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PREFACE

To the Firft Edition.

YT may be neceffary to acquaint the Reader, that the fol-
lowing obfervations and experiments were not drawn up
with a view to their being made publick, but were com- .

municated at different times, and moft of them in letters wrote

. on wvarious topicks, as matters only of private amufement.

But fome perfons to whom they were read, and who bad
themfelves been comverfant in elettrical difquifitions, were of
opinion, they contained fo many curious and interefting particu-
lars relative to this affair, that it would be doing a kind of in-
Juftice to the public, ta confine them folely to the limits of a
private acquaintance.

The Edstor was therefore prevailed upon to commit fuch ex-
tralls of letters, and other detached pieces as were in bis bands
20 the prefs, without waiting for the ingenious autbor’s per-
miffion _fo to do ; arz,§ this was done with the lefs befitation, as
it was apprebended the author's engagements in other affairs
‘would fearce afford him leifure to give the publick bis reflect:-
ons and experiments on the fubje@, finifhed with that care and
precifion, of which the treatife before us fbews be s altke fudi-
ous and capable.

The experiments which our author relates are moff of them
peculiar to himfelf ; they are conduéted with judgment, and the
inferences jfrom them plain and conclufive ; though fometimes
propefed under the terms of fuppofitions and conjetures.

And indeed the feene be opens, frikes us with a pleafing
afonifbment, while he condults us by a train of falls and ju-
dicious refleCtions, to a probable caufe of thofe pbznomena,
which are at once the moff awful, and, bitherto, accounted for
with the leaft versfimilitude.

He



v PRETFATCE. .

" He exhibits to our confideration, an invifble, fubtle matter,
diffeminated through all nature in various proportions, equally

unobferved, and, whill} all thofe bodies to which it peculiarly

adberes are alike charged with 1t, inoffenfive.

He fhews, bowever, that if an unequal diffribution is by any -

means brought about ; if there is a coacervation in one part of
Jbace, a lefs proportion, vacuity, or want, in anotber ; by the
near approach of a body capable of conducting the coacervated
part to the emptier [pace, it becomes perbaps the moft formid--
able and irrefiftible agent in the univerfe. Animals are in an.
inflant firuck breatblefs, bodies almoft impervious by any force
yet known, are perforated, and metals fufed by it, in"a mo--
ment. ‘ ‘

From the fimilar effelts of lightning and electricity, our au-
thor has heen led to make fome probable conjellures on the caufe
of the former ; and, at the fame time, to propofe fome rational.
experiments tn order to fecure ourfelves, and thofe things on
which its force is often diretled, from its pernicious effects; a
circumflance of no fmall importance to the publick, and there--
Jore aorthy of the utmoft attention. .

It has, indeed, been of late the fafbion to aferibe every grand:

or unufual operation of nature, fuch as lightning and earth-.
quakes, to eleClricity 5 not, as one would imagine from the.
manner of reafoning on thefe occafions, that the authors of
thefe [chemes have djfcovered any conneltian betwixt the caufe,
and effect, or faw in what manner they were related s but, as
3t would feem, merely becaufe they were unacquainted with arny.

other agent, of which it could not pofitively be faid the connec-. -

tion awas impoffible. .

But of thefe, and many other interefling circumflances, the

reader will be more fatisfactorily informed in the following,
letters, to which be is therefore rg‘ern:d by

Téee EDIT O R..



ADVERTISEMENT

Concerning this Fourth Edition.

L L the Philofophical Letters and Papers of
the fame Author, that have been inferted
- at different Times in the Philofophical Tranfac-
tions of the Royal Society, or in the Magazines,
or printed in {feparate Pamphlets, are colleGed
and added to this Edition ; together with a Num-
ber of others on various Subjeds, never before -
printed, that have paffed between the Author and
his Friends. Many Errors in the preceding Edi-
tions, are now corre@ed ; fome of the Letters,
which had been tranfpofed, are reftored to their
proper places ; and fundry Paffages are more ful-
ly explained by Notes.----There is alfo added, a
compleat Index to the whole.




E R R AT A

AGE 13, Lipe 8, for, at top, read, at the top. - :

, P 50,——15, add, becaufe the blood and other humours
‘ containing fo much water, are more read
conduors. -

62——10 for wrote, read written.

73,——10, for prevades, read, pervades.

96,—— 7, from the bottom : add, ( page 54 of this Edit..
127,——22, for, difcoveries, you 7ead difcoveries, you.
134,—— 3, for Lyden, read Leyden, a 4
141,——20, for give it a fthock, resd, give a thock..
143,——11, for experimen, read, experiment, '
158,——22, for they, read, you.

189, —— 5, for infenfibly, read, infenfibly,

199,——15, for fettle, read fettle. |

223, 3, add, See plate II.

327— 7> for by frequent, read, by the frequent.

344s——— 3, from the bottom, begin a new paragraph ot
There. '

345,—— 4, fﬁzm the bottom, begin a new jaragra’pb at
ow.

346——20, dele the comma at reproduced, and put ene
at feparation.

347y——11, for has the fame, read, has nearly the fame.
354=—= 2, from the bottom, for 280, read 180.
389——11, add See plate. VI
403,15, for VI. read VII..
475=——— 2, for endeabour, read endeavour.,

- 49918, dele the femicolon between warmer and fitu-

ation. :

t

In numbering of the Pages, 112, 113, are repeated ; as are alfo.
Pages 465 to 472, '
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EXTRACT

U 0 F T
L E T T E R " 'I'.““
. F. R oM
BEN]. FRANKLIN, Efg; at Philadelphia,
| - T O
Perer Coiuinson, Efg; F.R.S. London.

~ . ",'

£

Philadelpbia, March 28, 1747-

#® OUR kind prefent of an elecric tube,
/A with diretions for ufing it, has put fe-
L veral of us on making eleGrical expe-

\ ¥ fome partlcular phenomena that we
> look upon to be new. I fhall, there-

ﬁzrecommumcate them to you in my next, though pof-
B fibly,
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2 New Experiments and

fibly they may not be new to you, as among the numbers
daily employed in thofe experiments on your fide the wa-
ter, ’tis probable fome one or other has hit on the fame ob-
fervations. For my own part, I never was befote engaged
in any ftudy that fo totally engrofled my attention and my
time as this has lately done ; for what with making expe-
timents when I can be alone, and repeating them to my
Friends and Acquaintance, who, from the novelty of ;the
thing, come continually in crouds to fee them, I have, du-
ring fome months paft, had little leifure for any thing elfe.

S

X am, &e.

B. FRANKLIN.

¢ - «

LET-




. Obfervatisns om ErectricITY. 3

LETTZER IL
'  FROM | '

Mr BEN). FRANKLIN, in P}):'Iade@bia, |
~ To -

Peter Coruinson, Efg; F. R.S. Lona'an., '

S IR, . j’a{y 1, 1747+
N my laft I mformcd you that, in purfuing our ¢leGri-
cal enquiries, we had obferved fome particular Phazno=
mena, which we looked upon to be new, and of which, I
promifed to give you fome account, though I apprehended
they might poffibly not be new to you, as fo many hands
are daily employed in ele@rical experiments on your fide’
the water, fome or other of which would probably hit on

the fame obfervations. -
The firft is the wonderful effect of pointed bodies, both in
drawing off and throwing off the electrical fire. For example,
Place an iron thot of three or four inches diameter on the
mouth of a clean dry glafs bottle. By a fine filken thread
from the cieling, right over the mouth of the bottle, fuf-
pead a fmall cork-ball, about the bignefs of a marble; the
B2 / thread
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4 . New. Experiments and ~°
thread of fuch a length, as that the cork-ball may reft

" againft the fide of the fhot. Ele&rify the thot, and the-

ball will be repelled to the diftance of four or five inches,
more or lefs, according to the quantity of Ele&ricity.——
When in this ftate, if you prefent to the thot the point of
a long flender (harp bodkin, at fix or eight inches diftance,
the repellency is inftantly deftroy’d, and the cork flies to
the fhot. A blunt body muft be brought within an inch,
and draw a fpark, to produce the fame effe@. To prove
that the electrical fire is drawn off by the point, if you take
the blade of the bodkin out of the wooden handle, and fix
it in a ftick of fealing-wax, and then prefent it at the dif-
tance aforefaid, or if you bring it very near, no fuch effet
follows ; but fliding one finger along the wax till you
touch the blade, and thc ball flies to the thot lmmcdxately
—If you prefent the point in'the dark, you will fee, fome-
times at a foot diftance, and more, a light gather upon it,
like that"of a fire-fly, or glow-worm ; the lefs fharp the
point, the nearer you-muft bring it to obferve the light ;
and at whatever diftance you fee the light, you may draw
off the eletrical fire, 'and deftroy the repellency.—If a
cork-ball fo fufpended be repelled by the tube, and a pomt
be prefented quick to it, tho’ at a confiderable diftarice,
*tis furprizing to fee how fuddenly it flies back to the tube.
Points of wood will do near as wgll as thofe of iron, provi-
ded the wood is not dry; for perfectly dry wood will no
more condu Elecricity than fealing-wax. '
' To




Olfervations en ELECTRICITY. 5

To thew that points will zbrow off * as well as drew of
the ele@rical fire ; lay a long tharp needle upon. the thot,
and you cannot electrife the fhot, fo as to make it repel the
cork-ball 4.—Or fix a needle to the end of a fufpended gun-
barrel, or iron-rod, fo as to point beyond it like a little
bayonet ; and while it remains there, the gun-barrel, or
rod, cannot by applying the tube to the other end be elec-
trifed fp as to give a fpark, the fire continually running.out
filently at the point. In the dark you may fee it makethe
fame appearance as it doss in the cafe before-mentioned.

The repellency between the cork-ball and the fhot is
likewife deftroy’d. 1. By fifting fine fand on it; this
does it gradually. 2. By breathing onit. 3. By making
a fmoke about it from burning wood }. 4. By candle light,
even though the candle is at a foot diftance : thefe do- it
fuddenly.—The light of a bright coal from a wood fire ; and

® This power of points to throw off the elc&rical fire, was firft com-
munitated to me by my ingenious friend Mr Themas Hopkinfon; fince
deccafed, whofe virtue and integrity, 1n every ftation of life, public and
private, will ever make his Memory dear to thofe who knew him, and
knew how to value him. : : '

+ This was Mr Hopkinfon’s Experiment, made with an expeQation of '
drawing a more fharp and powerful fpark from the point, as from a kind
of focus, and he was furprized to find little or none.- :

1 We fuppofe every particle of fand, moifture, or fmoke, being firft at-
tratted and then repelled, carries off with it a portion of the ele&rical fire ;
but that the fame ftill fubfifts in thofe particles, till they communicate it
to fomething elfe, and that it is never really deftroyed.——So when
water is thrown on common fire, we do not imagine the element is thereby
deftroyed or annihilated, but only difperfed, each particle of water carrying
off in vapour its portion of the fire, whichit had attrated and-attached to
elf,

the
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6 New Experiments and

the light of red-hot iron do it likewife ; but not at fo great

" adiftance. Smoke from dry rofin dropt on hot iron, does

not deftroy the repellency ; but is attraGed by both thot
and cork-ball, forming proportionable atmofpheres round
them, making them look beautifully, fomewhat like fome
of the figures in Burnet’s or Whiftor’s theory of the earth.
N. B. This experiment fhould be made in a clofet,
where the air is very ftill, or it will be apt to fail.
* -The light of the fun thrown ftrongly on both cork and
fhot by a looking-glafs for a long time together, does not
impair the repellency in the leaft. This difference between
fire-light and fun-light is another thing that feems new
and extraordinary to us *. '
We had for fome time been of opinion, that the eleGri-
cal fire was not created by friction, but colleCted, being
really an clement diffus’d among, and attralted by other
matter, particularly by water and metals. We had even
difcovered and demonftrated its afflux to the ele@rical
fphere, as well as its efflux, by means of little light wind-
mill wheels made of fiff paper vanes, fixed obliquely and
turning freely on fine wire axes. Alfo by little wheels of
the fame matter, but formed like water-wheels. Of the
® This different Effe@ probably did not arife from any difference in
the light, but rather from the particles feparated from the candle, being firft
attraéted and then repelled, carrying off the eleétric matter with themg;

and from the rarefying the air, between the glowing coal or red-hot iron,
and the ele&rifed fhot, through which rarified air the ele&ric fluid could

dif-
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difpoﬁtidn and application of which wheels, and the various
phznomena refulting, I could, if I had time, fill you a
theet 4. The impoffibility of ele@rifing one’s felf (though
ftanding on wax) by rubbing the tube, and drawing the
fire from it ; and the manner of doing it, by pafling the
tube near a perfon or thing ftanding on the floor, &'¢. had
alfo occurred to us fome months before Mr Watfon's inge-
nious Sequel came to hand, and thefe were fome of the
new things I intended to have communicated to you.—
But now I need only mention fome particulars not hinted
in that piece, with our reafonings thereupon ;- though per-
haps the latter might well enough be fpared.

1. A perfon ftanding on wax, and rubbing the tube, and
another perfon on wax drawing the fire, they will both ef
them, (provided they do not ftand fo as to touch one ano-
ther) appear to be ele@trifed, to a perfon ftanding on the
floor 5 that is, he will perceive a fpark on approachmg cach
of them with his knuckle.

2. But if the perfons on wax touch one another dtmng
the exciting of the tube, neither of them will appcar to be
cletrifed.

3. If they touch one another after exciting the tube,
and drawing the fire as aforefaid, there will be a fironger

© ¢+ Thefe experiments with the wheels were made and communicated to
me by my worthy and ingenious friend Mr Philip Syng ; but we after-
wards difcovered that the motion of thofe wheels was not-owing to any af-
flux or efflax of the eleéric fluid, but to variaus circumftances of attraction

and sepulfion. 1750,
fpark
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fpark between them, than was between either of them and
the perfon on the floor.

4. After fuch ftrong fpark, neither of them difcover
any eleGricity.

Thefe appearances we attempt to account for thus : We
fuppof;, as aforefuid, that ele@rical fire isa common ele-.
ment, of which every one of the three perfons abovemen-
tioned has his equal fhare, before any operation is begun,
with the tube. 4, who ftands on wax and rubs the tube, -
colle&s the electrical fire from himfelf into the glafs ; and
hig. communication with the common ftock being cut off
by the wax, his body is not again immediately fupply’d.
B, (who ftands on wax likewife) pafling his knuckle along‘
near the tube, receives the fire which was colleCted by, the
glafs from A3 and his communication with the common
ftock being likewife cut off, he retains the additional quan-
tity received.—To C, ftanding on the floor, both appear
to be electrifed : for he having only the middle quantity
of elerical fire, receives a fpark upon approaching B, who
has an over quantity ; but gives one to 4, who has an un~
der quantity. If 4 and B approach to touch each other,
the fpark is ftronger, becaufe the difference between them
is greater ; After fuch touch there is no fpark between ei-
ther of them and C, becaufe the ele&rical fire in all is re-
duced to the original equality. If they touch while elec-
trifing, the equality is never deftroy’d, the fire only circu-.
lating. Hence have arifen fome new terms among us:
we {ay, B, (and bodies like circumftanced) is elecrifed

pofitively 5
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pofitively ; A, negatively. Or rather, B is ele@rifed plus;
A4, minus, And we daily in our experiments elerife
bodies plus or minus, as we think proper.—To ele@rife
plus or minus, no more needs to be known than this, that -
the parts of the tube or fphere that are rubbed, do, in the
inftgnt of the friction, attra{& the eletrical fire, and there-
fore take it from the thing rubbing : the fame parts imme-
diately, as the friction upon them ceafes, are difpofed to
give the fire they have received, to any body that has lefs.
Thus you may circulate it, as Mr #azfan has thewn; you
may alfo accumulate or {nbtratt it upon, or from any body,
as you conne¢t that body with the rubber or with the re-
ceiver, the communication with the common ftock being
cut off. Wethink that ingenious gentleman was deceived
when he imagined (xq his Seguel) that the ele@rical
fire came down the wire from the cicling to the gun-
barrel, thence to the fphere, and fo ele@rifed the machine °
and the man turning the wheel, &c. We fuppofe it was
driven off, and not brought on through that wire ; and that
the machine and man, &c. were ele&rifed minus; i, e. had
Jefs electrical fire in them than things in common.

As the veffel is juft upon failing, I cannot give you fo
large an account of American Ele@ricity as I intended: I
thall only mention a few particulars more.~We find gra-
nulated lead better to fill the phial with, than water, being
eafily warmed, and keeping warm and dry in damp air.—
We fire fpirits with the wire of the phial.— We light
<andles, juft blown out, by drawing a fpark among the
C fmoke



10 Nefw Expcrmem‘: and- .

'[mo:\c between mc wxrc ‘and fnuﬁ'crs -—-Wc rcprcfent
lxgiltn'n by pa ling the wnrz: in thc dark, over a chjma

?h‘tc that has gilt flowers, or applying'it to gﬂ" frames of

4ooLnuz-&laﬁés &c. We ‘ele@trife a perfon twenty or
’more times running,’ with a touch of the finger on the
-'mrc, thus: He fhmds on wax. Give him thc ele@rifed
‘ottie in his hand. . Touch the wire with your finger, and
then -touch his hand or face s ; there are fparks every
time *.—We increafe the force of the elerical kifs vaftly,
thus: Let 4 and B ftand on wax ; or 4 on wax, and B
on the floor ; give onc of them the elefirifed phial in
hind ; let the other take hold of the wire ; there will be a
fmall fpark ; but when: their ‘ﬁps approach, they will be
fruck and fhock’d.- -The-fame if another gentleman and
lady,"C and D, &andmg alfo oh’'wax, and joining hands
with 4 and B, falute or thake hands. ‘We fufpend by
firié Ak thiréad 4 eonnterfeit fp’lder, made of a fmall piece
of burnt cork, wuh legs of finnen thread, and a grain or
two of iead zﬁuck n hrm, to give him more wcnght Upon
the table: over wh'rch e hangs ‘we ftick 2 wire upright, ag
high-as the phial and ere, tw “or three inches. from the
fpider : then ‘wé Animate ‘hith,’ by fetting the elecrified

‘ phxdl at-the fame dxﬁa‘nce on ‘the other fide of him ; he

will fmmedaa{dy ﬂy fo the wirc of' the phial, bend hls legs

* By takmg afpﬂkﬁmmthb wlrc, aho ¢l¢&ncny wichin the ‘bettle is
duminifhed 3 the outfidé of the bottle then draws fome.from the pcrfgr:
halding jt, and leaveshim fnithe aiegative #tate.  Thenevhen his hand

facg is touthd, an equal quamty is reftored go him fr9m ﬂlﬁ ﬂl’ fon goych~
lm« .-

) £d
' : . - - -
T R Y “,. . ’ \('1 O Pl . m

~
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in touching it ; then fpring off, and fly to the wire in the
~ table ; thence again to the wire of the phial, playing with,
his legs apainft both, in'a Very entertaining manner, ap- .
pearing perfectly alive to perfons unachamtcd He will
coptinue this mdtion an' hour or more in dry wea@her —We
cleé’tnfy, upon wax in the dark, a book that has a double
line of gold round upén ‘the eovers, and then apply a
knuckle to the gilding ; the fire appears every where upon
the gold like a flafh’ of {r%hmngr nat. ppon the léither“
‘nor, if you touch the leather inftead of the gold. We rub
our tubes with buckfkinantl obferve always to keep the
fame fide to the tube, aad never to {ully the tube by hand-
ling ; thus they work read’ilf and eafily, 3 without the leaft
fatigue, efpecially if kept in tight pafteboard cafes, lined
with flanoel, and fitting clofe to the tube *.. This Lmen-
tion becaufe the Earopean ppers on Elgélfisicy, froquemtly
fpeak of rubbing the tube, a5 & fatiguing exercif. ﬁur’
fpheres- are fixed .oniron. axes, which pas through them,.
At one end of the' axis there is;a [fmall- hapdle, with which.
you turn thefphuc hke a'common .grindfene. -; Thiy we
find vcry commodions, as thie machine takeo up but Jittle:
room, is portable, and may be enclofed in 3 fight box, when.
not in ufe.- "Tis true, the fphere doesnag tuen {ofwift as.
when the greatwheelis ufed - but fwifiaeh we think of littls-
importance, fince a few turss will chesgo, the phial, &r,
fofficiently +. . Iam, &¢,. B. FRANKLIN.

* % Our tubes are made here of green glafs, 27 or 30 inches long, as big.
" ascan begraf]

t Thu ﬁmplc cafily-made machine was a contrivance of Mr Syrg’s.
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LETTER IIL

BENJ FRANKLIN, Ej;, at szladelpbm
TO
PETER COLLINSON, F. R S Londoﬂ

- SIR, .~ B Sept. 1, 1747;

HE neceffary trouble of copying long letters, which,
perhaps, when they come to your hands, may con-

tain nothing new, or worth your reading, (fo quick is the
progreﬁ; made with you in Ele&ricity) half difcourages
me from writing any more on that fubje®. Yet I cannot
forbear adding a few obfcrvauons on M. Mafcbmbraek’

wonderful bottle, -

1. "The non-¢le@ric contain'd in the bottle differs when
“ele@rifed from a non-electric ele@rifed out of the bottle, in
this: that the ele@rical fite of the latter-is accumulated on
sts furface, and forms an elecrical atmofphere round it of
S : con-
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confiderable extent ; but the elerical fire is crowded sn¢o
the fubfiance of the former, the glafs confining it *.

-2. At the fame time that the wire and top of the bot-
tle, &c. is cleCtrifed pofitively or plus, the bottom of the
bottle is eletrifed nmegatively or minus, in exac propor-
tion : 7. e. whatever quantity of ele@rical fire is thrown
in at top, an equal quantity goes out of the bottom 4. To
underftand this, fuppofe the common quantity “of elecri-
city in each part of the bottle, before the operation begins,
* is equal to 20 ; -and at every ftroke of the tube; fuppofe a
quantity equal to 1 is thrown in; then, after the firfe
ftroke, the quantity contain’d in the wire and upper part
of the bottle will be 21, in the bottom 19, After the
fecond, the upper part will have 22, the lower 18, and
fo on, till, after 20 ftrokes, the upper part will have a quan-
tity of electrical fire ‘equal to 40, the lower part none :
and then the operation ends : for no more can be thrown
into the upper part, when no more can be driven eut of the
- lower part. If you attempt to throw more in, it is fpued
back through the wire, or flies out in loud cracks through
the fides of the bottle. : :

3. The equilibrium cannot be reﬁored in the bottle by
inward communication or contact of the parts ; but it
muft be done by a communication form’d without the

® See this opinion rettified in Letter IV, § 16 and 17.  The fire in
.the bottle was found by fubfequent experiments not to be contained in the
non-ele@ric, but in the glafs, 1748.
+ What is faid here, and after, of the 2op and Jottom of the bottle, is
true of the infide and outfide furfaces, and fhould have been fo exprefied.

bottle
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bettle bétween the top and bottom, by fome non-eleéiric,
touching -or approaching both at the fame time ; in which .
cafe it is teftored with:a violence and quicknefs inexpreffi-
. ble; or, touching ¢ach alternately, in which cafe the equi~ -
librium fs reftored by degrées. L o
4. Al fo ‘more ele@rical fire can be thrown into the
téé"of t}i_e bottle, when &1l is driven out of the bottorn, :
fo in a bottle not yet ele@tifed, none can be thrown into:
the top; when none can get out at the bottom ; which-
hgﬁpcbs. 'cith;'r whcvn the bottom is too thick, er when’
the ‘bottle is - placed on an eleciric per fe *Again, whem
the bottle s le&rifed, -but:little of the tle@rical fire can:
e Hrawh out. from theitop, by touching the wire, uilefs
an équall quantity cancat the fame time ge# iz at the ba=:
tom®;  Thai, place an ¢le@rifed bottle on clean glafs os:
dry wa;-4nid you will mat, by touching the wire, get out:
the fire from the top. “Place it on a  non-clectric, ‘and.
fouch the wire, yos - will get it out ‘in 4 fhort time ; but
fooneft when you form 2 diré& communication as above..
So wonderfully are thefe two flates of Eledricity, the!
plus and minus, combined and balanged in this miraculous-.
bottle | fitnated and related to each other i a manner that
1 can by no means comprehend ! I it were poffible thata.
bottle fhould in one part contain a quantity of air ftrongly:
compreft, and in another part a perfe& vacuum, we know
the equilibrium would be inftantly reftored wibin. But
. See the pteceding note, relating to 7op and bottom. :
, here

\
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here we have a bottle containing at the fame time a plemm
of ele&mal fire, and 3 vacuum of the fame fire’; and yet
..the ethbnum cannot be réftored between them but’ by ,
a communication without ! though the plenum’ prefles vio=
lently to expand, and the hungry vacuum fcems to attradt
as violently in order to be filled..
5. The fhock to the nerves (or convulfion rather) is oc-

cafioned by the fudden pafling of the fire through the
body in its way from the top to the bottom of the bottle.
The fire takes the thorteft courfe, as Mr "Watfon juftly
.obferves : But it does not appear from experiment that
in order for a perfon to be thocked, a communication
‘with the floor is neceffary : for he that holds -the bottle
‘with one hand, and touches the wire with the other, will
_bc thock’d as much, though his fhoes be dry, or even
flanding op wax, as otherwife. Apd on the touch of
-the swire (or of the gun-barrel, which is the fame thing)
the fire does not proceed from the touching finger to the
wire, as is fuppofed, but from the wire to the finger,
and pafles through the body to the other hand, and fo into
the bottom of the bottle

EXPERIMEN’PS confirming the above.
EXPERIMENT L .
Place an clc&m’ed hial on wax, a fmall -cork-ball

ﬁ:fpendcd by a dry ﬁlk-thrcad held in ‘your hand ‘afd
~ brought
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brought ncar to the wire, will firlt be attraed, and then
‘repelled : when in this ftate of repellency, fink your
‘hand, that the ball may be brought towards the bottom of
the bottle ; it will be there inftantly and ftrongly attracted,
*till it has parted with its fire.

If the bottle had a pofirive eleGrical atmofphere, as well

s the wire, an electrified cork would be repelled from one
. as well as from the other.

" EXPERIMENT II

- F1c. 1. From a bent wire (2) fticking in the table, let
a fmall linen thread (4) hang down within half an inch of
the elecrifed phial (¢). Touch the wire of the phial re-
peatedly with your finger, and at every touch you will fee
the thread inftantly attraGed by the bottle. (This is beft
done by a vinegar cruet, or fome fuch belly’d bottle.) As
foon as you draw any fire out from the upper part, by
touching the wire, the lower part of the bottle draws an.
cqual quantity in by the thread.

EXPERIMENT IIL

Fi1c. 2. Fixa wire in the lead, with which the bottom
of the bottle is armed (d) fo as that bending upwards, its
ring-end may be level with the top or ring-end of the wire
in the cork {¢), and at three or four inches diftance. Then
electricife the bottle, and place it on wax., If a cork fuf-
pended by a filk thread (/) hang between thefe two wires,
it will play inceflantly from one to the other, ’till the bottle

is

f
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is no longer ele@rifed ;. that is, it fetches and carries fire
from the top to the bottom * of the bottle, ’txll the equili-
brium is reftored. -

EXPERIMENT IV.

F1G. 3. Place an ele@rifed phial on wax ; take a wire
(2) in form of a C, the ends at fuch a diftance when bent,
as that the upper may touch the wire of the bottle, when
the lower touches the bottom :' ftick the outgr part on a
ftick of fealing-wax (), which will ferve as a handle; -
then apply the lower end to the bottom of the bottle,
and gradually bring the upper end near the wire in the
cork. The confequence is, fpark follows fpark till the
equilibrium is reftored, Touch the top firft, and on ap-
proaching the bottom with the other end, you have a con-
flant ftream of fire from the wire entering the bottle.
Touch the top and bottom together, and the equilibrium
will inftantly be reftored ; the crooked wire formmg the
communication.

EXPERIMENT V.

F1G. 4. Let a ring of thin lead, or paper, furround a
bottle (£) even at fome diftance from or above the bottom.
From that ring let a wire procced up, till it touch the
wire of the cork (). A bottle fo fixt cannot by any means
be cle@rifed : the equilibrium is never deftroyed : for

® 4. ¢. from the infide to the outfide.

D ) while
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while the commumcatlon between: the upper and lower
parts.of- the bottle is continued by the outfide wtrc, the
fire only circulates : what is driven out at béttom, is con«
ftantly fupply’d. from the.top . -Hepce a-bottle cannot

be electrifed that is foul or moift on the outﬁdc, xf fuch
moxﬁurc contmue up to the cork or w1re NG

EXPERIMENTv VI.:I."A'
Plaoe .a,manona cake of wax, and prefent him-the wire
of the ele&rified phial to‘teuch, you ftanding on the floor,
and holdmg it in your ' hand. 'As often as he touches it, he
will be ele@rified p[m ; and any ené ftanding on the. floor
may draw e fpark frém him. The fire in this expcnment'
paffes ouit of the wire into'him ; and at the- fame time oul?.
of your:hand into the bottom of the bottlc ' '

"\

EXPERIMENT vn.
qu: hlrn the ele@rical phial ta held ;:and do- yoﬁ touch

-

" the wire ; as often as you touch it he will be gleérified

minus, and may draw a fpark from any one ftanding on
the floor. ‘The fire now pafles from the wire to you, and
from .bxm intg the battam of the bottle.

EXPERIMENT VIII ,
Lay two books on. two glaffes, back towards back, two
or three inches diftant. - Set the elecrified phial on one,
and then touch the wire ; that book will be ele@rified

* See the preceding note.
nnus
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minius ; the elecrital fire being drawn out of it by the bot-
toth of the bottle.. Fake off the bottle, and holding it in
your hand, touch the ether with the wire ; that hook will
be clectrifed plus ; the fire paffing into it from the wire;
and the bottle at the fame time fupplied from your hand.

A fufpended fmall cork-ball will play between thefe books
tilt !hc cqunhbnum is rcﬁomd

EXPERIMENT IX

: thn a body is eleétrifed ‘plus, it wilf repel an ele@rified
feather or fmall cork-ball. When minas {or. when in the
common ftate) it will attract them, but fironger when minus
than when in the common ftate, the difference being greater. .

EXPERIMENT, X

Though, as in Experiment V1, a man f’candmg on wax
may be elecrifed a number of times by repeatedly touching
the wire of an eleé‘tnfcd bottle {(held.in the hand .of one
ftanding on the floor) he rccclvmg the fire from the wire
cach time: yet holding it in his own hand, and touching
the wire, though he draws a ﬁrong fpark and is violently
thocked, no Elc&rlcxty remains in him ; the fire only paf-’
fing through him, from the upper to the lower part of the
battle.  Obferve, before the thock, to Tet fome. ane on the
floor touch him to reftore the equilibrium in his body ;
for in taking hold of the bottom of the bottle, he fome-’
times becomcs a little electrifed minus, which will continue
after the thock, as would alfo any p/us EleCtricity, which

| D2 he
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he might have given him before the thock. For, reftoring.
the equilibrium in the bottle, does not at all affe@ the E~
le&ricity in the man through whom the fire pafles ; that
Ele&ricity is neither increafed nor diminifhed.

EXPERIMENT XL

The pafling of the elerical fire from the upper to the
lIower part* of the bottle, to reftore the equilibrium, is ren~
dered ftrongly vifible by the following pretty experiment.
Take a book whofe covering is filletted with gold ; bend
a wire of eight or ten inches long, in the form of (m}
Fig. 5. flip it on the end of the cover of the book, over
the geld line, fo as that the fhoulder of it may prefs upon
one end of the gold line, the ring up, but leaning towards
the other end of the book. Lay the book on a glafs or wax,
and on the other end of the gold lines fet the bottle elec-
trifed ; then bend the {pringing wire, by prefling it with a
ftick of wax till its ring approaches the ring of the bottle
wire, inftantly there is a ftrong fpark and ftroke, and the
whole line of gold, which completes the communication,
between the top and bottom of the bottle, will appear a
vivid flame, like the fharpeft lightning. The clofer the

_ conta& between the fhoulder of the wire, and the gold at

one end of the line, and between the bottom of the bottle
and the gold at the other end, the better the experiment
fucceeds. The room fhould be darkened. If you would

® j.¢. from the infide to the outfide,
: have
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have the whole filletting round the cover appear in fire at

once, let the bottle and wire touch the gold in the diaga-

nally oppofite corners,
y oppo Iam, &c, |

B. FRANKLIN.

LETTER IV

- Benj. FRaNkLIN, Efz; in Philadelphia,
TO

Peter CorrinsoN, Efq; F.R. S, London.

Fartber EXPERIMENTS and OBSERVATIONS fa
ELECTRICITY.

S IR, : _ 1748.
§1. HERE will be the fame explofion and fhock
if the elerified 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. To
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2. To take the charg’d phial fafely by the hook, and
not at the fame time diminifh its: Fcrce, it’ muﬁ' firlt be fet,
down on an ele@ric per fe. :

3. The phial will be ele@rified as ﬁronaly, if hcld 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 elettrical 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 5 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 wentvin.

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 mo fpark or thock will follow ;

‘becaufe each hook is dlfpofcd to give fire, and neither to

receive it. Set one of the bottles down on glafs, take it up
by the hook, and gpply its coating to the hook of  the
other ; then theré will be an explofion and fhock, and
both bottles will be difcharged.

.. 6. Vary the experiment, by charging twophial¢ equially,’
one through the hook, the othershroagh the coating : hold
that by the coating which was charged through the hook ;
and that by the hook which was charged through the
c'oatmg apply the hook of the ﬁrﬁ to the coatmg of the:

. * This was a Difcovery of the vcry ingenious Mr Kmxa'ﬂey 3, and by.
him commumcated to me. .

" other,” |

.-
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ot\ﬁcr and therc will be no fhock or fpark Set that down
on glafs which you held by the hook, take it up by the
coatmg, anﬂ bring the two hooks together: a {park and
{hock will follow, and both phials be difcharged. |

In this éxperiment 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
orle bottle (bemg exaltly equal to the wanting of the ather:
and therefore, as each bottle has in itfelf the abounding as
well as the-wanting, the wanting and abounding inuft be
equal in each bottle. Bece §. 8,9, 10, 11. Butif a man
holds in ‘his hands two bottles, one fully ele@rified, the
other not at all, and brings their hooks together, he hab
but half a fhock, and the bottles will both rémain half e-
le@rified, the one i:)emcr half dxfcharged and the other half
charged R '
Yz Place two phials cqually charged on a table at ﬁve or
fix inches diftance. ~“Liet a cork-ball, fdfpended by a filk
thread, hang between™ them. If the phials were both
chargcd’ through' their- hooks, the cork, when it has been
aftracted ‘and repelled by theone, will'not be attracted, but
equally repelled by ‘the other. But if the phials’ were
charged the one through the hook and the other *xhrough
the coating, the ball; ‘when it is repcllcd from one hock,

© % Tochargea bottle mmmodlouﬁ»y through the eoating, place it on
a glak ftand ; form a communication from the prime conductor to the
cogting, and another from the hook to the wall or floor. When it is
charged, femave. the latter communication before you take hold of the
bottlc, otherwife great part of the fire will efcape by it. ’
will
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be as ftrongly attrated by the other, and play vigoroudly
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 elerical fire in the phial after what is
called its charging, than before, nor les after its difcharging ;
excepting only the fmall fpark that might be given to,
and taken from the non-elettric 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 ele@rical fire came out of
the bottle by one part, and did not enter in again. by ano-
ther, then, if a man, ftanding on wax, and holding the bot-
tle in one hand, takes the fpark 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-
du@or, unlefs a communication be formed between its
coating and the floor.

10. But fufpend two or more phials on the prime con-
duftor, 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 . thall 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 relu&ance, or rather gives fome fmall re-
fiftance to the chagging, 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 gfve out, unlefs
‘the other can at the fame inftant receive in ; 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-
ftore itfelf, contra& that fide which in the bending was ex-
tended, and extend that which was contraced ; if either of
thefe two operations be hindered, the other cannot be
done. But the fpring is not faid to be cbarg’d with elafti-

E : city
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city when bent, and di{charged when unbent ; its quantxty
of elafticity is always the fame,

13. Glafs, in like manner, has, within its fubﬁance,
always the fame quantity of electrical fire, and thata very
great quantity in proportion to the mafs of glafs, as fhall
be thewn hereafter. |
" 14. 'This quantity, proportioned to the glas, it firongly

-'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 fides, provided we throw an equal quantity int the
other.

15. Yet when the fituation of the ele@rical 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 flate, 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-ele@ric communi~
cation formed without, from {urface to furface.

16. Thus, the whole force of the bottle, and power of
giving a fhock, is inthe GLAss 1TsELF ; the non-ele@rics

_in conta& with the two furfaces, ferving only to géve 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 followiag manner :

Purpofing to analyfe the elerified 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 putin. Then taking the bottle in one hand, and
bringing a finger of the other near its mouth, a ftrong (park
came from the water, and the fhock was as violent as if the
wire had remained in it, which fhewed that the force did
not lie in the wire. Then to find if it refided in the water,
being crauded into and condenfed in it, as confin’d by the
glafs, which had been our former opinion, we ele@rified
she 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 expetted, 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 fhock,
thaugh filled up as it flood with frefh unclectrified water
from a tea-pot.—To find, then, whether glafs bad this
property merely as glafs, or whether the form contributed
any thing to it; we took a pane of fa(h-glafs, and laying
it on the hand, placeda plate of lead on its upper furface ;
then eJe@rified that plate, and bringing a finger to i, there
was a fpark and thock. We then took two plates of lead
of equal dimenfiops, but lefs than the glafs by two inches
every way, and eledtrified the glafs between them, by
ele@rifying the uppermoft lead ; then feparated the glafs
from the lead, in doing which, what little firc might
be in the lead was taken out, and the glafs being touched
in the ele@rified parts with a finger, affarded only very

E 2 fmall
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fmall pricking fparks, 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 thock en-
fued.—— Which demontftrated the power to refide in
glafs as glafs, and that the non-elerics in tonta@ 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-eleéric, that the
whole body inftantly receives or gives what eleétrical fire is
given to or taken from any one of its parts.

18. Upon this we made what we called an elerical-
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® 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 perfeitly anfwering our intention

with
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with ‘regard to the eafe of charging, for the reafon.

given, Sec. 10. We madeallo of large glafs panes, magical
pictures, and felf-movmg animated wheels, prefently to.'be
defcribed.

19. I perceive by the i mgemous Mr Watfon s laft book

lately received, that Dr Bevis had ufed, before we had,.

panes of glafs to give a fhock *; though, till that book
came to hand, I thought to have communicated it to you
as anovelty. The excufe for mentioning it here is, that
we tried the experiment differently, drew different confe-
quences from it (for Mr #atfon ftill feems to think the fire
accumulated- on the non-eleéiric that is in'conta& with the
glafs, page 72) and, as far as we hitherto know, have carri-
ed it farther. : _ o

20, The magical picture 4 is made thus. Having a
large metzotinto with ‘a frame and glafs, fuppofe of the
KNG, (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 piGureitis not the worfe.
‘With thin pafte, or gum-water, fix the. border that is cut
off on the infide the glafs, preffing 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 past,’and form a com-
munication between that - gilding and the gilding behind

® T havefince heard that Mr Smeatw wasthe ﬁr& who made ufe of panes
of glafs for that purpofe.

'+ Contrived by Mr Kinnerfley. -
the



30 New Experiments and
the glafs : then put in the board, and that fide is finithed.
Turn up the glafs, and gild the fore fide exactly 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 piGure
together, by which the pitture 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 ele@rified, and another perfon take hold
of the frame with enc 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 im
the attempt. Ifthe piGture were highly charged, the con-
fequence might perhaps be as fatal * as that of high treafon,
for when the fpark is taken through a quire of paper laid
on the picture, by means of a wire communication, it
tnakes a fair hole through every fheet, that is, through for-
ty-cight leaves, (though a quire of paper isthought good
armour againft the puth of a fword, or even againtt a pif-
tol bullet, and the crack isexceeding Jond. The operator,
who holds the picture by the upperesd, where the infide
‘of the frame is not gilt, to prevent its falling, Jecls nothing
of the fhock, and may toach the face of the picture with-
out danger, which he pretends is a teft of his loyalty.—ilfa
® We have fince found it fatal to fmall animals, though not to large

ones. The biggeft we haveyetkilled isa ben. 1750, .
: - ting
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sing of perfops take the thock among them, the expcn-»
ment is called, The Confpirators.

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 fmall upright fhaft of wood pafles at right angles through
a thin round board, of about twelve inches diameter, and
tuens oo a fharp point of iron, fixed in the lower end, while
8 frong wire in the upper end, pafling through a fmall
hole in a thin brafs plate, keeps the fhaft truly vertical.
About thirty radii of equal length, made of fath-glafs, cut

| in nasrow ftrips, iffuc horizontally from the cxrcumference
of the board, the ends moft diftant from the center bemg a-
bont four inches apart. On the end of every one, 3 brafs
thimble is fixed. I now the wire of a bottle elecrified in
the common way, be brought near the ‘circumference of
this whcol, it will attra& the peareft thimble, and fo put
the whee) in motion ; that thimble, in paffing by, receives
.afpark, and thereby being elerified js fepelled, and fo dri-
ven forwards ; while a fecond being attrated, approaches
" the wire, receives a fpark, and is driven after the firft, and
fo on till the wheel has gone once round, when the ¢him-
‘blcs before eletrified approaching the wire, inftead of be-
ing attracted as they were at firft, are repelled, and the mo-
- tion prefently ceafes—But if ancther bottle, which had
* been clmged chrongh the coating, be placed near the fame
‘wheel, its wire will attralt the . thimble repelled by the
- firR, and thereby double the force that camies the wheel
Coe xoupd 3
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round ; and not only taking out the fire that had been
communicated tp 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 ftrongly attrated, fo that the wheel mends its
‘pace, till it goes with great rapidity twelve or fifteen rounds
in a 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 thaft, it would be carncd round before a ﬁrc
_with a motion fit for roatting.

22, But this wheel, like thofe driven by wmd water, or
weights, moves by a foreign force, to wit, that of the bot-
tles. The felf-moving wheel, though conftru&ed 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-
tart from any non-ele&ric, 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 fmall
leaden bullet, communicating by a wire with the gilding of
the upper furface of the wheel ;- 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-
gi;is to move ; the bullet neareft to a pillar moves towards
the thimble on that pillar, and paffing by, eletrifies it, and
then puthes itfelf from it; the fucceeding bullet, which
communicates with the other furface of the glafs, more
ftrongly attra@s that thimble, on account of its being be-
fore eJe@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 cach turn twelve fparks,
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 futface, and four with the un-
der furface, placed alternately ; which eight, at abeut fix
inches diftance, completes the circumference, the force and
fwiftnefs 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
zinging 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
whegl, and bring the other end near the upper furface,
it will give a terrible crack, and the force will be dlf"
charged.

24. Every fpark in that manner drawn from the futface
of the wheel, makes a round hole in the gilding, teating
off a part of it in coming out; which fhews that the firs
is not accumulated on the gxldmg, but is in thc glafs
itfelf.

25. The gilding being varnithed over with turpentine
varnifh, the vatnifh, though dry and hard, is burnt by the
{park drawn through it, and gives a ftrong fmell and vifible
fmoke. And when the fpark is drawn through paper, aH
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 hote made in the paper by the ftroke.

® This was afterwards donc with fuccefs by Mr Kinnerfley. I
‘ 26. It
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- 26. It is amazing to obfesve in how fmall a portion of
glafs a great elecrical force may lie. A thin glafs bubble
about-an jnch 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 ele@rified, as great
a fhock as a man can ‘well bear. As the glafs is thickeft
near the orifice, I fuppofe the lower half, which being gils
was electrified and gave the thock, did not exceed two
grains 5 for it appeared, when broke, much thinner than
the npper half.—If ape of thefe thin bottles be electrificd
by the coating, and the fpark taken ont through the gilding,
it will break the glafi inwards, at the fame time that ¥
breaks the gilding outwards. , DU
27. And allawipg (for the reafons before given, §. 8, 9y
10.) that there is no more elecrical fire in a hottle after
chargirig, than before, how great muft be the quantity in
this fmall portion of glafs t It feems as if it were of its very
fubftance and effence. Perhaps if that due quantity of
eletrical fire fo obftinately retained by glafs, could be
foparated from it, it would no longer be glafs; it might
lofe its tranfparency, or its brittlenefs, or its elafticity.—
Experiments may poflibly be inverited hereafter, to dil>
cover this. .
27. We were furprifed at the account given in Mr //at-
fon',s book, of a thock communicated through a great fpace
of dry‘grou,nd, and fufpect there muft be fome metalline
quality in the gravel of that ground ; having found that
Fa2 - fimple

< 1]
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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 thock, and indeed when one
wire was eletrified, the other hardly fhowed any figns of
its being in'conneion with it*. Even a thoroughly
wet pack-thread fometimes fails of conduding a thock,
though it otherwife conducts Elericity 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 expe@, as
water condu@s it fo perfe@tly well—Gilding on a new
book, theugh at firft it condus the thock 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 fatisfaGorily accounted for ; it is this :
Place an iron thot on a glafs ftand, and let a ball of damp
cork, fufpended by a filk thread, hang in conta& with the
thot. Take a bottle in each hand, one that is ele@rified
through the hook, the other through the coating: Apply
the giving wire tothe fhot, which will eleérify it pofitive-

* Probably the ground is never fo dry.
’ 4

+ We aftcrwards 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 Ele€tricity 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 gold’s not condulling fo well as
before. .

b,
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}y, and the cotk fhall be repelled: then apply the requiring
wire, which will take out the fpark 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
cle&rified negatively, and the cork in that cafe fhall be .
repelled equally as before. Then apply the giving wire
to the fhot, and gtve 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
~ lefs than the common quantity of Ele&ricity, 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 ele&rical experiments are
not fo 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 conductor 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

Fd

® The river that wathes one fide of Philudelphia, as the Delaware does
the other ; both are ornamented with the fummer habitations of the citi-
2ens; and the agreeable manfions of the principal people of this colony.

+ + Asthe poffibility of this experiment has not been eafily conccive;!ﬁ I
. all
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dinner by the electrical fhack, and roafted by the ebsédrical
Jack, before a fire kindled by the eledrified bostle : when.
the healths of all the famous eleGricians in England, Hol-
land, France, and Germany, are to be drank in * elefrified

bumpers, under the difcharge of guns from the eleéfrical.
battery. :

fhall here defcribe 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 fmall 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 {mall wire faftened by one end to the handle of the
fpoan, containing the fpirit, was carried a-crofs the river, and fupported in
¢ 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 ;
which being charged, the fpark was delivered from the hook to the top of the
rod ftanding in the water on thatfide. - 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 connefted with them.. ' T _
That the eletric fire thus a&ually pafles through the water, has fince
‘been fatisfatonily demionftrated to many by an experiment of Mr Kinner-
ﬂly’se,dperformcd‘ ina trough of water about ten feet lonE. " Thehand being
placed under water in the dire&ion of the fpark (which always takes the
frait or thorteft courfe) is firuck and penetrated by it as it pafles.

® .An deBIrified bumper is a (mall thin glafe tumbler, near filled ‘with
wine, and elecrified 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. -

April 29,
1749

L E'Tf
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LETTER V.

OBSERVATIONS and SUPPOSITIONS,

towards forming a mew Hyrorsesis, ﬁr ex-
plaining the feveral Phmnomena of THUN-
DER-GUsTS ¥,

S IR,
§. 1. 'Om-sLECTRIC bodies, that have ele@ric fire
. thrown into them, will retain it till other
nonseletrics, that have lefs, approach ; and then it is com«
municated by a fnap, and becomes equally divided. .
2. Eletrical fire loves water, is ﬁ:rong}y attracted by ;t;

and they can fubfift together.
. Air is an ele&ric per fe, and when dry will net con.

du& the-cle@rical fire ; it will neither receive it, nor give
1t to other bodies ; otherwife nobody furrounded by air,
tould be elerified poﬁnvely and ncgatxve}y for thould it

. *® Thunder-gufts are fudden ﬁorms of thundar antl lightning, which
are frequently of fhort duration, but fometimes produce mifchicvous
effets,

be
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be attempted pofitively: the air would immediately take a-
way the overplus; or negatxvcly, the air would fupply
what was wanting.

4. Water being ele&rified, the vapourq anﬁng from it
will be equally ele@rified ; and floating in the air, in the
form of clouds, or otherwife, will retain that quantity of
electrical fire, till they meet with other clouds or bodies
not fo much ele@rified,” and then will communicate as
before mentioned. :

. Every particle of matter ele@rified is repelled by
every other particle equally eleGrified. Thus the ftream
of a fountain, naturally denfe and continual, when eletri-
fied, will feparate and fpread in the form of a bruth, every
drop endeavouring to recede from every other drop. But
on taking out the eletrical fire they clofe again.

6. Water being ftrongly cle@rified (as well as when
heated by common fire) rifes in vapours more copioufly ;
the attraction of cohefion among its particles being greatly
weakened, by the oppofite power of repulfion introduced
with the eleérical fire ; and when any particle is by. any
means difengaged, it is immediately repelled, and fo flics
into the air.

~. Particles happening to be fituated as 4 and B, (F1c.
. VL. reprefenting the profile of a veffel of water) are more
eafily difengaged than C and D, as each is held by contact
with three only, whereas Cand D are each in conta& with

nine. When thc furface of the water has the leaft motxon,
partx-
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particles are continually pufhed into the fituation reprefent-
edbyAandB ' : SRART !

8. Frition between a non-elettric and an elecric per Je
wxll produce eleétrical fire ; not by creating, but collecting
it: for it is equally diffufed in our walls, floors, earth, and .
the whole mafs of common matter. Thus the whirling-
glafs globe, during “its friGtion againft the cuthion, draws
fire from the cufhion, the cuthion is fupplied from the
frame of the machine, that from the floor on which it
ftands, - .Cut off the communication by thick glafs or wax,
placed under the cufhion, and no fire can be produced be-
caufe it cannot be coll¢éied, .

9. The ocean is a compound of water, a non-ele&nc'
and falt an-ele@ric per fe.- .

10. - When there is a friGtion among. the parts near its
furface, the ele¢trical fire js colleCted from the parts below.-
It is then. plainly vifible in the night ; it appears at the
ﬁern and in the wake of every failing veflel ; every dath
of an oar fhews it, and every furf and fpray: In ftorms the
whole fea feems on fire.—The detach’d particles of water
then repelled from the’ elecrified furface, continually carry
off the fire as it is colleGted ; they rife and form clouds,
and thofe clouds are highly eletrified, and retain the fire
till they have an opportunity of communicating it.

11. The particles of water rifing in vapours attach them-
felves to particles of air.

12. The particles of air are faid to be hard, round, fepa-
rate and dnﬁant from each other; every particle ' ftrongly

repelling
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tcpeﬂmg every other paticle, whereby they reeede’ ﬁoq
each other, as far as common gravity will permit,

13. The fpace batween any three particles equally. re-
pelling each other, will be an equilateral triangla.

14. Inair compreffed, thefe triangles are fmaller ; in ra~
rified air they are larger.

1§. Common fire joined with air, mcreafes the repul-
fion, enlarges the triangles, and thereby makes the air fpe-
cifically lighter. Such air, among denfer air, will rife.

16, Common fire, as well as elecrical fire, gives repul-
fion ta the particles of water, and deftroys their attraQion
of cohefion ; hence common fire, as well as ele&ncal fire,
affifts in raifing vapours. ‘

17. Particles of water, having no fir¢ in them, mutually
attratt cach other. Three particles of water then being
attached to the three particles of a triangle of air, would by
their mutual attraGtion operating againft the air’s repulfion,
fhorten the fides and leflen the triangle, whereby that
portion of air being made denfer, would fink to the carth
with its water, and not rife to contribyte to the formation
of a cloud. .

18. But if every particle of water attaching it(elf to air,
brings with it a particle of commoa fire, the repulfion of
the air being affifted and firengthened by the firg, more '
than obftruted by the mutual attra&ion of the particles of
water, the triangle dilates, and that portion of air bc'coming
sarer and fpecifically lighter rifes.

39, If the particles of water bring clettrical fire when

they
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they attach themfelves to air, the repulfion betweed the
particles of water cletrified, joins with the natural repul-
fion of the air, to force its particles toa greater diftance,
whereby the triangles are dilated, and the air rifes, carrying
up with it the water.

20. If the particles of water bring with them portions
of both forts of fire, the repulfion of the particles of air is
ftill more ﬁrengthcned and mcreafcd and the triangles far-
ther enlarged. -

21. Oné particle of air may be furrounded by twelve
particles of water of equal fize with itfelf, all in conta&,
with it ; and by more added to thofe.

22. Particles of ajr thus loaded would be drawn nearer
together by the mutual attraction of the particles of water,
did not the fire, common or ele@rical, affit their re-
pulfion.

23. If air thus loaded bt comprefled by adverfe winds,
ot by being driven againft mountdins, &c. or condenfed
by taking away the fire that affifted it in expanding; the
triangles coritra, the air with its water will defcend as a
dew; o, if the water furrounding one particle of air comes
1 conta@ with the water furrounding another, they coa-
Yefee and form a drop, and we have rain,

24. ‘The fun fupplies (or feems to fupply) common fire
to all vapours, whether raifed from earth or fea.

25. "Thofe vapours which have both common and elec-
trical fire in them, are better fupported, than thofe which
have only common firc in them, For when vapours rife

G2 into
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‘into the coldeft region above the earth, the cold will not
" diminifh the ele&rical ﬁre if it doth the common.

26. Hence clouds f'ormcd by vapours raifed from freth

- waters within land, from growing vegetables, moift earth,
. &c. more fpeedily and eafily depofite their water, having

but little eleGrical fire to repel and keep the particles fe-
parate.  So that the greateft part of the water raifed from
the land, is let fall on the land again ; and winds blowing
from the land to the fea are dry ; there being little ufe

for rain on the fea, and to rob the land of its monﬁure, in

order to rain on the fea, would not appear reafonable.
27." But clouds formed by vapours raifed from the fea,
having both fires, and particularly a great quantity of the
eleCrical, fupport their water ftrongly, raife it high, and
being moved by winds, may bring it over the middle of the
broadeft continént from the middle of the wideft ocean.
28. How thefe ocean clouds, fo ftrongly fupposting their
water, are made to depofite it on the land where it is want-
ed, is next to be confidered. = '
29. If they are driven by winds againft mountains,
thofe mountains being lefs electrified attra& them, and on
contac take away their ele@rical fire (and be'ing: cold, the
common fire alfo;) hence the particles clofe towards the
mountains and towards each other. 