following
experiment, which 1 made long fince myfelf. A
pretty large wine-glafs being nearly filled with water,
two wires, terminated by fmall brafs balls, were hung
oppofite to each other upon the brim of the glafs, fo as
to let the balls defcend to about half the .depth of the
water. The communication being then compleated by a
chain, a jar containing three {quare feet of coated fur-
face, was difcharged through it. The confequence was,
the ftem of the glafs was broken in two places; the bowl
was fhivered perhaps into a thoufand pieces, and fcat-
tered with the water in all directions: part of it flew into
my face, and fo much upon the apparatus, that I remem-
ber it put an end to my experiments for that time. IThad

neglected to cover the glafs, being defirous to fee the
effect
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effe¢t of the charge paffing through the water; not fuf~
peting the danger of the elericity evaporating part of
it, and exploding with fuch violence as might have been.
attended with very difagreeable confequences.

10. That water-fpouts are really occafioned by elec-
tricity I have long fufpeéted, from feveral circumftances;
but Mr. GEORGE FORSTER, F. R. . in his curious remarks
‘and circumitantial defcription of one of thefe phenomena
(Voyage round the World, vol. I. p. 191.) feems to have
confirmed this matter beyond a doubt: the form of the
column, the hail-ftones which fell at the time, and the
flafh of lightning which appeared at the disjunction of
the tube, are, I apprehend, as complete proofs as can be
given, or as the ¢afe can admit or require.

11. Some gentlemen have fuppofed, that the eletric
matter is the caufe of the cohefion of the particles.of bo-
dies. If the eleéric matter be as I fufpect,and my expe-
riments and the foregoing notes {eem to prove, a real ele-
mentary fire inherent in all bodies, that opinion may
probably be well-founded; and perhaps the foldering of
metals and the cementation of iron by fire may be confi-
dered as ftrong proofs of the truth of their hypothefis.

12. Dr. PRIESTLEY obferves (Experiments and Obfer=
vations on Air, vol. I. p. 280.) That itis probable, that elec-

3 tric
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tric light comes from the eleétric matter itfelf; that this
being a modification of phlogifton, it is probable that
all light is a modification of phlogifton alfo; and that,
prior to his deductions from eletrical phenomena, it
was pretty evident that light and phlogifton are the fame
thing in different forms or ftates. Dr. PRIESTLEY’s third
volume on the fame fubject was not publifhed till the
laft theet of my paper had been compofed, and a proof
ftruck off. In the appendix to that volume I find fo cu-
rious an article in a letter from fignor voLTA tothe Doctor,
that I fhall take the liberty to tranfcribe a part of it, as a
very important addition; wiz. ¢ I fire inflammable air
“ by the fimple eletric {park, even when the eletricity
¢ is very moderate, which explains the ignes fatui, pro-
“ vided they confift of inflammable air iffuing from
« marfhy ground by the help of the electricity of fogs
¢« and by falling-ftars, which are very probably thought
¢ to have an eleétrical origin.

¢ I do not know whether you have ever tried the effect
% of the Bolognian phofphorus on air. It phlogifticates it
¢ in the higheft degree, and the diminution it occafions
¢ takes place very quickly, and is altogether furprifing;
¢ but for this purpofe the phofphorus muft be good,

4¢ and the weather not too cold.”
Since
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Since the preceding papers were prefented to the
Royal Society, I have feen and heard of fuch a number
of curious remarks, obfervations, and difcoveries on light,
fire, phlogifton, and eleétricity, which tend to illuftrate
and confirm the opinions I have advanced, that I would
beg leave to add, that, had I {feen or known of feveral of
thofe excellent pieces in time, I thould certainly have
availed myfelf of fuch important labours, and have
fpoken of the fubjets above-mentioned with a greater
degree of confidence. The authors I allude to are,
BOERHAAVE on Fire; sTaHL on Phlogifton; Dr. pEM-
BERTON on Fire; Dr. HIGGINs on Light; the celebrated
MACQUER, particularly in his Memair on Phlogifton, in
the abbé roziER’s Journal for Nov. 17763 a Memoir
by Mr. ororx on Phlogifton and Light; Mr. ACHARD’s
Eleétrical Experiments on the Ice of diftilled Water,
frozen in a degree of cold exceeding what we ever expe-
rience in this country; with plates of which ice he not
only performed the Leyden experiment, but even ex-
cited it by friction like glafs ({fee the Abbé RoZ1ER’s Jour-
nal for Nov. 1776); and laftly, M. KOESTLIN’s curioys.
and moft valuable experiments on the influence of elec-
tricity, in the prodution and fupport of animal and ve-
getable life, particularly his difcovery that vegetation was
actually retarded by eleétrifying his feeds.negatively,

. fhe
o



