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LV. An Attempt to explain fome of the prin-
cipal Phenomena of EleCiricity, by Means

of an elaftic Fluid: By the Honourable
Henry Cavendifh, F. R. §.

Read Dec. 19, 1771, (Y I N CE 1 firft wrote the follow-
and Jan- 9, 1772\ ™Y ing paper, I find that this way of
accounting for the phznomena of eleétricity, is not -
pew. /Epinus, in his Tentamen Theorie eleCricitatis
& magnetifmi, has made ufe of the fame, or nearly
the fame hypothefis that I have ; and the conclufions
‘he draws frem it, agree nearly with mine, as far as
he goes. However,-as I have carried the theory
much farther than he hasdone, and have confidered
the fubje@ in a different, and, 1 flatter myfelf, ina
more accurate manner, I hope the Society will not

think this paper unworthy their acceptance.

The method I propofe to follow is, firft, to lay
down the hypothefis; next, to examine by ftri& ma-
thematical reafoning, or at leaft, as firiG reafoning as
the nature of the fubje&t will admit of, what confe-
quences will flow from thence; and laftly,-to ex-
amine how far thefe confequences agree with fuch ex-
periments as have yet been made on this fubjet. In
a future paper, I intend to give the refult of fome
experiments I am making, with intent to examine
ftill further the truth of this hypothefis, and to find
out the law of the eleGric attrattion and repulfion.

1 Hyro-
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HyroTuress.

THERE is a fubftance, which I call the clefric
fluid, the particles of which repel each other and
attrat the particles of all other matter, with a force
inverfely as fome lefs power of the diftance than the
cube: the particles of all other matter alfo, repel
each other, and attract thofe of the ele@ric fluid, with
a force varying accerding to the fame power of the
diftances. Or, to exprefs it more concifely, if you
look upon the eleric fluid as matter of a contrary
kind to other matter, the particles of all matter, both
thofe of the eleétric fluid and of other matter, repel
particles of the fame kind, and attra& thofe of a
contrary kind, with a force inverfely as fome lefs
power of the diftance than the cube.

For the future, I would be underftood never to
comprehend the eletric fluid under the word matter,
but only fome other fort of matter.

It is indifferent whether you fuppofe all forts of
matter to be indued in an equal degree with the
foregoing attraction and repulfion, or whether you
fuppofe fome forts to be indued with it in a
greater degree than others; but it is likely that the
electric fluid is indued with this property in a much
greater degree than other matter; for in all proba-
bility the weight of the eleric fluid in any body bears
but a very {mall propottion to the weight of the
matter ; but yet the force with which the elefiric
Huid therein attralts any particle of matter muft be
equal to the force with which the matter therein

Vor, LXI. 4 F repels
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repels that particle; otherwife the body would ap-
pear electrical, as will be fhewn hereafter.
To explain this hypothefis more fully, fuppofe that
1 grain of eletric fluid attrafts a particle of matter,
at a given diftance, with as much force as » grains
of any matter, lead for inftance, repelit: then will
1 grain of eleCric fluid repel a particle of electric fluid
with as much force as # grains of lead attrack it; and
1 grain of eleric fluid will repel 1 grain of eleric
fluid with as much force as # grains of lead repel #
grains of ltead.
All bodies in their natural ftate, with regard to

ele@ricity, contain fuch a quantity of eletric fluid
inter{perfed between their particles, that the attraction
of the ele@ric fluid in any fmall part of the body on
a given particle of matter fhall be equal to the re-
pulfion of the matter in the fame {mall part on the
fame particle. A body in this ftate I call faturated
with ele@ric fluid : if the body contains more than
‘this quantity of eleCric fluid, I call it overcharged:
if lefs, I callit undercharged. ‘This is the hypothe-
fis; I now proceed to examine the confequences
which will flow from it.

LeMmma L.

Let EA ¢(T a8.XX. fig.1.)reprefent a cone continued
infinitely; let A be the vertex, and B4 and Dd planes
parallel to the bafe; and let the cone be filled with
uniform matter, whofe particles repel each other
with a force inverfely as the # power of the diftance.
If n is greater than 3, the force with which a particle

at
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at A is repelled by EB e or all that part of the cone

beyond B4 is as Z'BZ':;‘

For fuppofing A B to flow, the fluxion of EBJe is
proportional to— ABx A B, and the fluxion of its

repulfion on A is proportional to EE%‘ the fluent
of which is ————— which when AB is infinite
is equal to notiing; confequently the repulfion of
. . 1 1
EBbde is proportional to T3xAB O 0 X

COROLLARY.

If AB-is infinitely fmall, K-ﬁf;:s is infinitely great;

therefore the repulfion of that part of the cone be-
tween A and B, on A, is infinitely greater than the
repulfion of all that beyond it.

Lemma Il

By the fame method of reafoning it appears, that
if # is equal to 3, the repulfion of the matter be-
tween B4 and D 4 on a particle at A, is proportional
to the logarithm of g—l-?; confequently, the repulfion

of that part is infinitely {mall in refpect of that be-
tween A and BJ, and alfo infinitely fmall in refpe&
of that beyond D d.

4F 2 Lzmma
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Lemma III

In like manner, if 7-is lefs than 3, the repulfion of
the part between A and B4 on A is proportional to
AB3—: confequently the repulfion of the matter
between A and B4 on A, is infinitely fmall in refpect
of that beyond it.

CoroOoLLARY.

It is eafy to fee from thefe three lemmata, that, if
the elecric attraction and repulfion had been fup-
pofed to be inverfely, as fome higher power of the
diftance than the cube; a particle could not have
been fenfibly affefted by the repulfion of any fluid,
except what was placed clofe to it.  If the repulfion
was inverfely, as the cube of the diftance, a particle
could not be fenfibly affe¢ted by the repulfion of any
finite quantity of fluid, except what was clofe to it.
But as the repulfion is fuppofed to be inverfely as
fome power of the diftance lefs than the cube, a par-
ticle may be fenfibly affe€ted by the repulfion of a
finite quantity of fluid, placed at any finite diftance
from it

DEFINITION.

If the eleGric fluid in any body, is by any means
confined in fuch manner that it cannot move from
one part of the body to the other; I call it immove~
able : if it is able to move readily from one part to

another, I call it moveable.
X v » PR O-


http://rstl.royalsocietypublishing.org/

Downloaded from rstl.royalsocietypublishing.org on
January 4, 2010

[ 589 ]
PROPOSITION L

A body overcharged with ele&ric fluid attrats or
repels a particle of matter or fluid, and is at-
tratted or repelled by it, with exaftly the fame
force as it would, if the matter in it, together
with fo much of the fluid as is fufficient to fatu~
rate it, was taken away, or as if the body con-
fifted only of the redundant fluid init. Inlike
manner an undercharged body attraéls or repels
with the fame force, as if it confifted only of
the redundant matter ; the ele&ric fluid, together
with {o much of the matter as is fufficient to
faturate it, being taken away.

This is evident from the definition of faturation,
PROP I

"Two over or undercharged bodies attratt or repel
each other with juft the fame force that they
would, if each body confifted only of the re-
dundant fluid in it, if overcharged, or of the
redundant matter in it, if undercharged.

For, let the two bodies be called A and B; by
the laft propofition the redundant fubftance in B
impels each particle of fluid and matter in A, and
confequently impels the whole body A, with the
fame force that the whole body B impels it: for the
fame reafon the redundant fubftance in A impels the

redundant fubflance in B, with the fame force that
the
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the whole body A impels it. It is fhewn therefore,
that the whole body B impels the whole body A,
with the fame force that the redundant fubftance in
B impels the whole body A, or with which the whole
body A impels the redundant fubftance in B; and
that the whole body A impels the redundant fubftance
in B, with the fame force that the redundant fub-
ftance in A impels the redundant fubftance in B
therefore the whole body B impels the whole body
A, with the fame force with which the redundant
fubftance in A impels the redundant fubftance in B,
or with which the redundant fubftance in B impels
the redundant fubftance in A,

CoROLLARY.

Let the matter in all the reft of {pace, except in two
given bodies, be faturated with immoveable fluid ;
and let the fluid in thofe two bodies be alfo immove-
able. Then, if one of the bodies is faturated, and the
other either over or undercharged, they will not at all
attract or repel each other.

If the bodies are both overcharged, they will repel
each other.

If they are both undercharged, they will alfo repel
each other.

If one is overcharged and the other undercharged,
they will attract each other.

N. B. In this corollary, when I call a body over-
charged, T would be underftood to mean, that it
is overcharged in all parts, or at leaft no ’wl;erc

under-
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undercharged : in like manner, when I call it
undercharged, I mean that it is undercharged in
all parts, or at leaft no where overcharged.

PR OP. IIL

If all the bodies in the univerfe are faturated with
eletric fluid, it is plain that no part of the fluid
can have any tendency to. move,

PR OP 1V,

If the quantity of ele@ric fluid in the univerfe is
exaltly fufficient to faturate the matter therein,
but unequally difperfed, fo that fome bodies are
overcharged and others undercharged; then, if
the eleétric fluid is not confined, it will immedi-
ately move till all the bodies in the univerfe are
fatarated. '

For, fuppofing that any body is overcharged, and
the bodies near it are not, a particle at the furface of
that body will be repelled from it by the redundant
fluid within; confequently fome fluid will run out
of that body; but if the body is undercharged, a
particle at its furface will be attralted towards the
body by the redundant matter within, {o that fome
fluid will run into the body.

N.B. In Prob. IV, Cafe IIL. there will be fhewn
an exception to this propofition; there may
perhaps be fome other exceptions to it: but I

3 think
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think there can be no doubt, but what this pro-
pofition muft hold good in general,

LeMmma IV,

Let BDE, bde, and B¢ (fig. 2.) be concentric
fpherical furfaces, whofe center is C: if the fpace *
B4 is filled with uniform matter, whofe particles
repel with a force inverfely, as the fquare of the
diftance, a particle placed any where within the fpace
C b4, asat P, will be repelled with as much force in
one diretion as another, or it will not be impelled
in any diretion.  This is demonftrated in Newt.
Princip. Tiber T. prop. Ixx. Tt follows alfo from his
demonftration, that if the repulfion is inverfely, as
fome higher power of the diftance thun the fquare,
the particle P will be impelled towards the center ;
and if the repulfion is inverfely as fome lower power
than the fquare, it will be impelled from the
center.

LEmMma V.

Tf the repulfion is inverfely as the fquare of the
diftance, a particle placed any where without the
fpherc B D E, is repelled by that fphere, and alfo by
the fpace B 4, with the fame force that it would if all
the matter therein was colleGted in the center of the

# By the fpace B4 or B8, I mean the fpace comprehended
between the fpherical furfaces BDE and bde, or between
BDE and g3¢: by the fpace C4 or C#, I mean the fpheres
bde or Bde.

fphere 3
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fphere ; provided the denfity of the matter therein is
every where the fame at the fame diftance from the
center. This is ealily deduced from prop. 71. of
the fame book, and has been demonftrated by other
authors.

PROP. V.

Pronrem 1. Let the {phere BD E be filled with
uniform folid matter, overcharged with electric
fluid: let the fluid therein be moveable, but
unable to efcape from it: let the fluid in the
reft of infinite fpace be moveable, and fufficient
to faturate the matter therein; and let the
matter in the whole of infinite {pace, or at leaft
in the fpace BB, whofe dimenfions will be
given below, be uniform and folid ; and let the
law of the ele@ric attradtion and repulfion be
inverfely as the fquare of the diftance: it is re-
quired to determine in what manner the fluid
will be difpofed both within and without the

globe.

Take the fpace B4 fuch, that the interftices be-
tween the particles of matter therein fhall be juft
fufficient to hold a quantity of elettric fluid, whofe
particles are prefled clofe together, {o as to touch each
other, equal to the whole redundant fluid in the
globe, befides the quantity requifite to faturate the
matter in B4; and take the fpace B @ fuch, that the
matter therein fhall be juft able to faturate the re-
dundant fluid in the globe: then, in all parts of the
fpace B4, the fluid will be prefled clofe together, fo

Vor, LXI, 4+ G that
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that its particles fhall touch each other; the fpace
BB will be intirely deprived of fluid; and in the
fpace C4, and all the reft of infinite fpace, the mat-
ter will be exactly faturated.

For, if the fluid is difpofed in the above-mentioned
manner, a particle of fluid placed anywhere within
the fpace C4 will not be impelled in any direction
by the fluid in B4, or the matter in B3, and will
therefore have no tendency to move: a particle
placed anywhere without the fphere Bde will be at-
tracted with juft as much force by the matter in B3,
as it is repelled by the redundant fluid in B4, and
will therefore have no tendency to move: a particle
placed anywhere within the fpace B4, will indeed
be repelled towards the furface, by all the redundant
fluid in that {pace which is placed nearer the center
than itfelf ; but as the fluid in that fpace is already
prefled as clofe together as poffible, it will not have
any tendency to move; and in the fpace B3 there is
no fluid to move, fo that no part of the fluid can
have any tendency to move.

Moreover, it feems impoffible for the fluid to be
at reft, if it is difpofed in any other form; for
if the denfity of the fluid is not everywhere the fame
at the fame diftance from the center, but is greater
near 4 than near d, a particle placed anywhere between
thofe two points will move from 4 towards &; but
if the denfity is everywhere the fame at the fame
diftance from the center, and the fluid in B4 is not
prefled clofe together, the fpace C4 will be over-
charged, and confequently a particle at 4 will be re-
pelled from the center, and cannot be at reft: in

like manner, if there is any fluid in B, it cannot
be
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be at reft: and, by the fame kind of reafoning, it
might be thewn, that, if the fluid is not fpread uni-
formly within the fpace C4, and without the fphere
B¢, it cannot be at reft.

CoroLLARY I.

If the globe BDE is undercharged, every thing
clfe being the fame as before, there will be a fpace
B4, in which the matter will be intirely deprived of
flud, and a fpace Bf, in which the fluid will be
prefled clofe together ; the matter in B4 being equal
to the whole redundant matter in the globe, and the
redundant fluid in B3, being juft fufficient to faturate
the matter in B4: and in all the reft of fpace the
matter will be exaétly faturated. The demonftration
is exactly fimilar to the foregoing.

Coror. IL

The fluid in the globe BDE will be difpofed in
exactly the fame manner, whether the fluid without
is immoveable, and difpofed in fuch manner, that
the matter fhall be everywhere faturated, or whether
it is difpofed as above defcribed ; and the fluid with-
out the globe will be difpofed in juft the fame man-
ner, whether the fluid within is difpofed uniformly,
or whether it is difpofed as above defcribed.

4G 2 PROP.
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PROP. VL

Pros. 2. To determine in what manner the fluid
will be difpofed in the globe BDE, fuppofing
every thing as in the laft problem, except that
the fluid on the outfide of the globe is immove-
able, and difpofed in fuch manner as every-
where to faturate the matter, and that the elec-
tric attration and repulfion is inverfely, as
fome other power of the diftance than the
fquare.

T am not able to anfwer this problem accurately;
but I think we may be certain of the following cir-
cumftances,

Caske 1. Let the repulfion be inverfely as fome
power of the diftance between the {quare and the
cube, and let the globe be overcharged.

It is certain that the denfity of the fluid will be
everywhere the fame, at the fame diftance from the
center. 'Therefore, firft, There can be no fpace as
C 4, within which the matter will be everywhere fa-
turated ; for a particle at 4 is impelled towards the
center, by the redundant fluid in B4, and will
therefore move towards the center, unle{s C4 is {uf-
ficiently overcharged to prevent it. Secondly, The
fluid clofe to the furface of the {phere will be prefied
clofe together; for otherwife a particle {o near to it,
that the quantity of fluid between it and the furface
thould be very fmall, would move towards it; as

the repulfion of the fmall quantity of fluid between
i
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it and the furface, would be unable to balance the
repulfion of the fluid on the other fide. Whence, I
think, we may conclude, that the denfity of the
fluid will increafe gradually from the center to the
{urface, where the particles will be prefled clofe to-
gether : whether the matter exaltly at the center
will be overcharged, or only faturated, I cannot

tell,

COROLLARY.

For the fame reafon, if the globe be under-
charged, I think we may conclude, that the denfity
of the fluid will diminifh gradually from the center
to the {urface, where the matter will be entirely de~
prived of fluid.

Cask 2. Let the repulfion be inverfely as fome
power of the diftance lefs than the fquare; and let
the globe be overcharged. ’

There will be a fpace B4, in which the particles
of the fluid will be everywhere prefled clofe toge-
ther; and the quantity of redundant fluid in that
fpace will be greater than the quantity of redundant
fluid in the whole globe BDE ; fo that the fpace
C b, taken all together, will be undercharged: but
I cannot tell in what manner the fluid will be difpofed
in that fpace. ,

For it is certain, that the denfity of the fluid will
be everywhere the fame, at the fame diftance from
the center. Therefore, let 4 be any point where
the fluid is not prefled clofe together, then will a
particle at 4 be impelled towards the furface, by the

redundant

3
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redundant fluid in the fpace B4 ; therefore, unlefs

the {pace C4 is undercharged, the particle will move
towards the furface.

CoroLLARY.

For the fame reafon, if the globe is undercharged,
there will be a {pace B4, in which the matter will be
intirely deprived of fluid, the quantity of matter
therein being more than the ‘whole redundant matter
in the globe; and, confequently, the fpace C4,
taken all together, will be overcharged.

LEMmMmA VI.

Let the whole fpace comprehended between two
parallel planes, infinitely extended each way, be
filled with uniform matter, the repulfion of whofe
particles is inverfely as the fquare of the diftance;
the plate of matter formed thereby will repel a par-
ticle of matter with exaélly the fame force, at what-
ever diftance from it," it be placed. .

For, fuppofe that there are two fuch plates, of
equal thicknefs, placed parallel to each other, let
A (fig. 3.) be any point not placed in or between
the two plates: let BCD reprefent any part of the
neareft plate: draw the lines AB, AC, and A D,
cutting the furtheft plate in 4, ¢, and 4; for it is
plain, that if they cut one plate, they muft, if pro-
duced, cut the other: the triangle BCD is to the
triangle bcd, as AB* to A4*; therefore a particle
of matter at A will be repelled with the fame force
by the matter in the triangle BCD, as by that in
dcd. Whence it appears, that a particle at A will

be
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be repelled with as much force by the neareft plate,
as by the more diftant; and confequently, will be
“impclled with the fame force by ecither plate, at
whatever diftance from it it be placed.

COROLLARY.

If the repulfion of the particles is inverfely as fome
higher power of the diftance than the fquare, the
plate will repel a particle with more force, if its
diftance be finall than if it be great; and if the re-
pulfion is inverfely as fome lower power than the:
{quare, it will repel a particle with lefs force, if its
diftance be {inall than if it be great.

PROP. VIIL

Pros. 3. In fig. 4. let the parallel lines Ag,
B4, &c. reprefent parallel planes infinitely ex-
tended each way: let the fpaces * AD and
E H be filled with uniform folid matter : let
the eleCtric fluid in each of thofe fpaces be
moveable and unable to efcape : and let all the
reft of the matter in the univerfe be faturated
with immoveable fluid ; and let the ele&ric at-
traGtion and repulfion be inverfely as the {quare
of the diftance. It is required to determine in
what manner the fluid will be difpofed in the
fpaces AD and E H, according as ane or both.
of them are over or undercharged..

* By the fpace AD or AB, &c. I mean the fpace compre-
hended between the planes Ag and Dd, or between Aa and
Bié.

Lct
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Let AD be that fpace which contains the
greatelt quantity of redandant fluid, if both fpaces
are overcharged, or which contains the leaft redun-
dant matter, if both are undercharged ; or, if one is
overcharged, and the other undercharged, let AD
be the overcharged one. Then, firft, There will
be two fpaces, AB and G H, which will either be
intirely deprived of fluid, or in which the particles
will be prefled clofe together ; namely, if the whole
quantity of fluid in AD and E H together, is lefs
than fuflicent to fiturate the matter therein, they
will be intirely deprived of fluid ; the quantity of
redundant matter in each being half the whole re-
dundant matter in AD and EH together: but if
the fluid in AD and E H together is more than
fufficient to faturate the matter, the fluid in AB
and G H will be prefled clofe together; the quantity
of redundant fluid in each being half the whole re-
dundant fluid in both {paces. 2dly, In the fpace
CD the fluid will be prefled clofe together; the
quantity of fluid therein being fuch, as to leave juft
enough fluid in BC to faturate the matter therein.
3dly, The fpace EF will be intirely deprived of
fluid 5 the quantity of matter therein being fuch, that
the fluid in F G fhall be juft {fufficient to faturate the
matter therein: confequently, the redundant fluid in
CD will be juft fufficient to faturate the redundant
matter in EF; for as AB and G H together con-
tain the whole redundant fluid or matter in both
fpaces, the fpaces BD and EG together contain
their nataral quantity of fluid; and therefore, as
BC and F G each contain their natural quantity of

fluid, the fpaces CD and EF together contain their
natural
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natural quantity of fluid. And, 4thly, The fpaces
BC and FG will be faturated in all parts.

For, firft, If the fluid is difpofed in this manner,
no particle of it can have any tendency to move:
for a particle placed anywhere in the fpaces B C and
F G, is attraéted with juft as much force by EF, as
it is repelled by CD; and it is repelled or attracted
with juft as much force by A B, as it is in a con-
trary direion by G H, and, confequently, has no
tendency to move. A particle placed anywhere in
the fpace CD, or in the fpaces A B and GH, if
they are overcharged, is indeed repelled with more
force towards the planes Dd, A g, and HA, than it
is in the contrary direction ; but as the fluid in thofe
fpaces is already as much comprefled as poffible, the
particle will have no tendency to move.

2dly, It feems impofiible that the fluid fhould be
at reft, if it is difpofed in any other manner: but as
this part of the demonftration is exally fimilar to
the latter part of that of Problem the firft, I fhall
omit it.

Coror. I

If the two fpaces AD and EH are both over-
charged, the redundant fluid in CD is half the dif-
ference of the redundant fluid in thofe fpaces: for
half the difference of the redundant fluid in thofe
{paces, added to the quantity in A B, which is half
the {um, is equal to the whole quantity in AD. For
a like reafon, if AD and E H are both undercharged,
the redundant matter in EF is half the difference of
the redundant matter in thofe fpaces; and if AD is

Vor, LXI, 4 H over-
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overcharged, and E H undercharged, the redundant
fluid in CD- exceeds half the redundant fluid in AD,
by a quantity fufficient to faturate half the redundant
matter in EH.

€oror. II.

Tt was before faid, that the fluid in the fpaces A B
and GH (when there is any fluid in them) is re-.
pelled againft the planes A2 and Hb; and, confe-
quently, wouldrrun out through thofe planes, if there
was any opening for it to do fo. The ferce with
which the fluid preffes againft the planes Az and
H A, is that with which the redundant fluid in A B
is repelled by that in GH; that is, with which
half the redundant fluid in both fpaces is repelled by
an equal quantity of fluid. Therefore, the preflure
againft Aa and H 4 depends only on the quantity of
redundant fluid in both fpaces together, and not at
all on the thicknefs or diftance of thofe fpaces, or on
the proportion in which the fluid 15 divided between
the two fpaces. If there is no fluid in AB and GH,
a particle placed on the outfide of the fpaces AD
and E H, contiguous to the planes A.z or H5, is
attraéted towards thofe planes by all the matter in
AB and GH, 74 ¢#, by all the redundant matter
in bgth fpaces; and, confequently, endeavours to
infinuate itfelf into the fpace AD or EH ; and the
force with. which it does fo, depends only on the
quantity of redundant matter in both {paces together.
The fluid in CD alfo prefles againft the plane D 4,
and the force with which it does fo, is that with

which
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which the redundant fluid in CD is attrated by the
matter in EF.

Coror, I,

If AD is overcharged, and E H undercharged,
and the redundant fluid in A D is exatly fufficient
to {aturate the redundant matter in E H, all the re~
dundant fluid in AD will be colle¢ted in the {pace
CD, where it will be prefled clofe together: the
fpace EF will be intitely deprived of fluid, the quan-
tity of matter therein being juft fufficient to faturate
the redundant fluid in CD, and the fpaces A C and
F H will be everywhere faturated. Moreover, if an
opening is made in the planes Az or Hb, the fluid
within the fpaces AD or E H will have no tendency
to run out thereat, nor will the fluid on the outfide
have any tendency to run in at it : a particle of fluid
too placed anywhere on the outfide of both fpaces,
as at P, will not be at all attrated or repelled by
thofe fpaces, any more than if they were both fa-
turated ; but a particle placed anywhere between
thofe fpaces, as at S, will be repelled from d to-
wards ¢; and if a communication was made between
the two fpaces, by the canal de¢, the fluid would
run out of AD into EH, till they were both fa-
turated, |

QHZ PROP.
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PROP. VIIIL

Pros. 4. To determine in what manner the fluid
will be difpofed in the fpace A D, fuppofing
that all the reft of the univerfe is faturated
with immoveable fluid, and that the eleé&ric
attraction and repulfion is inverfely as fome
other power of the diftance than the {quare.

I am not able to anfwer this Problem accurately,
except when the repulfion is inverfely as the fimple
or fome lower power of the diftance; but I think
we may be certain of the following circumftances.

Case 1. Let the repulfion be inverfely as fome
power of the diftance between the fquare and the
cube,- and let AD be overcharged.

Firft, It is certain that the denfity of the flaid
muft be everywhere the fame, at the fame diftance
from the planes Az and Dd. 2dly, There can be
no {pace as BC, of any fenfible breadth, in which
the matter will not be overcharged. And, 3dly,
The fluid clofe to the planes Az and D d will be
prefled clofe together. Whence, I think, we may
conclude, that the denfity of the fluid will increafe
gradually from the middle of the fpace to the out-
fide, where it will be prefled clofe together. Whe-
ther the matter exactly in the middle will be over-
charged, or only faturated, I cannot tell,

CAse
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Case 2. Let the repulfion be inverfely as fome
power of the diftance between the fquare and the
fimple power, and let AD be overcharged.

There will be two fpaces AB and D C, in which
the fluid will be prefled clofe together, and the quan-
tity of redundant fluid in each of thofe fpaces will
be more than half the redundant fluid in AD; fo
that the fpace B C, taken all together, will be un-
dercharged ; but I cannot tell in what manner the
fluid will be difpofed in that fpace. The demonfira-
tions of thefe two cafes are exactly fimilar to thofe
of the two cafes of Prob. 2.

Case 3. If the repulfion is inverfely as the fimple
or fome lower power of the diftance, and AD is
overcharged, all the fluid will be colleGted in the
fpaces AB and CD, and BC will be intirely de-
prived of fluid. If AD contains juft fluid enough
to fatarate it, and the repulfion is inverfely as the
diftance, the fluid will remain in equilibrio, in
whatever manner it is difpofed ; provided its denfity
is everywhere the fame, at the' fame diftance from
the planes A4 and Dd: butif the repulfion is in-
verfely as fome lefs power than the fimple one, the
fluid will be in equilibrio, whether it is either {pread
uniformly, or whether it is all colle&ted in that plane
which is in the middle between Az and Dd, or
whether it is all collected in the fpaces AB and
CD; but not, I believe, if it is difpofed in-any othce
manner.

The demonftration depends upon this circum-
ftance ; namely, that if the repulfion is inverfely. as
the diftance, two fpaces A B and C D, repel a par-

ticlo
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ticle, placed either between them, or on the outfide
of them, with the fame force as if all the matter of
thofe fpaces was collected in the middle plane be-
tween them.

It is needlefs mentioning the three cafes in which
A D is undercharged, as the reader will eafily fupply
the place.

Though the four foregoing problems do not im-
mediately tend to explain the phnomena of eleCiri-
city, I chofe to infert them ; partly becaufe they feem
worth engaging our attention in themfelves; and
partly becaufe they ferve, in fome meafure, to con=
firm the truth of fome of the following propofitions,
in which I am obliged to make ufe of a lefs accurate
kind of reafoning.

In the fofiowing propofitions, I fhall always fup-
pofe the bodies I fpeak of to confift of folid matter,
confined to the fame fpot, fo as not to be able to
alter its fhape or fituation by the attraction or re-
pulfion of other bodies on it: I fhall alfo fuppofe
the ele@ric fluid in thefe bodies to be moveable, but
unable to efcape, unlefs when otherwife exprefled.
As for the matter in all the reft of the univerfe, I
fhall fuppofe it to be faturated with immoveable
fuid. I fhall alfo fuppofe the elettric attraction
and repulfion to be inverfely as any power of the
diftance lefs than the cube, except when otherwife
exprefled.

By a canal, I mean a flender thread of matter, of
fuch kind that the ele@ric fluid fhall be able to move
readily along it, but fhall not be able to efcape from
it, except at the ends, where it communicates with

other bodies. Thus, when I fay that two bodies
com-
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communicate with each other by a canal, I mean
that the fluid fhall be able to pafs readily from one
body to the other by that canal.

PROP. IX.

If any body at a diftance from any over or under-
charged body be overcharged, the fluid within
it will be lodged in greater quantity near the
furface of the body than near the.center, For,
if you fuppofe it to be fpread uniformly ali over
the body, a particle of fluid in it, near the furface,
will be repelled towards the furface, by a greater
quantity of fluid than that by which it is re-
pelled from it; confequently, the fluid will
flow towards the furface, and make it denfer
there : moreover, the particles of fluid clofe to
the furface will be prefled clofe together ; for
otherwife, a particle placed fo near it, that the:
quantity of redundant fluid between it and the
furface fhould be very fmall, would move to-
wards it ; as the {mall quantity of redundant
fluid between it and the furface would be un-
able to balance the repulfion of that on the
other fide. :

From the four foregoing problems it feems likely,
that if the electric attration or repulfion is inverfely
as the fquare of the diftance, almoft all the redun-
dant fluid in the body will be lodged clofe to the
furface, and there prefled clofe together, and the
reft of the body will be faturated. If the repulfion
15 inverfely as fome power of the diflance between

7 the
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the fquare and the cube, it is likely that all parts of
the body will be cvercharged : and if it is inverfely
as fome lefs power than the fquare, it is likely that
all parts of the body, except thofe near the furface,
~will be undercharged.

CoOROLLARY.

For the fame reafon, if the body is undercharged,
the deficiency of fluid will be greater near the {urface
than near the center, and the matter near the furface
will be intirely deprived of fluid. It is likely too, if
the repulfion is inverfely as fome higher power of
the diftance than the fquare, that all parts of the
body will be undercharged : if it is inverfely as the
fquare, that all parts, except near the furface, will
be faturated : and if it is inverfely as fome lefs power
than the fquare, that all parts, except near the fur-
face, will be overcharged.

PROP. X.

Let the bodies A and D (fig. 5.) communicate
with each other, by the canal EF; and let
one of them, as D, be overcharged ; the other
body A will be fo alfo.

For as the fluid in the canal is repelled by the re-
dundant fluid in D, it is plain, that unlefs A was
overcharged, fo as to balance that repulfion, the fluid
would run out of D into A.

In like manner, if one is undercharged, the other
muft be {o too.

PROP,
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PROP. XIL

Let the body A (fig. 6.) be either futurated or over
or undercharged ; and let the fluid within it be
in equilibrio. Let now the body B, placed
near it, be rendered overcharged, the fluid
within it being fuppofed immoveable, and dif-
pofed in fuch manner, that no part of it thall
be undercharged ; the fluid in A will no longer
be in equilibrio, but will be repelled from B:
therefore, the fluid will flow from thofe parts
of A which are neareft to B, to thofe which
are more diftant from it; and, confequently,
the part adjacent to M N (that part of the fur-
face of A which is turned towards B) will te
made to contain lefs ele&ric fluid than it did
before, and that adjacent to the oppofite furface
R S will contain more than before.

It muft be obferved, that when a fufficient quan-
tity of fluid has flowed from M N towards R S, the
repulfion which the fluid in the part adjacent to
MN exerts on the reft of the fluid in A, will be fo
much weakened, and the repulfion of that in the
part near RS will be fo much increafed, as to com-
penfate the repulfion of B, which will prevent any
more fluid flowing from M N to R S,

The reafon why I fuppofe the fluid in B to be
immoveable is, that otherwife a queftion might arife,
whether the attraction or repulfion of the body A
might not caufe fuch an alteration in the difpofition
of the fluid in B, as to caufe fome parts of it to be

Vor. LXI. 41 under=
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undercharged ; which might make it doubtful, whe-
ther B did on the whole repel the fluid in A. It is
evident, however, that this propofition would hold
good, though fome parts of B were undercharged,
provided it did on the whole repel the fluid in A.

CoROLLARY.

_ If B had been made undercharged, inftead of over-
charged, it is plain that fome fluid would have
flowed from the further part RS to the nearer part
MN, inftead of from M N to R S.

PR OP. XIIL

Let us now fuppofe that the body A commu-
nicates by the canal EF, with another body
D, placed on the contrary fide of it from B, as
in fig. 5; and let thefe two bodies be either fa-
turated, or over or undercharged ; and let the
fluid within them be in equilibrio. Let now
the body B be overcharged: it is plain that
fome fluid will be driven from the nearer past
MN to the further part RS, as in the former
propofition ; and alfo fome fluid will be driven
from RS, through the canal, to the body D ;
fo that the quantity of fluid in D will be n-
creafed thereby, and the quantity in A, taking
the whole body together, will be diminifhed 3
the quantity in the part near M N will alfo be
diminithed ; but whether the quantity in the
part near R S will be diminifhed or not, does
not appear for certain ; but I fhould imagine it
would be not much altered.

CoroL-
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CoROLLARY.

In like manner, if B is made undercharged, fome
fluid will low from D to A, and alfo from that part
of A near RS, to the part near MN.

PROP. XIIIL

Suppofe now that the bodies A and D com-
municate by the bent canall M PN 2 pm
(fig. 7.) inftead of the ftraight one EF : let the
bodies be either faturated or over or undercharged
as before ; and let the fluid be at reft ; then if
the body B is made overcharged, fome fluid
will ftill run out of A into D; provided the
repulfion of B on the fluid in the canal i§ not
too great.

The repulfion of B on the fluid in the canal, will
at firft drive fome fluid out of the leg MP pm into
A, and out of NPp# into D, till the quantity of
fluid in that part of the canal which is neareft to B is
fo much diminithed, and its repulfion on the reft of
the fluid in the canal is fo much diminithéd alfo as
to compenfate the repulfion of B: but as the leg
NP pn is longer than the other, the repulfion of B
on the fluid in it will be greater ; confequently fome
fluid will run out of A into D, on the fame principle
that water is drawn out of a veffel through a fyphon:
but if the repulfion of B on the fluid in the canal is fo
great, as to drive all the fluid out of the fpace GPH
2G, fo that the fluid in the leg MG pm does not

412 join
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join to that in NH p#; then it is plain that no fluid
can run out of A into D; any more than water will
run out of a veflel through a {yphon, if the height of
the bend of the fyphon above the water in the veflel,
is greater than that to which water will rife in vacuo.

COROLLARY.

If B is made undercharged, fome fluid will run
out of D into A; and that though the attraction of
B on the fluid in the canal is ever fo great.

PR OP XIV.

Let ABC (fig. 8.) be a body overcharged with
immoveable fluid, uniformly fpread; let the
bodies near ABC on the outfide be faturated
with immoveable fluid ; and let D be a body
inclofed within ABC, and commun cating by
the canal D G with other diftant bodies faturated
with fluid ; and let the fluid in D and the canal
and thofe bodies be moveable; then will the
body D be rendered undercharged.

For let us firft fuppofe that D and the canal are fa-
turated, and that D is nearer to B than to the oppofite
part of the body, C; then will all the fluid in the
canal be repelled from C by the redundant fluid in
A BC; but if D is nearer to C than to B, take the
point F, fuch that a particle placed there would be
repelied from C with as much force as one at D is

repelled towards C; the fluid in DF, taking the
whole
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whole together, will be repelled with as much force
one way as the other; and the fluid in FG is all of
it repelled from C : therefore in both cafes the fluid
in the canal, taking the whole together, is repelled
from C; confequently fome fluid will run out of D
and the canal, till the attraGtion of the unfaturated
matter therein is fufficient to balance the repulfion
of the redundant fluid in ABC.

PR OP. XV.

If we now fuppofe that the fluid on the outfide of
ABC is moveable ; the matter adjacent to ABC
on the outfide, will become undercharged. I
fee no reafon however to think that that will
prevent the body D from being undercharged ;
but I cannot fay exactly what effe@ it will have,
except when A BC is fpherical and the repulfion
is inverfely as the fquare of the diftance; in this
cafe it appears by Prob. I. that the fluid in the
part DB of the canal will be repelled from C,
with juft as much force as in the laft propo-
fition ; but the fluid in the part BG will not be
repelled at all : confequently D will be under-
charged, but not fo much as in the laft pro-

pofition,

CoRrRoLLARY.

If ABCis now fuppofed to be undercharged, it is
certain that D will be overcharged, provided the

matter near A BC on the outfide is faturated with im-
moveable
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moveable fluid; and there is great reafon to think
that it will be fo, though the fluid in that matter is
moveable.

PR OP. XVIL

Let AEFB (fig. 9.) be a long cylindric
body, and D an undercharged body; and let
the quantity of fluid in AEFB be fuch, that
the part near EF fhall be faturated. It appears
from what has been faid before, that the part
near A B will be overcharged; and moreover
there will be a certain fpace, as A a4 B, adjoin-
ing to the plane A B, in which the fluid will be
prefled clofe together; and the fluid in that
fpace will prefs againft the plane A B, and will
endeavour to efcape from it; and by Prop. II.
the two bodies will attract each other: now I
fay that the force with which the fluid prefles
againft the plane A B, is very nearly the fame
with which the two bodies attract each other in
the direGtion E A ; provided that no part of
AEFB is undercharged.

Suppofe fo much-of the fluid in each part of the
cylinder as is fufficient to faturate the matter in that
part, to become folid ; the remainder, or the redun-
dant fluid remaining fluid as before. In this cafe the
preflure againft the plane A B muft be exactly equal
to that with which the two bodies attract each other,
in the dire®ion EA: for the force with which D
attraCts that part of the fluid which we fuppofed to

become folid, is exactly equal to that, with which it
repels
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repels the mhatter in the cylinder; and the redundant
fluid in E4b F is at liberty to move, if it had any
tendency to do fo, without moving the cylinder; fo
that the only thing which has any tendency to impel
the cylinder in the direction E A 1s the preflure of the
redundant fluid in A424B againft AB; and as the
part near EF is faturated, there is no redundant fluid
to prefs againft the plane EF, and thereby to coun-
tera&t the preflure againft AB. Suppofe now all the
ele@ric fluid in the cylinder to become fluid ; the
force with which the two bodies attract each other
will remain exaétly the fame; and the only alteration
in the preffure againft A B, will be, that that part of
the fluid in A ¢4 B, which we at firft fuppofed folid
and unable to prefs againft the plane, will now be at
liberty to prefs againftit; but as the denfity of the
fluid when its particles are prefled clofe together
may be fuppofed many times greater than when it is
no denfer than fufficient to faturate the matter in the
cylinder, and confequently the quantity of redun-
dant fluid in A2/ B many times greater than that
which is required to faturate the matter therein, it
follows that the preflure againft A B will be very
little more than on the firft fuppofition.

N.B. If any part of the cylinder is undercharged,
the preflure againft A B is greater than the force
with which the bodies attratt. If the eleric
repulfion is inverfely as the fquare or fome
higher power of the diftance, it feems very
unlikely that any part of the cylinder fhould
be undercharged; but if the repulfion is in-
verfely as fome lower power than the (quare, it

is


http://rstl.royalsocietypublishing.org/

Downloaded from rstl.royalsocietypublishing.org on
January 4, 2010

[ 616 ]

is not improbable but fome part of the cylinder
imay be undercharged.

LemMma VII,

Let AB (fig. 10.) reprefent an infinitely thin
flat circular plate, feen edgeways, fo as to appear
to the eye as a ftraight line; let C be the center of
the circle; and let DC paffing through C, be per-
pendicular to the plane of the plate; and let the
plate be of uniform thicknefs, and confift of uniform
matter, whofe particles repel with a force inverfely as
the n power of the diftance ; # being greater than
one, and lefs than three : the repulfion of the plate

DC DC
DC"—I ——DA "—l;
provided the thicknefs of the plate and fize of the
particle D is given.

For if C A is fuppofed to flow, the correfponding
fluxion of the quantity of matter in the plate, is pro-

rtional to CA x C A; and the correfponding fluxion
of the repulfion of the plate on the particle D, in the
CAxCA _DC.
“bar X Dar=
; for DAistoCA::CA:DA; the va-

—DC
n—1xDA™’

whence the repulfion of the plate on the particle D
DC DC

n—1xDC"™ a—1xDA™

on a particle at D is proportional to

dire&ion D C, is proportional to

DAxDC
DA”

riable part of the fluent of which is

is proportional to

DC DC
DCn——I—DAu—x'
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COROLLARY.

If DC™ is very fmall in refpe@® of CA", the
particle D is repelled with very nearly the fame force
as if the diameter of the plate was infinite.

Lemma VIIIL

Let L and /7 reprefent the two legs of a right
angted triangle, and 4 the hypothenufe ; if the thortet
leg /is fo much lefs than the other, that /"™ is very
fmall in refpe@ of L™, 43" — L5 will be very
{mall in refpect of /3",

3= N
For b =T"F7A *, =L xx+§;,]*,::

L x14 3—:‘* R i 2;’;1 .5-1‘, &c. therefore

P e L3 — 3:;’:_1‘ . 3--»;:;: x 14

B 3= x 1" 3 x g—p ey x M
2 L1 — gL+t

is very fmall in refped of *~"; as /""" is by the

fuppofition very {mall in refpect of L™=

, &c, =

, &c. which

Lemma IX,

Let DC now reprefent the axis of a cylindric or
prifmatic column of uniform matter ; and let the
diameter of the column be fo fmall, that the re-
pulfion of the plate A B on it (hall not be fenfibly
different from what it would be, if all the matter

Vor. LXI, 4K in
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in it was collefted in the axis: the force with which
the plate repells the column, is proportional to
DC 34 ACs——DAs—; fuppofing the thickne(s
of the plate and bafe of the column to be given.
For, if DC is fuppofed to flow, the correfponding

fluxion of the repulfion is proportional to

DCxDC__ DC DA : .
DA =PoS— DA the fluent of which,.

AC3"4DCI™" DA™
3—n

'{)C’l—z —

, vanifhes when DC va-

nifhes.

Corori. L.

If the length of the column is fo greatthat AC»—
is very fmall in refpe& of DC»—+, the repulfion of
the plate on it is very nearly the fame as if the
column was infinitely continued. ,

For by Lemma 8, ACs—4{DCs"—DAs—=
differs very little in this cafe from AC3—"; and. if
D C is infinite, it is exactly equal to it.

Cororr, II

If A C*>is very {mall in refpe& of D C*—*; and
the point E be taken in DC fuch that E C*—, fhall
be very fmall in refpeét of AC"—*, the repulfion of
the plate on the fmall part of the column EC, is. to
its repulfion on the whele celumn D C, very nearly

as EC¥™ tp AC¥™

LEMMA
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Levmma X

If we now fuppofe all the matter of the plate to be
colle&ted in the circumference of the circle, fo as to
form an infinitely flender uniform ring, its repulfion
on the column DC will be lefs than when the matter
is fpread uniformly all over the plate, in the ratio of

[ AC*
e x 1. I toDCAC—
D AC’I*—*[ DAH--I
A,

For it was before faid, that if the matter of the
plate be fpread uniformly, its repulfion on the column
will be proportional to DC3—3A C3—"—DA 3,
or may be gxprefled thereby ; let now A C, the femi-
diameter of the plate, be increafed by the infinitely
fmall quantity A ¢; the quantity of matter in the
plate will be increafed by a quantity, which is to the
whole, as 2 AC to AC; and the repulfion of the
plate on the columin, will be increafed by 3—zx

ACxAC——AC x%—ACx 3—nx DA, =3—=n

XACXACxX ———____~__: thereforeif a quan-
AC— DA™

tity of matter, which is to the whole quantity in the

plate, as 2 AC to AC be colleGted in the ¢ircum-

ference, its repulfion on the column DC, will be to

that of the whole plate, as 3—zxACxACX

! _,toDCi—fACs"—DAs";and

AC™" DA™
confequently the repulfion of the plate when all the
matter is colle&ed 1n its circumference, is to its re-
4K 2 pulfion
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pulfion when the matter is fpread uniformly, as

3—nxAC? — —
i X, DO ACT
we D A",

Corors. I,

~ If the length of the column is fo great, that
A Cm1 s very fmall in refpe@ of DC*—?, the re-
pulfion of the plate, when all the matter is collected
In the circumference, is to itsrepulfion when the
3—n xACY"

matter is {fpread: uniformly, very nearly as

to AC3™, or as 3~ to 2..

Corocrr. I

If E C~*is very fmall in refpect of AC*—, the
repulfion of the plate on the fhort column E C, when
all the matter in the plate is colle@ted in its circum-

ference, is to its repulfion when the méger is fpread
. 3—n X n—1.X o ‘
wniformly, very nearly as AC— toE C",

or as 3—nXn—IXECto4 AC*1; and is.
therefore very fmall in comparifon of what it is. when.
the matter is {pread uniformly.

For by the fame kind of procefs as was ufed in.
Lemma 8, it appears, that if EC* is very fmall in.

wefpect of AC*, AC* x Ac;'-'* — Aln__‘ differs very

little:
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.n—1 xXEC? —1 X E C* ..
fittle from Y= or from — o and if
2.

ECis very fmall in refpe&t of AC»:, EC* is a
Jortiori very fmall in refpect of AC®,

CoRroLL. Blid

Suppofe now that the matter of the plate is denfer
near the circumference than near the middle, and
that the denfity at and near the middle is to the mean
denfity, or the denfity which it would everywhere be
of if the matter was fpread uniformly, as d to one;
the repulfion of the plate on EC will be lefs than if
the matter was fpread uniformly, in a ratio ap-
proaching much nearer to that of & to one, thanto

that of equality.
Corori. 1V,

Let every thing be as in the laft corollary, and let
= be taken to one, as the force with which the plate
actually repels the column DC (DC" being very
great in refpe& of AC") is to the force with
which it would repel it, if the matter was fpread
uniformly ; the repulfion of the plate on EC will
be to its repulfion on DC, in aratio between that of
ECs7x3 to AC3*xa, and that of EC3— to
AC3—x 7, but will approach much nearer to the
former ratio than to the latter..

Lemma
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Laomma XI.

In the line DC produced, take CF equal to CA:
if all the matter of the plate AB is collected in the
circumference, its repulfion ca the column CD, in-
finitely continued, is equal to the repullion of the
fame quantity of matter collected in the point F, on
the fame cclumn.

For the repulfion of the platc on the co]umn in
the direétion CD, is the fame, whether the matter
of it be collected in the whole circumitrence, or in
the point A, Suppofe it therefore to be colleGted in
Aj; and let an equal quantity of matter be colleted
in'F; take I G conftantly equal to AD; and let
ADand FG flow: the fluxion of CD is to the
fluxion of F G, as AD to CD; and the repulfion
of A on the point D, in the diretion CD, is to the
repulfion of F on G, as CD to AD; and therefore
the fluxion of the repulfion of A on the column
CD, inthe dire&ion CD, is equal to the fluxion of
the repulﬁon of FonCG; and when AD equals
A C, the repulfion of both A and F on their re-
fpetive columns vanithes; and therefore the re-
pulfion of A on the whole column CD equals that
of Fon CG; and when CD and C G are both in-
finitely extended, they may be looked upon as the
fame column.

PR OP. XVIL

Let two fimilar bodies, of different fizes, and con-
fifting of different forts of matter, be both over-
charged,
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charged, or both undercharged, but in different
degrees ; and let the redundance or deficience
of fluid in each be very fmall in re(pect of the
whole quantity of fluid in them : it is impofiible
for the fluid to be difpofed accurately in a fimilar
manner in both of them *; as it has been
thewn that there will be a fpace, clofe to the
furface, which will either be as full of fluid as it
can hold, or will be intirely deprived of fluid;
but it will be difpofed as nearly in a fimilar
manner in both, as is poflible. To explain
this, let BDE and &de (fig. 12) be the two
fimilar bodies ; and let the fpace comprehended
between the furfaces BD E and F GH (or the
fpace BF as I thall call it for fhortnefs) be that
part of BDE, which is either as full of fluid as
it can hold, or intirely deprived of it: draw the
furface fgb, fuch that the fpace & f, fhall be
to the {fpace BF, as the quantity of redundant
or deficient fluid in 4de, to that in BDE, and
that the thicknefs of the fpace 4 f fhall every
where bear the fame proportion to the corre-
fponding thickne(s of B F: then will the fpace
& f be either as full of fluid as it can hold, or

% By the fluid being difpofed in a fimilar manner in both
bodies, I mean that the quantity of redundant or deficiont fuid
in any fmall part of one body, is to that in the correfponding
fmall part of the otner, as the whole quantity of redundant or
deficient fluid in one body, to that in the other. By the quan=
tity of deficient fluid in a body, I mean the quantity of fl.id
wanting to f{aturate it. Notwithftanding the impropriety of this
exprefiion, I muft beg leave to make ufe of it, as it will {re~
quently fave a great deal of circumlocution,

intirely
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intirely deprived of it; and the fluid within the
{pace fg b will be difpofed very nearly fimilarly
to that in the fpace F' G H.

For it is plain, that if the fluid could be difpofed
accurately in a fimilar manner in both bodies, the
fluid would be in equilibrio in one body, if it was in
the other: therefore draw the furface 83, fuch that
the thicknefs of the fpace 8 f thall beevery where
to the correfponding thicknefs of BF, as the dia-
meter of »de to the diameter of BDE ; and letthe
redundant fluid or matter in 4 f be fpread uniformly
over the fpace B/ then if the fluid in the fpace fg 4
is difpofed exactly fimilarly to that.in FGH, it will
be in equilibrio; as the fluid will then be difpofed
exadly fimilarly in the fpaces 83¢ and BDE: but
as by the fuppofition, the thicknefs of the fpace B
is very fmall in refpe of the diameter of 4.de, the
fluid. or matter in the fpace 4 f will exert very nearly
the {fame force on the reft of the fluid, whether it 1s
fpread over the fpace 8 f, or whether it is colleCted
iabf.

PR OP. XVIIL

Lzt two bodies, B and 4, be connefted to each
other by a canal of any kind, and be either over
or undercharged : it is plain that the quantity
of redundant or deficient fluid in B, would
bear exactly the fame proportion to that in 5,
whatever fort of matter B confifted of, if it was
pofiible for the redundant or deficient flaid in

I any
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any body, to be difpofed accurately in the fame
manner, whatever fort of matter it confifted of,
For fuppofe B to confift of any fort of matter ;
and let the fluid in the canal and two bodies
be in equilibrio: let now B be made to confift
of fome other fort of matter, which requires a
different quantity of fluid to faturate it; but let
the quantity and difpofition of the redundant or
deficient fluid in it remain the fame as before :
it is plain that the fluid will ftill be in equilibrio;
as the attraCtion or repulfion of any body de-
pends only on the quantity and difpofition of
the redundant and deficient fluid init. There-
fore, by the preceeding propofition, the quantity
of redundant or deficient fluid in B, will
actually bear very nearly the fame proportion to
that in 4, whatever fort of matter B confifts of ;
provided the quantity of redundant or deficient
fluid in it is very fmall in refpeét of the whole.

PR OP. XIX,

Let two bodies B and 4 (fig. 11.) be conneéted to-
gether by a very flender canal ADda, either
ftraight or crooked : let the canal be everywhere
of the fame breadth and thicknefs; fo that all
fections of this canal made by planes perpendi-
cular to the direction of the canal in that part,
fhall be equal and fimilar : let the canal be com-
pofed of uniform matter; and let the eleGric
fluid therein be fuppofed incompreffible, and of
fuch denfity as exa@lly to faturate the matter

Vor. LXI. 4 L therein;
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therein ; and let it, neverthelefs, be able to move
readily along the canal; and let each particle
of fluid in the canal be attracted and repelled
by the matter and fluid in the canal and
in the bodies B and 4, juftin the fame manner
that it would be if it was not incompref-
fible *; and let the bodies B and 4 be
either over or undercharged. 1 fay that the
force with which the whole quantity of fluid
in the canal is impelled from A towards D, in
the direGion of the axis of the canal, by the
united attrations and repulfions of the two
bodies, muft be nothing; as otherwife the fluid
in the canal could not be at reft: obferving that
by the force with which the whale quantity of
fluid is impelled in the direction of the axis of
the canal, I mean the fum of the forces, with
which the fluid in each part of the canalis
impelled in the direCtion of the axis of the canal
in that place, from A towards D; and obferv-
ing alfo, that an impulfe in the contrary di-
reCtion from D towards A muft be looked upon
as negative.

For as the canal is exa&ly faturated with fluid, the

fluid therein is attracted or repelled only by the re-
dundant matter or fluid in the two bodies. ~Suppofe
now that the fluid in any feion of the canal, as E ¢,

* This fuppofition .of the fluid in the .canal being incom-

preflible, is not mentioned as a thing which can ever take place
in nature, but is merely imaginary ; the reafon for making of
which will be given hereafier.

18
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is impelled with any given force in the direion of
the canal at that place, the fetion D4 would, in
confequence thereof, be impelled with exatly the
fame force in the dire&ion or the canal at D, if the
fluid between E ¢ and D 4 was not at all attra&ed or
repelled by the two bodies ; and, confequently, the
feGtion D d is impelled in the direGion of the canal,
with the fum of the forces, with which the fluid in
each part of the canal is impelled, by the attracion
or repulfior: of the two bodies in the direction of the
axis in that part ; and confequently, unlefs this fum
was nothing, the fluid in D 4 could not be at reft.

COROLLARY.

Therefore, the force with which the fluid in the
canal is impelled one way in the dire@ion of the axis,
by the body B, muft be equal to that with which it
impelled by 4 in the contrary direction.

PROP. XX,

Let two fimilar bodies B and 4(fig. 13.) be conneéted
by the very flender cylindric or prifmatic ca-
nal A a, filled with incompreffible fluid, in the
fame manner as defcribed in the preceding pro-
pofition : let the bodies be overcharged ; but
let the quantity of redundant fluid in each bear
fo {mall a proportion to the whole, that the
fluid may be confidered as difpofed in a firnilar
manner in both ; let the bodies alfo be fimilarly
fituated in refpet of the canal Aa; and let
them be placed at an infinite diftance from each

4 L2 other,
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other, or at fo great an one, that the repulfion
of either body on the fluid in the canal fhall
not be fenfibly lefs than if they were at an in~
finite diftance : then, if the ele&ric attraGion
and repulfion is inverfely as the # power of the
diftance, = being greater than one, and lefs
than three, the quantity of redundant fluid in
the two bodies will be to each other, as the
n— 1 power of their correfponding diameters
AF and af.

For if the quantity of redundant fluid in the two
bodies is in this proportion, the repulfion of one
body on the fluid in the canal, will be equal to that
of the other body on it in the contrary diretion ;
and, confequently, the fluid will have no tendency
to flow from one body to the other, as may thus be
proved. Take the points D and E very near to each
other; and take Jato DA,and ea to EA, as ¢f to
AF; the repulfion of the body B on a particle at D,
will be to the repulfion of & on a particle at d, as

i

ar v -a—‘-; for, as the fluid is difpofed fimilarly in

both bodies, the quantity of fluid in any fmall part
of B, is to the quantity in the correfponding part of
b, as AF™™ to af™*; and, confequently, the re-
pulfion of that fmall part of B, on D, is to-the
repulfion of the correfponding part of 4, on 4, as
Ao or 25 o L. But the quantity of fluid in
the fmall part DE of the canal, is to that in de, as

DE to de, or as AF to af; therefore the repulfion
| of
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of B on the fluid in DE, is equal to that of 4 on the
fluid in de: therefore, taking ag to Aa, as af to
AF, the repulfion of 4 on the fluid in ag, is equal
to that of B on the fluid in Az; but the repulfion
of 5 on ag may be confidered as the fame as its
repulfion on Aa; for, by the fuppofition, the repul-
fion of B on Az may be confidered as the fame as if
it was continued infinitely ; and therefore, the re-
pulfion of 4 on 2g may be confidered as the fame as

if it was continued infinitely.

N. B. If » was not greater than one, it would
be impoffible for the length of Az to be fo
great, that the repulfion of B on it might be
confidered as the fame as if it was continued
infinitely 5 which was my reafon for requiring
n to be greater than one.

CoRrROLLARY.

By juft the fame method of reafoning it appears,
that if the bodies are undercharged, the quantity of
deficient fluid in & will be to that in B, as af™* to
AF™r,

PROP. XXI

Let a thin flat plate be conne@ed to any other
body, as in the preceding propofition, by a
canal of incompreffible fluid, perpendicular
to the plane of the plate; and let that body
be overcharged, the quantity of redundant fluid

“in the plate will bear very nearly the fame
3 proportion
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proportion to that in the other body, whatever
the thicknefs of the plate may be, provided
its thicknefs is very fmall in proportion to its
breadth, or fmalleft diameter.

For there can be no doubt, but what, under that
reftriCtion, the fluid will be difpofed very nearly in
the fame manner in the plate, whatever its thicknefs
may be ; and therefore its repulfion on the fluid in
the canal will be very nearly the fame, whatever its
thicknefs may be.

PR OP. XXIIL

Let AB and DF (fig. 14.) reprefent two equal
and parallel circular plates, whofe centers are
Cand E; let the plates be placed fo, that a
right line joining their centers thall be perpen-
dicular to the plates ; let the thicknefs of the
plates be very fmall, in refpect of their diftance
CE; let the plate AB communicate with the
body H, and the plate DF with the body L,
by the canals CG and EM of incomprefiible
fluid, fuch as are defcribed in Prop. XIX; let
thefe canals meet their refpective plates in their
eenters C and E, and be perpendicular to the
plane of the plates; and let their length be fo
%reat; that the repulfion of the plates on the

uid in them may be confidered as the fame,
as if they were continued infinitely ; let the
body H be overcharged, and let L be faturated.
It is plain, from Prop. XII. that DF will be

undercharged, and A B will be more over-
charged
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charged than it would otherwife be. Suppofe,
now, that the redundant fluid in AB is dif=
pofed in the fame manner as the deficient fluid
is in DF; let P be to one as the force with
which the plate AB would repel the fluid in
CE, if the canal M E was continued to C, is
to the force with which it would repel the fluid
in CM; and let the force with which AB re-
pels the fluid in CG, be to the force with
which it would repel it, if the redundant fluid
in it was fpread uniformly, as # to 1; and let
‘the force with which the body H repels the
fluid in C'G, be the fame with which a quan-
tity of redundant fluid, which we will call B,
fpread uniformly over A B, would repel it in
the contrary diretion. Then will the redun-

dant fluid in A B be equal to -—§-;—, and
2Pn — P*x

therefore, if P is very {fmall, will be very nearly

equal to -2-%_; and the deficient fluid in DF

will be to the redundant fluid in AB, as 1 —P
to one, and therefore, if P is very {fmall, will be
very nearly equal to the redundant fluid in

For it is plain, that the force with which A B

repels the fluid in EM, muft be equal to that with
which DF attra@s it; for otherwife, fome fluid
would run out of DF into L, or out of L into DF:
for the fame reafon, the excefs of the repulfion of
AB on the fluid in CG, above the attracion of FD
thereon, muft be equal to the force with which a

quantity
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?uantity of redundant fluid equal to B, fpread uni-
ormly over A B, would repel it, or it muft be

. . . B
equal to that with which a quantity equal to —,

fpread in the manner in which the redundant fluid
is actually fpread in A B, would repel it. By the
fuppofition, the force with which. AB repels the
fluid in EM, is to the force with which it would
repel the fluid in CM, fuppofing EM to be con-
tinued to C, as 1 — P to one; but the force with
which any quantity of fluid in AB would repel the
fluid in CM,, is the fame with which an equal quan-
tity fimilarly difpofed in DF, would repel the fluid
in EM ; therefore, the force with which the re-
dundant fluid in A B repels the fluid in EM, is to
that with which an equal quantity fimilarly difpofed
in DF, would repel it, as 1 — P to one : therefore,
if the redundant fluid in A B be called A, the defi-
cient fluid in DF muft be A x 1 — P: for the fame
reafon, the force with which DF attraéts the fluid
in CG, is to that with which AB repels it, as
Ax1—Px1—P, or Ax1—P, to A; there-
fore, the excefs of the force with which AB repels
CG above that with which D F attracts it, is equal
to that with which a quantity of redundant fluid

equal to A— A X1 — P, or Ax2P — P?, fpread
over AB, in the manner in which the redundant
fluid therein is aCtually fpread, would repel it : there-
fore, A x 2 P — P* muft be equal to —E, or A muft

B
2Pn — P*n

be equal to

CoroL.
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Coror, L

If the denfity of the redundant fluid near the
middle of the plate A B, is lefs than the mean den-
fity, or the denfity which it would everywhere be
of, if it was {pread unmiformly, in the ratio of § to one;
and if the diftance of the two plates is fo fmall, that
EC"™" is very fmall in refpe@ of AC"™", and that
E C377 is very fmall in refpect of A C3™, the quan-
tity of redundant fluid in AB will be greater than
-?xg—jgf , and lefs than %x%%s , but will ap-
proach much nearer to the latter value than the for-
mer. For, in this cafe, P# is, by Lemma X.

E Cj3—"
(i):ol. IV. lefs than K-—E'] , and greater than
%—gir" X 8, but approaches much nearer to the latter
value than the former; and if E C3™ is very fmall
in refpect of A Ci=, P is very {mall.

RemMARrRKS.

If DF was not undercharged, it is certain that
A B would be confiderably more overcharged near
the circamference of the circle than near the center;
for if the fluid was fpread uniformly, a particle placed
anywhere at a diftance from the center, as at N,
would be repelled with confiderably more force to-
wards the circumference than it would towards the

Vor. LXI. 4 M center,
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center. If the plates are very near together, and,
confequently, DF nearly as much undercharged as
A B 1s overcharged, AB will flill be more over-
charged near the circumference than near the center,
but the difference will not be near fo great as in
the former cafe: for, let N R be many times greater
than CE, and N S lefs than CE; and take E» and
Es equal to CR and CS, there can be no doubt, I
think, but that the deficient fluid in DF will be lodged
nearly in the fame manner as the redundant fluid in
AB; and therefore, the repulfion of the redundant fluid
at R, on a particle at N, will be very neatly balanced
by the attraltion of the redundant matter at #, for
R is not much nearer to N than » is; but the re-
pulfion of S will not be near balaneed by that of s;
for the diftance of S from N is much lefs than that
of s. Let now a fmall circle, whofe diameter is
ST, be drawn round the center N, on the plane of
the plate; as the denfity of the fluid is greater at F
than at S, the repulfion of the redundant fluid within
the fmall circle tends to impel the point N towards
C; but as there is a much greater quantity of fluid
between N and B, than between N and A, the re-
pulfion of the fluid without the fmall circle tends to
balance that ; but the effe of the fluid within the
{mall circle is not much lefs than it would be, if DF
was not undercharged; whereas much the greater
part of the effect of that part of the plate on the out-
fide of the circle, is taken off by the effe& of the
correfponding part of DF : confequently, the dif-
ference of denfity between T' and S will not be
near {0 great, as if DF was not undercharged.

Hence I fhould. imagine, that if the two plates are
very
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very near together, the denfity of the redundant fluid
near the center will not be much lefs than the mean
denfity, or & will not be much lefs than one ; more~
over, the lefs the diftance of the plates, the nearer
will & approach to one,

Cororn, 1L

Let now the body H confift of a circular plate, of
the fame fize as A B, placed fo, that the canal CG
fhall pafs through its center, and be perpendicular to
its plane ; by the fuppofition, the force with which
H repels the fluid in the canal CG, is the fame
with which a quantity of fluid, equal to B, fpread
uniformly over A B, would repel it in the contrary
direction: therefore, if the fluid in the plate H was
fpread uniformly, the quantity of redundant fluid
therein would be B, and if it was all colle@ed in the
2B

—

circumference, would be ; and therefore the

real quantity will be greater than B, and lefs than
2B '
3—n

Corovr. IIL

Therefore, if we fuppofe § to be equal to one,
the quantity of redundant fluid in A B will exceed
that in the plate H, in a greater ratio than that of

AC™" 3= AP,
cE X Z to one, and lefs than that of cEl %

to one ; and from the preceding remarks it appears,
that the real quantity of redundant fluid in AB can
4 M 2 hardly
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hardly be much greater than it would if § was equa
to one.

Coxror, IV,

 Hence, if the eleCric attraftion and repulfion is
inverfely as the {quare of the diftance, the redundant
fluid in A B, fuppofing 4 to be equal to one, will
exceed that in the plate H, in a greater ratio than
that of AC to 4CE, and lefs than that of AC to

2CE.

Coror. V.,

Let now the body H confift of a globe, whofe
diameter equals AB; the globe being fituated in
fuch a manner, that the canal CG, if continued,
would pafs through its center ; and let the elc&rlc
attraction and repulfion be inverfely as the fquare of
the diftance, the quantity of redundant fluid in the
globe will be 2B : for the fluid will be fpread uni-
formly over the furface of the globe, and its repul-
fion on the canal will be the fame as if it was all
colleGted in the center of the {phere, and will there~
fore be the fame with which an equal quantity, dif-
pofed in the circumference of A B, would repel it in
the contrary diretion, or with which half that quan-
tity, or B, would repel it, if fpread uniformly over
the plate.

Corour.
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Coror. VI

Therefore, if & was equal to one, the redundant
fluid in AB would exceed that in the globe, in the
ratio of AC to 4CE; and therefore, it will in re-
ality exceed that in the globe, in a rather greater ratio
than that of AC to 4 CE ; but if the plates are very
near together, it will approach very near thereto, and
the nearer the plates are, the nearer it will approach
thereto.

Coror. VIL

Whether the electric repulfion is inverfely as the
fquare of the diftance or not, if the body H is as
much undercharged, as it was before overcharged,
A B will be as much undercharged as it was before
overcharged, and DF as much overcharged as it was
before undercharged.

Coror. VIIL

If the fize and diftance of the plates be altered,
the quantity of redundant or deficient fluid in the
body H remaining the fame, it appears, by com-
paring this propofition with the 2oth and 21ft pro-
pofitions, that the quantity of redundant and deficient

fluid in AB will be as A C— x Q.”’; or as
EAC(;;, fuppofing the value of J to remain the fame.

PROP,
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PR OP. XXIIL

Let AE (fig. 15.) be a cylindric canal, infinitely
continued beyond E; and let AF be a bent
canal, meeting the other at A, and infinitely
continued beyond F : fet the fection of this ca~
nal, in all parts of it, be equal to that of the
cylindric canal, and let both canals be filled
with uniform fluid of the fame denfity: the
force with which a particle of fluid P, placed
anywhere at pleafure, repels the whole quan-
tity of fluid in AF, in the direGtion of the ca-
nal, is the fame with which it repels the fluid
in the canal AE, in the dire@ion AE.

On the center P, draw two circular arches BD
and 44, infinitely near to each other, cutting AE in
Band B, and AF in D and 4, and draw the radii
Péband Pd. As PB = PD, the force with which
P repels a particle at B, in the direGtion B, is to
that with which it repels an equal particle at D, in
the dire&tion D 4, as g-g to 1%_;1, or as 1—;-@ to '131'5; and
therefore, the force with which it repels the whole
fluid in B, in the diretion B @, is the fame with
which it repels the whole fluid in D4, in the direc-
tion D¢, that is in the direGion of the canal; and
therefore, the force with which it repels the whole
fluid in A E, in the direGtion A E, is the fame with
which it repels the whole fluid in AF, in the dircc-
tion of the canal.

CoROL-
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CoOROLLARY.

If the bent canal ADF, inftead of being infinitely
continued, meets the cylindric canal in E, as in
fig. 16. the repulfion of P on the fluid in the bent
canal ADE, in the direCtion of the canal, will ftilt
be equal to its repulfion on that in the cylindric ca~
nal AE, in the diretion AE.

PR OP. XXIV.

¥ two bodies, for inftance the plate A B, and the
body H, of Prop. XXII. communicate with
each other, by a canal filled with. incompreffible
fluid, and are either over or undercharged, the
quantity of redundant fluid in them will bear
the fame proportion to each other, whether the
canal by which they communicate is ftraight or
crooked, or into whatever part of the bodies the
canal is inferted, or in whatever manner the
two bodies are fituated in refpe& of each other ;
provided that their diftance is infinite, or fo
great that the repulfion of each body on the
fluid in the canal fhall not be fenfibly lefs than
if it was infinite.

Let the parellelograms AB and DF (fig. 17.) re-
prefent the two plates, and Hand L the bodies com-
municating with them : let now H be removed to
bs and let it communicate with AB, by the bent
canal gc; the quantity of fluid in the plates and

bodies
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bodies remaining the fame as before ; and let us, for
the fake of eafe in the demonftration, fuppofe the
canal g ¢ to be every where of the fame thicknefs as
the canal G C; though the propofition will evidently
hold good equally, whether it is or not: the fluid
will ftill be in equilibrio. For let us firft fuppofe the
canal g ¢ to be continued through the fubltance of the
plate AB, to C, along the line ¢7C; the part ¢»C
being of the fame thickne(s as the reft of the canal,
and the fluid in it of the fame denfity: by the pre-
ceding propofition, the repulfion or attra&tion of each
particle of fluid or matter in the plates AB and DF,
on the fluid in the whole canal C r ¢ g, in the direttion
of that canal, is equal to its repulfion or attraétion on
the fluid in the canal CG, in the direétion CG ; and
therefore the whole repulfion or attraétion of the two
plates on the canal C 7 ¢g, is equal to their repulfion
or attra&tion on CG: buat as the fluid in the plate
AB is in equilibrio, each particle of fluid in the part
Crc of the canal, is impelled by the plates, with
as much force in one dire€ion as the other; and
confequently the plates impel the fluid in the canal
cg, with as much force as they do that in the whole
canal Crcg, thatis, with the fame force that they
impel the fluid in CG. In like manner the body b
impels the fluid in ¢ g, with the fame force that H
does the fluid in CG; and confequently 4 impels the
fluid in ¢ g, one way in the diretion of the canal,
with the fame force that the two plates impel it the
contrary way ; and therefore the fluid in ¢g has no
tendency to flow from one body to the other.

2 CoroL-
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COROLLARY.

By the fame method of reafoning, with the help
of the corollary to the 23d propofition, it appears,
that if AB and H each communicate with a third
body, by canals of incompretiible fluid, and 2 com-
munication is made between AB and H by another
canal of incompreffible fluid, the fluid will have no
tendency to flow from one to the other through this
canal; fuppofing that the fluid was in cc}uilibrio
before this communication was made. In like
manner if A B and H communicate with each other,
or each communicate with a third body, by canals of
real fluid, inftead of the imaginary canals of incom-
preflible fluid ufed in thefe propofitions, and a com-
munication is alfo made between them by a canal of
incompreflible fluid, the fluid can have no tendency
to flow from one to the other. The truth of the
latter part of this corollary will appear by fuppofing
an imaginary canal of incompreflible fluid to be con-
tinued through the whole length of the real one.

PR OP. XXV.

Let now a communication be made between the
two plates AB and DF, by the canal NRS of
incompreflible fluid, of any length ; andlet the
body H and the plate AB be overcharged. It
is plain that the fluid will flow through that
canal from AB to DF. Now the whole force
with which the fluid in the canal is impelled

Vor. LXI. 4N along
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along it, by the joint action of the two plates,
is the fame with which the whole quantity of
fluid in the canal CG or ¢ g is impelled by them;
fuppofing the canal NR S to be every where of
the fame breadth and thicknefs as CG or cg.

For fuppofe that the canal NR S, inftead of com.
municating with the plate DF, is bent back juft before
it touches it, and continued infinitely along the line
Ss; the force with which the two plates impel the
fluid in Ss, is the fame with which they impel that
in EL, fuppofing S s to be of the fame breadth and
thicknefs as EL ; and is therefore nothing ; therefore
the force with which they impel the fluid in NRS,
is the fame with which they impel that in NR Ss;
which is the fame with which they impel that in
CG.

PR OP. XXVIL

Let now xy2 be a body of an infinite fize, con-
taining juft fluid enough to faturate it; and let a
communication be made between 5 and xy=z,
by the canal by of incompreflible fluid, of the
fame breadth and thicknefs as gc or GC; the
fluid will flow through it from A to x y=; and
the force with which the fluid in that canal is
impelled along it, is equal to that with which
the fluid in NRS is impelled by the two
plates.

If
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If the canal by is of fo great a length, that the
repulfion of 4 thereon is the fame 2s if it was con-
tinued infinitely, then the thing is evident : but if it
is not, let the canal Ay, inftead of communicating
with x y =, fo that the f{uid can flow out of the canal
into xy 2, be continued infinitely through its fub-
ftance, along the line y v : now it muft be obferved
that a fmall part of the body xy=z, namely, that
which is turned towards b, will by the a&tion of » upon
it, be rendered undercharged; but all the reft of
the body will be faturated ; for the fluid driven out
of the undercharged part will not make the re-
mainder, which is fuppofed to be of an infinite fize,
fenfibly overcharged : now the force with which the
fluid in the infinite canal Ayw, is impelled by the
body 4 and the undercharged part of xyz, is the
fame with which the fluid in g ¢ is impelled by them;
but as the fluid in all parts of xy=2 is in equilibrio,
a particle in any part of yv cannot be impelled in
any direction ; and therefore the fluid in Ay is im-
pelled with as much force as thatin by v ; and there-
fore the fluid in by is impelled with as much force
asthatin gc¢; and is therefore impelled with as much
force as the fluid in NR S is impelled by the two
plates.

d It perhaps may be afked, whether this method of
demonftration would not equally tend to prove that
the fluid in by was impelled with the fame force as
that in NR S, though » y = did not contain juft fluid
enough to faturate it. I anfwer not; for this de-
monftration depends on the canal y o being continu-
ed, within the body xyz, to an infinit¢ diftance
beyond any over or undercharged part; which could

4 N 2 not
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not be if xyz contained either more or lefs fluid
than that.

PROP, XXVIIL

Let two bodies B and 4 (fig. 13.) be joined by a
cylindric or prifmatic canal A 4, filled with real
fluid ; and not by an imaginary canal of in-
compreflible fluid as in the 2oth propofition;
and let the fluid therein be in equilibrio: the
force with which the whole or any given part of
the fluid in the canal, is impelled in the direction
of its axis, by the united repulfions and attratti-
ons of the redundant fluid or matter in the two
bodies and the canal, muft be nothing; or the
force with which it is impelled one way in the
direftion of the axis of the canal, muft be
equal to that with which it is impelled the
other way. ’

For as the ¢anal is fuppofed cylindric or prifmatic,
no particle of fluid thercin can be prevented from
moving in the direction of the axis of it, by the fides
of the canal; and therefore the force with which
each particle is impelled either way in the direGtion
of the axis, by the united attraQions and repulfions
of the two bodies and the canal, muft be nothing,
otherwife it could not be at reft; and therefore the
force with which the whole, or any given part of the
fluid in the canal, is impelled in the diredion of
the axis, muft be nothing.

3 Coror.
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Coror. L.

If the fluid in the canal is difpofed in fuch man-
ner, that the repulfion or attraction of the redundant
fluid or matter in it, on the whole or any given part
of the fluid in the canal, has no tendency to impel it
cither way in the dire&ion of the axis; then the force
with which that whole or given part is impelled by
the two bodies muft be nothing; or the force with
which it is impelled one way in the diretion of the
axis, by the body B, muft be equal to that with
which it is impelled in the contrary direCtion by the
other body ; but not if the fluid in the canal is dif-
poled in a different manner.

Coror. IIL

If the bodics, and confequently the canal, is over-
charged ; then, in whatever manner the fluid in the
canal is difpofed, the force with which the whole
quantity of redundant fluid in the canal is repelled
by the body B in the dire&ion A 4, muft be equal to
that with which it is repelled by 4 in the contrary
direGtion. For the force with which the redundant
fluid is impelled in the dire¢tion A 2 by its own re-
pulfion, is nothing ; for the repulfion of the particles
of any bodyon each other have no tendency to make
the whole bedy move in any direction.
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Remarks.

When I firft thought of the 2oth and 22d pro-~
pofitions, I imagined that when two bodies were
conneéted by a cylindric canal of real fluid, the re-
pullion of one body on the whole quantity of fluid in
the canal, in one direction, would be equal to that of
the other body on it in the contrary direction, in
whatever manner the fluid was difpofed in the canal ;
and that therefore thofe propofitions would have held
good very nearly, though the bodies were joined by
cylindric canals of real fluid; provided the bodies
were fo little over or undercharged, that the quantity
of redundant or deficient fluid in the canal fhould be
very {mall in refpe of the quantity required to fa-
turate it; and confequently that the fluid therein
thould be very nearly of the fame denfity in all parts.
But from the foregoing propofition it appears that I
was miftaken, and that the repulfion of one body on
the fluid in the canal is not equal to that of the
other body on it, unlefs the fluid in the canal is dif-
pofed in a particular manner : befides that, when two
bodies are both joined by a real canal, the attraction
or repulfion of the redundant matter or fluid in the
canal, has fome tendency to alter the difpofition of
the fluid in the two bodies ; and in the 22d propo-
fition, the canal C G exerts allo fome attraCtion or
repulfion on the canal EM: on all which accounts
the demonftration of thofe propofitions is de-
feGtive, when the bodies are joined by real canals.
I have good reafon however to think, that thofe propo-
fitions actually hold good very nearly when the bodies

are
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are joined by real canals; and that, whether the canals
are ftraight or crooked, or in whatever dire@ion the
bodies are fituated in refpect of each other: though I
am by no means able to prove that they do : I there-
fore chofe ftill to retain thofe propofitions, but to
demonftrate them on this ideal fuppofition, in which
they are certainly true, in hopes that fome more fkil-
ful mathematician may be able to thew whether they
really hold good or not.

What principally makes me think that this is the
cafe, is that as far as I can judge from fome experi-
ments I have made, the quantity of fluid in different
bodies agrees very well with thofe propofitions, on a
fuppofition that the eleric repulfion is inverfely as
the fquare of the diftance. It fhould alfo feem from
thofe experiments, that the quantity of redundant or
deficient fluid in two bodies, bore very nearly the fame
proportion to each other, whatever is the fhape of the
canal by which they are joined, or in whatever direc-
tion they are fituated in refpe@ of each. other..

Though the above propofitions fhould be found not
to hold good, when the bodies are joined by real
canals, flill it is evident, that in the 22d propofition,
if the plates AB and DF are very near together, the
quantity of redundant fluid in the plate AB will be
many times greater than that in the body H, fup-
pofing H to confift of a circular plate of the fame fize
as AB, and DF will be near as much undercharged
as A B is overcharged.

Sir Ifaac Newton fuppofes that air confifts of par-
ticles which repel each other with a force inveriely
as the diftance : but it appears plainly from the fore-
going pages, thatif the repulfion of the particles was

im
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in this ratio; and extended indefinitely to all
diftances, they would compofe a fluid extremely
different from common air. If the repulfion. of the
particles was inverfely as the diftance, but extended
only to a given very fmall diftance from their centers,
they would compofe a fluid of the fame kind as air,
in refpect of elafticity, except that its denfity would
not be in proportion to its comprefiion: if the diftance
to which the repulfion extends, though very fmall, is
yet many times greater than the diftance of the
particles from each other, it might be fhewn, that the
denfity of the fluid would be nearly as the fquare
root of the compreflion. If the repulfion of the
particles extended indefinitely, and was inverfely as
fome higher power of the diftance thaa the cube, the
denfity of the fluid would be as fome power of the
compreflion lefs than 3, The only law of repulfion,
I can think of, which will agree with experiment, is
one which feems not very likely; namely, that the
particles repel each other with a force inverfely as.the
diftance ; but that, whether the denfity of the fluid is
great or fmall, the repulfion extends only to the
neareft particles: or, what comes to the fame thing,
that the diftance to which the repulfion. extends, is
very fmall, and alfo is not fixed, but varies in pro-
portion to the diftance of the particles,

PART
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PART II

Containing a comparifon of ithe foregoing theory with
experiment.

§ 1. It appears from experiment, that fome bodies
fuffer the eletric fluid to pafs with great readi-
nefs between their pores; while others will not
fuffer it to do fo without great difficulty ; and fome
hardly fuffer it to do fo at all. The firlt fort of
bodies are called condutors, the others non-con-
ductors. 'What this difference in bodies is owing
to I.do not pretend to explain.

It is evident that the ele&ric fluid in non-con-
du&ors may be confidered as moveable, or anfwers
to the definition given of that term in p. §88. As
to the fluid contained in non-condu&ing fubftances,
though it does not abfolutely anfwer to the defi-
nition of immoveable, as it is not abfolutely cons
fined from moving, but only does fo with great
difficulty ; yet it may in moft cafes be looked upon
as fuch without fenfible error.

Air does in fome meafure permit the eleftric
fluid to pafs through it; though, if it is dry, it
lets it pafs but very flowly, and not without diffi-
culty ; it is therefore to be called a non-conduor.

It appears that conducors would readily fuffer
the fluid to run in and out of them, were it not
for the air which furrounds them: for if the end
of a condu&or is inferted into a vacuum, the fluid
runs in and out of it with perfe& readinefs; but

Vor., LXI, 4 0 ‘when


http://rstl.royalsocietypublishing.org/

Downloaded from rstl.royalsocietypublishing.org on
January 4, 2010

[ 650 ]
when it is furrounded on all fides by the air, as
no fluid can run out of it without running into
the air, the fluid will not do fo without difficulty.

If any body is furrounded on all fides by the air,
or other non-conduéting fubftances, it is faid to be
infulated: if on the other hand it any where com-
municates with any conduéting body, it is faid to
be not infulated. When I fay that a body com-
municates with the ground, or any other body, I
would be underftood to mean that it does {fo by
fome conducting fubftance.

Though the terms pofitively and negatively elec-
trified are much ufed, yet the precife fenfe in
which they are to be underftood, feems not well
afcertained ; namely, whether they are to be un-
derftood in the fame fenfe in which I have ufed
the words over or undercharged, or whether, when
any number of bodies, infulated and communi-
cating with each other by conduéting fubftances,
are ele&rified by means of excited glafs, they are
all to be called pofitively elecrified (fuppofing, ac-
cording to the ufual opinion, that cxcited glafs
contains more than its natural quantity of eleétri-
city); even though fome of them, by the approach
of a ftronger eleétrified body, are made under-
charged. I fhall ufe the words in the latter fenfe;
but as it will be proper to afcertain the fenfe in
which I fhall ufe them more accurately, I fhall
give the following definition.

In order to judge whether any body, as A, is
pofitively or negatively ele&rified: fuppofe ano-
ther body B, of a given fhape and fize, to be placed
at ap infinite diftance from 1t, and from any other

over
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over or undercharged body ; and let B contain the
fame quantity of ele&ric fluid, as if it communia
cated with A by a canal of incompreffible fluid:
then, if B is overcharged, I call A pofitively elettri-
fied; and if it is undercharged, I call A negatively
eleGtrified ; and the greater the degree in which B
is over or undercharged, the greater is the degree

in which A is pofitively or negatively eleétrified.
It appears from the corollary to the 24th pro-
pofition, that if feveral bodies are infulated, and
conneted together by conducting fubftances, and
one of thefe bodies is pofitively or negatively elec-
trified, all the other bodies muft be ele@rified in
the fame degree: for fuppofing a given body B
to be placed at an infinite diftance from any over
or undercharged: body, and to contain the fame
quantity of fluid as if it communicated with one
of thofe bodies by a canal of incompreffible fluid,
all the reft of thofe bodies muft by that corollary
contain the fame quantity of fluid as if they com-
municated with B by canals of incompreflible
fluid : but yet it is poffible that fome of thofe bo-
dies may be overcharged, and others under-
charged: for fuppofe the bodies to be pofitively
ele@rified, and let an overcharged body D be
brought near one of them, that body will become
undercharged, provided D is fufficiently over-
charged ; and yet by the definition it will ftill be

pofitively eleétrified in the fame degree as before.
Moreover, if feveral bodies are infulated and
connected together by condutting fubftances, and
one of thefe bodies is ele¢trified by excited glafs,
there can be no doubt, I think, but what they
4 02 will
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will all be pofitively eleétrified ; for if there is no
other over or undercharged body placed near any
of thefe bodies, the thing is evident; and though
fome of thefe bodies may, by the approach of a
fufficiently overcharged body, be rendered under-
charged; yet I do not fee how it is poffible to pre-
vent a body placed at an infinite diftance, and com-
municating with them by a canal of incompreflible
fluid, from being overcharged.

In like manner if one of thefe bodies is ele€tri-
fied by excited fealing wax, they will all be nega-
tively ele&rified.

It is impoffible for any body communicating
with the ground to be either pofitively or nega-
tively eleétrified : for the earth, taking the whole
together, contains juft fluid enough to faturate it,
and confifts in general of conduting fubftances ;
and confequently though it is poflible for fmall
parts of the furface of the earth to be rendered
over or undercharged, by the approach of eleétri-
fied clouds or other caufes; yet the bulk of the
earth, and efpecially the interior parts, muft be
fatyrated with eleftricity. Therefore aflume any
part of the earth which is itfelf faturated, and is
at a great diftance from any over or undercharged
part ; any body communicating with the ground,
contains as much elericity as if it communicated
with this part by a canal of incompreffible fluid,.
and therefore is not at all ele@rified.

If any body A, infulated and faturated with
eletricity, is placed at a great diftance from any
over or undercharged body, it is plain that it can-
not be eleCrified ; but if an overcharged body is

brought
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brought near it, it will be pofitively eleétrified; for
fuppofing A to communicate with any body B, at
an 1nfinite diftance, by a canal of incomprefiible
fluid, it is plain that unlefs B is overcharged, the
fluid in the canal could not be in equilibrio, but
would run from A to B. For the fame reafon a
body infulated and faturated with fluid, will be
negatively eleCtrified if placed near an undercharg-
ed body.

§ 2. The phznomena of the attration and re-
pulfion of ele@rified bodies feem to agree exaltly
with the theory; as will appear by confidering
the following cafes.

Case I. Let two bodies, A and B, both con-
duttors of eleftricity, and both placed at a great
diftance from any other elerified bodies, be
brought near each other. Let A be infulated, and
contain juft fluid enough to faturate it; andlet B
be pofitively ele@rified. They will attra® each
other ; for as B is pofitively ele@rified, and at a
great diftance from any overcharged body, it will
be overcharged ; therefore, on approaching A and
B to each other, fome fluid will be driven from
that part of A which is neareft to B to the further
part: but when the fluid in A was {pread uni-
formly, the repulfion of B on the fluid in A was
equal to its attration on the matter therein ; there-
fore, when fome fluid is removed from thofe parts
where the repulfion of B is ftrongeft to thofe
where it is weaker, B will repel the fluid in A
with lefs force than it attra@s the matter; and
confequently the bodies will attraét each other.

Cask
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Case II. If we now fuppofe that the fluid is
at liberty to efcape from out of A, if it has any
difpofition to do fo, the quantity of fluid in it be-
fore the approach of B being ftill fufficient to fa-
turate it; that is, if A is not infulated and not
eleétrified, B being ftill pofitively eleftrified, they
will attra® with more force than before: for in
this cafe, not only fome fluid will be driven from
that part of A which is neareft to B to the oppo-
fite part, but alfo fome fluid will be driven out
of A.

it muft be obferved, that if the repulfion of B
on a particle at E, (fig. 19.) the fartheft part of
A, is very fmall in refpe&t of its repulfion on an
equal particle placed at D, the neareft part of A,
the two bodies will attrat with very nearly the
fame force, whether A is infulated or not; but if
the repulfion of B, on a particle at E, is very near
as great as on one at D, they will attra with
very little force if A is infulated. For inftance,
let a fmall overcharged ball be brought near one
end of a long conductor not ele@rified ; they will
attra& with very near the fame force, whether the
condu&or be infulated or not; but if the conduc-
tor be overcharged, and brought near a fmall un-
clectrified ball, they will not attra& with near fo
much force, if the ball is infulated, as if it is not.

Case IIL If we now fu pofe that A is negaQ
tively electrified, and not infulated, itis plain that

they will attract with more force than in the laft
cale;
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cafe; as A will be ftill more undercharged in this
cafe, than in the laft.

N. B. In thefe three cafes, we have not as yet taken
notice of the effet which the body A will have
in- altering the quantity and difpofition of the
fluid in B; but in reality this will make the
bodies attra& each other with more force than
they would etherwife do; for in each of thefe
cafes the body A attra&s the fluid in B; which
will caufe fome fluid to flow from the farther
parts of B to the nearer, and will alfo caufe
fome fluid to flow into it, if it is not infulated,
and will confequently caufe B to a& upon A
with more force than it would otherwife do.

CaskeIV. Let us now fuppofe that B is negatively
eleCrified ; and let A be infulated, and contain juft
fluid enough to faturate it; they will attra& each
other; for B will be undercharged ; it will therefore
attract the floid in A, and will caufe fome fluid to
flow from the fartheft part of A, where it is attra&-
ed with lefs force, to the nearer part, where it is
attra&ted with more force ; fo that B will attra&t the
flaid in A with more force than it repels the matter,

Case V,and VI. If A is now fuppofed to be
not infulated and not ele@rified, B being ftill nega-
tively electrified, it is plain that they will attra& with
more force than in the laft cafe : and if A is pofitively
ele@rified, they will attract with fill more force.

In thefe three laft cafes alio, the effe@ which A
has in altering the quantity and difpofition of the

fluid
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fluid in B, tends to increafe the force with which the
two bodies attract.

~Case VIL It is plain that a non-conduing
body faturated with fluid, is not at all attracted or
repelled by an over or undercharged body, until, by
the action of the eleétrified body on it, it has either
acquired fome additional fluid from the air, or had
fome driven out of it, or till fome fluid is driven from
one part of the body to the other.

Case VIIL Let us now fuppofe that the two
bodies A and B are both pofitively electrified in the
fame degree. It is plain, that were it not for the
a&ion of one body on the other, they would both be
overcharged, and would repel each other. But it
may perhaps be faid, that one of them as A may, by
the a®ion of the other on it, be either rendered un-
dercharged on the whole, or at leaft may be rendered
undercharged in that part neareft to B; and that the
attra&tion of this undercharged part on a particle of
the fluid in B, may be greater than the repulfion of
the more diftant overcharged part; fo that on the
whole the body A may attraét a particle of fluid in
B. If fo, it muft be affirmed that the body B repels
the fluid in A ; for otherwife, that part of A which
is neareft to B could not be rendered undercharged.
‘T'herefore, to obviate this objection, let the bodies be
joined by the ftraight canal DC of incompreflible
fluid (fig. 19.). The body B will repel the fluid in
all parts of this canal; for as A is fuppofed to attra®
the fluid in B, B will not only be more overcharged
than it would otherwife be, but it will alfo be more

over=
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overcharged in that part neareft to A than in the op-
pofite part. Moreover, as the near undercharged
part of A is fuppofed to attratt a particle of fluid in
B with more force than the more diftant overcharged
part repels it; it muft, a fortiori, attralt a particle
in the canal with more force than the other repels it ;
therefore the body A muft attra® the fluid in the
canal ; and confequently fome fluid muft flow from
Bto A, which is impoffible; for as A and B are
both elettrified in the fame degree, they contain the
fame quantity of fluid as if they both communicated
with a third body at an infinite diftance, by canals of
incompreffible fluid ; and therefore, by the corollary
to Prop. 24, if a communication is made between
them by a canal of incomprefiible fluid, the fluid

would have no difpofition to flow from one to the
other.

Case IX. But if one of the bodies as A is pofi~
tively eleCtrified in a lefs degree than B, then it is
poffible for the bodies to attra& each other; for in
this cafe the force with which B repels the fluid in
A may be fo great,ds to make the body A either
intirely undercharged, or at leaft to make the neareft
part of it fo much undercharged, that A fhall on the
whole attra&t a particle of fluid in B.

It may be worth remarking with regard to this
cafe, that when two bodies, both ele@rified pofitively
but unequally, attra&t each other, you may by re-
moving them to a greater diftance from each other,
caufe them to repel; for as the ftronger ele@rified
body repels the fluid in the weaker with lefs force

when removed to a greater diftance, it will not be
Vou. LXI, 4P able
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able to-drive fo much fluid out of it, or fromr the
nearer to the further part, as when placed at a lefs
diftance.

Case X, and XI. By the fame reafoning it ap-
pears, that if the two bodics are both negatively
electrified in the famne degree, they muft repel each
other: but if they are both negatively cleérificd in
different degrees, it is poffible for them to attra&
each other.

All thefe cafes are exactly conformable to experi-
ment,

Case XII. Let two cork balls be fufpended by
conduding threads from the fame pofitively ele@rified
body, in fuch manner that if they did not repel, they
would hang clofe togcther: they will both be equally
eleCtrified, and will repel each other: let now an
overcharged body, more firongly eleétrified than
them, be brought under them; they will become
lefs overcharged, and will feparate Jefs than before :
on bringing the body ftill nearer, they will become
not at all overcharged, and will not feparate at all :
and on bringing the body ftill nearer, they will be-
come undercharged, and will feparate again,

Case XIII. Lect all the air of a room be over-
charged, and let two cork balls be fufpended clofe to
cach other by conducting threads communicatin
with the wall. By Prop. 15, it is highly probable
that the balls will be undercharged ; and therefore
they fhould repel each other,

‘Thefe
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Thefe two laft cafes are experiments of Mr. Can-
ton’s, and are defcribed in Philof. Tranf. 1753, p. 350,
where are other experiments of the fame kind, all
readily explicable by the foregoing theory.

I have now confidered all the principal or funda-
mental cafes of ele@ric attractions and repulfions
which I can think of; all of which appear to agrec
perfectly with the theory.

§ 3. On the cafes in which bodies receive elece
tricity from or part with it to the air.

Lemma L

Let the body A (fig. 6.) either ftand near fome
over or undercharged body, or at a diftance from any.
It feems highly probable, that if any part of its fur-
face, as MN, is overcharged, the fluid will en-
deavour to run out through that part, provided the
air adjacent thercto is not overcharged.

For let G be any point in that furface, and P a
point within the body, extremely near to it; it is
plain that a particle of fluid at P, muft be repelled
with as much force in one dire&ion as another
(otherwife it could not be at reft) unlefs all the fluid
between P and G is prefled clofe together, in which
cafe it may be repelled with more force towards G
than it is in the contrary direftion : now a particle at
G is repelled in the direGion PG, 1. e. from P to G,
by all the redundant fluid between P and G; and a
particle at P is repelled by the fume fluid in the con-
trary direGion; fo that as the particle at P is repelled
with not lefs force in the dire¢t.on P G than in the

4 P2 contrary,
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contrary, I do not fee how a particle at G can help
being repelled with more force in that dire€tion than
the contrary, unlefs the air on the outfide of the
furface M N was more overcharged than the {pace be-
tween P and G.

In like manner, if any part of the furface is un-
dercharged, the fluid will have a tendency to runin
at that part from the air.

The truth of this is fomewhat confirmed by the
third problem; as in all the cafes of that problem,
the fluid was thewn to have a tendency torun out of
the fpaces AD and E H, at any furface which was:
overcharged, and to run in at any which was under-
charged.

Coror. L

If any body at a diftance from other over or
undercharged bodies, be pofitively eleétrified, the
fluid will gradually run out of it from all parts of its
furface into the adjoining air ; as it is plain that all
parts of the furface of that body will be overcharged :
and if the body is negatively elerified, the fluid will
gradually run into it at all parts of its furface from the
adjoining air.

Coror. IL

Let the body A (fig. 6.) infulated and containing
juft fluid enough to faturate it, be brought near the
overcharged body B; that part of the furface of A
which is turned towards B will by Prcp. 11. be ren-

dered
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~dered undercharged, and will therefore imbibe élecs
tricity from the air; and at the oppofite furface R S,
the fluid will run out of the body into the air.

Corovr. IIL

If we now fuppofe that A is not infulated, but
communicates with the ground, and confequently that
it contained juft fluid enough to faturate it before the
approach of B, itis plain that the furface M N will
be more undercharged than before ; and therefore the
fluid will run in there with more force than before ;
but it can hardly have any difpofition to run out at
the oppofite furface R S; for if the canal by which
A communicates with the ground is placed oppofite
to B, as in figure 5, then the fluid will run out
through that canal till it has no longer any tendency to
ran outat RS and by the remarks at the end of Prop.
27, it feems probableé, that the fluid in A will be
nearly in the fame quantity, and difpofed nearly in
the fame manner, into whatever part of A the canal
is inferted by which it communicates with the
ground.

Coror. 1V.

If B is undercharged the cafe will be reverfed ; that
is, it will run out where it before run in, and will run
in where it before run out.

As far as I can judge, thefe corollaries feem con-
formable to experiment: thus far is certain, that
bodies at a diftance from other eleCirified bodies re-

ceive
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ceive ele@ricity from the air, if negatively ele&rified,
and part with fome to it if pofitively electrified: and
a body not eleétrified and not infulated receives
ele&ricity from the air if brought near an overcharged
body, and lofes fome when brought near an under-
charged body: and a body infulated and containing
jts natural quantity of fluid, in fome cafes, receives,
and in others lofes electricity, when brought near an
over or undercharged body.

§ 4. The well-known effe€ts of points in caufing
a quick difcharge of elz¢tricity feem to agree very
well with this theory.

It appears from the 20th propofition, that if two
fimilar bodies of different fizes are placed at a very
great diftance from each other, and connelted by a
flender canal, and overcharged, the force with which
a particle of fluid placed clofe to correfponding parts
of their {urface is repelled from them, isinverfely as
the correfponding diameters of the bodies. 1f the
diftance of the two bodies is {mall, there is not fo
thuch diffcrence in the force with which the particle
is repell=d by the two bodies ; bat ftill, if the diame-
téts of the two bodies are very different, the particle
will be repelled with much more force from the
fmaller body than from the larger. It is true indeed
that a particle placed at a certain diftance from the
Imaller body, will be repelled with lefs force than if
it be placed at the fume diftance from the greater
body; but this d.ftance is, I believe, in moft cafes
pretty confiderable 5 if the bodies are fpherical, and
the repulfion inverfely as the fquare of the diftance, a
particle placed at any diftance from the furface of the

6 fanaller
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finialler body lefs than a mean proportional betweeti
the radii of the two bodies, will be repelled from it
with more force than if it be placed at the fame
diftance from the larger body.

I think therefore that we may be well afftired that
if two fimilar bodies are connected together by a
flender canal, and are cvercharged, the fluid muft
efcape fafter from the {maller body than from an
equal furface of the larger; but as the furface of the
larger body is greateft, I do not know which body
ought to lofe moft eletricity in the fame time ; and
indeed it feems impcffible to determine pofitively
from this theory which fhould, as it dcpendsin great
meafure on the manner in which the air oppofes the
entrance of the electric fluid into it. Perhaps in fome
degrees of electrification the fmaller body may lofe
moft, and in others the larger.
~ Let now ACB (fig. 18.) be a conical point ftand-
ing on any body DAB, C being the vertex of the
cone ; and let DAB be overcharged : I imagine that
a particle of fluid placed clofe to the furface of the
cone anywhere between 4 and C, muft be repelled
with at leaft as much, if not more, force than it
would, if the part AzbB of the cone was taken
away, and the part #C4 conneited to DAB by a
flender canal ; and confequently, from what has been
Aaid before, it feems reafonable to fuppofe that the
wafte of eleCtricity from the end of the cone muft be
very great in proportion to its fusface; though it
does not appear from this reafoning whether the
wafte of eledtricity from the whole cone fhould be
greater or lefs than from a cylinder of the iame bafe
and altitude,

Al
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Al which has been here faid relating to the flow™
ing out of eleCtricity from overcharged bodies, hold®
equally true with regard to the flowing in of eletri-
city into undercharged bodies.

But a circumftance which I believe contributes as
much as any thing to the quick difcharge of ele&ri-
city from points, is the fwift current of air caufed by
them, and taken notice of by Mr, Wilfon and Dr.,
Prieftly (vide Prieftiy, p. 117 and 591) ; and which is
produced in this manner,

If a globular body A BD is overcharged, the air
clofe to it, all round its furface, i1s rendered over-
charged, by the electric fluid, which flows into it
from the body; it will therefore be repelled by the
body ; but as the air all round the body is repelled
with the fame force, it is in equilibrio, and has no
tendency to fly off from it. If now the conical point
A CB be made to ftand out from the globe, as the
fluid will efcape much fafter in proportion to the
furface from the end of the point than from the reft
of the body, the air clofe to it will be much more
overcharged than that clofe to the reft of the body ;
it will therefore be repelled with much more force 3
and confequently a current of air will flow along the
fides of the cone, from B towards C; by which
means there is a continual fupply of frefh air, not
much overcharged, brought in conta& with the point;
whereas otherwife the air adjoining to it would be fo
much overcharged, that the electricity would have
but little difpofition to flow from the point into it.

The fame current of air is produced in a lefs
degree, without the help of the point, if the body,
inftcad of being globular, is oblong or flat, or bhas

knobs


http://rstl.royalsocietypublishing.org/

Downloaded from rstl.royalsocietypublishing.org on
January 4, 2010

[ 665 ]

knobs on it, or is otherwife formed in fuch manner
as to make the ele&ricity efcape fafter from fome
parts of it than the reft.

In like manner, if the body ABD be under-
charged, the air adjoining to it will alfo be under-
charged, and will therefore be repelled by it; but as
the air clofe to the end of the point will be more
undercharged than that clofe to the reft of the body,
it will be repelled with much more force; which
will caufe exactly the fame current of air, flowing
the fame way, as if the body was overcharged; and
confequently the velocity with which the eleétric
fluid flowsinto the body, will be very much increafed.
I believe indeed that it may be laid down as a con-
ftant rule, that the fafter the ele@ric fluid efcapes
from any body when overeharged, the fafter will it
run into that body wien undercharged.

Points are not the only bodies which caufe a quick
difcharge of eletricity ; in particular, it efcapes very
faft from the ends of long flender cylinders; and a
fwift current of air is caufed to flow trom the middle
of the cylinder towards the end: this will eafily ap-
pear by confidering that the redundant fluid is” col-
leCted in much greater quantity near the ends of the
cylinders than near the middle. The fims thing
may be faid, but I believe in a lefs degree, of the
edges of thin plates.

What has been juft faid concerning the current of
air, ferves to explain the reafon of the revolving
motion of Dr. Hamilton’s and Mr. Kinnerfley’s bent
pointed wires, vide Phil. T'ranf. vol. LI, p. 903, and
vol. LIII, p. 86; alfo Prieftly, p. 429: for the fame re-
pulfion which impels the air from the thick part of the

Vor. LXI, 4 Q_ wire
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wire towards the point, tends to impel the wire in
the contrary direion.

It is well known, that if a body B is pofitively
clectrified, and another body A, communicating
with the ground, be then brought near it, the elec-
tric fluid will efcape fafter from B, at that part of it
which is turned towards A, than before. This is
plainly conformable to theory; for as A is thereby
rendered undercharged, B will in its turn be made
more overcharged, in that part of it which is turned
towards A, than it was before. But it is alfo well
known that the fluid will efcape fafter from B, if A
be pointed, than if it be blunt; though B will be
lefs overcharged in this cafe than in the other; for the
broader the furface of A, which is turned towards B,
the more effe® will it have in increafing the over-
charge of B. 'The caufe of this phenomenon is as.
follows :

If A is pointed, and the pointed end turned to-
wards B, the air clofe to the point will be very much
undercharged, and therefore will be ftrongly repelled
by A, and attraCted by B, which will caufe a {wift
current of air to flow from it towards B; by which
means a conftant fupply of undercharged air will be
brought in contact with B, which will accelerate the
difcharge of eleCricity from it in a very great de-
gree: and morcover, the more pointed A is, the
fwifter will be this current. 1f, on the other hand,
that end of A which is turned towards B, is fo blunt,
that the electricity is not difpofed to run into A fafter
than it is to run out of B, the air adjvining to B may
be as much overcharged as that adjoining to A is un-
dercharged; and therefore may by the joint repulﬁonf.

of


http://rstl.royalsocietypublishing.org/

Downloaded from rstl.royalsocietypublishing.org on
January 4, 2010

[ 667 ]

of B and attraction of A, be impelled from B to A,
with as much or more force than the air adjoining to
Ais impelled in the contrary direction ; fo that what
little current of air there is may flow in the contrary
direction,

It is eafy applying what has been here faid to the
cafe in which B is negatively eleGrified.

§ 5. Inthe paper of Mr. Canton’s, quoted in the
fecond fecion, and in a paper of Dr. Franklin’s
(Phil. Tranf. 1755, p. 300, and Franklin’s letters
p. 155.) arc fome remarkable experiments, thewing
that when an overcharged body is brought near an-
other body, fome fluid is driven to the further end
of this body, and alfo fome driven out of it, ifit is
not infulated. The experiments are all ftri€tly con-
formable to the 11th, 12th, and 13th propofitions :
but it is needlefs to point out the agreement, as the
explanation given by the authors does it fufficiently.

§ 6. On the Leyden vial.

The fhock produced by the Leyden vial feems
owing only to the great quantity of redundant
fluid collected on its pofitive fide, and the great
deficiency on its negative fide; fo that if a con-
duftor was prepared of fo great a fize, as to be
able to receive as much additional fluid by the
fame degree of eledrification as the pofitive
fide of a Leyden vial, and was pofitively ele@ri
fied in the fame degree as the vial, I do not doubt
but what as great a fhock would be produced by
making a communication between this conduétor
and the ground, as between the two furfaces of the

4Q 2 Leyden
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Leyden vial, fuppofing both communications to be
made by canals of the fame length and fame kind.

It appears plainly from the experiments which have
been made on this fubjet, that the eletric fluid is not
able to pafs through the glafs; but yet it feems
as if it was able to penetrate without much diffi-
culty to a certain fmall depth, perhaps I might fay
an imperceptible depth within the glafs; as Dr.
Franklin’s analyfis of the Leyden vial fhews that its
elericity is contained chiefly in the glafs itfelf, and
that the coating is not greatly over or undercharged.

It is well known that glafs is not the only fub-
ftance which can be charged in the manner of the
Leydenvial; but that the fame effe¢t may be pro~
duced by any other body, which will not fuffer
the eleéricity to pafs through it.

# Hence the phznomena of the vial feem eafily
explicable by means of the 22d propofition. For
let ACGM, fig. 20, reprefent a flat plate of glafs
or any other fubftance which will not fuffer the
electric fluid to pafs through it, feen edgeways ; and
let B4dD, and EefF, or Bdand Ef as I {hall
call them for fhortnefs, be two plates of conduét-
ing matter of the fame fize, placed in contaét with
the glafs oppofite to each other; and let Bd be po-
fitively eleCtrified ; and let E f communicate with
the ground; and Jet the fluid be fuppofed either

* The following exp'ication is {tii&ly applicable only to that
fort of Leyden vial, which confifts of a flat plate of glafs or
other matter. It is evident, however, that the refult muft be
nearly of the fame kind, though the glafs is. made into the fhape
of -a bottle as-ufual, or into any other form: but I propole to
confider thofe fort of Leyden vials more particularly in a furure

paper.
able
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able to enter a little way into the glafs, but not to
pafs through it, or unable to enter it at all; and
if it is able to enter a little way into it, let 48484,
or 44, as I fhall call it, reprefent that part of the
glafs into which the fluid can enter from the plate
Bd, and e, that which the fluid from Ef can
enter. By the abovementioned propofition, if e,
the thicknefs of the glafs, is very {mall in refpeét
of 4d, the diameter of the plates, the quantity of
redundant fluid forced into the fpace Bd, or B3,
(that is, into the plate B d, if the fluid is unable to
penetrate at all into the glafs, or into the plate B4,
and the fpace 43 together, if the fluid is able to
penetrate into the glafs) will be many times greater
than what would be forced into it by the fame de-
gree of eleCrification if it had been placed by
itfelf; and the quantity of fluid driven out of E ¢,
will be nearly equal to the redundant fluid in Bo.

If a communication be now made between B3
and E ¢, by the canal NRS, the redundant fluid
will run from B3 to E ¢; and if in its way it pafles
through the body of any animal, it will by the ra-
pidity of its motion produce in it that fenfation
called a fhock.

It appears from the 26th propofition, that if a
body of any fize was eleCtrified in the fame degree
as the plate Bd, and a communication was made
bétween that body and the ground, by a canal of
the fame length, breadth and thickneis as NRS;
that then the fluid in that canal would be impelled
with the fume force as that in N RS, fuppofing
the fluid in both canals to be incompreflible ; and

confequently, as the quantity of fluid to Le moved,
and
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and the refiftance to its motion is the fame in both
canals, the fluid fhould move with the fame rapi-
dity in both: and I fee no reafon to think that the
cale will be different, if the communication is
made by canals of real fluid.

Therefore what was faid in the beginning of this
feCtion, namely, that as great a fhock would be
produced by making a communication between
the conductor and the ground, as between the two
fides of the I.eyden vial, by canals of the fame
length and fame kind, feems a neceflary confe-
quence of this theory; as the quantity of fluid
which' pafles through the canal is, by the fuppo-
fition, the fame in both; and there is the greateft
reafon to think, that the rapidity with which it
patles will be nearly if not quite the fame in both.
1 hope foon to be able to fay whether this agrees
with experiment as well as theory.

It may be worth obferving, that the longer the
canal NR Sis, by which the communication is
made, the lefs will be the rapidity with which the
fluid moves along it; for the longer the canal is,
the greater is the refiftance to the motion of thé
fluid in it; whereas the force with which the
whole quantity of fluid in it is impelled, is the
fame whatever be the length of the canal, Ac-
cordingly, it is found in melting fmall wires, by
dire&ting a fhock through them, that the longer
the wire the greater charge it requires to melt it.

As the fluid in B3, is attra&ted with great force
by the redundant matter in E ¢, it is plain that if
the fluid is able to penetrate at all into the glafs,
great part of the redundant fluid will be lodged in

b3,
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53, andin like manner there will be a great defi-
cience of fluid in e@¢. But in order to form fome
eftimate of the proportion of the redundant fluid,
which will be lodged in 44, lét the communication
between E f and the ground be taken away, as well
as that by which Bd is elefirified ; and let fo much
fluid be taken from B3, asto make the redundant
fluid therein equal to the deficient fluid in E. If
we {uppofe that all the redundant fluid is colletted
in 83, and all the deficient in e¢, {o as to leave
Bd and Ef faturated; then, if the eleétric repul-
fion is inverfely as the fquare of the diftance, a
particle of fluid placed anywhere in the plane 44,
except near the extremities 4 and 4, will be at-
traGed with very near as much force by the redun-
dant matter in e¢, as it is repelled by the redun-
dant fluid in 43 ; but if the repulfion is inverfely,
as fome higher power than the {quare, it will be
repelled with much more force by 43, than it is.
attra&ted by ee, provided the depth 28 is very
{mall in refpet of the thicknefs of the glafs; and
if the repulfion is inverfely, as fome lower power
than the fquare, it will be attracted with much
more force by ¢ ¢, than it is repelled by 43. Hence
it follows, that if the depth to which the fluid can
penetrate is very {fmall in refpet of the thicknefs
of the glafs, but yet ts fuch that the quantity of
fluid naturally contained in 49, or ee, is confi-
derably more than the redundant fluid in B 3; then,
if the repulfion is inverfely as the fquare of the
diftance, almoft all the redundant fluid will be
eolleted in 43, leaving the plate Bd not very
much overcharged ; and in like manner E f will be

not
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not very much undercharged: if the repulfion is
inverfely as fome higher power than the fquare,
B d will be very much overcharged, and E f very
much undercharged: and if the repulfion is in-
verfely, as fome lower power than the fquare, Bd
will be very much undercharged, and E f very
much overcharged.

Suppofe, now, the plate Bd to be feparated from
the plate of glafs, ftill keeping it parallel thereto,
and oppofite to the fame part of it that it before was
applied to; and let the repulfion of the particles be
inverfely, as fome higher power of the diftance than
the fquare. When the plate is in contaét with the
glafs, the repulfion of the redundant fluid in that
plate, on a particle in the plane 44, 7d ¢/, the inner
{urface of the plate, muft be equal to the excefs of
the repulfion of the redundant fiuid in 44 on it,
above the attraction of E ¢ on it; thercfore, when
the plate B4 is removed ever fo {mall a diftance
from the glafs, the repulfion of the redundant fluid
in the plate, on a particle in the inner furface of that
plate, will be greater than the excefs of the repulfion
of 48 on it, above the attraction of E ¢; for the repul-
fion of 4¢ will be much more diminithed by the re-
moval, than the attraltion of E. ¢ : confequently,
fome fluid will fly from the plate to the glafs, in the
form of fparks : fo that the plate will not be fo much
overcharged when removed from the glafs, as it was
when in conta& with it. I thould imagine, however,
that it would ftill be confiderably overcharged.

If one part of the plate is feparated from the glafs
before the reft, as muft neceflarily be the cafe, if it

confifts of bending materials, I thould guefs it wou:)d
e
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be at leaft a5 much, if not-more, owercharged, when
feparated, asif it is feparated all at once.

In like manner, it thould feem that the plate E £
will be confiderably undercharged, when feparated
from the glafs, but not fo much fo as when in con-
ta&t with it.

From the fame kind of reafoning I conclude, that
if the repulfion is inverfely, as fome lower power of
the diftance than the fquare, the plate B4 will be
confiderably undercharged, and E f confiderably over-
charged, when feparated from the glafs, but not in
fo great a degree as when they are in contact with it,

§ 7. There is an experiment of Mr. Wilke and
ZEpinus, related by Dr. Prieftly, p. 258. called by
them, electrifying a plate of air: it confifted in placing
two large boards of wood, covered with tin plates,
parallel to each other, and at fome inches atunder.
If a communication was made between one of thefe
and the ground, and the other was pofitively elec-
trified, the former was undercharged; the boards
ftrongly attratted each other; and, on making a
communication between them, a thock was felt like
that of the Leyden vial.

I am uncertain whether in this experiment the air
contained between the two boards is very much over-
charged on one fide, and very much undercharged
on the other, as is the cafe with the plate of glas
in the Leyden viat; or whether the cafe is, that the
redundant or deficient fluid is ledged only in the two
boards, and that the air between them ferves only
to prevent the eletricity from.running from one

Vor. LXI. 4 R board
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board to the other: but whichever of thefe is the
cafe, the experiment is equally conformable to the
theory.

It muft be obferved, that a particle of fluid placed
between the two plates is drawn towards the under-
charged plate, with a force exceeding that with which
it would be repelled from the overcharged plate, if
it was ele@rified with the fame force, the other plate
being taken away, nearly in the ratio of twice the
quantity of redundant fluid actually contained in the
plate, to that which it would contain, if ele&rified
with the fame force by itfelf ; fo that, unlefs the plate
is very weakly ele@rified, or their diftance is very
eonfiderable, the fluid will be apt to fly from one to
the other, in the form of fparks.

§ 8. Whenever any condu&ing body as A, com-
munieating with the ground, is brought fufficiently
near an overcharged body B, the electric fluid is apt
to fly through the air from B to A, in the form of a
fpark : the way by which this is brought about
feems to be this. The fluid placed anywhere be-
tween the. two bodies, is repelled from B towards A,
and will confequently move flowly through the air
from one to the other: now it feems as if this mo-
tion increafed the elaflicity of the air, and made it
rarer ; this will enable the fuid to flow in a fwifter
current, which will Rill further increafe the elafti-
city of the air, till at laft it is fo much rarified, as to
form very little oppofition to the motion of the elec~
ttic fluid, upon which it flies in an uninterrupted mafs
from one body to the other. I

n
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Fn the fame manner may the elediric fluid pafs
from one body to another, in the form of a fpark, if
the firft body communicates with the ground, and
the other body is negatively eleCtrified, or in any
other cafe in which one body is ftrongly difpofed
to part with its eleétricity to the air, and the other
is ftrongly difpofed to receive it. ,

In like manner, when the ele&ric fluid is made
to pais through water, in the form of a fpark, asin
Signor Beccaria’s ¥ and Mr. Lane’s 4 experiments,
I.imagine that the water, by the rapid motion of the
eletric fluid through it, is turned into an elaftic fluid,
and fo much rarified as to make very little oppofition
to its motion : and when ftones are burft or thrown
out from buildings ftruck by lightning, in all pro-
bability that effe€t is caufed by the moifture in the
ftone, or fome of the ftone itfelf, being turned inte
an elaftic fluid.

It appears plainly, from the fudden rifing of the
water in Mr. Kinnerfley’s ele@rical air thermome-
ter f, that when the eletric fluid pafles through the
air, in the form of a fpark, the air in its paffage is
either very much rarified, or intirely difplaced : and
the burfting of the glafs veffels, in Beccaria’s and
Lane’s experiments, {hews that the fame thing hap-
pens with regard to the water, when the cleétric fluid
pafles through it in the torm of a fpark. Now, I
fee no means by which the difplacing of the air or

* Elettricifmo artificiale ¢ naturale, p. 110, Prieftly,
pPs 209.
+ Fhil, Tranf. 1767, p. 451.
1 Phil. Tranf. 2763, p. 84. Pricltly, p, 216.
4R 2 water
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water can be brought about, but by fuppofing its
elafticity to be increafed, by the motion of the elec-
tric fluid through it, unlefs you fuppofe it to be ac-
tually puthed afide, by the force with which the
ele&tric fluid endeavours to iflue from the over-
charged body: but I can by no means think, that
the force with which the fluid endeavours to iffue,
in the ordinary cafes in which ele&ric {parks are pro-
duced, is fufficient to overcome the preflure of the
atmofphere, much lefs that it is fufficient to burft
the glafs veflels in Beccaria’s and Lane’s experi-
ments,

The truth of this is confirmed by Prop. XVI.
For, let an undercharged body be brought near to,
and oppofite to the end of a long cylindrical body
communicating with the ground, by that propaofition
the preflure of the electric fluid againft the bafe of
the cylinder is fcarcely greater than the force with
which the two bodies attratt each other, provided
that no part of the cylinder is undercharged ; which is
very unlikely to be the cafe,if the elecric repulfion is
inverfely as the fquare of the diftance, as I have great
reafon to believe it is; and, confequently, if the
fpark was produced, by the air being puthed afide by
tfw force with which the fluid endeavours to iffue
from the cylinder, no fparks fhould be produced, un-
lefs the ele@ricity was fo ftrong, that the force with
which the bodies attraGed each other was as great as
the preflure of the atmofphere againft the bafe of the
cylinder : whereas it is well known, that a fpark
may be produced, when the force, with which the
bodies attra&; is very trifling in refpet of that. o
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One may frequently obferve, in difcharging a Ley-
den vial, that if the two knobs are approached to-
gether very flowly, a hiffing noife will be perceived
before the fpark ; which fhews, that the fluid begins
to flow from one knob to the other, before it pafies
in the form of a fpark ; and therefore ferves to con-
firm the truth of the opinion, that the fpark is
brought about in the gradual manner here de-
fcribed.
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