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§ 1. HERE will be the fame explofion and fhock
if the electrified phial is held in one hand by

the hook, and the coating touch’d with the other, as when

held by the coating, and touch’d at the hook.
2. lo



22 New Experiments and

2. To take the charg’d phial fafely by the hook, and
not at the fame time diminith its force, it muft firft be fet
down on an ele€tric per fe.

3. The phial will be eleGrified as ftrongly, if held by
the hook, and the coating apply’d to the globe or tube ;
as when held by the coating, and the hook apply’d *.

4. But the direction of the eletrical fire being different
in the charging, will alfo be different in the explofion.
The bottle charged through the hook, will be difcharged
through the hook ; the bottle charged through the coat-
ing, will be difcharged through the coating, and not other-
ways ; for the fire muft come out the fame way it went in.

5. To prove this, take two bottles that were equally
charged through the hooks, one in each hand : bring their
hooks near each other, and no fpark or fhock will follow ;
becaufe each hook is difpofed to give fire, and neither to
receive it.  Set one of the bottles down on glafs, take it up
by the hook, and apply its coating to the hook of the
other ; then there will be an explofion and fhock, and
both bottles will be difcharged.

6. Vary the experiment, by charging two phials equally,
one through the hook, the other through the coating : hold
that by the coating which was charged through the hook ;
and that by the hook which was charged through the
coating : apply the hook of the firft to the coating of the

* This was a Difcovery of the very ingenious Mr Kinnerfley’s, and by
him communicated to me,
other,
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other, and there will be no fhock or fpark. Set that down
on glafs which you held by the hook, take it up by the
coating, and bring the two hooks together: a fpark and
fhock will follow, and both phials be difcharged.

In this experiment the bottles are totally difcharged, or
the equilibrium within them reftored. The abounding of
fire in one of the hooks (or rather in the internal furface of
one bottle (being exactly equal to the wanting of the other :
and therefore, as each bottle has in itfelf the abounding as
well as the wanting, the wanting and abounding muft be
equal in each bottle. See §. 8,9, 10, 11. Butif aman
holds in his hands two bottles, one fully ele@rified, the
other not at all, and brings their hooks together, he has
but half a fhock, and the bottles will both remain half e-
le@rified, the one being half difcharged, and the other half
charged.

+. Place two phials equally charged on a table at five or
fix inches diftance. Let a cork-ball, fufpended by a filk
thread, hang between them. If the phials were both
charged through their hooks, the cork, when it has been
attracted and repelled by the one, will not be attraced, but
equally repelled by the other. But if the phials were
charged, the one through the hook, and the other * through
the coating, the ball, when it is repelled from one hook,

* To charge a bottle commodioufly through the coating, place it on
a gla6s ftand; form a communication from the prime conduor to the
coating, and another from the hook to the wall or floor. When it is
charged, remove the latter communication before you take hold of the
bottle, otherwife great part of the fire will efcape by it. i
Wi



24 New Experiments and

be as ftrongly attraGted by the other, and play vigoroufly
between them, till both phials are nearly difcharged.

8. When we ufe the terms of charging and difcharging
‘the phial, it is in compliance with cuftom, and for want of
others more fuitable. Since we are of opinion that there
is really no more elecrical fire in the phial after what is
called its charging, than before, nor lefs after its difcharging ;
excepting only the fmall fpark that might be given to,
and taken from the non-eleGtric matter, if feparated from
the bottle, which fpark may not be equal to a five hun-
dredth part of what is called the explofion.

For if, on the explofion, the eleétrical fire came out of
the bottle by one part, and did not enter in again by ano-
ther, then, ifa man, ftanding on wax, and holding the bot-
tle in one hand, takes the {park by touching the wire hook
with the other, the bottle being thereby difcharged, the
man would be charged ; or whatever fire was loft by one,
would be found in the other, fince there was no way for
its efcape : But the contrary is true.

9. Befides, the phial will not fuffer what is called a
charging, unlefs as much fire can go out of it one way, as
is thrown in by another. A phial cannot be charged
ftanding on wax or glafs, or hanging on the prime con-
ducor, unlefs a communication be formed between its
coating and the floor.

10. But fufpend two or more phials on the prime con-
dutor, one hanging to the tail of the other; and a wire
from the laft to the floor, an equal number of turns of the

wheel
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wheel fhall charge them all equally, and every one as
much as one alone would have been. What is driven out
at the tail of the firft, ferving to charge the fecond ; what
is driven out of the fecond charging the third ; and fo on.
By this means a great number of bottles might be charged
with the fame labour, and equally high, with one alone,
were it not that every bottle receives new fire, and lofes
its old with fome reluctance, or rather gives fome fmall re-
fiftance to the charging, which in a number of botttles be-
comes more equal to the charging power, and fo repels the
fire back again on the globe, fooner than a fingle bottle
would do.

11. When a bottle is charged in the common way, its
infide and outfide furfaces ftand ready, the one to give fire
by the hook, the other to receive it by the coating ; the
one is full, and ready to throw out, the other empty and
extremely hungry ; yet as the firft will not give ouz, unlefs
the other can at the fame inftant recerve 122 ; fo neither will
the latter receive in, unlefs the firft can at the fame inftant
give out. When both can be done at once, it is done with
inconceivable quicknefs and violence.

12. So a ftrait fpring (though the comparifon does not
agree in every particular) when forcibly bent, muft, to re-
frore itfelf, contract that fide which in the bending was ex-
tended, and extend that which was contra&ed ; if either of
thefe two operations be hindered, the other cannot be
done. But the fpring is not faid to be charg’d with elafti-

E city



26 New Experiments and

city when bent, and difcharged when unbent ; its “quantity
of elafticity is always the fame.

13. Glafs, in like manner, has, within its fubftance,
always the fame quantity of eleétrical fire, and that a very
great quantity in proportion to the mafs of glafs, as (hall
be thewn hereafter.

14. This quantity, proportioned to the glafs, it ftrongly
and obftinately retains, and will have neither more nor lefs
though it will fuffer a change to be made in its parts and
fituation ; 7. e. we may take away part of it from one
of the {ides, provided we throw an equal quantity into the
other.

15. Yet when the fituation of the elecrical fire is thus
altered in the glafs ; when fome has been taken from one
fide, and fome added to the other, it will not be at reft or
in its natural ftate, till it is reftored to its original equality.—
And this reftitution cannot be made through the fubftance
of the glafs, but muft be done by a non-eleéric communi-
cation formed without, from furface to furface.

16. Thus, the whole force of the bottle, and power of
giving a fhock, is inthe cLAss 1TSELF ; the non-eleGrics
in conta&t with the two furfaces, ferving only to give and
receive to and from the feveral parts of the glafs ; that is, to
give on one fide, and take away from the other.

17. This was difcovered here in the following manner :
Purpofing to analyfe the electrified bottle, in order to find
wherein its ftrength lay, we placed it on glafs, and drew
out the cork and wire which for that purpofe had been

loofe-
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loofely put in, Then taking the bottle in one hand, and
bringing a finger of the other near its mouth, a ftrong fpark
came from the water, and the fhock was as violent as if the
wire had remained in it, which thewed that the force did
not lie in the wire. Then to find if it refided in the water,
being crouded into and condenfed in it, as confin’d by the
glafs, which had been our former opinion, we eleGrified
the bottle again, and placing it on glafs, drew out the wire
and cork as before ; then taking up the bottle, we decanted
all its water into an empty bottle, which likewife ftood on
glafs; and taking up that other bottle, we expeted, if the
force refided in the water, to find a fhock from it ; but
there was none. We judged then that it muft either be
loft in decanting, or remain in the firft bottle. ‘The latter
we found to be true ; for that bottle on trial gave the thock,
though filled up as it ftood with freth unele@rified water
from a tea-pot.—To find, then, whether glafs had this
property merely as glafs, or whether the form contributed
any thing to it; we took a pane of fath-glafs, and laying,
it on the hand, placed a plate of lead on its upper furface ;
then electrified that plate, and bringing a finger to it, there
was a fpark and fhock. We then took two plates of lead
of equal dimenfions, but lefs than the glafs by two inches
every way, and elettrified the glafs between them, by
eleCtrifying the uppermoft lead ; then feparated the glafs
from the lead, in doing which, what little fire might
be in the lead was taken out, and the glafs being touched
in the eleCtrified parts with a finger, afforded only very

£z {mall,
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fmall pricking {parks, but a great number of them might
be taken from different places. Then dexteroufly placing
it again between the leaden plates, and compleating a
circle between the two furfaces, a violent fhock en-
fued.—— Which demontftrated the power to refide in
glafs as glafs, and that the non-electrics in conta&t ferved
only, like the armature of a loadftone, to unite the force
of the feveral parts, and bring them at once to any point
defired : it being the property of a non-eleCtric, that the
whole body inftantly receives or gives what eletrical fire is
given to or taken from any one of its parts.

18. Upon this we made what we called an eleétrical-
battery, confifting of eleven panes of large fath-glafs, arm’d
with thin leaden plates, pafted on each fide, placed verti-
cally, and fupported at two inches diftance on filk cords,
with thick hooks of leaden wire, one from each fide,
ftanding upright, diftant from each other, and convenient
communications of wire and chain, from the giving fide of
one pane, to the receiving fide of the other ; that fo the
whole might be charged together, and with the fame la-
bour as one fingle pane ; and another contrivance to bring
the giving fides, after charging, in conta&t with one long
wire, and the receivers with another, which two long
wires would give the force of all the plates of glafs at once
through the body of any animal forming the circle with
them. The plates may alfo be difcharged feparately, or
any number together that is required. But this machine
is not much ufed, as not perfectly anfwering our intention

with
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with regard to the eafe of charging, for the reafon
given, Sec, 10. We madealfo of large glafs panes, magical
pictures, and felf-moving animated wheels, prefently to be
defcribed.

19. I perceive by the ingenious Mr Wat/on’s laft book,
lately received, that Dr Bevss had ufed, before we had,
panes of glafs to give a fhock * 5 though, till that book
came to hand, I thought to have communicated it to you
as a novelty. The excufe for mentioning it here is, that
we tried the experiment differently,” drew different confe-
quences from it (for Mr Wat/on ftill feems to think the fire
accumulated on the non-eleffric that is in conta& with the
glafs, page 72) and, as far as we hitherto know, have carri-
ed it farther.

20. The magical picture 4 is made thus. Having a
large metzotinto with a frame and glafs, fuppofe of the
King, (God preferve him}) take out the print, and cut a
pannel out of it, near two inches diftant from the frame all
round. If the cut is through the piture it is not the worfe.
With thin pafte, or gum-water, fix the border that is cut
off on the infide the glafs, prefling it {fmooth and clofe ;
then fill up the vacancy by gilding the glafs well with leaf
gold, or brafs. Gild likewife the inner edge of the back of
the frame all round, except the top part, and form a com-
munication between that gilding and the gilding behind

* T havefince heard that Mr Smeaton was the firt who made ufe of panes
of glafs for that purpofe.

t Contrived by Mr Kinner[ley.
the
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the glafs : then put in the board, and that fide is finithed.
'Turn up the glafs, and gild the fore fide exa&ly over the
back gilding, and when it is dry, cover it, by pafting on
the pannel of the picture that hath been cut out, obferving
to bring the correfpondent parts of the border and picture
together, by which the picture will appear of a piece, as at
firft, only part is behind the glafs, and part before.—Hold
the picture horizontally by the top, and place a little
moveable gilt crown on the king’s head. If now the pic-
ture be moderately electrified, and another perfon take hold
of the frame with one hand, fo that his fingers touch its
infide gilding, and with the other hand endeavour to take
off the crown, he will receive a terrible blow, and fail in
the attempt. Ifthe picture were highly charged, the con-
fequence might perhaps be as fatal * as that of high treafon,
for when the {park is taken through a quire of paper laid
on the pi¢ture, by means of a wire communication, it
makes a fair hole through every fheet, that is, through for-
ty-eight leaves, (though a quire of paper is thought good
armour againft the pufh of a {fword, or even againft a pif-
tol bullet, and the crack is exceeding loud. The operator,
who holds the picture by the upper end, where the infide
of the frame is not gilt, to prevent its falling, feels nothing
of the fhock, and may touch the face of the picture with-
out danger, which he pretends is a teft of his loyalty.—Ifa

® We have fince found it fatal to fmall animals, though not to large

ones. The biggeft we have yet killedisahen. 1750, :
nng
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ring of perfons take the thock among them, the experi-
ment iscalled, The Confrirators.

21. On the principle, in Sec. 7, that hooks of bottles, dif-
ferently charged, will attract and repel differently, is made
an electrical wheel, that turns with confiderable ftrength.
A {mall upright fhaft of wood paflesat right angles through
a thin round board, of about twelve inches diameter, and
turns on a fharp point of iron, fixed in the lower end, while
a ftrong wire in the upper end, pafling through a fmall
hole in a thin brafs plate, keeps the fhaft truly vertical.
About thirty radsi of equal length, made of fath-glafs, cut
in narrow ftrips, iffue horizontally from the circumference
of the board, the ends moft diftant from the center being a-
bout four inches apart.  On the end of every one, a brafs
thimble is fixed. If now the wire of a bottle electrified in
the common way, be brought near the circumference of
this wheel, it will attra& the neareft thimble, and fo put
the wheel in motion ; that thimble, in pafling by, receives
a fpark, and thereby being eletrified is repelled, and fo dri-
ven forwards ; while a fecond being attracted, approaches
the wire, receives a fpark, and is driven after the firft, and
fo on till the wheel has gone once round, when the thim-
bles before electrified approaching the wire, inftead of be-
ing attracted as they were at firft, are repelled, and the mo-
tion prefently ceafes.—But if another bottle, which had
been charged through the coating, be placed near the fame
wheel, its wire will attract the thimble repelled by the
firft, and thereby double the force that carries the wheel

round ;



32 New Experiments and

round ; and not only taking out the fire that had been
communicated to the thimbles by the firft bottle, but even
robbing them of their natural quantity, inftead of being
repelled when they come again towards the firft bottle, they
are more {trongly attracted, fo that the wheel mends its
pace, till it goes with great rapidity twelve or fifteen rounds
in 2 minute, and with fuch ftrength, as that the weight of
one hundred Spanifb dollars with which we once loaded
it, did not feem in the leaft to retard its motion.—This is
called an ele@rical jack ; and if a large fowl were fpitted
on the upright fhaft, it would be carried round before a fire
with a motion fit for roafting.

22. But this wheel, like thofe driven by wind, water, or
weights, moves by a foreign force, to wit, that of the bot-
tles. The felf-moving wheel, though conftru¢ted on the
fame principles, appears more furprifing. ’Tis made of a
thin round plate of window-glafs, feventeen inches diame-
ter, well gilt on both fides, all but two inches next the
edge. Two fmall hemifpheres of wood are then fixed
with cement to the middle of the upper and under fides,
centrally oppofite, and in each of them a thick ftrong wire
eight or ten inches long, which together make the axis of
the wheel. It turns horizontally on a point at the lower
end of its axis, which refts on a bit of brafs cemented
within a glafs falt-cellar.  The upper end of its axis pafles
through a hole in a thin brafs plate cemented to a long
ftrong piece of glafs, which keeps it fix or eight inches dif-
tant from any non-electric, and has a fmall ball of wax or

metal
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metal on its top to keep in the fire, In a circle on the
table which fupports the wheel, are fixed twelve fmall pil-
lars of glafs, at about four inches diftance, with a thimble
on the top of each,  On the edge of the wheel is a {mall
leaden bullet, communicating by a wire with the gilding of
the upper furface of the wheel 5 and about fix inches from
it is another bullet communicating in like manner with the
under furface.  When the wheel is to be charged by the
upper furface, a communication muft be made from the
under furface to the table.  When it is well charged it be-
gins to move ; the bullet neareft to a pillar moves towards
the thimble on that pillar, and pafling by, ele@rifies it, and
then puthes itfelf from it; the fucceeding bullet, which
communicates with the other furface of the glafs, more
ftrongly attrats that thimble, on account of its being be-
fore ele@rified by the other bullet ; and thus the wheel en-
creafes its motion till it comes to fuch a height as that the
refiftance of the air regulates it. It will go half an hour,
and make one minute with another twenty turnsin a mi-
nute, which is fix hundred turnsin the whole ; the bul-
let of the upper furface giving in each turn twelve {parks,
to the thimbles, which makes feven thoufand two hun-
dred fparks ; and the bullet of the under furface receiving
as many from the thimbles ; thofe bullets moving in the
time near two thoufand five hundred feet.—The thim-
bles are well fixed, and in fo exa& a circle, that the bul-
lets may pafs within a very fmall diftance of each of
them.—If inftead of two bullets you put eight, four com-

F muni-
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municating with the upper furface, and four with the un-
der furface, placed alternately ; which eight, atabout fix
inches diftance, completes the circumference, the force and
{wiftnefs will be greatly increafed, the wheel making fifty
turns in a minute ; but then it will not continue moving
fo long.———Thefe wheels may be applied, perhaps, to the
ringing of chimes *, and moving of light-made orreries.

23. A fmall wire bent circularly, with a loop at each
end ; let one end reft againft the under furface of the
wheel, and bring the other end near the upper furface,
it will give a terrible crack, and the force will be dif-
charged.

24. Every f{park in that manner drawn from the furface
of the wheel, makes a round hole in the gilding, tearing
off a part of it in coming out; which fhews that the fire
is not accumulated on the gilding, but is in the glafs
itfelf.

25. The gilding being varnithed over with turpentine
varnifh, the varnifh, though dry and hard, is burnt by the
{park drawn through it, and gives a ftrong {mell and vifible
fmoke. And when the fpark is drawn through paper, all
round the hole made by it, the paper will be blacked by
the fmoke, which fometimes penetrates feveral of the leaves.
Part of the gilding torn off, is alfo found forcibly driven
into the hole made in the paper by the ftroke.

* This was afterwards done with fuccefs by Mr Kinnerfley,

26, It
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26. It is amazing to obferve in how fmall a portion of
glafs a great electrical force may lie. A thin glafs bubble
about an inch diameter, weighing only fix grains, being
half filled with water, partly gilt on the outfide, and fur-
nith’d with a wire hook, gives, when eleGrified, as great
a fthock as a man can well bear. As the glafs is thickeft
near the orifice, I fuppofe the lower half, which being gilt
was electrified and gave the fhock, did not exceed two
grains ; for it appeared, when broke, much thinner than
the upper half.—If one of thefe thin bottles be eleGrified
by the coating, and the fpark taken out through the gilding,
it will break the glafs inwards, at the fame time that it
breaks the gilding outwards.

27. And allowing (for the reafons before given, §. 8, (o}
10.) that there is no more electrical fire in a bottle after
charging, than before, how great muft be the quantity in
this {fmall portion of glafs ! It feems as if it were of its very
fubftance and eflfence. Perhaps if that due quantity of
elettrical fire {o obftinately retained by glafs, could be
feparated from it, it would no longer be glafs; it might
lofe its tranfparency, or its brittlenefs, or its elafticity.—
Experiments may poflibly be invented hereafter, to dif-
cover this,

27. We were furprifed at the aceount given in Mr 72+
Jon’s book, of a fhock communicated through a great fpace
of dry ground, and fufpe@ there muft be fome metalline
quality in the gravel of that ground ; having found that

o2 fimple
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fimple dry earth, rammed in a glafs tube, open at both
ends, and a wire hook inferted in the earth at each end, the
earth and wires making part of a circle, would not con-
duc the leaft perceptible fhock, and indeed when one
wire was ele&rified, the other hardly thowed any figns of
its being in conne@ion with it*. Even a thoroughly
wet pack-thread fometimes fails of conducing a thock,
though it otherwife conducts Ele&ricity very well. A dry
cake of ice, or an icicle held between two in a circle, like-
wife prevents the fhock, which one would not expedt, as
water condués it {o perfe@tly well.—Gilding on a new
book, theugh at firft it conducts the fhock extremely well,
yet fails after ten or a dozen experiments, though it ap-
pears otherwife in all refpets the fame, which we cannot
account for .

28. There is one experiment more which furprizes us,
and is not hitherto fatisfattorily accounted for ; it is this :
Place an iron fhot on a glafs ftand, and let a ball of damp
cork, fufpended by a filk thread, hang in conta& with the
fhot. Take a bottle in each hand, one that is eleGrified
through the hook, the other through the coating: Apply
the giving wire tothe fhot, which will ele€trify it pofitive-

* Probably the ground is never fo dry.

+ We afterwards found that it failed after one ftroke with a large bot-
tle ; and the continuity of the gold appearing broken, and many of its parts
diffipated, the Elecricity could not pafs the remaining parts without leaping
from part to part through the air, which always refifts the motion of this
fluid, and was probably the caufe of the Zold’s not conduiting fo well as
before.

b,
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ly, and the cork fhall be repelled : then apply the requiring
wire, which will take out the {park given by the other;
when the cork will return to the fhot : Apply the fame
again, and take out another fpark, fo will the fhot be
elecrified negatively, and the cork in that cafe thall be
repelled equally as before. Then apply the giving wire
to the thot, and give the fpark it wanted, fo will the cork
return : Give it another, which will be an addition to its
natural quantity, {fo will the cork be repelled again: And
fo may the experiment be repeated as long as there is any
charge in the bottles. ~'Which fhews that bodies having
les than the common quantity of Elericity, repel each o-
ther, as well as thofe that have more.

Chagrined a little that we have been hitherto able to
produce nothing in this way of ufe to mankind ; and the
hot weather coming on, when cle@rical experiments are
not {o agreeable, it is propofed to put an end to them for
this feafon, fomewhat humoroufly, in a party of pleafure,
on the banks of Skuylkil*. Spirits, at the fame time, are
to be fired by a fpark fent from fide to fide through the
river, without any other conduor than the water; an
experiment which we fome time fince performed, to the
amazement of many . A turkey is to be killed for our

dinner

* The river that wathes one fide of Philudelphia, as the Delaware does

the other ; both are ornamented with the fummer habitations of the citi-
zens, and the agreeable manfions of the principal people of this colony.

t As the poflibility of this experiment has not been eafily conceived, T
tha]l
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dinner by the electrical frock, and roafted by the eleciric al
jack, before a fire kindled by the electrified bottle : when
the healths of all the famous eleGricians in England, Hol-
land, France, and Germany, are to be drank in * electrified

bumpers, under the difcharge of guns from the electrical
battery.

(hall here deferibe it.—Two iron rods, about three feet long, were planted
juft within the margin of the river, on the oppofite fides. A thick piece of
wire, with a {mall round knob at its end, was fixed to the top of one of the
rods, bending downwards, fo asto deliver commodioufly the fpark upon the
furface of the fpirit. A fmall wire faftened by one end to the handle of the
fpoon, containing the fpirit, was carried a-crofs the river, and fupported in
the air by the rope commonly ufed to hold by, in drawing the ferry-boats o-
ver. The other end of this wire was tied round the coating of the bottle 5
which being charged, the fpark was delivered from the hook to the top of the
rod ftanding in the water on that fide. Atthe fame inftant the rod on the
other fide delivered afpark into the fpoon, and fired the fpirit. The eleétric
fire returning to the coating of the bottle, through the handle of the fpoon
and the fupported wire conneéted with them.

That the elecric fire thus a&ually paffes through the water, has fince
been fatisfa&onily demonftrated to many by an experiment of Mr Kinner-
fley’s, performed ina trough of water about tenfeet long. Thehand being
placed under water in the direction of the fpark (which always takes the
firait or fhorteft courfe) is ftruck and penetrated by it as it padles.

* An eletrified bumper is a fmall thin glafs tumbler, near filled with
wine, and ele&rified as the bottle. This when brought to the lips gives
a fhock, if the party be clofe fhaved, and does not breathe on the liquor.
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