II. An Account of fome new Experiments in Eleciricity,
with the Defcription and Ule of two new Electrical In-
Siruments. By Myr. Tiberius Cavallo, F. R. S. com-~
municated by the Prefident.

Read Nov. 25, 1779.

ROFESSOR LICHTENBERG, of Gottingen, {ome
P time ago made an experiment upon the electro-
phorus, an account of which was firft received in Lon-
don towards the latter end of the year 1777. The
phenomena attending the experiment are very enter-
taining and various, butI do not know that any perfon
ever offered a fatisfatory explanation of them. The
author himfelf, in his paper entitled ¢ De nova methodo
“ naturam ac motum Fluidi Elelirici inveftigand; Com-
“ mentatio prior,” wherein he gives an account of the
experiment, does not attempt any explanation of it ;
contenting himfelf with the account only of various
particulars attending it. In brief, the experiment is as

follows
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16 Mr. cAVALLO’s Account of fome

The eleétrophorus, that is, a plate of fome refinous
fubftance, as fulphur, rofen, gum-lac, &c. is firft ex-
cited, either by rubbing, or otherwife; then a piece of
metal of any fhape at pleafure, as, for inftance, a
three-legged compafs, a piece of brafs tube, or the
like, is fet upon the eleétrophorus ; and to this piece of
metal, fo placed, a fparkis given of the electricity con-
trary to that of the plate. This done, the piece of metal
is removed by means of a ftick of {fealing-wax, or other
eleétric; and fome powder of rofen, kept in a linen
bag, is fhaken upon the electrophorus. This powder
will be found to fall about thofe points upon the plate
which the piece of metal touched, forming fome radiated
appearances much like the common reprefentations of
ftars; at the fame time upon the greateft part of the plate,
that is, in all parts except where the ftars are formed,
there is hardly any powder at all. Now it is to be re-
marked, that if the plate be excited negatively, and the
fpark given to the metal fet upon it, be pofitive, the appear-
ance will be as above defcribed; but if on the contrary
the plate is pofitive, and the fpark is negative, then the
powder of rofen will be found to fall upon thofe parts
of the plate, which in the other cafe are left uncovered;
and to leave the ftars clean : in fhort, it will do juft the

reverfe of what it did in the other cafe: or, in other
words,
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words, the powder of rofin will be attrated by thofe
parts only of the eletrophorus, which are electrified
pofitively.

When I firft obferved thefe phenomena, I thought
that there was no apparent reafon why the powder of
rofin fhould be attracted by thofe parts of the eleétro-
phorus, which are in a pofitive ftate of electricity, and
not by thofe, which are negative. The two eletri-

- cities are certainly contrary to one another; but
either of them attratts a non-eleétrified body, On this
confideration I thought, that the experiment could be
explained only upon the fuppofition, that the powder of
rofin, on its falling from the linnen bag, was actually
electrified negatively; in which cafe it would have been
ea{y to account for the phenomena upon the well known
principle of bodies attracting each other when they are
contrarily eleftrified; and repelling one another when
they are poflefled of the fame kind of electricity.

In order to try the reality of my fuppofition by expe-
riments, I infulated ‘a brafs plate upon a glafs ftand, and
conneéted a very fenfible eletrometer with it; and then
began fhaking the powder of rofin upon it, in the fame
manner as I had done upon the elec¢trophorus, and in a
few feconds of time had the pleafure to fee the electro-

VoL, LXX. D meter



18 Mr. cAvALLO's Account of fome
meter diverge with a very manifeft degree of negative
eledtricity, anfwering my expectations exactly.

The explanation of the ingenious Profeffor LICHTEN-
BERG’s experiment now became very ealy and natural;
for the powder of rofin, being actually electrified nega-
tively, could not be attracted, except by thofe parts of the
electrophorus, which are in a contrary ftate, that is, elec-
trified pofitively.

It is obferved, that powder of rofin anfwers better for
this experiment than the powders of other {fubftances;
and accordingly I find, that this powder, when fhaken
upon. the infulated brafs plate, fhews a ftronger degree
of eletricity than the other powders. Indeed the elec-
tricity of the powder of rofin, not only when fhaken
upon the brafs plate in the manner above mentioned, but
fimply let fall upon it from a piece of paper, a {fpoon,
&c. is remarkably great; half an ounce of it being fuf-
ficient to make the threads of the eleétrometer diverge
as much as they poffibly can.

This difcovery not only affords an eafy explanation of
Profeflor LICHTENBERG’s experiment upon the eleétro-
phorus, but thews a method of exciting powders, which
has long been a defideratum in the {cience of eleétricity.
The method is as follows; infulate a metal plate upon an

eledric ftand, and conneét wiihit a cork-ball ele¢trometer;
3 then
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then the powder required to be tried being held in a
fpoon, or other thing, about fix inches above the plate,
is to be let fall gradually upon it. In this manner the
electricity acquired by the powder, being communicated
to the metal plate and to the eletrometer, is rendered
manifeft by the divergence of the threads, and its quality
may be afcertained in the ufual manner. See fig. 4.

It muft be obferved, that if the powder is of a conduét-
ing nature, like the amalgam of metals, fand, &c. it muft
be held in fome eleétric fubftance, as a gl'afs phial, a plate
of fealing wax, or the like. The metal {poon that holds
the powder may alfo be infulated; in which cafe, after
the experiment, the {poon will be found pofiefled of an
eleétricity contrary to that of the powder.

In performing thefe experiments care muft be had to
render the powders, and whatever they are held in, as
free from moifture as poflible, it being fometimes necef-
fary to make them very warm, otherwife the experi-
ments are apt to fail.

The following are the particulars I have obferved
with this new method, which, however, are neither nu-
merous nor often repeated; but they may f{uffice to cx~
cite the curiofity of thofe perfons who have leifure and
the opportunity of repeating them more at large, and
in a.greater variety.

D2 Powder
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Powder of rofin, whether it be let fall from paper,
glafs, or a metal {poon, electrifies the plate ftrongly ne-
gative; the fpoon, if infulated, remaining ftrongly pofi-
tive. Flower of fulphur produces the fame effect, but in
a lefs degree.

Pounded glafs, let fall from a piece of paper, made dry.
and warm, electrifies the plate negatively, but not in fo
ftrong a degree as rofin. If it is let fall from a brafs cup,
it eleCtrifies the plate pofitively, but in a very fmall
degree.

Steel filings, let fall either from a glafs phial or paper,
electrified the plate negatively ; but brafs filings, treated
in the fame manner, eletrified the plate pofitively.

The amalgam of tin-foil and quickfilver, gunpowder,
or very fine emery, electrify the plate negatively when
they are let fall upon it from a glafs phial.

Quickfilver poured from a glafs phial eleérifies the
plate pofitively.

Soot from the chimney, or athes from common pit
coals mixed with fmall cinders, eleétrify the plate nega-
tively, when they are let fall from a piece of paper.

Defeription
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Defcription of the improved atmofpherical elerometer.

Fig. 2. is a geometrical reprefentation of my new at-
mofpherical ele€trometer in its real fize. This inftru-
ment, the firft hint of which I received from my inge-
nious friend THOMAS RONAYNE, Efq. after various
trials, I brought to the prefent ftate of perfection as long
ago as the year 1777; and immediately after feveral of
them were made after my pattern by Mr. apaws, philo-
lofophical inftrument maker in Fleet-ftreet. The great
difficulty attending the confiruction of this inftrument
has long diffuaded my publifhing any defcription of it;
nor had I ever troubled the Royal Society with it if the
obfervations of feveral of my friends, who have ufed it
in England and abroad, joined to my own repeated ex~
periments, had not indifputably confirmed its fuperiority
over any other inftrument of that kind. Its particular
advantages are, 1. The {mallnefs of the fize. 2.Its being
always ready for experiments, without fear of entangling
the threads, or having an equivocal refult by the flug-
gifhnefs of its motion. 3. Its being not difturbed by the
wind. 4. Its great fenfibility: and s, its keeping the
communicated electricity longer than any other electro-

meter hitherto ufed..
The
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The principal part of this inftrument is a glafs tube
cDMN, cemented at the bottom into the wooden piece
AB, by which part the inftrument is to be held when
ufed for the atmofphere, and it alfo ferves to fcrew the
inftrument into its wooden cafe ABo, fig. 1. when it is
not to be ufed. The upper part of the tube cpmN is
fhaped tapering to a {maller extremity, which is entirely
covered with fealing wax melted by heat, and not dif-
folved in {pirits. Into this tapering part a fmall tube is
cemented, which, with its under extremity, touches the
flat piece of ivory H, faftened to the tube by means of
cork. The upper extremity of the wire projects about a
«uarter of an inch above the tube, and fcrews into the
brafs cap EF, which cap is open at the bottom, and ferves
to defend the waxed part of the inftrument from the
rain, &c. In fig. 3. this brafs cap is reprefented as tran-
fparent, in order to thew its internal fhape, and the man-
ner in which it is fcrewed to the wire projecting above
the tube L. The fmall tube L and the upper extremity
of the large tube cpMN appear like one continued piece,
on account of the fealing wax which covers them both.
The conical corks p of this eletrometer, which by their
repulfion fhew the eledtricity, &c. are as fmall as they
can conveniently be made, and they are {fufpended by ex-
ceedingly fine filver wires: thefe wires are fhaped in a
ring
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ring at the top, by which they hang very loofely to the
flat piece of ivory H, which has two holes for that pur-
pofe. By this method of fufpenfion the fri¢tion is lef~
flened almoft to nothing, and thence the inftrument is
fenfible of a very {fmall degree of eleétricity. 1M and xn
are two narrow {lips of tin-foil ftuck to the infide of the
glafs cpmN, and communicating with the wooden bot--
tom aB; they ferve to convey off that electricity, which,
when the corks touch the glafs, is commuricated to it,
and being accumulated might difturb the free motion cf
the corks.

In regard to its ufe, this inftrument may be ufed to
obferve the artificial as well as the atmofpherical electri-
city.  When it is to be ufed for artificial eleftricity, this
eletrometer is fet upon a table or other convenient fup-
port; then it is electrified by touching the brafs cap r
with an eletrified body, which eleétricity will fometimes
be preferved for more than an hour; in this ftate, if any
electrified fubftance is brought near the cap £F, the corks
of the eletrometer by their converging or diverging
more, will fhew the fpecies of that body’s electricity.

Before we proceed farther, it is neceflary to remark,
that the communication of any electricity to this eletro-
meter, by means of an excited eletric, for inftance, a
piece of fealing wax (which we fuppofe as always elec-

trified
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trified negatively) is not very readily done in the ufual
manner, becaufe of the cap er being well rounded, and
free from points or fharp edges. By the approach of the
wax the eleCtrometer will be caufed to diverge; but as
foon as the wax is removed, the wires immediately col-
lapfe. The beft method to eleétrify it is, to bring the ex-
cited wax fo near the cap that one or both the corks may
touch the fide of the bottle cpmy; after which they will
foon collapfe and appear uneleétrified. If now the wax
is removed, they will again diverge and remain electri-
fied pofitively. In this operation the wax does not im-
part any of its electricity to the eleétrometer, but only
aéts by means of its atmofphere, viz. when the excited
wax is firft brought near the brafs cap er (agreeable to
the well known law of electricity, and according to Dr.
¥RANKLIN’s hypothefis) it determines the eleétric fluid,
naturally belonging to the corks, towards the cap; hence
the corks repel each other. Now if in this ftate they
touch the fides of the glafs cpmn, they acquire from it
a quantity of electric fluid equal to that, which, by the
action of the excited wax, was driven towards the cap,
confequently they collapfe and appear uneletrified.
Notwithftanding this appearance, the cap is actually
overcharged, fo that when the wax is removed, the over-

plus of the electric fluid, which the corks had acquired
from
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from the glafs, and tin-foil ftuck upon it, and which
was crouded upon the cap, becaufe the negative atmo-
fphere of the wax now diffufes itfelf equally through
the cap, the wires, the corks, &c.; and, therefore, the
corks repel each other with pofitive electricity.

If, inftead of the fealing wax excited negatively, an
eleétric poflefled of pofitive eletricity be ufed, the elec-
trometer acquires the negative ele¢tricity, and the expla-
nation, mutatis smutandis, is the fame as above.

By confidering this remark it will appear, that when
this ele€trometer is electrified, either pofitively or nega-
tively, and an eleétrified body is brought towards the
brafs cap; the eletricity of that body will be of the
fame kind with that of the eletrometer, if the corks in-
creafe their divergency; but it will be of the contrary
kind, if the corks approach one another.

When this inftrument is to be ufed to try the eletri-
city of the fogs, the air, the clouds, &c. the obferver is to
do nothing more than to unfcrew it from its cafe, and,
holding it by the bottom aB, to prefent it to the open air
a little above his head, fo that he may conveniently fee
the corks », which will immediately diverge if there is
any eleéricity ; the kind of which, that is, whether pofitive
or negative, may be afcertained by bringing an excited

Vor. LXX. E piece
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piece of fealing wax, or other electric, towards the brafs
cap EF.

It is, perhaps, unneceffary to remark, that this obfer-
vation muft be made in an open place, as the roads out of
town, the fields, the top of a houfe, &e¢. ‘

I have often made ufe of this eleCtrometer in the
roads between Iflington and London, and by mieans of
it T have confirmed the obfervation of Mr. RONAYNE,
who firft difcovered the eleétricity of the fogs, as is
‘teftified by a paper of his publithed in the Philofophical
Tranfaétions, and who has remarked, that a fog is very
rarely not eleétrified; and that in clear frofty weather
the air is conftantly eleétrified.

Promifcuons Experinents.

I. Having had frequent occafion to obferve how diffi~
cult it is to deprive fealing wax of its eletricity entirely,
after that it has been well excited, I had the curiofity to
try whether water could effect it. In order to that, I tied
a flick of fealing wax to a filk ftring about a yard:long,
and after having excited it very powerfully with flannel,
¥ plunged it in a tin veficl full of water, and immediately

drawing
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drawing it out, brought a very accurate eletrometer
near it, and obferved, that at firft it thewed no fign of
eletricity; but in about half a minute’s time it mani-
fefted a fmall but very fenfible degree of negative electri-
city. A glafs tube, treated in the fame manner, was de-
prived of all its eleétricity by the water.

II. I have often remarked, that after having excxted a
glafs tube with the amalgamated rubber in the ufual
manner, the part of it which had been under my hand
was negative. This minus ftate was fill more confpicuous
when I grafped with my hand the part next above, viz..
part of that which had been excited pofitively by rub-
bing. In the fame manner, when I excite a ftick of feal-
ing wax, by rubbing it with flannel, I often find, that
the part of it which I hold in my hand is in a contrary
ftate of eleétricity, viz. pofitive.

I1I. Being defirous of trying the conduéting power of
the effluvia of burning bodies in a manner more fatif-
factory than had hitherto been done, I contrived an
inftrument for that purpofe, which is reprefented in
fig. 5./

The handle of it AB is a glafs tube, into the extremity
s of which a wire E1, and a fmaller glafs tube Bc, are ce-

(a) This inftrument is juft double the fize of the figure,
E2 mented
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mented by means of fealing wax. From the extremity
of this fmall tube another wire FG proceeds, which, as
well as the wire E1, is bent at the top, fo that the extre-
mities of both wires EF may be about one tenth of an
inch from one another. GH is a {mall wire faftened to the
wire FG, and to the extremity of the handle, fo that
when the inftrument is held in one’s hand, this wire
touches the hand. k is a {mall cork-ball eleétrometer,
which, when the inftrument is to be ufed, is affixed to
the pin b, which proceeds from the wire 1. When ex=-
periments are to be tried with this inftrument, the elec~
trometer K mutft be affixed to the pin p, which ‘proceeds
from the wire 1E, and muft be eleétrified fo that the cork
balls may diverge as far as poffible: this done, the extre~
mities EF of the wires are brought within the ¢fluvia
that are to be tried, which, if they are of a'godd con-
ducting nature, will complete the communication be-
tween the two wires EF, aiid difcharge the eléétrometer of"
its ele@ricity, otherwife the ele@rometer will remain
ele@rified for a confiderable time.

The experiments which I have made with this inftird-
ment are tieither numerous nor fo often repeated as to
be depended upon, excepting one only, which, pertiaps,
it will be not ufelefs to mention, I found that the fumes

arifing
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arifing by the action of a lens, from the amalgam of tin-
foil and mercury, conduéted fo badly, that the ele&tro-
meter loft its eleétricity in a time very little lefs than it
would have done without any fumes whatever.

Little St. Martin’s Lane,
Nov. 4, 1779.




