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IMPROVEMENTS IN ELECTRICITY.

EING appointed to deliver the annual differtation

on fome philofophical fubjed, inftituted by our

worthy brother the late Mr. HENRY BAKER, I will en-

deavour to explain fome contrivances in electricity which

I invented a good while ago, one of which has been

much employed, and has undergone feveral material
improvements fince I firft thought of it.

IT is now about fifteen years ago fince I began to
make ufe of flat glaffes inftead of globes or cylinders, to
excite eleCtricity. Finding that a greater quantity of
electricity could be excited upon a flat piece of glafs, when
rubbed on both furfaces, than when it was only expofed
to fri¢tion on one fide; I thought it would be an advan-
tage to fubftitute a round plate, or disk, of glafs, to a globe

VoL, LXIX. 4R or



662 Dr, INGENHOUSZ’S Improvements

or cylinder. I alfo thought another material advantage
might be derived from a plate of glafs, as the form of it
admits. of placing cuthions or rubbers upon different
parts of it, and taking the eleétricity, excited by thefe
rubbers, from the interftices between them, which can-
not conveniently be done when a globe or cylinder is
ufed. The only inconvenience which I at firft conceived
would enfue from it was, that the center upon which the:
plate was to be fixed -and whirled round, 'would always-
be too near ‘the rubbers (unlefs thefe were very fhort, or
the plate of % ‘confiderable-#1ize) and ‘that 'theéfe would
throw the eledtricity, colle¢ted on the furtace of ‘the
glafs, upon that very center. In order to obviate this
difficulty, I propofed to make the center likewife of glafs,,
or fome other non-condutting fubitance, as, for inftance,,
paked wood.

Ibegan firft by making ufe of one of thofe glafs ftands,.
which.they call a waiter, and which has a glafs iupport
fixed at right angles to its centes. I whirled thé wawer
round as well as I could, rubbing 1t tometimes on one:
fide, fometimes on both. 1In this imperfect ftate I fhewed
it to. Dr. FRAI‘\IKL,IN,, who approved much of the fchemie;,
and advifed me to purfue it. Soon after, I fhewed it'to fe-
veral of my acquaintance,, and in a thort time I found
fuch machines ready made at Mr. RAMSDEN’s and fome

2 other
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other mathematical inttrument-makers  Since that time
great ufe has been made of thefe elefrical plate ma-
chines throughout Europe, as they were thought by
many to be more vowerful in a little compafs than thofé
with globes and cylinders.

In my travels through différent countries; I now
and then met with corfiderable improvements made in
them. Abbé FoNTANA had contrivéd one for the cabinet
of the, great Duke of Tufcany, which corififted ot two
plates; eighteen inches diamerer; tixed to the fame cen=
ter; and each rubbéd on both fides on two oppofite places:
The eleétrical fire excited on thefé joint plates, when
forced upon a eonduétor ‘divided in two pranches to re-
ceive it, was very powertul; fo much fo; that the con-
dutor. being unable to contain the whole, thiew it back
upon the brafs center; from which it paffed to the hand
of the operator, and gave him  very difagregable thock.

Mr. cUTHBERTSON; an ing&nious. mathematical: in-
ftrument-maker at Amfterdam, comitfived dn apparatas
with a double plate; by which all the electtical fire ‘col-
le&ted by the eight cufhions was fotced pon the con-
duéor; fo that none of it cotild be thrown back upon
the center; though riiade of brafs: His contfivance con-
fifted in placing betweeri the glafs plates a ftfong glafs
ting, about two inches in diameter; fo that the brafs

4R 2 center
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center pafled through the middle of it. This ring was
ftuck to the plates with féaling wax or {fome other non-
conducting cement; and the fpace between the center and
the ring was carcfuliy filled with the fame non-conduct-
ing fubftance. The condudtor had two branches, each
of which was placed between the two glaffes, reaching
very near to the glafs ring. By this mcthod all, or almoft
all, the eleétricity excited by the eight cufhions, was
forced to pafs upon the conduétor, there being no way to
reach the brafs center, between which and the conductor
all communication was cut off. by the above mentioned
glafs ring being filled up with a non-conducting cement.
The power of fuch a machine, notwithftanding that the
plates were not above fifteen inches diameter, was very
aftonithing. I faw one made in London with this im-
provement (the glafs plates being eighteen inches dia-
meter) by which a coated jar of two quarts was fully
charged in lefs than five feconds.

Mr. c. CUYPERS, an ingenious eletrician at Delft, has
pot a little contributed to the improvement of thefe ma- -
chines, by making them lefs liable to be affected by damp
weather. This gentleman, confidering that all glaffes
are not equally fit for electricity, and that j. H., WARTZ,
and- after him Profeflor MUSSCHENBROEK, were of opi-

nion, that glafs, in the compofition of which there enters.
Z a great
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a great deal of alkaline falt; is'very apt to attract moif-
ture from the air, and therefore lefs proper for eleétri-
city (which defect they thought might be corrected by
expofing it to a violent and ¢ontinued heat), took a pro-
per advantage of this knowledge in the improvement of
the machines with flat glaffes. - He found, that glaffes,
which have been many years expofed to the warm air of
a roont, -very\ old looking glafles for inftance, become
by this means' much harder, {fo as better to refift the
force of a file; and are then much better for ele&rical
machines: and that {fuch glafles become ftill incompara-
bly better, if they are expofed to a confiderable degree of
heat during fome months: the heat forcing out of the
glafs (avileatt out of its furface) the alkaline falt, not vi-
trified, which is'to be found upon it, and may-be known
by the tafte.

In December 1777 I faw one of thefe double-plated:
machines at Mr. CUYPER’S houfe, and found it do admi-
rably well, though the weather was-at the time very
damp, and the machine kept in a room in which there
never was any fire made, and ‘though the cuthions had
no amalgama upon them: they were made of yellow'
Turkifh leather, ﬁuﬁed with fine thavings of cork, ram--
med in them; and had been prefled.to give them. an.
equal fmooth furface.

The
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The fame gentleman found glaffes, prepared in the
above mentioned way, far fuperior in ftrength to a cake
of rofin ufed in the electrophorus. He publithed his me-
thod in a pampbhlet, intitled, Expo/¢ d’une Methode, par la
quelle on rend les Difques de Verre defiinés @ des Ma-
chines Elefiriques capables dexciter PEleliricité dans une
Air bumide, [uivi dune Maniere de faire de tres bons
couffins pour frotter les Verres des Machines eleliriques, et
de la Defcription dun Eleltrophore perpetuel plus parfait
que ceux dont on Séf fervi ju/q’ ici. A la Haye, 1778.

Thofe who make ufe of plate machines fhould care-
fully avoid putting the apparatus near the fire, for the
purpofe of drying or warming itj becdufe the fudden ex-
panfion of the glafs by the heat cannot fo quickly pro-
pagate itfelf through its whole extent; for the center
being commonly {queezed between two flat {hives of
brafs, with a piece of leather between the metal and the
glafs, does not acquire a fimilar degree of heat at the
fame time as the reft, and cannot fo eafily expand; and
therefore the plate is in great danger of breaking. If,in
confequence of fuch a blunder; a flaw thould happen, its
progrefs might be ftopped by drilling a round hole at
the extremity of the flaw. Thefe flat glaffes may very

fafely be rubbed with a dry warm cloth.
As
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As the quantity of eleétricity excited upon glafs is
nearly in the proportion of the furface expofed to fric-
tion; and as glafles of a great f{ize are very precious, and
liable to accidents, I conceived, that inftead of a disk of
flat glafs one might fubftitute one of pafte-board,
thoroughly imbibed with copal or amber varnifh.

To try how this would anfwer, about {even years ago
I ordered three pafte-board disks ‘to be made, of four
feet in diameter, the diftance of {ix inches from the cen-
ter being the fitteft to give the whole a proper fupport in
whirling it round. When thefe disks were thoroughly
dried and heated, I poured upon them a varnith made of
amber diffolved in linfeed oil. After they had taken in as
much of the varnith as they could imbibe, I covered
them with a thick coat of the fame varnifh, and dried
them by the heat of a German ftove.

When the varnifh: was very hard, I found, that even
a flight fri¢tion with a cat’s skin or hare’s skin excited a
firong electricity upon them.

I then made a frame to place them in, and to whirl
them round; which frame was {o contrived, that it could
contain about twelve fuch disks, whirling all round on
the fame center. It confifted of two fquare pillars of
wood, about five feet high, and three inches broad;
joined together at top and bottom by a tranfverfe piece

of
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of wood: In the middle of the two pillars was a hole,
about an inch and an half diameter, fitted to receive a
wooden axis, which could be placed in, and taken out, st
pleafure. Upon this axis were to be ftuck the pafte~-board
disks; and a flat board, three: inches broad, covered on
both fides with flannel, and over this with a hare’s skin,
was to' be placed between each pafte-board. . The two
fquare pillars were alfo to be wrapped up firft with flan-
nel, and over that with hares skin.

The flat boards, to be placed between the pafte-board
disks, had each a notch in the center, to give room for
the axis to turn round freely. Thefe flat boards could be
breught as near one another as was required by two
wooden male {crews, placed at the upper and. lower end
of the frame, which reached from one fquare pillar to the
other; which fcrews were to receive a notch cut out at
the upper and under end of each.flat board, in order to
keep them fteady in their vertical fituation. A female
fcrew, turning upon thefe horizontal male {crews, was
placed between each of the flat boards at their upper and
under extrenities, and ferved to bring each of the disks
as near in conta& with the hares skins as was requiréd to
receive a proper friction.

The three pafte-boards were fixed in the frame, and

whirled round. The eletricity excited was fo ftrong
that
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that I took fparks between one and two feet long from
the front. furface of the firft disk by approaching my
knuckle to it. I then applied a tin conductor to it, about
fix feet long and fix inches diameter, divided into two
branches, the extremities. of which were furnifhed
with a thick filver lace fringe inftead of points. The
fparks from this conductor were-about four or five inches
long, appeared to be very thick, were very brilliant, and
fo ftrong, that I did not chufe to receive many of them}
nor did thofe who came to fee the machine care to receive
more than onie.  As thefe {parks-fucceeded one another
at fhort intervals, I think they would have been much
longer if every thing had been adapted for that purpofe;
as T {ary afterwards done at Mr. NAIRNE’s, who contrived
to obtaity fparks of twenty inches long and upwards from
a large glafs cylinder,

Iconfideredthis pafte-board machine ratheras a rough
sketch of an apparatus, by which I conceived the hope of
obtaining an eleétrical power of almoft any degree re-
qhired,‘than as a compleat machine. My intention was
to find out a contrivance by which a very great quantity
of electrical fire might be colleCted without great ex-
pence and without much danger of breaking the appa-
ratus, which two articles cannot be avoided when you
make ufe of uncommon fize glafs-cylinders or disks.

Vor. LXIX. 45 1 faw.,
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1 faw, two years ago, at the Duke of CHAULNES at
Paris, an apparatus which had a plate glafs five feet dia-
meter. ‘This alone coft him eight hundred French
livres.

As I had not adapted the tin conduéter to receive the
electricity from the three disks, but only from the front
disk, I cannot tell whether the force of eleétricity would
have been proportionably ftronger if I had made fome
metallic communication between each of the disks.

Ifound, that the apparatus, as it was conftructed, could
not eaﬁly have admitted more than three fuch large
disks; for the twelve furfaces expofed to fri¢tion being
each a foot and an half long, and above three inches
broad, made fo much refiftance to the working of the
machine, that it required a ftrong arm to work it.

Being fatisfied with having found that by this, or a
contrivance of the fame kind, a much greater power
could be excited than by the common glafs apparatufes;
1 did not chufe to put myfelf to more trouble or expence
to increafe the ftrength of its frame, or the number of
disks.

I muft obferve, that fuch a machine may be kept in
good order in a heated room; but that it will foon lofe
its force in countries where it is not thé cuftom to heat
rooms as the Germans do. My pafte-board disks kept

2 very
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very good during all the time I left them in a room con-
ftantly warmed, which was about two months; but, when
they were placed ina cold room, they foon loft their power,
having probably attra¢ted moifture from the air. I can-
not be fure that the varnifh I got made for the purpofe
was of the beft kind: I have reafon to fufpeét the con-
trary, and therefore I fhould think that much better
might be obtained in Liondon.

Such pafte-boards might be poflibly preferved from
attracting moifture, by keeping them fhut up in a box
made on purpofe, lined within with tinfoil. The
moifture might alfo be expelled again by placing them
a good while in a heated room, or upon a baker’s
oven.

It {eems, befides, not improbable, that a kind of pafte-
board might be made by fticking together the lamina of
paper (firft thoroughly dried) with a good oil varnifh in-
ftead of common pafte, as this laft never can be deprived
of its watery particles without lofing its cohefive quality.
A good kind of pafte-board might likewife be contrived
by fticking together filk cloth inftead of paper.

1 contrived a plated machine, the disk of which was
made of baked wood and boiled in linfeed oil; but it did
not anfwer near fo well as the pafte-board disks.

452 I found
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I found the pafte-board disks not much lefs fufceptible
of eleéricity before I had varnithed . them than they
were afterwards; but they loft their force agaip in a few
minutes, and did not recover it till they were dried and,
heated again.

It is well known, that writing and brown packing pa-
per, when warmed, may acquire a conﬁderable eleétrical
power by being rubbed with hares skin, a piece of wood,
ivory, nay even (as I found by experience) with a metal-
lic body.

As it feems to be a general law of nature, that all refi-
nous bodies, excited either with a pofitive or a negative
eletricity, are more tenacious of keeping it, or feem to
part with it, as it were, with more reluctance than glafs
(as I have demonftrated in a paper, read laft year before
the Royal Society); it is advifeable, that the conduétor of
fuch a paper machine be not furnifhed with metallic
points, which being neceflarily kept at a diftance will
not take away all the eleétricity; but that fome flexible,
conduéting fubftance, as filver or brafs lace fringes, com-
municating with the conduétor, be in clofe contac with
the excited furface.

As woollen cloth or Manchefter cotton velvet, and
fuch like fubftances, excite a good deal of eletricity upon
dried paper and refinous fubftances, and do not wear out

fo
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fo foon as hares skin, it might, perhaps, be found better
to fubftitute them for hares skin.

I have alfo excited a very confiderable electrical force
on ftrong filk velvet, tied upon the circumference of two
wooden disks, two feet in diameter, and diftant about
three feet from one another, fixed upon a wooden axis.
The velvet was fupported by a ﬂfong filk cloth tied un-:
der it, in order to give it more ﬁrength and fteadinefs.
This machine had the appearance of a drum, and was
whirled round, as is ufually done with glafs cylinders.
The rubber was a cuthion covered with hares skin.

As filk cloth, and more particularly oiled filk, very
eafily receives a ftrong eleétricity, I make no doubt but a
good ufe might be made of them, by expofing a great
furface of them (which may be as large as one pleafes) to:
fri¢tion. I have attempted more than one method of
conftructing fuch a machine; but as I tried it only in
fmall, I have not purfued the obje¢t far enough, and
therefore, I think, I have no right to throw out hints
unfupported by experience..



