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HERE i1s a verjr fine Fluid, of the fame na-
ture with Air, but extremely more f{ubtile and

elaftic, according to Sir JJaac Newton, every
where difperfed through all {fpace, which in his Optics
he calls Zther.

This Ather 1s much rarer within the denfe Bodies of
the Sun, Stars, Planets, and Comets, than in the empty
celeftial fpace between them ; and in pafling from them
to great diftances, it grows denfer and denfer perpetu-
ally, and thereby caufes the gravity of thofe bodies to-
wards one another, and of their parts towards the bo-
dies; every body endeavouring to go from the denfer
parts of the ather towards the rarer.

‘The earth, therefore, 1s furrounded every where by
this ®ther to a very great diftance, 1n confequence of
which the air and all bodies 1n 1t gravitate towards the
earth, and towards each other, agreably to the appear-
ances at the furface of it.

B This
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This ther likewife pervades the pores of all bodies,
and lies hid in them : and whilft the bodies with this
fluid n them are left to themfelves, (undifturbed by any
external violence) this fluid from its elaftic nature con-
forms 1tfelf, as to its degree of denfity, to the particular

make of that body it isin. e. gr. It is not fo denfe in
denfe bodies, as in rare ones.

Whence it {feems to follow, that every body we have
it in our power to make any experiment upon, has na-
turally within it (before it is difturbed by our experi-
ment) one certain quantity of this fluid, in fuch a ftate
of rarity or denfity, as is moft agreable to the nature
of each particular body.

And hence 1t {eems reafonable to conclude, that there
will naturally arife fome refiftance to every endeavour,
that is made, any how to alter the degree of denfity in
the whole of any body, or in any particular part of it.

And hence, that 1t will require fome degree of force
to alter the natural quantity of this fluid contained in

every particular body; and more or lefs force according
to the nature, and make of each.

Now, as 1t 1s univerfally agreed among thofe, who are
moft converfant with electrical experiments, that the
appearances, which occur in thofe experiments, arife
from the force and action of a fluid of the fame elaftic
~nature, communicating, and freely pafling in and out
at the furface of the earth, and pervading likewife the
pores of bodies: and as the cleareft definition of what
we mean, when we fay a body 1s eletrified, is this, that

either
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either the body has by the force of the experiment made
in order to electrify it, been forced to part with a fhare
of this eleétrical fluid, that naturally belonged to it
during the experiment, and to remain without it fome-
time after the experiment is over: or to admit more
than it naturally had within it, during the experiment,
and to remain {o overloaded, fome time after the expe-
riment is over : it will be worth our while to enquire
whether this eleftrical fluid, and the wther, be not one
and the fame fluid.

In order to be fatisfied in this point, let us fee in what

manner different bodies are thus obliged, on being elec-
trified, either to part with fome of this fluid, or to re-
ceive more of it.
! Now from a very great variety of experiments, there
1s evident proof given, that there is a refiftance made by
all bodies againft the admiflion of any more of this
electrical fluid into them, than what naturally belonged
to them.

2° That there is a refiftance ikewife made againft
any of this eletrical fluid’s getting out of all bodies, and
confequently to any diminution of their natural quan-
tity.

3° That this refiftance is greater, and lefs in diffe-
rent bodies.

4° That there 1s a limit, beyond which we cannot
encreafe or diminifh the natural quantity of this eletri-
cal fluid, 1n each particular body.

B 2 5° That
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5o That when we have thus changed the natural
ftate of this fluid within any body, whether by encreaf-
ing or diminifhing its quantity, or any other way;
there 1s a refiftance, greater or lefs according to various
circumftances, made to the fluid’s returning to its natu-
ral ftate again within that body.

6° and laftly, That there muft therefore be fome ac-
cidental or defigned affiftance given from without (inde-
pendent on the body and the electrical fluid contained
within it) before they can return to their natural ftate
again.

With regard to the different refiftances which are
made by different bodies, againft being eleétrified, or
unelectrified ; from a great variety of experiments, very
carefully made, we may depend upon the truth of the
following obfervations, wiz:.

1° That Glafs, Wax, Rofin, Brimftone, and fuch like
bodies, refift the moft, provided they are of a fufficient
thicknefs: and Silk, Hair, &¢. provided they are of a
{ufficient length.

2° That next to thefe fort of bodies the Air refifts
moft, provided there be a {uificient quantity of it, and
it be clear and free from vapours.

3° That this refiftance is weakeft in Metals, Mine-
rals, Water, Quickfilver, Animals and Vegetables, and
at the furface of the Earth. |

But, laftly, that the refiftance in thefe laft mentioned
bodies 1s greater, when their furfaces are polifhed and

extended
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extended in length; and the electrifying power alts on
the middle of thefe furfaces : and lefs, when their {ur-
faces are rough and fhort or end with fharp points or
edges, and the electrifying power acts at thofe ends.

Thefe facts, I believe, are fo well known at prefent,
that it feems unneceflary to repeat any of the experi-
ments from whence they were deduced. And I fhall
only obferve, that I have ranged Animals, Minerals,
Metals, Vegetables, &c. in one clafs, becaufe there 1s
fo very little difference in their refiftance, that it is not
worth notice.

Now from this variety in the refiftances made by
different bodies to being electrified, as well as to their
returning again to their natural ftates; there {feems to
be fufficient direction afforded us, how to difpofe the
body we want to try any experiment upon, in the man-
ner moft fuitable to the end, we propofe in making the
experiment,

For example, Have I a mind to electrify a bar of iron
fo that it fhall make a very great refiftance to being un-
electrified, or to returning again to its natural ftate; I
confider that filk lines of a fufficient length,' kept clean
and dry, refift being electrified very ftrogly ; and that
air likewife, when 1t is dry aud free from vapour, does
the fame : and therefore that a bar of iron {ufpended
carefully by filk lines, furrounded by air at a proper
diftance from other bodies, 1s difpofed of in the beft
manner to remain electrified ftrongly, after it 1s once

electrified.
And
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And the reafon of this is, that the fluid within the
bar cannot return to its natural ftate without part of
it is thrown outof the bar ; but the filk lines, by which
it is fufpended, and the clean dry air, with which it 18
every where furrounded, refift the admiffion of this
fluid within them the ftrongeft of moft bodies: and
therefore when the bar 1s once eleftrified, it i1s thus
difpofed in the propereft manner to remain fo, as all
the bodies contiguous to it, will not admit any of this
fluid into them, but with the greateft difficulty.

In the next place, I confider that a more extended
furface refifts more than one lefs {o, and that bodies
ending with points hardly refift at all ; and confequently,
that I fthould choofe a bar of iron extended in length,
and having its ends fhaped into fpherical forms, or
ending with large knobs.

And laftly, I confider, that if I take care to have a
high polifh given to the bar, I fhall fhll give a greater
power, when once 1t is electrified, to refift being un-
elettrified : which I'have fuppofed to be the drift of my
experiment.

But now I have thus made choice of the moft proper
bar, and difpofed of this bar in the beft manner 1n or-
der to produce the greateft effet when it 1s made to re-
turn to its natural ftate; I have evidently placed it in
the moft difadvantageous circumftances for eletrifying
it : for the filk lines, and the quantity of air furround-
ing 1t, and the particular fhape, and polith of the bar,

are
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are all of them equal impediments to any of this fluid’s
forcing itfelf into the bar, as they are to its forcing it-
felf out. |

But the fame way of arguing will lead us to the
cafieft way of elettrifying it, in thefe disfavourable cir-
cumf{tances.

Firft, I confider that a furface but little extended re-
fifts lefs, than one more fo; and therefore, that I fhall
more readily eletrify this bar by taking off the refiftance
arifing from the air from a fmall part of the furface,
than from a larger one.

Secondly, That as metals, efpecially when they end
in points, refift electrifying very little, and confequently
part with the ele@rical fluid moft cafily ; I have
teafon to conclude, that if I hang on to the bar a fmall
metal wire doubled, with its two ends tharpen’d, and
reaching to the ele@rical machine fo as to have thofe
ends in contact with it, as the part where it 1s doubled
1s in contact with the bar, I fhall on putting the ma-
chine in motion moft readily electrify the bar; and
upon removing this wire, when the bar is eleCrified,
I thall leave it in the beft ftate to refift being unelectri-
fied again.

For this wire, with fharpen’d points, refifting vaftly
lefs than the air that furrounds it, very readily admits
the electrical fluid flowing into it from the machine, and
conduts it to the bar, with which it 1s in contaét,
and eletrifies it; and when the wire is withdrawn,

the
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the air clofes over the bar, and ferves to keep it electri-
fied.

Now the fame way of reafoning will fhow us the
eafielt way of uneleCtrifying it again.

For firft, I can take off the refiftance of the air by
approaching any body more capable, than the air, of
receiving the eletrical fluid from the bar, nearer and
nearer to it, even till it comes into contact with it.

Next I am to confider what fhape I ought to give this
body. If I make it end with a fharp point, it will with
the greateft eafe receive the fluid that endeavours to
get out of the bar, as foon as the equilibrium begins to
be deftroyed by thus removing the refiftance of the air
from off that point of the bar, the point of the body 1s
oppofed to: and if I ftand upon the ground, whilit I
do this, T give a free paffage to any quantity of this
fluid the bar may have to part with, into the earth.

But laftly, Iam to confider, that by thus making the
difcharge of this fluid {o eafy, it will begin to be made
very early in the approach of this pointed body, and
the whole be done gradually, and without that violence
our defign was to produce: becaufe as this pointed
body approaches the bar, there lies fo {mall a quantity
of air between the point and the bar, that 1t hardly re-
fifts at all. _

Confequently, we thould try the experiment with fome
body that ends bluntly and is well polifhed, and bring
it at laft with fome degree of quicknefs within the

{phere
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fphere of the bar's action to reftore itfelf to its natural
ftate, in order that it may be forced to do it at once,
and not gradually ; violently, and not with eafe.

" And the effets produced anfwer in all experiments of
this kind, which have been made thus either by chance
or with defign. For in this way the greateft fpark has
appeared, the loudeft fnap has been heard, and the
ftrongeft feel has been perceived, when the finger’s end
or knuckle has been made ufe of to make the difcharge.

How thefe effeCts are produced on the paffing of this
fluid fo forcibly from the bar through the air to the
body brought to it, it is not my purpofe at prefent to
enquire into : and I fhall therefore only obferve here,
that as this manner of reafoning a priors 1s fo far con-
firmed by experiment, we have fufficient encouragement
to purfue 1t farther.

My defign therefore is to fee how far the attendn g
to the variety of thele refiftances at the furfaces of bo-
dies will ferve us to explain the particular appearances
in every particular experiment, 7. e. why in fuch cir-
cumftances this fluid 1s forced into a body, and retained
there ; and why in other circumftances part of it is
thrown out, and cannot get in again; laftly, in what
circumitances the eletrical fluid reftores itfelf to its na-
tural ftate; and when i1t will do this at once, and vio-
lently ; and when gradually, and with eafe.

In the firft cafe, when the body has more of this
fluid forced into it than it has naturally, it is faid to be

C eleétrified
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electrified plus; and in the other cafe, when part of its
natural quantity is driven out of it, it is faid to be elec-
trified minus : and in both of thefe ftates the body
fhews the ufual figns of being eletrified.

I fhall begin with the experiments in which bodies
are- eleCtrified  plus and minus.

Let us now take a bar, that is tapered down at each
end to -preﬁy- fharp points; and!placing it horizontally
on a tall drinking glafs that is clean and dry; fee what
effeéts will follow on bringing an excited tube within
the diftance of about fix inches from the bar (more or
lefs, according to the degree of force given to the excited
tube) firft towards the middle of it, and next towards
either of its ends. '

In the firft cafe, the bar will be ‘eleétrified mznmus, and
in the latter cafe plus; or in other words, in the firft
cafe, the bar, when the experiment 1s over, will have
lefs of “this electrical fluid in 1t than naturally belonged
to it; and in the latter cafe more.

We fhall begin our explanation of thefe experiments
with fome obfervations on the fitft, where the bar is
found to be electrified minus. | |

How we know this will be feen by and by. |

Now if the bar is eletrified mznus, then {fome of this
fluid, more than was forced into it, muft have efcaped
out of 1it.

The queftion then arifes, at what parts of the bar did

this fluid efcape ? and the anfwer, according to our man-
ner
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ner of reafoning is very obvious, wiz. at the tapering
ends of the bar, which we have obferved to refift the
exit of this fluid through them, lefs thanthe extended
oppofite furface of the bar.

To be fatisfied in'this point, bring a fecond bal {hap-
ed as the firft was, into contact with the firft, end ta
end, and it will follow from our way of reafoning, that
this fecond bar will, on repeating the experiment, more
readily receive what fluid is thrown out of the firft, than
the air did before; and confequently, that the fluid,
which had before been thrown into the air, will now
flow into the fecond bar.

And accordingly, when the firft and fecond bar are
placed on two drinking glaffes, fo as to make one hori-
zontal line, touching one another at their ends; if an
excited tube be brought, as before; to the middle of the
firlt bar, the confequence will be, that the firf¥ will be
electrified munus and the fecond plus.

To prove this; before the excited tube is withdrawn,
{feparate the two bars by moving the glafs which ﬁ:pu
ports the fecond bar: then withdraw the tube, and you
will find that on appmaching your knuckle to them,
they will each of them give thr:: ufual figns of being
electrified.

But if the experimentbe repeated again, without thus-
{feparating them ; and on withdrawing the excited’ tube’
they be left for ever {o fhort a time to themfelves, nei-
ther, of them will thew any marks-of being electrified’
on the appm&ch of the knuckle : becaufe they will each

Ca of
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of them have returned to their natural ftate, the fecond
bar having difcharged its overplus of this fluid into the
firlt, which wanted exactly as much to make up 1ts de-
ficiency.

This may be proved to the fight, by repeating the ex-
periment thus. = Bring the tube, as before, to the mid-
dle of the firft bar, and before the tube is withdrawn,
{eparate them : and when the tube is withdrawn, bring
them into contat again. The event will be this: A
fpark will be feen juft before they come into contact ;
and afterwards they will give no figns of their being ei-
ther of them eletrified on the approach of the knuckle,
for the reafon already affigned.

A plain demontftration this that one is electrified mzmnus
and the other plus, for it is very well known to be fact,
that if both had been eletrified plus, or both minus, no
fuch fpark would have appeared on their coming into
contact, and they would afterwards have given marks
of being eletrified on the approach of a knuckle to-
wards either of them.  The reafon of this will appear
by and by.

And as it appeared above that when the excited tube
was applied to the end of the bar, it electrified it plus;
it 1s reafonable to conclude that it is the fecond bar that
is eleCtrified plus, as the fluid is forced into it through its
end ; and confequently, that the firft is electrified minus,
as it was when no fecond bar was made ufe of: and
that the only difference in the two experiments is this,

that
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that the fluid is now thrown into the fecond bar, which
be‘ore was thrown into the air.

We are next to confider what happens at the other
end of the bar, when no fecond bar was ufed. Now if
the two ends be fuppofed to be equally tapered down to
points, their rcfiftance will be equally weak, and the
elaftic fluud in the bar being put into a ftate of dilata-
tion near its middle, will equally prefs both ways to con-
denfe or throw out the fluid, that {tands the neareft to
each of its ends.

To try this, we may vary the experiment by applying
in the fame manner a third bar, fhaped like the others,
to the other end of the firft, fo that they may all threc
lic In one horizontal line; and bringing the excited
tube, as before, to the middle of the firft bar, now the
middlemoft bar.

The event will be this: the middlemoft, or firft bar,
will be electrified minus, and the two end ones plus.

This may be proved thus. As foon as the excited
tube has produced its effect, feparate the three bars by
moving the two outer glafles, and they will each fepa-
rately fhew figns of being eleCtrified on the approach of
the knuckie.

Try the experiment over again, feparate them as be-
fore : but now bring the two outer bars, by moving
their glaffes, into contaét at their ends ; and no fpark
will appear in doing this, or at leaft a very infignificant
one, when they happen not to have been exaltly elec-
trified equally.

After
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After this, bring firft one and then the other of thefe
outward bars in the fame manner into contact with the
firft, and in doing this there will appear fparks, fuffi-
cient to give ftrong proof of their being cletrified : and
yet after this, if you approach your knuckle to any of
them, no figns will appear of their being then elec-
trified ; thofe that had the overplus having readily fup-
plied the want of this fluid in the other, and the three
bars having in confequence of this returned to their na-
tural {ftate.

Hence we may conclude, that the quantity of this fluid
which had been thrown into the fecond bar, when only
two were ufed, was divided exactly between the fecond,
and third bar in the prefent experiment ; and therefore
in the former experiment, the fluid that was driven out
of the firft bar pafled into the fecond, and little or none
was forced out at the other end into the air.

This 1s the natural confequence of an elaftic fluid’s
dilating itfelf, when there is a refiftance to its doing it
one way, and little or none another way; for it will
moft certainly flow that way, where the refiftance is
leaft.

- We may, from what we have feen, be pretty well af-
fured that if we cover thefe tapering ends of a fingle bar
with hollow pieces of glafs that exactly fit them, we
fhall in all probability prevent the fluid from pafling out
through thefe ends; and accordingly the experiment
anfwers. For when the excited tube is brought to the

{fame
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fame diftance from the middle of the bar, as before;
the bar, now its ends are thus fortified with glafs, will
be electrified plus, inftead of minus : which {hews how
much more ftrongly the extended {urface of the bar,
oppofite to the excited tube, refifts the fluid’s efcape,
than the tapered ends did.

So much (at prefent) for the firft experiment, in which
the tube was prefented at a diftance to the middle of a
fingle bar, and electrifies it minus.

In the fecond experiment, when the tube was prefent-
ed at the fame diftance to the end of the bar, it was elec-
trified plus, and therefore more of this fluid was thrown
into the bar at one end, than was fuffered to pafs out at
the other : which was reafonably to be expected, as the
tube, acting with no more force than it did before, is
now at double the diftance from the end, at which the
fluid is to efcape ; and therefore has twice the quantity
of fluid to condenfe with fufficient ftrength to throw any
out at thatend.

But yet, that fome of this fluid does efcape out at the
oppofite end, will appear from bringing a fecond bar into
contact, end to end, with the firft; for then, on preab
ing the experiment, they will both be electrified pius -
and on bringing a third in the fame manner, end to
end with the fecond, they will all three be eleirified
plus. |
But then the third bar will be eletrified plus lefs for-

cibly than the fecond, and the fecond lefs than the firft.
By
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By which it {hould feem, that if a fourth bar, and a
fifth, and a fixth, &¢. were in the fame manner added
to the ftring of bars; the moft diftant bar, from the
excited tube, would at laft not be fenfibly affeted at all
by it; and confequently, that the virtue of the tube is
limited, and can affeét the fluid in thefe bars to a cer-
tain diftance only.

But this will be made more evident by and by.

Let us now reflet a little on what we have {een with
regard to the air, furrounding the bars in thefe expe-
riments.

Firft, We have feen that although air makes a ftrong
refiftance againft being eleltrified, 7. e. againft ad-
mitting more of this fluid into it than what naturally
belongs to it ; yet the excited tube does overcome this
refiftance, and forces the fluid within the bar through its
ends into the air, in the experiments with a fingle bar,
both when it was eletrified mznus and plus.

2° That the quantity of this fluid, forced thus into
the air in the firft experiment, was fufficient to electrify
the two bars plus, that were applied to its ends on repeat-
ing that experiment.

3° That none of this fluid was diffipated in the air,
and fo loft, becaufe on withdrawing the excited tube, and
leaving the three bars to themfelves, they fthew no figns
of being electrified at all.

It {hould feem therefore, that when a fingle bar is thus
cle&trified minus; the fluid thrown out of it into the air

{tands
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ftands in that portion of air that furrounds the ends of
the bar all the time the excited tube continues ating ;
and that, when the tube 1s withdrawn, it returns again
into the bar, till fuch time as the refiftance at the ends
1s a ballance to the force, with which it endeavours to
flow in. But as the bar remains eleftrified minus after
the experiment i1s over, it is evident that all that was
thrown out does not return in again ; and therefore that
the remainder forms itfelf into a kind of atmofphere
every way furrounding the bar with a nearly equal degree
of denfity, from the nature of the two elaftic fluids, air,
and the eletrical fluid, and of the refiftance that fluid
meets with in its endeavour to dilate itfelf either into the
alr, or into the bar.

4° We have likewife {een, that when a fingle bar was
eleCtrified plus, there was likewife a {ufficient quantity of
this fluid to elettrify two bars applied to its other end.

It follows therefore, that when a bar is electrified plus
by itfelf, and continues {o after the tube is withdrawn,
the fluid that was thrown out of the bar muft remain
there, and form the fame kind of atmofphere round
the bar, as it does in the other cafe, when it was eletri-
fied minus.

Whenever therefore a Body is electrified either plus,
or minus, and remains fo after the experiment is over,
there are fimilar atmofpheres of the electrical fluid fur-
rounding them, that are ready to expand themielves into
any body that approaches, that refifts lefs than the air 1

D ang
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and this is the reafon why bodies give very nearly the
fame figns, when they are eletrified either plus or

THIRILS .
I'fay, very nearly, becaufe when we come to examine

the figns thefe bodies give (on being electrified in thefe
different ways) with greater accuracy, we fhall fee a
{ufficient difference in thefe figns to enable us to fay

which were eleCtrified plus and which mzznus.

It will be worth while to ftop here a little, and confider
the different circumftances the eleétrical fluid is in, that
forms thefe fimilar atmofpheres around a body electrified
plus, and one eletrified minus.

When a bar 1s electrified p/us, the atmofphere formed
round it lies between the air, [which refifts its entrance
into 1t more forcibly than the bar naturally does, ] and the
bar, [which by being overloaded by electrification, re-
fifts its return into it, even when the excited tube is
withdrawn, more forcibly than it does naturally] and
by being thus circumftanced, its endeavour to expand is
naturally exerted outwards from the axis of the bar on
every fide, and it gradually diffipates itfelf into the air,
and whilft 1t is doing this, and no longer, the bar will
remain electrified plus.

Whena bar is eletrified minus, the atmofphere formed
round it, which during the action of the tube that clec-
trified it, lies in the fame manner between the air, and
the bar, will, on that tube’s being withdrawn, exert its
endeavour to dilate itfelf in a contrary direction, wviz.
from the furrounding air on every fide inwards to the

axis
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axis of the bar; and it will gradually flow into the bar,
and reduce the eletrical fluid there to its natural degree
of denfity ; and whilft this is doing, and no longer, will
the bar remain electrified minus.

When therefore two balls are both of them electrified
plus, fufpended by two filk lines, and brought near one
another ; they repel each other, and ftand for fome time
at a diftance from each other; becaufe the two atmo-
{pheres, each of them exerting their endeavours to ex-
pand into the air, want more room to do itin; and when
the weight of the balls is not {ufficient to prevent it, muft
naturally drive them afunder, till thefe atmofpheres

are diffipated, and the weight of the balls takes place
again.

- And when two bodies are both of them eletrified
minus, fufpended by filk ftrings, and brought near one
another, they likewife repel each other, and ftand for
fome time at a diftance from each other; becaufe the
condenfed electrical fluid in the air, in order to force
itfelf in at the furfaces of the balls between their
two centers, croudsin, and forces them afunder, till the
atmofpheres get all into the balls, and their weight then
takes place again.

But when two balls are in the fame circum{tances, one
clectrified plus, and the other minus, and brought near
one another ; they will gradually come together and un-
electrify each other. Becaufe the atmofphere of the
ball electrified plus, is endeavouring to diflipate itfelf

D2 from
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from the center of the ball outwards; and the atmo-
{phere of the ball eleftrified minus, 1s endeavouring to di-
late itfelf from the air inwards to the center of the ball.
The common atmofpheres therefore of the two balls,
thus brought near together, exert their forcesn one
and the fame diretion between them ; the flow of the
electrical Aluid into the ball eleGrified minus, is facilitated
by the endeavour of the eletrical fluid to get out of the
ball, electrified pius; and wvice werfz: and fo the two
balls and the air between them very readily return to
their natural ftates.

Thus then it appears, that when we only know that
a body is elettrified, without knowing in what manner
it was ele€trified, there is no criterion to form our
judgment upon whether it was eleétrified plus, or memus :
becaufe the common appearances are the fame in both
cafes, when we uneleétrify it.

But by purfuing the fame train of reafoning, we fhall
readily obtain a certain method to know whether a
body is eleCtrified plus, or minus, even without unelec-
trifying it.

Faften two cork balls one at each end to a piece of
thread about eight inches long, and, doubling the
thread over the bar before it is electrified, make the
balls hang as near to one another under the bar, as they
can ; and now the bar, the threads, and the balls, thould
be confidered as one body equally ready to be electrified

ether plus, or minus.
1° Ve
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1° We will fuppofe this bar, &¢. to be electrified
minus, and in confequence of their being electrified at
all, the balls to repel one another, and hang at a
greater diftance from each other, than they did na-
turally, _

Now let an excited tube be brought to a certain dif-
tance under thefe balls in thefe circumftances, and they
will at firft repel each other more; becaufe the force
of the excited tube will condenfe the atmofpheres a-
round the balls ftill more, till the refiftance at their
{urfaces is overcome, which will take up fome little time,
during which, their atmofpheres being encreafing, they
will repel each other more than before the tube was
brought near them.

But fo foon as ever this refiftance is once overcome,
the excited tube drives the atmofpheres into the balls,
&e. and confequently begins to unelectrify them, 7. e.
to render them lefs forcibly eleCtrified minus : and on
withdrawing the tube, the balls will not repel each
other near fo much, and fo hang very vifibly nearer to-
gether than they did before the tube was firft brought
near them.

2°. We will fuppofe the bar, &c. to be elettrified
plus, and in confequence of their being electrified at all,
the balls to repel each other.

Now when an excited tube 1s brought to a certain
diftance under the balls in thefe circumitances, they
will repel each other lefs forcibly and come nearer toge-

ther s
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ther ; becaufe the refiftance of the air aloie to the ele€tri-
c 11 fluid’s efcaping out of "the balls electrified pfm, has

been feen not tobe able entirely to prevent it,‘as an
1tmo[}:her<: is made, and {upported round the balls, till
they are reduced to their natural ftate. But now the
excited tube ats m concert with the air, this atmo-
{phere, which had prevailed againft the air alone, muft,
on this additional force alting againft it, retire again
mnto the ball, and continue to do fo for fome fmall time.

And after it is all retired into the balls again, fo long
as the bar, &r. can be electrified more and more plus,
this appearance will continue, whllf’f the tube remains
in action: and when the tube is withdrawn, the balls
will repel each other more forcibly than at firft, becaufe
they will remain more forcibly electrified, pls.

Thus then it appears that thou gh the balis repel each
other when the bar is ele€trified either pfm, or minus,
yet when an excited tube is brought near them in this
their repulfive ftate, they will in one cale have their re-
pulfive force encreafed at firft, but very foon after gra-
dually diminifhed : and in the other cafe, diminifhed at
firft, but very foon after encreafed.

And when we fee the appearance in the firft cafe,
we may fafely conclude the bar had been electrified
minus ; and when we fee the appearance in the other
cafe, we may conclude the bar had been eletrified plus.

This, therefore, 1s an eafy and ready way of trying,
when there is any doubt about it, whether any body is

electrified
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electrified plus, or minus. For the ftring, with the balls
affixed to its ends, may, with the afliftance of a glafs
tube, be eafily hung on the bar without uneleétrifying
it, {uppofing it to have been eletrified at firft without
the ftring and balls.

Icannot help obferving here, that in the firft cale, after
the excited tube has been held fo long near the balls,
that on its being withdrawn they no longer repel each
other ; if it be again prefented to them, it will eletrify
them and the bar pls, and they will be put into a repul-
five {tate again.

Whence it was reafonable to conclude, that if the
excited tube, in our firft experiment, after it had been
prefented at a proper diftance to the extended furface of
the bar, and fo had eletrified 1t mznus, had been brought
nearer and nearer to the bar, fo as at laft to touch it, it
would have electrified it plus.

And accordingly, when the experiment was tried, it
fucceeded, and the bar was eletrified plus.

Now the confequence of this s, that there muift be
fome middle diftance of the excited tube from the bar,
between its fituation, where it eletrified it minus, and
its fituation, where it eleCtrified it p/us ; at which middle
diftance, the bar will be reduced to its natural ftate,
and not be eletrified any more, than if the tube was
not there.

This would appear a moft amazing paradox in elec-
tricity, if it was told in general terms to any one, who
did
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did not know that bodies were capable of being electri-
fied plus and minus : viz. the fame excited tube brought
near a body ele€trifies it; and after that, (without ever
withdrawing it) brought nearer, ceafes to electrify it;
and after that, brought ftill nearer, eletrifies it again.

Now as this was deduced from our way of reafoning,
the event, anfwering on making the experiment, greatly
confirms the truth of the reafoning.

But I have not yet done with the cork balls, as they
will be very ferviceable in proving, that the power of
theexcited tube (or other ele¢trifying machine) is limited,
and can electrify bodies but to a certaindegree, at one and
the fame diftance from thofe bodies.

This I hinted at before, and promifed to thew more
fully : and in order to do it, I fhall ufe thefe balls as in-
dexesto fhewus when, and towhatdegree the bar,to which
they are fixed, is eleCtrified : which end they will exactly
anfwer, becaufe they will repel each other with more
or lefs force, according to their greater or lefs degree of
electrification.

Let the balls, therefore, be hung at the end of the
bar, and the excited tube be brought to a certain diftance
from the middle of it, and held there fteady and firm,
and let us fuppoie that at this diftance it ele@trifies the
bar minus.

Now I fay, that fome little time is taken up, during
which the tube eletrifies the bar minus to a certain de-
gree ; but that when it has once done this, it will pro-

duce
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duce no farther effet on it, though it remain at that
diftance ever fo long, and be fuppofed to lofe none of ats
force.

Now thisis fhewn to be true in fact by trying the ex-
periment thus with the cork balls ; for you will fee on
bringing the excited tube to this diftance from the bar,
the balls will begin to repel each other, and continue to
do fo more and more, till they ftand at a certain dif-
tance afunder, and then they will continue fo, without
ever getting farther afunder, how long foever the tube
1s held at that diftance.

This 1s a proof of my aflertion, that the Power of
the excited tube is limited, and therefore can act but
to a certain degree in electrifying bodies, which will be
greater or lefs, according to the circumftarices of each
particular experiment.

But this will be confirmed by the fc:lluwmg very re-
markable fet of experiments.

Let a glafs tube be hermetically fealed at one end, and
have its other end properly armed with brafs, cemented
into it; and let proper contrivances be made in that
brafs, fo that the tube may be readily fixt to the air-
pump and exhaufted of air; and afterwards removed
from 1it, and ftill remain exhaufted.

1° Let this tube be fixt to the air-pump in order to
be exhaufted of air. :

Now before this is done, the outer and inner furface
of the glafs tube are equally expofed to the air; and

E confe-
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confequently, the powers of thefe two furfaces are in
equilibrio, even fuppofing the air to affect them.

2°, Let the tube be exhaufted of air, as perfetly as
it can. |

When this is done, the outer furface remains, as
before, expofed to the air; and the inner_ furface 1s
expofed to the electrical fluid, which I will fuppofe
to be naturally difperfed in empty fpaces void of all grofs
bodies, (as the vacuum is thought very nearly to be) as
well as in the pores of grofs bodies.

And the equilibrium 1is ftill preferved between the
powers at thefe furfaces: as we may conclude from
there being no vifible or perceptible alterations obferved
to be produced on drawing the air out of the hollow of
the tube, either in the light, or inthe dark.

Whence we may conclude that the air, whenit has its
natural quantity of this eletrical fluid only in it, does
not affect this tube at its outer furface, more than the
fluid within it does at its inner furface.

3°. Let the exhaufted tube be taken off the air-pump:
andleta perfon grafp the brafs end of it with his hand,
whilft he ftands on the ground.

4°. Let another perfon bring an excited tube near the
outer furface of any part of this exhaufted tube ({fuppofe
near the end that is hermetically fealed, for this reafon
only, that it will then be at a diftance from the hand
that grafps the other end of it.)

There
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There will immediately appear lucid rays of light, very
vifible when the experiment is made in thedark, proceed-
ing from the inner furface of that part of the tube near-
eft the excited tube, and darting through the vacuum
to the brafs, grafped by the hand.

5° And if the tubes are held fteady for fome length
of time, o asto be kept at the fame diftance from each
other; this lucid appearance will ceafe, and the light
totally difappear. _

6°. And when thelight has thus difappeared for fome
time ; if the excited tube be withdrawn entirely, the
rays of light will appear again ; but they will now be
feen darting from the brafs end of the exhaufted tube
through the vacuum to the inner furface of that part
of the tube, from which they had proceeded before:
and this darting of the rays from the brafs end of the tube
will continue for a time only, as the other had done
before.

7°. And when the excited tube 1s brought nearer, and
nearer to the exhaufted one, as the light difappeared,
there only appears a frefh darting of rays, fimilar to the
firft, which likewife continues for a time only : and on
the removal of the excited tube, the fame kind of light,
fomewhat ftronger and in greater quantity, returns from
the brafs end of the tube, as before, and difappears again
after fome little time.

In this experiment there is the {trongeft appearance of
ihe electrical fluid’s fhifting its place in order to preferve

E 2 the
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the equilibrium, by flowing immediately, when any
force is offered to the outer furface, from its inner fur-
face through the vacuum, and darting direétly to the
metal and hand, where it finds the refiftance to its efcape
1s the weakeft.

Now though the refiftance is weakeft, where the
brafs and hand is applied to the glafs; yet there is a re-
fiftance; and confequently, the eleftrical fluid i the
vacuum muft have fome additional force given
to it from that part of the inmer furface of the glafs
which is neareft to the excited tube, 7.e muft be con-
denfed till it acquires a power fufficient to overcome the
refiftance of the brafs, &.

But this fluid within the exhaufted tube cannot be
condenfed, without more pafies into it immediately from
that inner {urface, and confequently fo long as the elec-
trical fluid is continually flowing fromit into the vacuum,
and {o into the brafs, &e. fo long will it be lofing its
natural quantity, unlefs its lofs of this fluid be fupplied
by a flow of more from the excited tube.

I thall now, therefore, endeavour to thew, that the
lofs of the eletrical fluid flowing from the inner fur-
face of the glafs, is not fupplied by a fimilar flow of it
from the excited tube to it, through the outer furface ;
and therefore, that the glafsis ele€trified mznus at or near
that part of its mner furface.

Now this will follow, plainly, if I can fthew, 1e. That
no electrical fluid flows into the glafs fo far as to reach

that
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that inner furface; and, 2°. How part of the electrical
fluid naturally belonging to it can be driven out into the
vacuum, without fuch a flow of the fluid from the ex-
cited tube through the glafs to get at it immediately.

In order to prove the firft of thefe, the beft way feems
to me to be, to fuppofe the contrary, that the eleétrical
fluid does flow into it, and fupply it continually, and
to enquire what would be the confequence of fuch a
fuppofition at the end of the experiment.

If upon this enquiry, we find that the appearances
anfwer in faét to what we ought to expect from this
fuppofition, therewill be no reafon toreject it. But on
the contrary, if the appearances are againft it, it muft
be given up.

Now if there was fuch a flow of this fluid from the
excited tube through the whole fubftance of the glafs
to the very innmer furface of it, fo as to fupply the
very quantity it drives out through 1t ; the glafs at this
mner furface muft always have its natural quantity in it;
and confequently, when the excited tube is withdrawn,
remain In its natural ftate, equally capable, as at firft,
to refift the entrance of any more of this fluid into
it.

And therefore, on withdrawing the excited tube, there
would be no fuch return of light from the brafs, &e.
darting fo particularly towards that part of the inner
{urface of the glafs, asappears in the experiment.

So
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o far then the appearances in the experiment do not
anfwer agreably to what we fhould naturally expect
from the fuppofition.

Again, if the excited tube fupplies the inner furface of
the glafs with as' much of this fluid as pafles through it
into the vacuum; it will follow, that as long as the ex-
cited tube has any power, there muft be a continuation
of this lucid appearance in the vacuum ; but this is by
no means true in fact, that appearance vanifhing long
before the excited tube has loft its power; as was feen
above,

Here then is another remarkable inftance, in which
the appearances do not anfwer on the trial to what was
reafonably to be expected from the fuppofition.

And therefore we ought to conclude that no eleétrical
fluid paffes from the excited tube fo far into the glafs, as
to reach its internal furface and fupply it with any recruit
of thofe particles of this ele€trical fluid, which arethrown
through it into the vacuum: and confequently, that this
inner f{urface remains eletrified minus during the con-
tinuance of the excited tube near the glafs, after the lucid
appearance has ceafed ; and ftands ready (on withdraw-
ing that tube, or on its power’s decaying) to receive a
{fupply of what it had loft from the equilibrium being
reftored through the perfon, his hand, the brafs and
the eletrical fluid that 1sin the vacuum.

But that no doubt may remain in an enquiry of fo
delicate a nature, Iwill propofe making the experiment
In a more accurate manner. Every
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Every one knows that a bar of iron, fufpended by filk
ftrings in the air, may be kept equally electrified, or
very nearly fo, for any length of time, by the eleCtnfy-
ing machine’s being kept equally in motion, during that
time.

Now if inftead of approaching an excited tube of
glafs (which 1s continually lofing its power) to the ex-
haufted tube,asIdid before; Inow approach the exhaufted
tube to the excited bar (whofe force 1s conftantly kept
up at the fame degree by the machine) to fuch a particu-
lar diftance, as to make the lucid appearance begin ;
and then keep it there fteady : I gain this advantage, that
it continues during the whole time I keep it thus fteady
at one certain diftance, expofed to one and the fame de-
gree of force in the excited bar, or very nearly fo.

And on trying the experiment thus, Ifound that the
lucid appearance continues only for a limited time; and
if the tube was to be held {o ever fo long, there would
be no return of that appearance; but on removing the
exhaufted tube from the bar, the light returns again
immediately, fhooting then from the brafs and hand to
that part of the inner furface of the tube, that had been
neareft to the bar.

No experiment can be ftronger to the point, than
this ; and we may now fairly conclude, that the electrical
fluid does not flow in fo plentifully, or fo forcibly as to
reach the inner furface of the glafs, and {o fupply it
with a quantity equal to what is thrown off through it

mnto
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into the vacuum, on the firft approach of the excited
tube in the firft way of trying this experiment, or on
the firft approach of the exhaufted tube to the excited
bar, in the laft way.

It remains therefore to be thown how this inner fur-
face, and the part of the glafs neareft it, can be fo affect-
ed, as it is, without fo ftrong a flow of this eletrical
fluid from the tube or bar.

In order to,be more plainly underftood, I fhall ob-
ferve, that the elettrical fluid within the hollow of the
exhaufted tube is in the fame circumftances with that
in the firt bar, when a fecond bar was brought into
contact with 1t end to end: and that this fecond bar 1s
reprefented in this experiment by the brafs and the per-
fon holding it. Now as the excited tube, applied to the
middle of the firft bar, dilated the eleétrical fluid that
lay neareft it with fufficient force to drive that at a dif-
tance into the fecond bar: {o in this experiment, the
excited tube has power enough to dilate the electrical
fluid at the inner furface of the glafs near it with fufficient
force to drive the diftant part of it in the vacuum, into
the brafs, and the perfon, who holds it: though it has
not power to force any external eletrical fluid into the
glafs itfelf. _

But this power is limited, and the excited tube can dilate
this eleCtrical fluid in thefe circumftances but to a certain
degree; and this it muft do gradually: and confequently,
during the time of doing this, there will be a flow of

this
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this fluid from the inner furface of the glafs to the brafs,
&e. which manifefts itfelf by a ftream of light.

And when the eletrical fluid in the brafs, hand, &e.
is fufficiently condenfed to ballance the force of the di-
lating fluid in the vacuum; no more of it will be driven
out, the flow of it will ceafe, and the lucid light will
difappear.

So long therefore (after the light difappears) as the
excited tube is held at the fame diftance, and alts with
the fame force; the eletrical fluid within the vacuum
and the brafs, &¢. will be kept in equilibrio, the elec-
trical fluid neareft the excited tube being all that time
forced to continue in that degree of dilatation by the
continued force of that tube, and fo to keep the more
diftant part of the fluid near the brafs in the fame de-
gree of condenfation. For {urely the fame power, that
1s able at firft to put them into thefe different {tates, muft

be able to keep them in thofe ftates, fo long asit altswith
the fame force in the fame circumftances.

But on withdrawing the tube, the force of the con-
denfed part of the fluid in the brafs drives that in the
vacuum back again to the inner furface of the glafs,
where the tube had been applied ; and confequently,
there muft be a returning flow of this fluid from the
brafs to the glafs, which will manifeft itfelf by a fimilar
appearance of light fthooting from the brafs to the
glafs ; and this will laft no longer than till the equili-
brium 1s reftored.

F .:’i]“ld
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And this effeét is fimilar to what happens in the two
bars when they are left to themfelves after the tube is
withdrawn, the equilibrium here too being very foon
reftored by the condenfed part of the fluid in one bar’s
gradually flowing into the dilated patt in the other.

And confequently thefe two experiments illuftrate each
other, and the reafoning thus on them both together is
fuflicient to convince us, that the eletrical Auid within
the fubftance of the glafs at its inner furface 1s forced
into a ftate of dilatation by the power of the excited tube
at a diftance : which it is in this cafe enabled to perform
by there being no refiftance of air at that furface to keep
that fluid from dilating.

From thefe experiments we are naturally led to at-
tempt an explanation of the appearances that occur in
electrifying and unelectrifying a large pane of glafs in a
fimilar manner to that in which the Leyden bottle was
accidentally eleétrified at firft. Before the appearance,
that happened on uneletrifying that bottle: no one ima-
gined that glafs could be ele¢trified any other way, than
by being aétually rubbed. But experience fince has taught
us otherwife, and that in order to electrify glafs fo as to
produce thefe appearances with confiderable force, it is
neceffary there fhould be extended over the two oppofite
furfaces of the glafs equal coverings of metal, or fome
fuch body as eafily electrified : but how thefe coverings
contribute to that extraordinary effe¢t has not hitherto
been fatisfactorily explained.

We
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We will fuppofe then an oblong pane of glafs to be
covered in the middle of its upper furface with leaf gold,
{fomehow kept in contact with it, of the fame fhape with
the pane of glafs, but no where reaching within two, or
three inches of its edges: and that the {fame be done on
its under furface, fo that the under-covering may lie
directly under the upper-covering.

The ufe of the upper-covering is this. As every part
of it, from the nature of metal, is equally electrified at
the fame time that any one part of it is ; the whole ex-
tended furface of the glafs immediately under it lies
equally expofed to the action of the electrical fluid, when
that cover 1s eletrified.

Let us then fuppofe that a Communication is made by
awire from the eleétrifying machine to this upper cover-
ing : it will follow then, that, whenever the machine is
put into meotion, the eleftrical flud will be directed
down the wire into the upper covering, and when there,
will exert its full force againft its whole extent of the
glafs immediately under it : and that this force will be
greater than the force of an excited tube on the fame
furface of glafs would be, when 1t was only brought near
it, becaufe the flow of the fluid to the glafsis lefs refifted
by the metal wire and covering, than it would be in the
other cafe by the air it muft pafs through to get at it ; and
this is another ufe of the covering.

Let us in the next place fuppofe a communication to
be made by another wire between the under covering

F2 and
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and the ground, it is plain on a fuppofition that the
glafs was electrified, that great part of the refiftance to
the efcape of the eletrical fluid through the under fur-
face of the glafs will be taken off, as metal refifts fo
much lefs than air, and all the whole furface of the glafs
immediately over this cover can difcharge its fluid into
the wire at once, and fo into the ground. This therefore
i1s the ufe of the uncovering and its wire.

Let us next attend to the glafs. We are to confider
no more of it, as to its being eletrified, than what lies
immediately between its two coverings; for the rims
of the glafs, that are left uncovered and expofed to the
air, ferve to prevent any of the electrical fluid’s paffing
through the edges or points of the pane of glafs or from
one cover to the other.

Now this parallelopiped of glafs (when no communi-
cation is made with the ground) feems to be much in the
fame circumftances with the bar when its two ends were
armed with glafs; and we faw the bar was m thofe
circumftances electrified ftrongly plus when the excited
tube was brought into contact with it, and {fo had no
air between it and the bar to refift the entrance of the
fluid into the bar.

Though the refiftance is not fo entirely taken off, in
the prefent cafe, as if an excited tube was in contact with
the glafs, yet it is greatly diminifhed by the eletrical
fluid’s being conducted thus to the glafs through metal,
without pafling through air at all: and therefore we

have
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have reafon to believe the glafs is put into the moft
favourable circumftances to be ftrongly elettrified,
from every thing we have yet feen in eleétrifying
of metals.

But experience has fhewn us the contrary, and that
glafs cannot be fo electrified ; but that the refiftance muft
be taken off from its under, as well as from its upper
furface. It is therefore contrived, by placing the covers
and wires as we have done, that the efcape of the fluid
may be as much promoted through the under cover by
the wire that communicates with the ground, as the en-
trance of it into the glafs through the upper cover is by
the wire that communicates with the machine.

We fhall now, therefore, propofe an experiment on
the pane of glafs very nearly in thefe circumftances.

Let the pane of glafs, covered thus on each furface,
be fupported by four drinking glafles, one under each
corner; and let a finger be held within an inch of the
under covering by a perfon ftanding on the ground;
and let the wire, which communicates with the electri-
fying machine, reach lkewife within an inch of the
upper covering, and end with a knob, as large as the
finger’s end.

By thus bringing the finger and the wire almoft, but
not quite into contact with the covers, we gain this ad-
vantage, that when any eletrical fluid flows from the
wire into the upper covering, or from the under cover-

ing into the finger, it muft pafs through an inch of air
and
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and fo give a vifible proof of its doing fo, by produc-
ing a fpark.

If now the machine be fet in motion, there will a
{park be feen iffuing fromthe wire, and at the fame time
an equal {park from the under cover ; and then another
and another from the wire, accompanied at each of the
times with an equal fpark from the under cover; but
thefe {parks will continue thus fucceeding each other
from the wire and under cover for a certain time only,
and then ceafe, notwithftanding the machine be kept
equally in action for ever {fo long a time, and the wire
and finger be kept in the fame places.

Now from this experiment it {hould feem, that what-
ever was thrown in at the upper cover pafled out again
immediately in equal quantities at the under one, and
therefore, that the eleétrical fluid has a free paffage
through the pores of glafs, and meets with no refiftance;
and confequently, that the glafs is not atfelf electrified in
thefe circumftances; and indeed, if after thefe fparks
have ceafed appearing, and both the wire of communi-
cation and the finger are removed ; a finger be brought
to either covering at different times, there will none
or very {light figns appear of the glafs’s being eleCtri-
fied.

But if any one, who argues from thefe fatts that
the glafs 1s not eletrified, will hold one finger m con-
tact with one cover, and then approach a finger of his
other hand to the oppofitecover, the will receive {o fevere

a
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a ftroke, as will convince him that the glafs was very
ftrongly eletrified ; though before it gave little or no
fign of it, in the manner metals do; which part with
their overload readily wherefoever they are touched by a
body that is not electrified itfelf.

The fact however 1s undoubtedly true, that as much
of this fluid 1s thrown out of the glafs at the under fur-
face through the under covering into the finger, as is
thrown into it from the wire at its upper furface
through the upper covering; but the reafoning upon
this fact is evidently falfe, as it contradicts experi-
ment.

Let us fee how our doétrine of refiftances will enable
us to folve this difficulty.

Let us call the refiftance at each furface of the glafs,
fix; by which I mean that the upper refifts the entrance
of the fluid into the glafs, and the under refifts its exit
out of it, with the fame force, equally to fix: and that
the machine acts with a force equal to nine.

Then will fix of this nine be ballanced by the refift-
ance, {ix, at the upper furface, and the fluid will be:
forced into the glafs with the force, three only; and
confequently, when the machine has exerted this force,
nine, and condenfed the electrical fluid within the glafs
to fuch a degree, as the force, three, can condenfe it to;
it can do no more; becaufe the refiftance at the furface,
fix, and the expanfive power of this fluid, three, (which, .
from the nature of an elaftic fluid, endeavours, where-

ever
2
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ever it lies, to expand itfelf equally every way with the
fame force with which it is condenfed) added together

makes nine, 7. ¢. is anexact ballance to the force of the
machine.

Now this fluid, thus forced into the glafs, endeavours
immediately to expand itfelf every way, as foon as ever
it begins to be thrown into it, towards the edge and
corners of the glafs, as well as towards the oppofite
furface.

But thefe edges and corners of the glafs are every way
fo ftrongly guarded by the length of the rim that is
purpofely left expofed to the air, that the fluid is pre-
vented to efcape through them by the refiftance of
the air and the thicknefs of the glafs it has to pafs
through ; whilft the under furface 1s only fuppofed to
refift with the force, fix, and is purpofely cut off from
any affiftance from the air : and confequently from the
time, that any of this fluid 1s thrown into the glafs at
the upper furface till all 1s thrown in (that the force,
three, can throw into it) as much will be thown out at
the under furface, where the refiftance is leaft; or n
other words, the refiftance at this furface will gradually
be reduced to three, and then there will be an equili-
brium between all the forces.

Thus we have feen before, in the experiment of the
exhaufted tube, that the excited tube, when kept at a
eertain diftance from it, had a power to drive the elec-
trical fluid out at the inner {urface of the glafs, though

no
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no electrical fluid pafied fo far into the glafs as to reach
that {urface; and therefore we may here imagine it
poflible, that the excited fluid penetrating thus to a cer-
tamn diftance within the upper furface may act at a dif-
tance on that near the under furface, and fo force it
out, till there is a ballance between the expanfive force
of this condenfed fluid, and the refiftance at the under
furface: and thus the refiftance fix at the under {urface,
will be reduced to three; juit as the force, nine, of the
machine was reduced to three, by the refiftance, fix, at
the upper furface of the glafs: and all will remain in
equilibrio.

Confequently, allthe while themachineis condenfingthe
fluid within the glafs near its upper furface, it is likewife
dilating the fluid, naturally in the glafs, near the under
{urface ; which it cannot do without forcing fome of it
out : and therefore 1t 1s reafonable to expect from this
doctrine, asthewire and finger are not 1 abfolute con-
tact with the covers, that fparks of fire thould con-
tinue to appear at both furfaces during this time,
and no longer; and that the inftant they difappear, the
fluid within the glafs exactly ballances the fluid with-
out. |

For the machine, never acting with more force than
nine, has this force ballanced by fix, the refiftance at
the upper furface, with the additional force, three, of the
condenfed fluid near it; and the condenfed fluid aéting
the contrary way towards the under furface with the

G fame
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fame force, three, is ballanced by the remaining force,
three, at thatunder {urface.

Now the only difficulty. here arifes from our want of
conceiving how a quantity of elaftic fluid can lie con-
denfed 1n one part of the glafs, whilft its neighbouring
fluid in another part is attenuated ; but when experiment
is {ftrongly on one fide, and nothing but this difficulty of
conception appears on the other, the latter ought to give
way : efpecially as we know not yet how far the par-
ticular make of glafs may contribute towards this ef-
fect.

To explain how experiment is ftrongly on one fide,
we muft confider the thing more carefully, and compare
the prefent experiment with that of the exhaufted
tube.

In the experiment of the exhaufted tube, we faw
that the excited tube acted at a confiderable diftance on
the glafs of the exhaufted tube, fo as to produce a lucid
appearance in the vacuum for a time ; and on withdraw-
ing the excited tube the lucid appearance returned again,
but in a contrary direction.

Let us now repeat our prefent experiment, and try
what will be the event, if we withdraw the wire of
communication with the machine, as foon as the appear-
ance of fparks ceafes; keeping the finger ftill at the fame
diftance from the under cover.

The event is this. No return of {parks is perceived.

This
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This therefore fecems to be an experimental Proof,
that there is fome power remaining in the glafs itfelf
that prevents the return of thefe fparks, or rather pre-
vents the return of that fluid into the glafs (which had
before been thrown out into the finger) which would have
produced the fparks.

It feems therefore that the force of the machine was
the caufe of the condenfation of the fluid within the glafs
near its upper furface, notwithftanding the refiftance at
that furface; and that this condenfed fluid was the caufe
of that at the under furface dilating itfelf and pafling
out into the finger, notwithftanding the refiftance at the
under furface.

Now if on withdrawing the wire of communication,
this condenfed fluid could dilate itfelf and pafs out back
again at the upper furface, the fluid would likewife re-
turn from the finger into the glafs at the upper furface
and a {park would appear : but the refiftance at the up-
per furface, fix, prevents this efcape of the condenfed
fluid out of the glafs, as it endeavours to dilate itfelf
only with the force, three.

Confequently, the condenfed fluid within the giafs
near 1ts upper furface is the power, remaining in the
glafs, when the wire of communication was withdrawn,
that prevents the return of the fparks.

Now 1n the experiment of the exhaufted tube, the
excited tube (having not fufficient power to condenfe:
any fluid within the fubftance of the glafs. of the ex-

G 2 haufted
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haufted tube) muft, when it is withdrawn, take away
with it all the excited fluid it brought with it, ftanding
as an atmofphere aboutit: and therefore the lucid ap-
pearance returned, and this is the reafon of the difference
between thefe two experiments.

Upon the whole, we know by experiment that the
pane of glafs in thefe circumftances remains eletrified;
and we have all the reafon in the world from the equal
appearance of the fparks, to believe that as much fluid
pafles out at one cover as pafles in at the other; and
therefore that the elettrification of the pane of glafs does
not arife from its whole quantity being either encreafed
or diminifhed, as it does in metals, and other bodies.

There remains therefore but one way of explaining
whence this electrification arifes, and that is, the con-
tinuation of the condenfed fluid in the fame fituation at
the upper furface, after the wire was withdrawn, and its
continuing to act with the fame force, as it did when
the machine was in action; and therefore that the
fluid muft remain denfer near the upper furface, and
rarer near the under furface of the glafs, than it does
naturally in unelectrified glafs: or to return to our for-
mer manner of expreffion, that the upper furface
of the glafs is eleltrified plws, and the under furface
MINUS.

There is fomething fimilar to this ftate of the fluid,
in the experiment of the three bars in contact with each
other, when the excited tube was applied at a certain

diftance
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diftance from the middle of the middlemoft bar : For
whilft the excited tube continues there, the middle
bar is eleCtrified mimus, the others, plus. May not the
three bars, as they are in contat with each other, be
looked on as one bar ? and will not the fluid ftand den-
fer in the outer bars, and rarer in the middle one, than
it did naturally, all the while the excited tube continues
its aCtion? So far then the difpofition of the fluid in
thefe bars, confidered as one body, is fimilar to that of
the fluid in the pane of glafs.

But when the excited tube 1s withdrawn, the fluid im-
mediately returns to its natural degree of denfity in all
the three bars : becaufe there is no remaining force to re-
fift its doing fo.

In the pane of glafs, this return of the fluid to its na-
tural degree of denfity within the whole glafs, 1s prevent-
ed by fome refiftance remaining at each of the furfaces
after the machine is withdrawn, and acting with fuffi-
cient foree to ballance the endeavour of the fluid to do fo.
So long therefore as this refiftance continues, fo long
muft the fluid continue in this unnatural ftate..

Now in confequence of the glafs’s being electrified pus
neareft the upper furface, and mznus near the under
furface, there muft, on withdrawing both the finger and
the wire, be left two atmofpheres ftanding on thefe fur-
faces without the glafs, now furrounded (covers and all)
with air; for the fame reafons that the cork balls had:

fuch atmofpheres round them, when one was electrified.
plus,
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plus, and the other mnus: and the atmofphere about
the furface, that is elerified plus, will endeavour to
dilate itfelf from the glafs into the air, whillt that at
the furface eleCtrified minus is endeavouring to dilate it-
felf from the air into the glafs; as was fhewn to be the
cale of the two cork balls. Whenever therefore thefe
two atmofpheres are permitted to communicate with one
another, the former will drive the latter into the glafs
at the furface ele€trified minus: as we faw in the cork
balls.

But the broad column of air, that is in immediate
contac with all the furfaces of the pane of glafs that were
left uncovered, feparates thefe atmofpheres, and pre-
vents their communicating together: and we know in
fact, that a pane of glafs, properlycovered, will remain

cle&rified much longer than metals,
And this leads us into the reafon of there being but

one way of uncle&trifying the pane of glafs with vip~
lence, which is by opening a communication at once
through this column of air between thefe two atmo-
{pheres, as we faw it done by the perfon’s holding his
finger in contact with the under cover,and then bringing
a finger of his other hand, as quickly as he can into
contaét with the other cover; which he cannot do fo
quickly but a very ftrong {park will appear, and the
olafs be aneletrified at once, or very nearly fo,

Let us try another way of forming a communication

between thefe atmeofpheres, fo, that the pane of glafs
{hall
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{hall be gradually and quietly unelectrified. If a wie
be bent in a circular form, fo thatits two ends, when it
15 brought to the pane of glafs, may reach within two
or three inches of the covers. If its ends are tapered
down mto fine points, and the middle of it to be faftened
to a piece of fealing wax, and then be brought by this
fealing wax held in the hand into the fituation we have
defcribed, the glafs will quietly and gradually return to
its natural ftate, the denfer fluid elcaping filently
through this wire into the rarer: and what is worth
notice, the wire afterwards will not be eleétrified, not-
withftanding it is fupported by wax, which confines
the fluid within it more than a perfon’s hand would;
and notwithftanding that when the experiment 1s made
in the dark, a very vifible ftream of light appears at each
end of it, till the glafs is unelectrified. May we not
therefore conclude, that nothing more 1s done in this
experiment, than letting the equilibrium be gradually
reftored within the glafs? May we not likewife conclude,
thatthe overplusof fluid inthe condenfed part was exactly
equal to the deficiency in the dilated part ; for otherwife
the wire would have been eletrified either plus or minus 2
and therefore, that during the eletrification of the
glafs, as much of the fluid was thrown out of the glafs,
as was thrown in ; which only feemed probable before:
this experiment was tried. May we not likewife con-
clude, that nothing more was done in the firft way of
difcharging the glafs, than in this, only it was obliged

to
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to be done at once ; and the violence was owing only to
the encreafed velocity with which the fluid was forced
to move into the finger at the upper furface? And that
this encreafe of velocity was fo great, that what in
one cafe was only a continued ftream of faint bluifh
light, was in the other kindled at once into a ftrong
fpark of fire?

This may feem a very minute way of conﬁdering
the caufes of thefe appearances, but it.feems to arife
from the appearances, and to be confirmed by the fol-
lowing farther obfervations on the fame fubject.

The firft obfervation is, that when the wire of commu-
nication with the machine is brought into contact with
the upper cover, and the under cover is left expofed
every where to the air ; and the machine 1s put into ac-
tion, it will never be able to electrify the pane of glafs,
though its force be fuppofed ever fo great, becaufe no
fluid can be thrown out of the under furface, on account
of the joint refiftances of the glafs, the cover, and the
air furrounding it.

But it may be urged, that this joint refiftance muit
be limited, and confequently a power .in the machine
may be imagined greater, and confequently fufficient to
cleCtrify the pane of glafs. To this I anfwer, that no
more of the force of the machine can act upon the up-
per cover, than what it can communicate to the metal
wire, and that all bodies can be eletrified but to a cer-
taindegree, and confequenﬂy, the force of the machine on

that
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that upper cover is limited and but fmall in comparifon
to the joint refiftance abovementioned.
The force of the machine therefore need only be
ftrong enough to eleCtrify this wire as much as it will
admit of ; all fuperior force, by irregularly eleétrifying

the air about the wire, being of diflervice to the experi-
ment.

The {econd obfervation 1s, that if a bent wire (as de-
fcribed above) 1s thus applied at its two ends in contadt,
(or nearly fo) with the two coverings, before the ma-
chine is put into action, the machine will never be able
to eleCtrify the pane of glafs ; notwithftanding the wire
of communication with the machine, and the finger be
each in contact with the upper and under cover ; becaufe
the electrical fluid, conducted to the upper cover by the
wire, has a freer paflage through the bentwire to the un-
der cover, than into the pane of glafs, as metal refifts lefs
than glafs. -

This is a farther confirmation of the caufe alledged
for the bent wire’s difcharging the glafs, when it was
eleétrified ; for {urely the fame caufe that prevents an

effeét from being produced, 1s able to deftroy that effect,
when it is produced.

The third obfervation is this, that without fuch a
wire to form fuch a communication between the two at-
mofpheres; they will of themfelves come together, when-
ever the covers of metal reach too near to the edges and

H corners
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corners of the pane of glafs; the elettrical fluid mfi-
nuating itfelf between theair and the glafs, till it reaches
either the corner and edges of the glafs, or of the un-
der covering; and fo preventing the electrifying of the
glafs at all, or very foon uneletrifying it, if it is electri-
fied to any degree.

This is the reafon why I gave a particular caution,
that two, or three inches at leaft of the under and up-
per furface of the pane of glafs fhould be left un-
covered. '

The next thing obfervable is, the great refemblance
there 15 in thefe two atmofpheres lying thus at the two
furfaces of the pane of glafs, electrified one plus and the
other minus, with the atmofpheres furrounding the two
cork balls, when one was eletrified plus, and the other
HINUS.

In order to fhew this, fuppofe two panes of glafs,
fupported each at the corners by four drinking glaffes,
to be elettrified equally in the manner we have feen ;
and afterwards to be left to themfelves.

When they are thus left to themfelves, 1°. Let a
wire form a communication between the two upper
{urfaces.

No alteratien will happen, becaufe the two atmo-
{pheres, thus communicating together, a&t with no
greater force at each upper covering, than they did be-
fore they communicated together. |

Thus,
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“'Thus, when two. balls are brought together, when
they are each eletrified plus, they do not unelectrify each
other. 'They only repel each other ; and fo would the
panes of glafs, if their repulfive force were ftrong
enough, to do it as they are now fituated.

20, Remove the wire, and let it now form a commu-
nication between the two under covers.

No alteration happens, and for the fame reafon.
Thus when two balls were brought together, both
electrified minus, they did not unelettrify each other.

3°. But if with two fuch wires, a crofs communication
be made from the upper cover of the firft pane to the
under covering of the fecond, with one wire ; and with
the other from the upper covering of the fecond to the
under covering of the firft: the condenfed atmofpheres
will neither of them be confirled, but a free paflage will
- be opened to them to dilate into the panes of glafs, at
thofe parts where they are eletrified minus. The eletri-
cal fluid therefore will circulate round, and reduce itfelf
to its natural ftate both in the panes of glafs, and in
the wires, and not one of them will afterwards remain
electrified either plus or minus.

In the fame manner two balls, when one 1s ele¢trified
plus, and the other minus, and they are'brought rlear
one anotheér, run together and unelectrify each other
mmmediately.

It would be endlefs to produce all the experiments,
that could be brought in confirmation of this way of

H 2 accounting
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accounting for the uncommon appearances, that oc-
cur 1n thus electrifying and unelectrifying glafs : which
agrees fo exaltly with all the other experiments we
bave produced; or rather; which takes its rife from
them.

I {hall therefore ftop here, and only defire the reader
not to carry this comparifon of the effets of the atmo-
{pheres on the different furfaces of the eleétrified pane of
glafs, with thofe on the furfaces of the cork balls, electri-
fied plus and minus, too far. 1 mean only to compare
them in general as fimilar effets ; and do not here con-
fider the comparative ftrength of the powers producing
thefe fimilar effects.—Let us now return to the particular
{ubject of this enquiry.

Thus have we feen that the variety ‘in the refiftances
made by different bodies to being electrified, has led us
into the knowledge why bodies act fo differently in one
fituation from what they do in another, according to the
nature and quantity of the bodies they are contiguous
to; and enabled us to explain the moft amazing ap-
pearance of all, that of the Leyden bottle, which has
excited the attention of all the philofophers (I may al-
moft fay) in the known world.

This our fuccefs in purfuing this train of reafoning is
furely fufficient to encourage us to enquire farther, where
this refiftance is exerted, and from what power #ithin
the body it arifes. |

Now from our knowing by experiment that every
body more or lefs refifts being electrified; which 1s now

allowed
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allowed to mean, that every body r¢/iffs the pafiage of the
eleCtrical fluid either into them, or outof them, though
Jome do 1t with a greater force than others; we may very
reafonably conclude, that when this fluid 1s endeavour-
ing to get into any body, the refiftance 1t meets with
is exerted at that particular furface, at which the attack
1s made : and when this fluid 1s endeavouring to get out
of any body, the refiftance 1t meets with 1s exerted at
all 1ts internal furfaces at once ; and, if the force with
which this fluid endeavours to get in or out, is fuperior
to the force, which endeavours to keep it out or in, at
any place or phyfical point of any of its furfaces, it muit
make its way more eafily there, and confequently will
always pafs that way either in or out.

And there 1s an appearance in glafs that 1s exaétly
analogous to this, with regard to the reflection of the
rays of light, by which itis evident, thata pane of glafs
refifts the entrance of light in at one furface ; and when
it has got in, itas {trongly refifts its going out at the op-
pofite furface ; becaufe at both thefe furfaces, it reflects
or drives off great numbers of rays, that without fuch
refiftance would have pafled readily through the pane of
glafs.

It 1s likewife known, that the rays reflected thus back
into the glafs, upon their endeavour to' get out, and re-
turned #ain to the firft furface, through which they had
once got, meet again with an equal refiftance there to
their pafling out, and are many of them reflected into
the glafs again.

It
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It 15 fhewn farther by Sir Jfaae Newton, that this force
begins to exert itfelf on the rays of light before they
arrive into conta¢t with either of thefe furfaces.

And hence we have reafon to believe, that the refift-
ance we have experimentally fhewn to be made by all
bodies againft being electrified either plus or minus, 15 of
the fame nature with that, which not only prevents the
entrance and exit of the rays of light in glafs, but throws
them off with the fame velocity, great as it is, with
which they endeavour to get into 1, or out of it:
and therefore moft probably arifes from the fame caufe.

And confequently, that this refiftance in bodies to be-
ing eleétrified is exerted, as the other 1s, before the
eleCtrical fluid comes actually into contaét with the fur-
face of any body it endeavours to eleCtrify.

The experiments therefore in Sir Ifaac’s Optics ferve
greatly to confirm the opinion, we have endeavoured to
eftablifh by electrical experiments, that every bedy refifts
the entrance and exitof this eleétric fluid; and that this
refiftance is exerted at fome diftance, before the fluid,
that endeavours either to get in or out, arrives at thefur-
face, where the endeavour 1s made.

Our next enquiry 1s, whence this power arifes, that is
thus exerted at the f{urfaces of bodies.

In order to.anfwer this enquiry, I fhall firft propofe
the examination of the following experiment, agreably
to the way of arguing we have hitherto made ufe of.

Let a perfon ftanding on wax eleCtrify a tube, and
let another perfon ftanding on the ground take as many

{naps,
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{naps, as he can from the tube. There will foon be a
time, when the perfon on the ground will not be able
to get any more fnaps. '

But 1if, when this happens, the perfon on the wax
fets one of his feet on the ground, and keeps it there;
the other on the ground may take fnaps from morning
to night, if he pleafes.

From which plain experiment, the following confe-
quences may very evidently be drawn.

1°. That there is a quantity of this eletrical fluid na-
turally in the perfon, ftanding on the wax, that by the
contrivance in making the experiment is thrown into the
perfon, ftanding on the ground.

2° That there 1s but a certain limited quantity of
this fluid in the perfon, ftanding on the wax. Becaufc
the ceflation of the fparks thews, that there remains no
more of this fluid, that at firft produced them: or at leaft,
that if there does remain fome 1n the perfon, it has not
force enough to pufh out, and pafs into the other, that
ftands on the ground, and endeavours to take a fnap,
as he did before.

3°. Therefore the caufe of the fluid’s paffing out, and
producing the fhap, is the condenfation of it at that
part of the perfon, which touches the tube in rubbing
it ; and fo long as this condenfation of it can be made
with a degree of force that is {uperior to the refiftance
made againft its efcape, it will continue to produce
fnaps: but no longer.

¢ . Now



[ 56 ]

4°. Now the perfon ftanding on the ground muft be
confidered as one body with the earth, and what little
fluid is thrown into him cannot produce any fenfible
encreafe of denfity in the immenfe quantity on the whole
{urface of the earth: and therefore he will not be fen-
fibly elettrified, how many fnaps foever he may have
taken. |

t°. When the perfon on wax does but touch the
ground with his foot, he likewife muft then be confidercd
as one body with the earth, and confequently, that
the degree of denfity in his whole body cannot be fen=
fibly altered, though ever fo many {naps are taken; be-
caufe whatever pafles out of him, pafles into the other,
i. e. in their prefent circumftances, pafles into their
common ftock 1n the earth.

6°. In thefe circumftances therefore neither of thefe
perfons ought to continue to be electrified, according to
our reafoning : and it is true in fact that they do not.

7°. Whence it feems to follow that every animal that
{tands on the earth, every vegetable that grows on it, the
whole watery element that flows upon its furface, all
minerals, and metals within the earth, as well as the
air without, partakes of this common ftock in the genc-
ral courfe of nature: without being fenfibly electrified.

Whence therefore arifes thewr refiftance to be-
ing fenfibly eleCtrified ? In order to anfwer this;
we have feen, that whillt any body continues to
be fenfibly, or perceptibly eletrified, whether it be

pluss,
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Plus, or minys, inany of the experiments made on them by
art, there is an atmofphere of this ele¢trical fluid formed
round them, {ufficiently ftrong to ballance every power,
that endeavours to eletrify them above a certain degree:
otherwife they might be eleCtrified more and more wizh-
out limit.

This atmofphere therefore, thus furrounding the fur-
faces of bodies, when artificial force eleétrifies them, 1s
what refifts their being ele&trified mere; and when it
abfolutely prevents it, muft be equally denfe and power-
ful with that electrical fluid that flows from the excited
tube, or machine, which endeavours to force its way
through thefe atmofpheres into the bodies, in order
to eleCtrify them more.

In the ordinary and quiet manner, in which the im-
perceptible works of the Author of nature are carried on
among the component particles of the grofs bodies on or
near the furface of the earth; this fubtile, attive, eleftri-
cal fluid, which not only furrounds each grofs body, but
pervading its pores, furrounds every component par-
ticle of it, where 1t 1s not "1n abfolute contalt with its
neighbouring component particle; this active fluid, I
fay, can not be idle, but muft be in action, though that
attion be imperceptible to our fenfes: and it muft in an
imperceptible degree be varying its condition in all the
parts of bodies whatever, 7.e. n our prefent way of ex-
prefling of ourfelves, be eleCtrifying them plus or minus,
though not fo forcibly, asto give {enfible figns of it,

I We
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We may therefore not unreafonably conclude, that all
bodies whatever in their natural fituation, and all their
component particles, have furrounding their furfaces,
not in abfolute contact with other furfaces, an imper-
ceptible atmofphere of eletrical fluid fufficient to ballance
the fmaller force with which they are attacked ; every way
fimilar to the perceptible atmofpheres at the furfaces of
bodies eletrified forcibly either by art, or the violent ex-
plofions 1n nature.

In thefe atmofpheres, which furround the furfaces of
all bodies, 1s placed the power, which occafions the re-
fiftance found experimentally to be made againft thofe
bodies being elettrified to a higher degree, than they are
naturally before we attempt to eletrify them percepti-
bly to our fenfes: and the power is the elafticity of this
fubtile eletrical fluid, every where difperfed indeed
where grofs bodies are out of the way, but likewife con-
fined within bodies differently, according to their different
fituations and neighbourhood to other bodjies.

And thefe atmofpheres may be encreafed, or diminifhed
to a certain degree many ways by art; and when this is
done with violence, the natural contexture of the bodies
is altered in proportion to the violence.

Thus we fee even, by the {mall force of our electrical
machines, very manifeft tokens of the eletrified bodies
not only parting with their natural thare of the eleGrical
fluid, but of many of their component particles ; which
may be perceived by the fmell the yield on being eleétri-
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fied, and the rays of light they throw out, which, mixing
with the air, occafions »eal Fire.

Thefe are proofs of the atmofpheres being encreafed,
as they only happen on the fudden diffipation of them by
art, after they were thus encreafed. Before they were
thus diffipated, therefore, they kept the body, they en-
clofed, compaé? and entire; and if the force, which had
encreafed them, had gradually withdrawn itfelf, thefe
atmofpheres would gradually have returned to theur na-
tural degrees of denfity, and the bodies to their natural
{tate, both with regard to their component particles,
and their natural (hare of this fluid and of the rays of
light within them, which were all difturbed and in action
before.

With regard to the encreafe of denfity in thefe atmo-
{pheres, what has been faid may be little efteemed as arif-
ing from theory: but it muft be remembered that this
theory has been very carefully raifed from experiments,
and can only be deftroyed by fhewing {ome fallacy in our
reafoning, .or fome experiment in contradition to it.
When this happens, this theony muft either give way,
or be improved.

With regard to the diminifhing the degree of denfity
in thefe atmofpheres, I{hall produce an experiment or
two, very well worth att;nding to, -as I think they will
amount to an experimental proof, the beft proof, of the
whole doctrineI have advanced in thefe fheets.

12 Glafs,
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Glafs; we have obferved, and feen in éxperiments, 1s
the moft difficultly electrified of any of the common
bodies we try our experiments upon : and therefore has
the moft refifting a'tﬁmfphere on its furfaces, according
to our way of reafoning, by which it fo ftrongly refills
electrification, 7. e. the denfeft atmolphere.

Metals refift being electrified with much lefs force, and
confequently have, in'the fame way of arguing, at-
mofpheres on their furfaces which refift but weakly,
7. e. not the denfeft atmofpheres.

Heat is known to rarify all bodies, both fluid or folid,
and if a glafs be heated to a certain degree, even below
melting, it will conduct, as it 1s called, the ele€trical fluid,
7. e. 1t will refift its entrance into it, or its exit out of it,
no more than metals do: and when melted, no more
than water. |

A fubtile and elaftic fluid moft undoubtedly muft
be rarefied fooner than fo denfe a body as glafs; and
therefore it {eems moft probable that the refifting atmo-
fphere around its furfaces is rendered equally rare, or
weak by the heat, with that of metals, and therefore
refifts the paflage of the eletrical fluid through the
glafs no more than brafs or any other metal does.

And this feems to be confirmed by the glafs’s refifting
this paffage through it more and more as it gradually
cools: till at laft when it is quite cold, it refifts as forcibly
as ever againft any entrance of the eleCtrical fluid nto
it

Wax
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Wax is a fubftance, which refifts eletrification per-
haps as much as gla®t, but certainly more than metals,
whilft its furface is every where fmooth and polifthed :
but wax i3 very cafily melted with a fmall degree of heat;
and fo 1its atmofpheres are very readily brought down to
the fame degree of rarity with thofe of metals: and {o warx,
even by the degree of heat raifed by friction, feems to be-
come a conductor of the electrical fluid, rather than any
{top or impediment to its flow.

The fame 1s true of brimftone; and hence will appear
the reafon of the appearances in the following ex-
periment.

“If a glafs globe be fo placed as to communicate with one
end of the bar of metal, fufpended on filk ftrings in the
air, and afulphur one be fo placed, as to communicate
with the other end of the bar; and both be fuppoled to
be in equal order, and in equal motion, and equally
rubbed, the bar will not be eletrified at all ; as appears
from our not being able to get a fingle {fpark from
1t.

Brimftone is claffed with glafs, wax, refin, &e¢. as
naturally refifting being eleétrified with confiderable
force, but like wax does not refift heat on friction fo
ftrongly as glafs; and therefore has the atmofphere on
its furface (by which it refifts being electrified) more
cafily reduced to the fame degree of weaknefs with

‘that of metals, by frition, than the atmofphere on
glafs.

In
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In the experiment, both the globes are fuppofed to be
equally 1n motion, 7. ¢. equally rubbed. So foon there-
fore as ever this rubbing the fulphur globe has attenuated
the atmofphere on its furface by heating 1it, the globe
and the machine, that moves it, become conduétors of
the electrical fluid that 1s thrown into the bar from the
glafs globe, and convey it away or give it as eafy a paf-
fage into the earth, at if the bar itfelf communicated with
the earth.

It is the heat therefore arifing from the fri€tion on the
globe of fulphur, that is the real original caufe of thefe
appearances, by diminifhing the refiftance which fui-
phur naturally makes againft being eleétrified when
left to itfelf unrubbed.

And accordingly, when the globe of fulphur is kept,
unrubbed, without motion ; and the glafs tube is put
into motion, the bar will be electrified, and a {fpark will
readily be obtained. |

The globe of fulphur, which naturally refifts electri-
fication with force enough to be clafled with glafs, &e.
whilft it is left to itfelf, changing its nature thus on its
furface’s being heated by friction, and becoming a ready
conductor of the eletrical fluid through the machine,
that puts it into motion, into the earth : is a very ﬁrqng
confirmation of the truth of what we affert, that the
refiftance to being electrified in all bodies is -exerted at
their furfaces, and that the caufe of this refiftance is an
atmofphere (lying at thefe furfaces) of the fame eletrical

fuid
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fluid of different denfities according to their different
circumftances with regard to the nature and quantity of
the bodies immediately furrounding them.

- Becaufe it thows us, as we before obferved on glafs
and wax, that heat, arifing from the rubbing, attenu-
ates the eleétrical atmofphere on the furface of the ful-
phur globe, and fo takes off the caufe (in our way of
reafoning) of the refiftance, that fulphur naturally makes.
to being electrified.

To make it ftill plainer that the refiftance to eletrifi-
cation 1s made at the furfaces of bodies, I will thew in
the following very curious experiments, that the ele¢trical
fluid in paffing from one body to another will always
take that way, in which it meets with the feweft furfaces
to break through. |

Let a Leyden bottle, that has a hook in its coating, be
elettrified and fet down on glafs, and left to itfelf, Let
oneendof a clean chain (fuch a one as is commonly ufed
for a+jack, but rather lighter) be fixed on to the hook in
the coating ; and leta perfon grafpthe coatingof the bottle
with one hand, and with the other hand bring the other
end of the chain and his finger and thumb that holds it,
at the {fame time into contact with the wire of the bot-
tle. Here then are two ways offered for the eletrical
fluid to pafs from the wire to the coating, either throu gh
the perfon; or the chain : and if the links of the chain
hang loofely on one another, it pafles through the per-
fon, and he is fhocked very nearly as much as if the

chain
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chain was not there. But if the chain be ftretched by
any contrivance, fo that its links are all in abfolute con-
tact with each other, the fluid will pafs through the
chain, and the perfon will feel no fhock at all. And
this will be the cafe, let the chain be ever {o long.

Whence it follows, that the eleétrified fluid does #of
always pafs from one body to another by the fhorteff way,
but on the contrary it will go about, and pafs that way
in which it meets with /a/? refiftance.

Now if the chain alone forms the communication be-
tween the wire and coating of the bottle, and it 1s {pread
{o on a table, that the links of it {carce feem to touch
one another ; there will not only be a {park feen on the
approach of the end of the chain to the wire of thzbottle:
but a number of them will appear very vifibly, when the
experiment is made in the dark, viz. at every place,
where the links do not abfolutely touch one another.
But when the chain is firetched tight enough to have
every link in abfolute conta¢t with its neighbouring
links, there appears but one {park on bringing the end
of the chain to the wire of the bottle;- the whole chain
then forming one continued metal. - | .

By the appearance of thefe {parks, or their non-appear-
ance, we judge whether the ele&ncal fluid paﬁbs through
the chain or no. .

Now in thefe experiments, we have {een that when
the links of the chain were loofe, the perfon was fhocked,
and the fluid pafled through him; and that it did not

pals
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pafs likewife through the chain appears from the ex-
periment, becaufe no f{uch f{parks appear between the
links.

Whence we may fairly conclude, that the refiftance
made to the paflage of the electrical fluid through the
chain, arifés from the fum of the refiftances at the differ-
ent furfaces of the links, it was to break its way through,
in paffing through thechain. Becaufe when the linkswere
forced into contaét with each other, and fo the whole
chain was made’ one continued metal, this refiftance is
entirely taken off, the perfonis not at all affected on the
difcharge of the bottle, nor do any {parks appear be-
tween the links.

Now if the experiment be repeated in the following
manner, this confequence will be ftill plainer. Let one
end of a wire, ever fo long, be faftened to the hook at
the coating of the bottle, as well as the chain, and let
a perfon, grafping the bottle, as before, bring the other
ends of both the wire and the chain into contaé& with
the wire of the bottle, and let the links of the chain lie
loofe on the table; or let the chain not be firetched.

Here are plainly three ways, the electrical fluid may
pafs on the difcharge of the bottle, through the perfon,
through the chain, or through the wire: and the event
of the experiment fhows that it does not pafs through the
perfon, becaufe he feels no fhock ; and that it does not
pafs through the chain, becaufe no fparks are feen" be-
rween the links; and therefore that it paffes through
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the wire, where it meets with but one furface to break
through ; 27z. the furface at the end that is brought to
the wire of the bottle, the other end of it being fuppofed
to be in contact with the hook at the coating of the
bottle.

I fhall obferve, bythe by, that no one, who had not
made the experiment, would imagine with how much
force the chain muit be ftretched before the experiment
will anfwer, and the eleCtrical fluid pafs through it with-
out producing a {park at any of the links, 7. ¢. before
the links can be brought into abfolute contact with each
other : which one would naturally think their weight
alone would be fufficient to do.

But it appears that their weight will not do ‘this, but
that fome additional force, independent of themfelves,
or their weight, is required to bring them into abfolute
contaét. '

This, therefore, 1s a ftrong confirmation of Sir Tfaac
Newtor's affertion, that when a convex glafs is laid upon
a plane glafs, they do not abfolutely touch; but that
they muft be fqueezed together with fome force before
theycan be brought into abfolute contaét, foas to produce
the effets vifible in fome of his niceft experiments, which
‘depend on their abfolute continuity.

From all thefe obfervations, and experiments, we
‘may conclude, that the power which produces the refift-
ance we find in bodies to be electrified either plus or
minus, 1s the elafticity of thefe fmall atmofpheres of the

electrical
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electrical fluid, which are formed at all their furfaces
by the actions between the particles of this fluid (both
within and without bodies) and the component particles
of the bodies: and therefore muit be different at the

{urfaces of different bodies.

- We fhall in the next place endeavour to explain, how
light bodies at' confiderable diftances from an elettrified
body, are driven to and from that body.

‘We have feen, that on bringing an excited tube near
the middle of a bar, it eleétrifies it minus, and confe-
quently, puts the electrical fluid within it into a ftate of
dilatation; whence we may conclude in general, that this
fluid every way furrounding the tube in the air to a
certain diftance, is in the fame manner put into a ftate of
dilatation ; and in confequence of this, that beyond that
diftance, it muft be put into a ftate of condenfation: or
more properly, that this fluid is rarer, than it naturally
1s near the furface of the excited tube, and grows gra-
dually denfer and denfer, till'at that diftance, to which
the power of the tube extends, it returns to its natural
denfity again.

Whence it will follow, that any light body, that 1s
within this diftance, will be forced from the denfer to
to the rarer part of this fluid furrounding thus the ex-
cited tube ; and fo {feem to be attracted by it.

But as foon as this light body in pafiing thus from the
denfer part of this fluid through the rarer, during its
approach to the excited tube, becomes {ufficiently elecs
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trified to have an atmofphere collected round it, of the
fame nature with that of the excited tube; 1t muft, as
has been fhewn before, be driven back again from the
tube : and that its being thus driven back again, is ow-
ing to its having acquired fuch an atmofphere, 1s evident
from this, that whenever afterwards it comes near any
body more eafily eletrified than itfelf, and communi-
cating with the ground, its ele¢trical atmofphere is diffi-
pated ; and it immediately returns to the tube again ; for
the fame reafon, as at firft.

'Thus have we gone through the moft mtereﬁmg uf
the eleCtrical experiments, and from the various appear-
ances they afford, it appears, that the electrical fluid
1s as univerfal and powerful an agent at or near the
furface of the earth, asthat fluid, which Sir Jfzac Newton
in his Optics, callsather ; that it is as fubtile and elaftic
in its nature, as @ther 1s; and as @ther does, that it per-
vades the pores of all bodies whatever, that we are con-
verfant with ; is difperfed through whatever vacuum
itis in our power to produce by art; and from the natu-
ral pheenomena of Thunder, Lightning, &¢. feems
to be extended to very great diftances in the air.

We fhall make no {cruple therefore now to affirm, that
thefe two fluids are one and the fame fluid; as it is much
more philofophical to do fo, than to fuppofe two fuch
fluids, each of them equally capable of producing thefe
effeCts, and equally prefent every where; which would be

multiplying eaufes, where thereis no mannerof occafion.
The
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~The word eledtrical, is of too confined a meaning to
be a proper epithet for a fluid of fo univerfal an activity
as this is found at laft to be, from the experiments we
have been confidering, becaufe it exprefies its power but
partially.

Elefiricity means no more than the power we give
bodies by rubbing them, to attract and repell light bodies
that are near them, in the fame manner as amber does,
when it 1s rubbed. But this fluid not only makes hght
bodies, that are near an eletrified body fly to and from
that body, and fo appear to be attracted and repelled: but
it heats them by putting their component particles, and
the particles of air and light within them, into a vibrating
motion ; and. makes them throw out the rays of light
that before lay hid, and part with their fulphureous and
volatilecomponent particles, which, with the raysof light,
on mixing with the air, burft out into fparks of real
culinary fire, as the chemifts exprefs themielves ; nay,
more, 1n pafling through ammals, it occafions convul-
fions, tremors, pain, and death fometimes: and in
pafling violently through leaf gold, held tight between
two pieces of glafs, makes a fufion-both of the gold and
the furfaceof the glafs, fo inftantaneoufly, that no fenfible
heat remains in them, and they immediately after be-
come incorporated, and form an enamel.

It 1s likewife improper to call this fluid, Fire.

Air may juft as properly be called found, as this fluid
ean be called fire, 'When found is produced, the parti-

cles
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cles of the air are put into {o regular a motion as to con-
vey fuch fenfations by means of the ear as raife the idea
of found. But air is not therefore found. In the fame
manner, when a body has all its component particles
thrown into fuch agitations in the air, by the force and
altion of this fluid within it and without it, that it
grows hot, and fhines, and glows and confumes away in
{moak and flame, we fay the body is on fire, or burns;
but this fluid is not therefore fire: nor can it, without con-
founding our ideas, have that name given to it; nor
indeed can fire be called a Principle, or Element in the
chemift’s fenfe of the word, any more than found can.

Sir lfaac Newton, at the end of the Principia, in the {fe-
cond edition, anmo 17173, defcribes this fluid and its
effects inthe following words, and fays exprefsly, that it is

the caufe of the eletricity.
< Adjicere jamliceret nonnulla defpiritu quodam fubti-

liffimo corpora craffa pervadente et in 1sdem latente :
cujus vi, et altionibus particule corporum ad zzuimas
diflantias {e mutuo attrahunt, et contigu® /i« coharent:
et corpora elellrica agunt ad diflantias majores tam repels
lendy quam attrabends corpufcula vicing': et lax emittitur,
reflectitur, refringitur; infleCtitur, et corpora calefacit :
et fenfatio omnis excitatur, et membra animalium ad
voluntatem moventur vibrationibus {cilicet hujus fpiritus
per folida nervorum capillamenta ab externis fenfuum
organis ad cerebrum, et a cerebro ad mufculos propaga-

tis. Sed heec paucis exponi non poffunt; neque adeft

Sfufficiens
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fufficiens copia experimentorum, quibus leges actionum
hujus fpiritus accurate determinare et monftrari de-
bent,”

No one, we think, can read this paragraph, after
having confidered the appearances in the experiments
~ defcribed above, without recolle¢ting inftances in {fome
one or other of them, of almoft all the effeéts of this
flurd, enumerated in it : and agreeing with us, that the
other appearances among electrified bodies, as well as
that of their repelling and attracting light bodies that are
near - them, may all of them arife from the force and
ation of this fluid, on the component particles of the
bodies ; on the rays of light within them; and onthe air
they are in; and the reaction of thefe upon the wther.

When a flint and fteel are ftruck together with fuffi-
cient force and velocity, a fpark of fire, as we callit, is
produced, which readily fires gunpowder, or hghts tin-
der: but {foon cools, if left to itfelf.

Now if fuch a fpark be caught on atheet of paper, and
examined in a microfcope, it will be found to be a piece
either of the flint or of the fteel, ftruck off, fo exaltly
fpherical, and polifhed, that the windows of the room
may be feen in it in the fame manner as they are in a
large polifthed fphere of metal or glafs: and they
could not be fo {pherical, and well polifhed, asthey are
found to'be, if they had not been melted and kept in this
form by the cohfion, of their component particles.

In
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In either of thefe cafes, a piece of flint or. fteel 1s
cvidently feparated from the body, and its component
particles put into fuch agitations among each other, as to
throw off the rays of light that were among them, and
fhine and melt, and afterwards cool in a {pherical form:
by the ation of the @ther on light and air, and thefe
component particles ; and the reaction of thefe upon the
zther; on their being all put into action at once by the
brifknefs of the ftroke.

There would have been no fuch {park produced, if any
of thefe had been wanting; and confequently, they are
all neceffary, though perhaps not equally fo, to the pro-
ducing of this effe¢t ; the xther feeming to be as power-
ful an agent as any amongft them ; without which the
inteftine motion among the component particles of the
piece ftruck off, could not have been kept regularly
up, even for the very {fmall time in which thefe changes
are made in that piece.

In the fame manner are the appearances of light in
thefe elettrical experiments, whether in faint ftreams of
different colours, or in bright and active fparks, to be
confidered ; as arifing from fmaller parts of grofs bodies
{eparated from them, and carried off by the activity of the
excited ther, pafling from one body into another ; which,
parts, though imperceptible to us, muft have their com-
ponent particles put into agitations amongft themfelves,
and, in being decompofed, part with the light (that be-

fore lay hid within them) and their moft volatile parti-
cles;
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cles; and fo fhine, and fmell, and explode in pafling
through the air.

And not only thefe appearances of light, {parks, and
explofion, but the effeCts of them on bodies, expefed
to them in eletrical experiments, feem all to be explicable
by the mutual ation and reaction of the mther, of the
component particles of the fmall parts of bodies thrown
off in thefe experiments, of the particles of light within
thefe, and of the air, one upon another, when they are
once made active by friction.

A more minute, or exact explanation of every parti-
cular appearance of this kind in each electrical experi-
ment, we were to confider, was never defigned 1n this
enquiry ; as has been faid before. Our intention being
only to thew from a number of experiments, moft of
which were known to thofe converfant in thefe things,
that whatever fluid was the caufe of the very furprifing
effets produced in them, muft be of the fame nature,
and as univerfal, and as powerful, as the xther which
Sir Jfaac in his Oprics fufpects even to be the caufe of gra-
vity.

Thefe experiments, therefore, feem to us {fo many
confirmations of the exiftence and properties of fuch a
fubtile, elaftic fluid every where difperfed about theearth;
and though they fhould not be thought abfolutelyto prove
its exiftence every where, they may be fairly added to the
number of thofe experiments, that cannot be fatisfac-
torily explained without it: and by putting us in

L a
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a right track, may perhaps enable us to obtain a fufficient
plenty of thefe fort of experiments to make us certain
there 1s fuch a fluid actually exifting every where ; and
what the laws of its action are.

If the laying thefe experiments in the order we have
done, and our reafoning upon them, fhall any way con-
duce to {o valuable an end; we fhall think our time very
well employed, and our purpofe anfwered.

We are very fenfible, that there remains to be ex-
plained, how rubbing a tube rarifies the @ther around it;
nay more, how the tube once excited by rubbing will
retain this virtue for a confiderable time after the rub-
bing has ceafed : but this we muft leave to another op-
portunity, the explanation of it neceffarily leading to
greater lengths, than our prefent defign feems to require,
~ We fhall only add, with regard to Sir Tfaac Newson,
that this opinion of his was no new one, taken up in his
latter days, in order to obviate the trifling objections of
foreign philofophers againft the ufe he made of the words
Attraction and Cohefion; but was the refult of his ex-
periments in Opfics, the greateft part of which he made
long before the Principia was publifhed : and in order
to thew this, aswell as the {trit adherence to the truth
of appearances he obferved in all his philofophy; we {hall
conclude with a fentence or two out of “the Preface to.
the firft edition of the Principia, printed in the year
1686: recommending them to the confideration of every

; one,
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one, who is difpofed to a philofophical enquiry into
any part-of the works of the great Author of all nature.
~ “Omnis enim Philofophiz difficultas in eo verfari vide-
tur uta pﬁ_mnﬂmenis motuum inveftigemus vires natura;
deinde ab his viribus demonftremus phenomenareliquas:
et huc {peftant 'prf}pﬂﬁtiﬂnes generaiés quas libro primo

et fecundo pertractavimus.
In libro autem tertio exemplum hujus rei propofuimus

per explicationem fyftematis mundani.

Ibienim ex phznomenis ceeleftibus, per propofitiones
in' libris prioribus maﬂlematiée demonftratas, derivanter
vires “gravitatis, quibus. corpora ad folem et planetas
fingulos tendunt. Deinde ex his viribus, per propofi-
tiones etiam mathematicas deducuntur motus planeta-
rum, cometarum, lunz, et maris.

Utinam catera naturz phnomena ex  principiis
mechanicis eodem argumentandl genere derivare liceret.
Nam multa me movent ut nonnibil fulpicer ea omnia ex wi-
#1bus quibufdam pendere pgﬂe’, quibus corporum. particule per
caufas nondum cognitas, vel in fe nutuo impelluntur et fecundum
Sfiguras regulares cobarent, vel ab invicem fugantur et rece-
dunt : quibus viribus ignotis, philofophi hatienus naturam
ﬁzyim tentarunt.

Spere autem quod huic phllofophandl modo, vel veriori
alicui, principia hic pofita lucem aliquam prabebunt.”

2OS 7-



[ %6 1

P.O S T .S Co R Bl

W E cannot help befpeaking the reader’s candour
with regard to the difficulty of expreffion on{o
nice a fubject, as well as the difficulty of defcribing with
accuracy all the circumftances in thefe nice experiments
which are neceffary to the prodution of the appearances
we argue from; and muft take upon us at the fame time to
affure beginners, or thofe not very converfant in making
thefe experiments, that they muft not conclude they are
not true, becaufe they cannot make them fucceed.

The many and nice precautions in making all forts of
electrical experiments with accuracy, may be feen very
carefully enumerated at the beginning of Mr Wilfor's
treatife on Electricity ; and to the fame treatife we refer
for the experiments, from which we deduce the cir-
cumftances in which bodies differ in their degrees of re-
fiftance to being electrified and unelectrified ; mentioned
page 3 and 4 of thefe Obfervations. |

e S

E iR ol sThod;

Page 5, Line 23, for frogly, read Srongly.
Page 47, Line 5, dele .

Line 6, dele be.
Page 62, Line 8, for at, read as.



