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the Quality, of fwall RQuantities of Natural or Artificial
Elettricity. By Mr. Tiberius Cavallo, I, R. S.

The LeGure founded by the late HEnry Bakir, Efg. F.R. S,

Read November 15, 1787,

HE peffevering induftry of many ingenious perfons in

the philofophical world, fince the beginning of the
prefent century, has gradually, and with rapid fuccefs, exa-
mined the effelts, afcertained the properties, and inveftigated
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2 Mr. CAvaLLo's Obfervations on

the laws of. a {cience almoft entirely unknown before. Various
wonderful phznomena of nature have been explained, means
have been difcovered of avoiding fome of their dangerous
effe@s, and a greater infight into the general operations of
nature has been derived, from the knowledge of fo great and
fo extenfive a power as is commonly underflood under the
name of eleiricity 5 yet, if inflead of ’contemplati-ng its more
firiking phaenomena, viz. thofe which are apt to furprife more
by the magnitude of their effects, than by the inftru&ion
which they may afford, we endeavour to examine the fubject
more clofely, we fhall find that our knowledge of eleétricity
goes very little, if at all, beyond the fuperficial part of it.
We know, for inftance, that a piece of glafs, or other eleé’crnc,ﬂ
when rubbed, will produce that power which we call ele@ri-
city, that the glafs will communicate the acquired eletricity
to a piece of mctal, that the piece of- metal will retain that
power in certain circumftances, and fo on; but no perfon has
thewn how that power is generated by the frition, or what
prevents its paffage through the fubftance of fome particular
bodies. It has been afcertained, that the air of moft coun-
tries, and probably of the whole world, as well as the clouds,
fogs, rains, &c. are almoft always eleCtrified; but we are
ignorant of the office which this eleétricity can have in the
oreat laboratory of nature; for furely fo general and fo a&ive:
a power can hardly be intended by nature, merely to intimi-
date mankind now and then with the thunder and the light-
ning.

It appears, therefore, that thofe perfons, who are now
willing to diftinguith themfelves in this interefting. branch of
natural philofophy, ought to examine the ele&rical power not
{o much in its accumulated, as in its incipient ftate, Its firft

| 5 origin,



finall Quantities of FleGricity., 3
origin, or very beginning, ougat to be inveftigated, it being
afterwards very eafy to underftand its increafe; for we may
eafily comprehend, how a great quantity of it may be accu-
mulated from the often repeated additions of its fmalleft
portions.

This truth having been underftood by f{everal philofophical
perfons, has induced them to contrive inftruments neceflary
for the purpofe, and to make numerous obfe:vations, which
have undoubtedly promoted the knowledge of the fubject; but
a great deal ftill remains to be done, before we can attain to
the knowledge of the obje& in view, wviz. of the real nature,
of the firft origin, and of the general ufe of eleGricity. The
inftruments hitherto invented are ftill inadequate to the pur-
pofe, and the known methods of operating are not free from
~confiderable objetions. To examine the peculiar conftruc-
tions, intended ufes, properties, and defects, of thofe 'inftru-
ments, as well as methods of performing the experiments, is
the principal obje&t of the prefent Lecture, which I have the
honour of delivering to this learned Society, and which may,
perhaps, be of ufc to other experimenters inn this branch of
philofophy ; -fince what is mentioned in the following pages is
the refult of long experience, and of confideration. Of expe-
rience, which has often contradited the fanguine expeQations
of a pre-conceived .theory; and of confideration, which has
frequently demonftrated the abfurdity or infufficiency of
{chemes which, at firft fight, feemed very eafy and plaufible.

The late Mr. Joun CaNTON was, as faras I know, the
firft perfon who conftrutted an ele&rometer, or inftrument
capable of fhewing the prefence of what was then confidered
as a fmall quantity of ele@ricity. This inftrument confifted
of two fmall balls of pith of elder or of cork, faftened to the

B2 two



4 Mr. Cavarvro’s Obfervations on

two extremities of a linen thread, the middle of which was
faftened to an oblong wooden box, in which the thread and
balls were kept, when not aCtually in ufe, It was with fuch
an inftrument that:Mr. CanTow himfelf, Father Beccaria,
and others, afcertained the ele&ricity generally exifting in the
air; and that Mr. RonavnE difcovered the conftant elericity
of fogs. Butin the courfe of my experiments, having mads
frequent ufe of fuch ele&trometers, it naturally occurred to-
me, that in {everal cafes, when the eletrometer gave no figns:
of ele@ricity, or at leaft not fufficient to afcertain its quality,
the caufe of it was the refpetively large fize of the inftru-
ment ; for a {mall quantity of eletricity being diffufed through
the box, thread, and balls.of the eleftrometer, had not power.
fufficient to feparate the balls, and of courfe to thew its pre-
fence. In confequence of this, I contratted the fize of the
eleGrometers to fuch a degree as could be affeted by lefs than-
the tenth part of that quantity of elefricity which was ne-
ceffary to affe Mr. CanTon’s eleCtrometer. But in making
the eleGrometers very fhort, the fliffnefs of the threads, which
had been infignificant in a great extent,” became now very cons
fiderable ; hence, inftead of faﬁcﬁing the balls. to the two ex-
tremities of one piece of thread, I found it neceffary. to fuf-
pend each ball by a feparate piece of thread, the upper part
of which was formed into a loop, which moved in a ring of
brafs wire.

The eleGtrometers, thus improved, were flill {fubjeét to a
very great imperfe&ion, which was the twifting of the threads ;
to avoid which I fubflituted fine filver wire,. inftead of linenx
threads, which anfwered very well.. However, in obferving
the ele@ricity of the atmofphere, thofe eleGrometers appeared.

to labour under a confiderable inconvenience, which was their
4 being



Sinall Quantities of Electricity. 5
being difturbed by the wind ; for it frequently happened,. that
neither the exiftence, nor the quality, of the eleétricity could
be afcertained on account of the wind agitating the inftrument;
and becaufe the ele@ricity being in fmall quantity would not
remain on the ele@rometer a time fufficient to bring the inftru-
ment within deors, where it might be examined without any
obftru&tion. In order to remove this imperfetion, I inclofed
the eletrometer in a bottle, asit is defcribed in the Philo-
fophical Trranfadtions, Vol. LXX. which conftru&ion has been
found to anfwer remarkably well.

This bottle ele€rometer has been fince altered by various
perfons ;. though, in my opinion, thofe alterations do not tend to
improve it altogether. M. DB SaUssurE, by altering the fhape of
the bottle, and depriving it of a neck,. hasrenderedt capable of
retaining the communicated ele@ricity only for a very fhort
time * ;- whereas,. fome of thofe ele&trometers, conftruéted on
my original plan, have retained. the communicated eleétricity.
for more than four hours.

Befides this, M..DE SAUSSURE,.as well'as fome who make
thefe ele@trometers- for fale, have fubftituted pith balls, inftead
of the conical corks of the original plan, the latter of which
are preferable for two reafons;. viz. firft, becaufe the balls of
pith are apt to adhere to each-other;, fo-that on communicating
the elericity they often do not fhew any repulfion at all; or
if the communicated eleCtricity. be confiderably great, the pith.
balls, afteradhering to each other for fome time, are atlaft fepa~
rated with violence, fo as to fly to the fides of the bottle, which.
fruftrates the experiment; whereas the corks are not near fo
fubje&; to this inconvenience; and, fecondly, becaufe the coni-
cal thape renders thofe corks capable of prefenting a much

# SaussurE’s Voyage dans les-Alpes; Tonmm Il
greater



6 Mr. CavarLLo’s Obfervations on

greater f{urface to each other, than if they were globular,
their weights being the fame in both cafes ; forit'is very well
known, that, of all the folid figures, the fphere contains the
greateft capacity under the leaft furface; and as the effeés of
ele@ricity, in thofe cafes, is proportionate to the furface, and
not to the quantity of matter, it follows, that the conical
thape is preferable to the globular.

Another alteration of the bottle eleCirometer was lately made
by the Rev. Mr. BENNET, and is defcribed in the Philofophical
Tranfactions, Vol. LXXVIIL Part I. It confifts principally in
fubftituting two {lips of gold-leaf to the corks fufpended by
wires. T'his alteration has fome peculiar advantages and difad-
vantages. Its advantages are in general a greater degree of
fenfibility, and ‘a more eafy conftrution. Its difadvantages
are, firft, that the inftrument is not portable; and, fecondly,
that even when not carried about, it is apt to be {poiled very
eafily. However, in fome cafes it is very ufeful, fo that, upon
the whole, it may be confidered as a very good improvement.

As the faﬁemng of the ﬂ;ps of gold-leaf to this eleftrome-
ter, and to let them hang ?arallel, 1s rather difficult, it will
not be improper to defcribe a method which I have contrived, in
order to accomplith it more eafily. When the {lips are cut,
‘and are lying upon paper or leather, I make them equal in
length, by meafuring them with a pair of compafies, and cut-
ting off a portion from the longeft: then cut two bits of
very fine paper, each about half an inch long, and a quarter
of an inch broad, and ftick one of them, by means of a little
wax, which is rubbed upon them, to one extremity of each flip of

- gold-leaf, fo as to form a kind of letter T'.  This done, I hold
up, in the fingers of one hand, one piece of paper, with the gold
leaf fufpended to.it, and hold the other with the other hand;

then



Jmall Quantities of Elefiricity. i
then bring them near to each other, and after having adjufted
them properly, {o that the flips may hang parallel and fmooth,
I force the pieces of paper, which now touch each other, be-
tween the two fides of a fort of pincers made of brafs wire,
which are faftened to the under part of that piece which
forms the top of the ele€trometer: and, in order to change
thofe {lips:-when fpoiled, I keep in a book feveral {lips of gold-
eaf ready cut, and furnifhed each with a picce of paper; fo
that by this means this ele@trometer is rendered, in a certain
manner, portable.

Befides the way of afcertaining {mall quantities of eletri-
city; by means of very delicate eleCtrometers, two methods
have been communicated to the pfiil.ofophical world, by which-
fuch quantities of eleltricity may be rendered manifeft, as
could not be perceived by other means. The firft of thofe
methods is an invention. of M. Vorra, the apparatus for it
being called the Condenfer of Eleciricity, and is defcribed in- the
Philofophical Tranfaftions, Vol. LXXIL " The fecond is a con-
trivance of the above-mentioned Mr. BEnNET, who calls the
apparatus The Doubler of Eletricity. A defcription of it 'is
inferted in the Philofophical Tranfactions, Vol. LXXVIL

M. VorLTA’s condenfer confifts of a flat-and fmooth’ metal
plate, furnithed with an infulating handle, and a femi-con~
d-uéing, or imperfeétly infulating, plane. When one withes to
examine a weak eleQricity with: this apparatus, as that of the
air in calm and hot weather, ‘which is not generally fenfible to
an ele&trometer, he muft place the above-mentioned  plate upon:
the femi-cdndu&ing'plane,' and ‘a wire, or fome other con-
duéting fubftance, muft be conne&ed with the metal plate,
and muft be extended in the open air, fo as to abforb its elec~
tricity ; then, after a certain time, the metal plate muft be

{eparated



8 Mr. Cavavrro’s Obfervations on

{eparated from the femi-conduéting plane, and being prefented
to an ele&trometer will elecrify it much more than if it had
not been placed upon the above-mentioned plane.

'The principle on which the attion of this apparatus depends
is, that the metal plate, whillt ftanding contiguous to the
femi-conduéting plane, will both abforb -and retain a much
greater quantity of electricity than it can either abforb or
retain when feparate,-its capacity being increafed in the former,
and diminifhed in the latter cafe.

Whoever confiders this apparatus, will eafily find, that its
office is not to manifeft a {mall ‘quantity of elericity, but
to condenfe an expanded quantity of eleétricity into a {fmall
{pace;. hence, if by means of this apparatus one expetted to
render more manifeft than it generally is, when communicated
Jmmediately to an ele@trometer, the eleétricity of a {mall tour-
malin, or of a hair when rubbed, he would find himfelf
miftaken.

It is Mr. BeNNET’s doubler that was intended to anfwer
that end ; viz. to multiply, by repeated doubling, a fmall, and
otherwife unperceivable, quantity of elericity, till it became
fufficient to affet ‘an ele@rometer, to give {parks, &c. 'The
merit of this invention is certainly confiderable; but the ufe of
it is far from precife and certain,

This apparatus confifts of three brafs plates, which we fhall
call A, B, and C; each of which 1s about three or four inches-
in diameter., ‘The firft plate A is placed upon the gold-leaf
eleGtrometer, -or it may be fupported horizontally by any other
infulating ftand, and its upper part only is thinly varnithed.
The fecond plate B is varnithed on both fides, and is furnithed
with an infulating handle, which is faftened laterally to the
edgeof it. ‘'The third plate C is varnithed on the under fide

only,



JSmall Quantities-of Eleciricily. 9
only, andis furnithed with an infulating handle, which is per-
pendicular to its upper furface. |

This apparatus is ufed in the following manner. The plate
B being laid upon the plate A, the {mall quantity of eleCtricity,
which is required to be multiplied, is communicated to the
under part of the plate A, and at the fame time the upper part of
B is touched with a finger ; then the finger is firft removed;
the plate B is afterwards removed from over the plate A, The
plate C is now laid upon B, and its upper furfacesis touched, for
a fhort time, witha finger. By this operationit is clear, thatif
the ele@ricity communicated to the plate A is pofitive, the plate
B muft have acquired a negative eletricity, and the plate C muft
have acquired the pofitive, viz. the fameof the plate A. Now
the plate B, being feparated from C, is laid as before upon A ;
the edge of C is brought into contad with the under part of
the plate A, and at the fame time the upper part of Bis
touched with a finger, by which means the plate B, being
atted upon by the atmofpheres of both the plates A and C,
will acquire nearly twice as much electricity as it did the firft
time, and of courfe will repder the plate C, when that is laid
upon it, proportionably more electrified than before: thus, by
repeating this operation, the eleCtricity may be increafed to any
required degree. »
The varnifh on thofe furfaces of the plates which are to lie
contiguous to each other feryes to prevent the metal of one
touching the metal of the other; for in that cafe, inftead of
one plate caufing a contrary electricity in the other, the clec-
tricity of the firft would be gradually communicated to the
“others, and would be diffipated.
As foon as I underftood the principle of this contrivance, I
haftened to conflru fuch an apparatus, in order to try feveral
Yor. T.XXVIIL C cxpe-
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experiments of a very delicate nature, efpecially on animal
bodies and vegetables, which could not have been attempted
before, for want of a method of afcertaining exceedingly
fmall quantities of elericity; but, after a great deal of trou-
ble, and many experiments, I was at laft forced to conclude,
that the doubler of eledricity is not an inftrument to be de-
pended upon, for this principal reafon; vzz. becaufe it multie
plics not only. the ele@ricity which is willingly communi-
cated to it from the fubftance in queftion; but it multiplies
alfo that ele@ricity which in the courfe of the operation is.
almoft unavoidably produced by accidental fri&ion; or that
quantity of elericity, however {mall it may be, which ad-
heres to-the plates in fpite of every care and precaution,
- ‘Having found, that with a doubler conftru&ed in the above
defcribed manner, after doubling or multiplying twenty or
thirty times, it always became firongly eleftrified, though no
eletricity had been communicated to it before the operation,
and though every endeavour of depriving it of any adhering elec-
tricity had been praétifed; I naturally attributed that eleéricity
which appeared after repeatedly doubling, to fome friction
given to the varnifh of the plates in the courfe of the opera-
tion. - In order to avoid entirely this fource of miftake, or at
leaft of {ufpicion, I conftructed three plates without the leaft
varnith, and which, of courfe, could not touch each other,
but were to ftand only within about one-eighth of an inch of
each other. To effet this, each plate ftood vertical, and was
{upported by two glafs fticks, which were covered with féaling-
wax : fee Tab. I fig. 1. and 2., where AB is a wooden pe-
deftal, 7% inches long, 2% broad, and 1% inch thick; C and D
are the two glafs fticks cemented into the ftand or pedeftal AB,
and hkewife into the piece of wood E, which is faftenedto the
“back.
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‘back of the plate. The plate itfelf is.of ftrong tiny and mea-
fures about eight inches in diameter.. The ftand AB proje@s
very little ‘before the ‘plate, by which means, when two of
thofe plates are placed upon a table facing each other, the
wooden ftands will prevent their coming into actual conta®, as
may be clearly perceived.in fig. 3.

I need not defcribe the manner of doubling or of multiply-
ing with thofe plates; the operation being eflentially the fame
as when the plates are conftru&ted according to Mr. BENNET's
original plan, excepting that, inftead of -placing them one
upon the other, mine’ are placed facing each other; and in
performing the operation they are laid- hold of by the wooder
{tand AB; fo that no fri¢tion can take place either upon the
glafs legs, or upon any varnifh ; for thefe plates have no need
of being varnithed. Sometimes, inftead of ‘touching the plates
themfelves with the finger, I have fixed a piece of thin wire to
the back of the plate, and have then applied the finger to the
extremity of the wire, fufpe@ting that fome friction and fome
ele@ricity might poflibly be produced when the finger was
applied in full contact to the plate itfelf.

It is evident, that as the plates do not come {o near to cach
other in this, as they do in the other conftruction, the eleiri-
city of one of them cannot .produce fo great a quantity of the
~contrary ele@ricity in the oppofite plate; hence, in this con-
ftruction, it will be neceffary to continue the operation of
doubling fomewhat longer ;. but this difadvantage is more than
repaid by the certainty of avoiding any friction, ,

Having conftruéed thofe plates, Ithought that I might pro-
ceed to perform the intended experiments without any further
obftrucion ; but in this I found myfelf quite miftaken: for,
on trying to multiply with thofe new plates, and when no

C2 ele@ricity



12 Myr. Cavarro’s Obfervations on
eleGtricity had been previoufly communicated to any of them,
I found, that after doubling ten, fifteen, or at moft twenty
times, they became {fo full of elettricity as to afford even
{parks. -All my endeavours to deprive .them of eleCricity
proved ineffetual,  Neither expofing them, and efpecially the
gafs flicks, to the flame of burning paper, nor breathing upon
them repeatedly, nor leaving them untouched for feveral days,
and even for a whole.month, during which time the plates
‘remained connefted with the ground by means of good con-
dutors, nor any other precaution I could think of, was found
capable of depriving them of every veftige of eleéricity ; fo that
they might fhew none after doubling ten, fifteen, or at moft
twenty times.

The ele@tricity prodiced by them was not always of the
-fame foit; for fometimes it was negative for two or three days
together; at other times it was pofitive for two or three days
more; andoften it changed in every operation. This made me
fufped, -that poflibly the beginning of that ele@ricity was de-
rived from my body, and being communicated by the finger to
the plate that was firft touched, was afterwards multiplied. In
order to-clear this fufpicion, 1 actually tried thofe plates at dif-
ferent times, vix. before and after having walked a great deal,
before and after dinner, &c. noting very accurately the quality
‘of the eleéricity produced each time ; ‘but the effe&ts feemed to
be quite unconneéted with the above-mentioned concomitant
circumftances, which independence was further confirmed by
obferving that the elericity produced by the plates was of a
fluctuating nature, even when, inftead of touching the plates
with the finger, they had been touched with a wire, which
was connected with the ground, and which I managed by
means of an infulating handle. «

I At
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At laft, after a great variety of experiments, which it is
unneceflary to defcribe, 1 became fully convinced, that thofe
plates did always retain a fmall quantity of elefricity, perhaps
of that fort with which they had been laft elettrified, and
of which it was almoft impoffible to deprive them. The va-
rious quality of the ele@ricity produced was owing to this,
viz. that as one of thofe plates was poflefled of a {mall quan-
tity of pofitive eleétricity, and another was pofleffed of the
negative ele@ricity, that plate which happened to be the moft
powerful, occafioned a contrary electricity in the other plate,
and finally produced an accumulation of that particular fort of
electricity.

Thofe obfervations evidently thew, that no precife refult
can be obtained from the ufe of thofe plates, and of courfe
that, when conftruted according to.the original plan, theyare
ftill more equivocal, becaufe they admit of more fources of
miftake.

As thofe plates, after doubling or multiplying only four or
five times, thew no figns of eletricity, none having been
communicated to them before, I imagined that they might.
be ufeful fo far only, vz, that when a fmall quantity of
cele€tricity is communicated to any of them in the courfe
of fome experiment, one might muldply it with fafety
four or five times, which would even be of advantage in va-
rious cafes ; but in this alfo my expetations were difappointed,
as will appear from the following pages.

Having obferved, after many experiments, that, ceteris pari
bus, when 1 began to multiply from a certain plate, for in-
{tance A, the eleGricity which refulted was generally pofitive ;
and when I began with another plate B, wiz, confidered this
plate B as the firft plate, the refultiug ele@ricity was generally

negative 3



14 Mr. CAvALLo’s Obfervations on

negative; I communicated fome negative elericity to the
plate A, with a view of deftroying its inherent pofitive elec«

tricity.  This plate A bqng now elefrified negatively, but fo

weakly asjuft to affek an eleGtrometer, 1 began doubling; but:
after having doubled three or four times, I found, by ,the help

of an eleGrometer, that the communicated negative elecricity.
in the plate was diminifhed inftead of being increafed 3 {o that

{ometimes it vanithed entirely, though by continuing the ope-

ration it often begah to increafe again, after a certain period.

This thews, that the quantity of elettricity, which however

{mall it may be, remains‘in a manner faftened to the plates,

will help either to increafe or to diminifh the accumulation or

multiplication of the communicated ele@ricity, according as it

happens to be of the fame, or of 4 different. nature.

After all the above-mentioned experiments made with thofe
doubling or multiplying plates, we may come to the following
conclufion, vzz. that the invention is very mgemous, but theie
ufe is by no means to be depended upon. It is to be wifhed,
that they may be improved, fo as to obviate the weighty ob-
je&ions that have been mentioned in the preceding pages, the
firft defideratum being to conftruct a fet of fuch plates as, when
no elericity is communicated, they will produce none after
having performed the operation of doubling for a certain nums=
ber of times.

Upon the whole, the methods by which {mall quantities of
eleftricity may be afcertained with precifion are, as far as I
know, only three. If the abfolute quantity of ele&ricity be
fmall and pretty well condenfed, as that produced by a fmall’
tourmalin when heated, or by a hair when rubbed, the only
effe@ual method of manifefting its prefence, and afcertaining
its quality, is to communicate it immediately to a very delicate

eleCtrometer,
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ele@rometer, viz. a very light one, that has no great extent of
metallic or of other condu&mg fubﬁance' becaufe if the
fmall quantity of ele@ricity that is communicated to it be
expanded throughout a proportionably great furface, its elafti-
city, and ef c0urfe its power of feparating the corks of an
ele@rometer, will be diminifhed in the fame proportion.

The other cafe is, when one wants to afcertain the prefence
of a confiderable quantity of eleCricity, which is difperfed or
expanded into a great fpace, and is little condenfed, like the
conftant eletricity of the atmofphere in clear weather, or like
the ele@ricity which remains in a large Leyden phlal after the
firft or fecond difcharge.

- To effe& this, I ufe an appqratus, which in pnnmple is
nothmO" more than Mr. VoLTA’s condenfer; but with certain
-alterations, which 1ender it lefs efficacious than in the origi-
“nal plan, but at the fame time render it much lefs fubje&t to
equivocal refults. I place two of the above defcribed tin plates
upon a table, facing each other, as thewn in fig. 3. and about
‘one-exghth of an mch afunder. One of thofe plates, for in-
ftance A, is conneéted with the floor by means of a wire, and
the other plate B is made to communicate, by any convenients
means, with the elericity that is required to be colleted. In
this difpofition the plate B, on .account of the proximity of
“the other plate, will imbibe more ele&tricity than if it {tood far
from it, the plate A in this cafe alting like the {emi-condu&ing
_plane of M. VoLTa’s condenfer, though not with quite an
‘equal effek, becaufe the other plate B does not touch it; but
yet, for the very fame reafon, this method is incomparably
Jefs fubje&t to any eqmvocal relult. ‘When the plates have
remained in the faid fitvation for the time that may be judged
ncceffary, the communication. between the plate B, and the

3 condudting
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sonducting {ubftance which conveyed the ele@ricity to it, muft
be difcontinued by means of a glafs ftick, or other infulating
body; then the plate A is removed, and the plate B is pre«
fented to an eleétrometer, in order to afcertain the quality of
the eleCricity; but if the eleGtrometer be not affected by it,
then the plate B is brought with its edge into conta& with
another very fmall plate, which ftands upon a fen:i-conduding
plane, after the manner of M. VorTa’s condenfer #; which
done, the fmall plate, being held by its infulating handle, is
removed from the inferior plane, and is prefented to the elec-
trometer : and it frequently happens, that the {mall plate will
affet the eleCtrometer very fenfibly, and quite fufficient for
the purpofe; whereas the large plate itfelf thewed no clear
figns of elettricity.

If it be atked, why I ufe the femi-condu&ing plane for this.
{mall plate, and not for thelargeone ! the anfwer is, firft, be-
caufe the large femi-conduding plane is incomparably more
difficult to be procured than the {fmall one; and, fecondly,
becaufe the {mall planc may be cafily deprived of any acci-
dental electricity which. may adhere to it; but the large one is
more difficultly rendered fit for the purpofe, efpecmlly as the-
large plate ought n general to remain upon it a much longer
tinde than the {mall plate is to remain upon its {emi-conduéting
plane.

The third and laft cafe is when the ele@crxclty to be afcer-
tained is neither very confiderable in quantity, nor much cons

denfed ; fuch is the elettricity of the hair of certain animals,
of the furface of chocolate when cooling, &c. In this cafs
the beft method is to apply a metal plate, furnithed with an

* This fmall plate is nearly of the fize of a {Lilling, and the femi-condudting
plane is of woed covered with copal varnifh.

infulating
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infulating handle, like an eleCtrophorus plate, .to the ele@rified
body, and to touch this plate’ with a finger for a fhort time
whilft ftanding in that fituation; which done, the plate is re-
moved, and is brought near an ele@rometer ; or its ele@ricity
may be communicated to the plate of a fmall condenfer, as
direfted in the preceding cafe, which will render the ele@ricity
more confpicuous. 1t is evident, that in this cafe the metal
plate will acquire the eleétricity contrary to that of the {ub-
ftance in queftion ; but this anfwers the fame purpofe: for if
the eleCtricity of the plate be found to be pofitive, one muft
conclude, that the electricity of the body in queftion is nega-
tive, and contrariwife. In this operation, care muft be had
not to put the metal plate too near, or in full contac with the
fubftance to be examined, left the friction, likely to happen
between the plate and the body, fhould preduce {fome eleri-
city, the origin of which might be attributed to cther caufes.

Having thus far defcribed the {ureft methods of afcertaining
the prefence and quality of ele@ricity, when its quantity or
degree of condenfation is {mall, I fhall now beg leave to add
fome farther remarks on the fubjeét of ele€lricity in general,
and which have been principally fuggefted by what has been
mentioned in the preceding pages.

On the hypothefis of a fingle eleftric fluid, it is faid, that
every fubftance in nature, when not eleitrified, contains its
- proper fhare of eletric fluid, which is proportionate to its bulk,
or to fome other of its properties ; and it is generally believed,
that this equal or proportionate difiribution of eleétric fluid
takes place with the greateft part of natural bodies. However,
the fa& is far from being fo; and I may venture to affert that,
ftrikly {peaking, every fubftance is always eletrified, wi.
that every fubftance, and even the various parts of the {fame

Vor. LXXVIIl. D body,
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body, contain at all times more or lefs eleétric fluid than that
quantity of it which it ought to contain, in order to be in an
ele@rical equilibrium with the bodies that furround it.

At §rft fight it may be thought quite immaterial to know,
whether the eleéric fluid is difperfed in the juft proportion among
the various fubftances which are not looked upon as eleétri-
fied, or whether it deviates in a fmall degree from that propor-
tionate diftribution; but it will hereafter appear, that one of
thofe aflertions will lead us to the explanation of an interefting
phaenomenon in eleftricity, whereas the other does not admit
of it; befides, what is called fmall difference of the propor=
tionate diftribution, infomuch as it does not affet our nftru-
meuts, may be fufficient for feveral operations of nature, which
it is our intereft to inveftigate. »

If we inquire what phanomena evince this altered diftribu-
tion, or the aftually eletrified ftate of all bodies, the pre-
ceding obfervations will furnith fome very unequivocal ones
efpecially that of the doubling plates made after my plan,
which thewed to be ele@rified even after having remained un-
touched for a whole month, during which time they had
been in communication with the ground ; for if each of them
had contained an equal fhare of eleétric fluid, the ele@ric
atmofphere of one of them could not poffibly occafion a con-
trary ele@ricity in the other, and confequently no accumula-
tion of that power could have happened.

A great number of ‘inftances are related in books on the
fubje& of eleftricity, and in the Philofophical Tranfaétions,
of pieces of glafs, of fulphur, of {ealing-wax, &ec. having
remained ele@rified fo far as to affe¢t an ele€trometer for
“months after they had been excited, or even touched; but the
following experiment will thew, in aclearer manner, the great

5 length
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length of time that a quantity of ele@Qricity will remain upon
a body.

Having conftruéted a gold-leaf eleftrometer in the niceft
manner I could, and which, on account of the non-conducting
nature and conftrution of its upper part, could remain fenfibly
clectrified for feveral hours together, I communicated fome
eleétricity to it, which caufed the flips of gold-leaf to diverge
with a certain angle; and as the ele@ricity was gradually diffi-
pated, ;the divergency diminithed in the fame proportion.
Now, whilft this diminution of divergency was going on, I
looked through a {mall telefcope, and by means of a micro-
meter meafured the chords of the angles of divergency, fet-
ting down the time elapfed between each pair of contiguous
obfervations ; and as the chord of the angle of divarication is
in the dire&t fimple proportion of the denfity of the ele@ric
fluid *, T could by this means know how much eleric fluid
was loft by the ele&rometer in a certain time, and of courfe
what portion of the ele@ricity firft communicated to the elec-
trometer ftill remained in it. Let us make the chord of the
angle of divarication on firft eleftrifying the ele&rometer, or
rather when firft obferved, equal to 16 5 or let us conceive that
quantity of ele@ricity to be divifible into 16 equal parts.

I obferved, that when the chord of the angle became equal
to eight, the time elapfed between this and the firft obfervation
was one minute; when the chord became equal to four, the
time elapfed between this point and the preceeding obfervation
was 3’ 30”; when the chord became equal to two, the
time elapfed fince the preceding obfervation was 17”3 and
when the chord became equal to one, the time elapfed fince the

% This. propofition was firft afcertained by F. Beccaria. See Philofphical

Tranfattions, Vol. LVIL .
‘ D2 preceding
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preceding obfervation was one hour and a quarter ; after which
the ele@rometer remained fenfibly eleétrified for a long time.

In repeating this experiment, the times elapfed between the
correfponding obfervations did not follow ftrictly the fame pro-
poftion of increafe; nor did they increafe regularly in the fame
experiments, which may be attributed in great meafure to the
inaccuracy in obferving, and to the fluGtuating ftate of the air;
but it could be fafely inferred from all the experiments, that
the times requited for the difperfion of the ele@tricity were at
leaft greater than the inverfe duplicate proportion of the den-
fities of the ele@ricity remaining in the ele@trometer. And if
we imagine, that they continue to diminith in the fame propor-
tion of increafing time, which is far from being an extrava-
gant fuppofition, we thall find, by a very eafy calculation,
that about two years after the eleGtrometer would ftill retain the
hundredth part of the eletricity communicated to it in the
beginning of the expe;ime1)t_; and as we do not know how
far a quantity of eleftricity is divifible, or to what extent it
may be expanded, we may conclude with faying that, finctly
{peaking, the eletrometer would remain eletrified for many
years.

It may be inferred from this, as well as from many other
" experiments, that the air, or in general any fubftance, is a
more or lefs perfe€ conduor of eletricity, according as the
ele@ricity which is to pafs through it is more or lefs condenfed ;
fo that if a given quantity of ele&ric fluid be communicated
to a {mall brafs ball, one may take it away by fimply touching
the ball with a finger; but if the fame quantity of elefric
fluid be communicated to a furface of about 100 or 1000
{quare fect, the touching with the finger will hardly take away
any part of it.

7 If
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If it be afked, what power communicates the elericity, or
briginally difturbs the equilibrium of the natural quantity of
ele@ric fluld in the various bodies of the univerfe; we may
anfwer, that the flutuating ele@ric ftate of theair, the paffage
of ele@rified clouds, the evaporation and condenfation of fluids,
and the friction arifing from divers caufes, are perpetually act-
ing upon the ele@ric fluid of all bodies, fo as either to increafe
or diminifh it, and that toa more confiderable degree than is
generally 1magined.

I fhall laftly conclude, with briefly propofing an explanation
of the prodution of eleftricity by friction, which is depen-
dent upon the above ftated propofition, v/z. that bodies are
always ele@rified in fome degree; and likewife upon the well
known principle of the capacity of bodies for holding eleéric
fluid being increafed by the proximity of other bodiesin certain
circum{tances. ‘

It feems to me, that the cylinder of an ele@rical machine,
like ABC in fig. 4. muft always retain fome eleéricity of the
pofitive kind, though not equally denfe in every part of its
furface; therefore, when the part of it A is fet contiguous to
the rubber fg, it muft induce a negative elericity in the
rubber. Now, when by turning the cylinder, another part
of it B (which fuppofe to have a lefs quantity of pofitive
eletricity than the preceding part A) comes quickly againft
the rubber ; the rubber being already negative, and not being
capable of lofing that eleGtricity very quickly, muft induce a
ftronger pofitive eleftricity in the part B, which is now oppo-
fite to it ;. but this part B cannot become more pofitively elecs
trified, unlefs it receives the eleéric fluid from fome other
body, and therefore fome quantity of eleétric fluid pafles from
the loweft part of the rubber to the part B of the glafs, which
“additional quantity of ele&tric fluid is retained by the part B
' only
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only whilft it remains in conta& with the rubber; for after
that, its capacity being diminifthed, the electric fluid endea-
vours to efcape from it. Thus we may conceive how every
other part of the glafs acquires the eleftric fluid, &c. and
‘what is faid of the cylinder of an ele@rical machine may,
with proper changes, be applied to any other eletric and its
rubber.

It appears, therefore, that according to this theory, a part
of the rubber, wiz. that which the furface of the glafs cylinder
enters in turning round, muft ferve to furnifh the electric fluid.
to the glais, and the upper part muft bé poficfled of a negative
ele@ricity capable of inducing a pofitive ele€tricity in the glafs
contiguous to it. In fa&, this feems to be confirmed by the
general praltice and experience; for that rubber anfwers beft
for an ufual eleé@trical machine, which can eafily condu& the
ele@ric fluid with its under part, and the upper part of which
is more ready to acquire, and to retain, the negative electricity ;
hence the rubbers are generally furnithed with amalgam below,
and with a piece of filk above; hence alfo, if the cylinder
of the machine be turned the contrary way, it will produce
little or no eleétricity.

It often happens, that the part which condus the fluid,

~and that which acquires the eleftricity contrary to that of the

ele@ric, are not fo difpofed in a rubber as the one above de-
fcribed 3 but it remains always true, that the rubber muft be
poflefled of thofe two properties, vix. to conduét the eleétric
fluid very readily in one or more parts, and to acquire, as well
as retain, on other parts, an elericity contrary to that ace
quired by the ele@ric that is to be rubbed with it.

Little St. Martin’s-Lane,

Nov. 7, 1787. T. CAVALLO.
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