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LXXIX. Farther Experiments in Eleflricity;
4y Myr. Benjamin Wilfon, F. R. §.

To the Righ: Hunourable the Earl of Macclesfield,
Prefident of the Royal Society.

My Lord,
Read Nov. 13, TN my letter upon the Tourmalin, which
176e. I I had the honour of communicating
to the Royal Society in December laft, there are fome
experiments to fthew, that glafs is permeable by elec-
tricity. I have fince made others of the like kind,
which feem to favour the fame opinion.

The high regard your Lordfhip has always thewn
for experimental philofophy, encourages me to lay
before you thefe experiments, with a few others,
of a very curious nature.

But I beg leave, firft, to take notice, that our
eleCrical apparatus is much improved, by the dif-
covery of Father Windelinus Ammerfin, of Switzer-
land, who, in a Latin treatife publithed in 17454, has
fhewn us, that wood, properly dried, till it becomes
very brown, is a non-conductor of electricity *; and
recommends boiling the wood in linfeed oil, or
covering it all over with varnifh, after being dried,
to prevent any return of moifture into its pores. He

* It appears, from the Philofophical Tranfations, fo early as
the year 1747, that Dr. #atfon having occafion to fupport a long
wire, in the experiment made near Shooter’s Hill, with a view to
determine the velocity of the ele&ric fluid, ufed ftakes of dry wood,
(which, he tells me, were baked) to prevent the eleétric fluid from
efcaping into the ground.

adds,
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adds, that wood fo treated feems to afford {tronger
appearances than even glafs *.

The following experiments were made, with the
affiftance of wood thus prepared.

Being provided with a large fquare of glafs, polithed
on both fides, and fixed upright upon one edge, I
placed, for a conduttor, a flender piece of ivory,
about one foot long, having one end within two
tenths of an inch from the center of the glafs: at
the other end were fufpended two fmall balls of
pith, by threads four inches long. The ivory was
fupported horizontally by a ftand made of the pre-
pared woed. When the glafs was made a little warmer
than the external air, my finger rubbed that fide
thereof which was fartheft from, and oppofite to, the
ivory. Upon doing this, the two fides of the glafs
were eleCrified plus, as were likewife the balls; which
continued plus, even after they were removed from
the glafs into any part of the room,

From the appearance of a plus eleCricity in the
ivory, as well as on the two fides of the glafs, the
fluid muft have flowed from the finger into the glafs,
and pait of it into the ivory: otherwife, permit me
to afk how the ivory fhould be eletrified plus?

That the fluid really flowed from the finger into
the glafs, may be inferred from the following expe-
riment.

A piece of filver, being fixed upon a flender rod of
prepared wood, I rubbed the fame glafs with it, as
I had done before with the finger; upon which the

* See the Abbé Nollet’s Letters upon Eleélricity, publifhed at
Paris in 1760.
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filver was ele@rified minus, and both fides of the
glafs, with the conduétor and balls, plus.

There are, therefore, certain circumftances under
which the eletric fluid paffes through glafs; I repeat
‘in certain circumflances, my Lord, becaufe in others,
for inftance, the Leyden bottle, the fluid does not pafs
through the glafs, but electrifies one fide plus, and
the other fide minus, as my friend Dr. Franklin
hath thewn, in his letters upon elecricity.

This difference, which is caufed by the vitreous
ele@ricity in both cafes, may perhaps be explained
from the furrounding medium *, and the different de-
grees of the power with which the eleétric fluid en-
deavours to enter a body.

For the refiffance owing to the furrounding me-
dium in a polithed plane, without covering, is not
overcome, but by bringing the power near the glafs,
whereby the glafs is ele@rified plus on both fides ;
whereas, when the glafs is properly covered, and the
power brought upon it, the covering conducts the
fluid equally to all the parts on that fide, where it
accumulates, that is, eleCtrifies it plus; whilft the op-
pofite covering carries off to the communicating earth
an equal quantity of the fluid naturally belonging to
the glafs, thatis, electrifies it minus.

The fame glafs, without any covering, will be ren-
dered minus on both fides, by removing the power to
a greater diftance, by which it is diminithed, and the
quantity of intermediate air, and confequently of re-
Sfance, increafed.

* See the former paper upon the Tourmalin, p. 329. of this
Volume, Part L
The
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The power therefore which caufes the minus effect,
is lefs than the pcwer which caufes the plus effect:
and that this mzinus effe arifes intirely from the re-
pulfive power of the fluid, appears from this, that
- part of the fluid naturally belonging to the glafs, is
driven off, and eleCtrifies plus other bodies placed
beyond it.

From hence I colle&, that the zbree different ef-
fects, viz. the eleCtrifying glafs plus on both fides;
or plus on one fide, and minus on the other; or,
laftly, minus on both fides; are occafioned by the
different degrees of the fame power and refiffance in
the refpeCtive experiments with the fame glafs.

If, on the other hand, the three laft experiments
are made with the minus, inftead of the plus eleéiri-
city, the appearances, and confequently the reafon-
ing upon them, are inverted : for the p/us appearance,
in that cafe, muft be owing to the tendency of the
fluid from the earth, air, and other neighbouring.
bodies, towards the oppofite fide of the glafs, where
the power ats, which caufes the minus appearance.

This regular converfion ferves to confirm the truth
of the principles afligned.

And here, with your Lordfhip’s leave, I fhall fet
down fome farther experiments, moft of which have
been made with a view to thew, that a plus eleCri-
city may be produced by means of a mznus electri-
city.
)I'Iaving ele@rified the infide of a large Leyden
bottle p/us, by means of a conducting-wire from an
excited glafs globe, I fet it upon a ftand of prepared
wood, and took away the conduéting-wire ; after
which, the mouth of the bottle was clofed with a

Vour. LIL sZ ftople
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flople of glafs. Then the pointed end of the ivory
conductor was brought oppofite to the middle of the
bottle, and about two inches from it. Upon doing
this, the balls were ele@rified minus; and more
fo, as the ivory was moved nearer the bottle in an
horizontal direction.

But, on removing the ivory to a greater diftance,
the minus eleCtricity decreafed; and, at a certain di-
ftance, there was not any fign thereof remaining:
and when the diftance was increafed to about eighteen
inches from the bottle, a plus ele@ricity appeared,
which continued, even after the ivory was removed
intirely away.

After uneleCtrifying the bottle, it was fet again
upon the ftand of wood ; and upon another of the
fame kind, was laid a large iron poker, fo that the
pointed end was about two inches from the outfide
coating, and much nearer the bottom than the top
of the bottle. I chofe the lower part thereof, for
no other reafon, than to have the poker out of the
reach of any effe¢t that might happen from the con-
du&ting-wire, which communicated with the ma-
chine, and the infide coating of the bottle. The
other end of the poker, being a large round knob,
was about one inch from arod of iron, which com-
municated with the earth. Under thefe circum-
ftances, when the infide of the bottle was ele&rified
plus, the outer coating became minus, as ufual.

It is to be obferved here, that the p/us appearance
in the poker was caufed by that portion of the fluid,
which was driven off from the outfide of the bottle,
Isy the repulfive force of the fluid conveyed into the
bottle. And this conficms the reafoning upon tlie re-

\ markahle
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markable experiments related in the treatife publithed
by Dr.Hoadly and myfelf. See p. 27 to 34,and 46, 47.

Inftead of ele@rifying the infide of the bottle, in
the laft experiment, plus, I eleCtrified it minus, with
the prepared wood, without any other change of cir-
cumftances. In this cafe, the outfide of the bottle
was plus, as ufual, and the poker minus. The fluid,
therefore, which caufed the plus eleCricity on the
outfide of the bottle, muft, in part at leaft, have
flowed from the poker; becaufe there was no other
open communication with the outfide of the bottle
and the earth to fupply it.

With a cylinder of baked wood, which fhewed
ftronger figns of eleGricity, than I have yet been able
to produce from glafs, the balls hanging to the ivory
were eleGrified minus, at the diftance of four feet, or
more, by holding the cylinder over the middle of the
ivory, and continuing it there: and on moving it
nearer, they were more ftrongly eleGrified mznus ;
but the fame cylinder, on removing it back again to
the diftance of two or three feet, or more, eletrified
the balls plus.

When another condu@or, for inftance metal, with-
out edges or points, was ufed inftead of the ivory, and
without any thing hanging from it, the fame cylinder
held over the metal, as was done in the laft experi-
ment over the ivory, at the diftance of two feet, pro-
duced a plus eleCricity : and this was rendered weaker,
as the cylinder was moved nearer; but by leflening
the diftance to about one foot, the minus eleCtricity
took place.

In thefe cafes, the plus appearance arofe from the
earth, air, or other neighbouring bodies.

§7Z 2 When
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When the preceding experiments were firft made,
I was a little embarraflfed with the uncertain appear-
ances of a plus eleCricity at one time, and a minus
at another, in the fame experiment : but, by repeated
trials and obfervations, I have found that a p/us or
minys eleCtricity may be produced at pleafure, by
carefully attending to the following circumftances,
viz. the form of the bodies, their fudden or gradual
removal, and the degrees of electrifying.

I fhall now proceed to acquaint your Lordfhip
with fome other circumiftances of as nice a nature,
where the flighteft, and almoft imperceptible dif-
ferences in the pofition, or in the force of the friction,
of two bodies, produce in either of them, the plus
electricity at one time, and the minus at another.

Such are the effes of this {ubtile and a&ive fluid,
when the experiments are carefully made ; and there-
fore, they require the moft fcrupulous attention, to
trace out the caufes which occafion them.

Sealing wax and filver were the bodies ufed in the
firft two experiments; but many ether fubftances feem
to perform as well. The fealing wax was clean, and
undifturbed by any fri¢tion whatever, but that of the
air furrounding it; and had been fo for fome hours,
The filver was fixed to a piece of the prepared wood,
which was alfo preferved from friction for the fame
length of time. Then taking one of thefe fubftances
in each hand, the filver being at that end of the wood
the fartheft from the hand, I laid the fmootheft part
of the filver upon the fealing wax, and moved it along
the furface gently, once only, and with a very flight
preflure; after which, the filver was electrified plus,
and the wax minus. o

n



[ 903 ]

On repeating the experiment, with equal care, and
in the fame manner, except that the fmvoth fide of
the filver was a little inclined, fo that the edge thereof
prefled againft the wax; the filver, after moving it
as before, was ele€trified minus, and the wax plus;
which is contrary to what was obferved in the laft
experiment.

Thefe oppofite effects, occafioned by the different
applications of the flat, or edge of the filver, feem
to arife from an alteration made in the furface of
the wax, by deffroying the polifb in one cafe, and
not in the other: and, in this refpeét, refembles the
polithed and rough glafs mentioned in the letter upon
the Tourmalin. See p. 328. of this Volume, Part I.
Experiment 24.

Upon making ufe of prepared wood, inftead of
wax, and employing different degrees of preflure in
the friCtion, with the fame edge of the filver, I pro~
duced the like appearances; the leaft preflure caufing
a plus, and the greateft preffure a mznus appearance
in the filver.

A flat piece of fteel, well polifthed, and the edges
rounded off, afforded the fame appearances, by enly
applying the flat furface to the wood ; but it required
more preffing to produce the minus effet in this cafe,
than it did inthe former, where the edge was concerned.

Whether the reafon offered above. for explaining
thefe laft curious appearances be true or not, I do
not venture to affirm, for want of farther experi-
ments; but thus much may be fafely advanced, that
we have learned to produce at pleafure the p/us or
minus eleCricity from the fame bodies, by attending
to the manner of their application and _friction.

3 Mr.
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Mr. Dufay, and the Abbé Nollet, have indeed
obferved an inconftancy in the effeéts, when they
rubbed fealing wax; but for want of the cautions
above-defcribed, in the choice and treatment of the
bodies, they were not able to anfwer for the event of
any experiment. The Abbé, in particular, who has
taken remarkable pains to find out from whence this
uncertainty arifes, acquaints us, in the thirteenth letter,
with his difficulties, and how much it perplexed him
to fee, within an hour, in the fame place, and with
the fame inftruments, the effects changed, and be-
come altogether contrary to thofe he had before ob-
ferved. In another part of the fame letter, he fays:
¢ Je me fuis flatté plus d’une fois d'avoir faifi les
circonftances qui faifoient tourner a coup fir le ré-
fultat de I'experience d’un c6té ou de Pautre ; mais
la fuite m’a fait connoitre que je m’étois trompé,
ou qu'il manquoit encore quelque chofe 3 ma dé-
¢ coverte.”

I might add other guotations of the fame kind,
but, as it would take up too much of your Lordthip’s
time, I thall beg leave to refer to the letter itfelf.

From the experience now obtained, it may not be
improper to obferve farther, that fealing wax of dif-
ferent hardnefs, will occafion a difference in the ef-
fe@s, the hardeft being always plus, and the fofteft
minus; which agrees very well with the rule laid
down in the letter upon the Tourmalin, p. 337,
« that where ele@ric appearances are produced by
* the rubbing of any two polithed bodies together,
« that body, whofe fubftance is hardeft, and eleGric
« power ftrongeft, will be always plus, and the fofteft
« and weakeft always minus.” Now we find th}z;t

the
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the Dutch wax is fofter than the Englith, and the
Irith harder: and it is not improbable that the French
wax, which I fuppofe the 4bbé Nollet ufed, may
likewife be different.

Whoever, therefore, may be defirous of trying the
preceding experiments, with a view to make them fuc-
ceed, as they are here fet down, muft ufe the bef
Englifb fealing wax.

I' (hall conclude with an experiment made by my
friend Mr. Hamilton, profeflor of philofophy in the
univerfity of Dublin, as it feems to illuftrate the
doCrine of refiffances, at leaft, {o far as refpects the
air.

Let a flender brafs, or iron wire, five or fix inches
long, and finely pointed at each end, be fitted in the
middle, with a brafs cap, void of angles; then let
half an inch at each extremity be bent in oppofite
direCtions, till they are perpendicular to the reft of
the wire, and in fuch a manner, that when the wire
is fufpended, by means of its cap, on a point of
metal, it may lie in a plane parallel to the horizon.
The pointed metal, which fupports this wire, muft
be two or three inches long, and have its other end
fixed into a {fmall block of wood. Now, if this block,
with a wire fufpended, be fet upon an ele@rified
body, the wire will turn round with a very great ve-
locity, moving always in a direGion contrary to that
in which the eledric fluid iflues from its points,
without having any conduéting fubftance near it, fave
that of the air: and if the wire be made to turn round
by any other force, in the oppofite dire&ion, fo that
its points go foremoft, it will, when ele@rified, foon

be
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be deprived of that motion, and made to turn round
the contrary way.- ,

This experiment, he fays, was contrived, in order
to try whether the electric fluid, which iffues fo freely
from pointed bodies, would have any effect to move
thefe bodies by its reaCtion ; and that it has fuch an
effet, feems {ufficiently manifeft from the event.

Mr. Hamilton apprehends, that the eleéric par-
ticles, by their elaftic force, iflue directly forwards
from the points, and endeavour to expand themfelves ;
but meeting with fome refiftance from the air, force
the wire to move backward in a contrary direction,
much in the fame manner that a Catherine-wheel is
made to turn round in a diretion, contrary to that in
which the {mall rockets affixed to its periphery dif-
charge themfelves. And therefore, he is inclined to
think, that it might be made ufe of as an eleGtrometer,
by having it to turn round in a plane perpendicular to
the horizon, and loading the wire with {mall weights
near one of its extremities, which will be raifed to a
greater diftance from the perpendicular line, as the
ele@ric fluid is ftronger.

I am, my Lord,
Your Lordfhip’s
moft obliged
Great Queen-Street, and obedient fervant,

Nov. 5, 1760,
Benj. Wilfon.
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