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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.
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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



v~ e o

o

-

24 New Experiments and

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
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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 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



e

42 New Experanenis and
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. If the air was not
much loaded, it only falls ‘in dews on the mountain tops
and fides, forms fprings, and dcfcends to the vales in nvu—
lets, which united, make larger ftreams and rivers, If

" much 1oadcd the cle&rxcal ﬁre ls at once takcn from the

whole
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whole cloud ; and, in leaving it, flafhes brightly and cracks
loudly; the pll‘thlCS inftantly coalefcing for want of that’
fire, and falling in a heavy fhower. R

“© 30. When a ridge of mountains thus dams the clouds,

and draws the ele@rical fire from the cloud firft approach-
ing it'; that which next follows, when it comes near the
firft cloud, now deprived of its fire, flafhes into it, and be-
gins to depofite its own water ; the firft cloud again flath-
ing into the mountains ; the thlt’d approaching cloud, and
all the fucceeding ones, acting in the fame manner as far
back as they extend, which may be over many hundrcd
miles of country.

" 31. Hence the continual ftorms of rain, thunder, and
lightning on the eaft fide of the udes, which running
north and fouth, and being vaftly high, intercept all the
clouds brought againft them from the Arlantic ocean by
the trade winds, and oblige them to depofite their waters,
by which the vaft rivers Amazons, La Plata, and Oroonsko
are formed, which retarn the water into the fame fea, after
baving fertilized a country of very great extent,

32.. If a country bg plain, having no mountains to inter-
cept the electrified clouds, yet it is not without means to
make them depofite their watet. For if an ele@rified
cloud coming from the fea, meets in the air a cloud raifed
from the land, and therefore not cletrified ; the firft will
flafh its firei into the lattcr, and thcreby both ¢louds (hall bc
made fuddenly to depofite water.

"33. The. electrified partlclcs of the ﬁrﬂ clowd clofe

whcn they Tofe their fire ; the particles of the other cloud
clole
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clofe in receiving it : in both, they have thereby an appor™
tunity of coalefcing into drops.—The concuffion or jerk
given to the air, contributes alfo to thake down the water,
not only from thofe two clouds, but from others near them.,
Hence the fudden fall of rain immediately after flathes of
lightning.

34. To thew this by an eafy experiment: Take two
round pieces of pafteboard two inches diameter; from the
center and circumference of each of them fufpend by
fine filk threads eighteen inches long, feven fmall balls of
wood, or feven peas equal in bignefs : fo will the balls ap-
pending to each pafteboard, form equal equilateral trian-
gles, one ball being in the center, and fix at equal diftances
from that, and from each other; and thus they feprefent
particles of air. Dip both fets in water, and fome adhering
to each ball, they will reprefent air loaded. Dexteroufly
ele@rify one fet, and its balls will repel each other to a
greater diftance, enlarging the triangles. Could the water
fupported by the feven balls come into contai, it would
form a drop or drops fo heavy as to break the cohefion
it had with the balls, and fo fall. Let the two fets then
reprefent two clouds, the ont a fea cloud elerified,
the other a land cloud. Bring them within ‘the fphere of
attraltion, and they will draw towards eacth othet,
and you will fee the feparated balls clofe thus ; the fitk
ele@rified ball that comes near an uhele@rified ball by
attra@tion joins it, and gives it firc ; inflaritly they fepa-
rate, and each flies to another ball of its own patty, o tg

give
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give, the other to regeive fire; and {o it proceeds through
both fets, but fo quick as to be ina manner inftantaneous.
In the collifion thay fhake off and drop their water, which

reprefents rain.
35. Thus when fea and land clouds would pafs at too

great a diftance from the flath, they are attraed towards
cach other. till within that diftance ; for the fphere of e-
le@rical attrattion is far beyond the diftance of flathing.

36. When a great number of clouds from the fea mect
a number of clouds raifed from the land, the electrical
flathes appear to ftrike in different parts ; and as the
cloyds ate joftled and mixed by the winds, or brought
near by the elarical atraction, they continye to give and.
recsive flath affer ﬂaf)i. ull the eledrigal fire is, cqually
dx&'ufci
has bqt litele eleétnca.l ﬁrf; in iv, you mu_& approach it very,
ncar with your knuckle, before you gan draw a {park.
Give it more fice, and it will give a fpark at a greater dif~
tance. Two gun-bacrels upited, and as highly eledrified,
will give 3 fpark at a fill greater diffance. But if two
gun-barrely cle@rified will firike af two inches diftaace,
and make a loyd fnap, to what 3 greas diftance may 10,000
acres of cletrified cloyd ftrike and give its fire, and how
loud muft be that crack ?

38. It is a common thing to fee clouds at difitrent
heighws pafling different ways, which fhews different cuc-
ronts of air, onc upder the other.  As tho air between the

tropics
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tropics is rarified by the fun, it rifes, the denfer northern
and fouthern air, prefling into its place. The air fo rari-
fied and forced up, paffes northward and fouthward, and
muft defcend in the polar regions, if it has no opportunity ’
before, that the circulation may be carried on, '

39. As currents of air, with the clouds therein, pafs dif-
ferent ways, "tis eafy to conceive how the clouds, paffing
over each other, may attra& each other, and fo come near’
enough for the ele@rical ftroke. And alfo how electrical
clouds may be carried within land very far from the fea,
before they have an opportunity to ftrike. ~

- 40. When the air, with its vapours raifed from the
occan between the tropics, comes to defcend in the polar
regions, and to be in conta& with the vapours arifing
there, the elerical fire they brought begins to be com--
municated, and is feen in clear- nights, being firft vifi ible
where “tis firft in motion, that is, where the conta be-
gins, or in the moft northern ‘part; from thence the-
ftreams of light feem to thoot fouthcrly, even up to the’
zenith of northern countries. But tho’ the light feems to
fhoot from the north foutherly, the progrefs of the fire is °
really from the fouth northerly, its motion beginning in the .
north being the reafon that ’tis there firft feen.

For the ele@rical fire is never vifible but when in mo-
tion, and leaping from body to body, or from particle to
particle thro’ the air. When it paffes thro’ denfe bodies
’tis unfeen. When a wire makes part of the circle, in the
explofion of the eletrical phial, the fire, though'in great

quantity
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quantity, pafies in the wire invifibly : but in paffing along
a chain, it becomes vifible as it leaps from link to link. In
paffing along leaf gilding ’tis vifible : for the leaf-gold, is
full of pores; hold a leaf to the light and it appears like a
net, and the fire is feen in its Jeaping over the vacancies.—
And as when a long canal filled with ftill water is opened
at one end, in order to be difcharged, the motion of the
water begins firft near the opened end, and proceeds to-
wards the clofe end, tho’ the water itfelf moves from the
clofe towards the opened end : fo the elettrical fire dif-
charged into the polar regions, perhaps from a thoufand
leagues length of vaporifed air, appears firft where °tis firft
in motion, . e. in the moft northern part, and the appear-
ance proceeds fouthward, tho’ the fire really moves north-
ward. This is fuppofed to account for the Aurora Bo-
realis,” ' o o
- 41,.When there is great heat on the land, in a particu-
lar region (the fun having fhone on it perhaps feveral
days, while the furroundmg countries have been fcreen’d
by clouds) the lower air is rarified and rifes, the coolcr
denfer air above defccnds ; the clouds in that air meet
from all fides, and j join over the heated place ; and if fome
are ele@rified, others not, lightning and thunder fucceed,
and thowers fall. Hence thunder-gufts after heats, and
cool air after guﬁs, the water and the clouds that brmg
it, coming from a higher and therefore a cooler region.

42. An ele@rical fpark, drawn from an irregular body
at fome diftance is fcarce ever firait, but fhows crooked

H . and
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and waving in the ain  So do.the flathes of lxghtnmg, the
clouds being very irregular. bodies,

. 43. As ele&rified clouds pafs over a country, high hillg. fo
and -high trees, lofty towers, fpires; mafts of fhips; chim-. b
neys, &c. as fo many prominencies and points, draw the b
ele@rical fire, and the whole cloud dtfcharges there.

44. Dangerous, therefore, is it to take helter under a. t
both men and beafts,

45. Ttisfafer to be in the open ﬁcld for another reafon! 1

When the cloaths are wet, if a flath fin its way to the. |
ground fhould ftrike your head, it rhay ‘run in the water *
over the furface of your body ;. whereas, if your ciodths,
were dry, it would go throagh the body: -

Hence-a wet rat cannot be- killed by the cxplodmg cfcc-A
trical bottle, when a dry rat may *.
© 46. Cobmmaen.fire is in all bodlcs, mere or- Tefs,’ as wcll:
as ele@rical fire.. Perhaps they may be: different modifi-

cations of the fame element ; or they may. be different elc-

ments. The latter is by fome fufpected..

47. If they are different things, yet they may and do.
fubfift together in the fame-body.

48. When eledtrical fire firikes through a body, it-ads.
upon -the common fire ‘contained in it,. and puts that fire

in motion ; and if there be-a fufficient quantity of each.
kind-of fire, the body will be mﬂamcd. .

@ This was tried with a bottle, containing about a quart, It.wi‘incc
thought that one of the large glafs jars, mentioned in thefe papers, might
e killed him, though wet, . .

tree, during a thunder-guft. Tt has bccn fatal to many, {
49. When .
E
x
]
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'49- When the quantity of common fire in the body is
fmall, the quantity of the eleétrical firs (or the ele@ricat
firoke) fhould be greater : if the quantity of common fire
be great, lefs eleGrical fire fuffices to produce the effe&.

50, Thus fpirits muft be heated befose we can fire them
by the eleGrical fpark®. If they are. much heated, a fmalt
fpark will do; if nat, the fpark muflbe greater.

§1. "Till lately we could only fire warm vapours; but
now we can burp bacd dry rofin.  And when we can pro-
cure greater ele@rical {parks, we may be able to fire not
-only unwarm’d fpirits, as lightning does, but even wood,
by giving fufficient agitation to the common fire contained
in it, as fri®ion we -know will do.

52. Sulphureous and inflamtmable vapours arifing from
the earth, are eafily kindled by lightning. Befides what
arife from the earth, fuch vapours are feat out by ftacks of
moift hay, corn, or other vegetables, which heat and reek.
Wood rotting in old trees or buildings does the fame,
Such are therefore eafily and often fired.

§3. Metals are often melted by lightring, tho’ pcrhaps
fot from heat in the lightning, nor altogether from agi-
‘tated fire in the metals.—For as whatever body can infi-
nuate itfelf between the particles of metal, and overcome
the attra&non by which they cohere (as fundry mcnﬁrua

Al 3
. Wobzve fince fired {pirits without hmng them, when the weather is

“wargy, . A little poured into the palm of the -hapd, will be warmed fuffi«

v;:“dy by the hand, if the fpirit be well reQified. = Aither. takes fire: moﬁ
T j‘o e -
H 2 can) .

v .
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can) will make the folid become a fluid, as well as fire,
yet without heating it : fo the elecrical fire, or lightning;
creating a violent repulfion between the particles of the
metal it paffcs through, the metal is fufed. ' '

§4. If you would, by a violent fire, melt off the énd of 2
nail, which is half driven into a door, the heat given the
whole nail before a part would melt, muft burn the board
it fticks in. And the melted part would burn the floor it
dropp’d on. But if a fword can be melted inthe fcabbard,
and money in 4 man’s pocket, by lightning, without burn—
ing cither, it muft be a cold fufion ®, -

§5. Lightning rends fome bodies. The ele@rical fpark
will ftrike a hole through a quire of ftrong paper.

. §6. If the fource of lightning, afligned in this paper, be
the true ‘one, there thould be little thunder heard at fex
far from land. And accordingly fome old fea-captains, of
whom enquiry has been made, do_affirm, that the faét a-
grees perfeQly with the hypothcﬁs ; for that in croffing
the grcat ocean, they feldom meet with thunder till they
come into foundings; and that the iflands far from the
continent have very little of it. And a curjous obferver,
who lived 13 years at Bermuda:, fays, there was lefs thun-
der there in that whole time than he has fometimes heard

in a month at Carolma

8 Thefe faéls, though rclated in fcveral accounts, are now doubted 3
fince it has been obferved that the parts of a bell-wire which fell on thie floor
being broken and partly melted by lightning, did adtually burn into the
boards. (See Philof. Tranf. Vol. Lig Pan% and Mr Kinner, hasfoum?
that a fine iron wire, melted by Ele&sicity, has had the fame ¢ '

* 3

A D-

Ly g £ "



ADDITIONAL PAPERS
TO |
Perer CoLuinson, Efg; F.R.S. London.

SIR, -~  Pbhiladephia, Fuly 29, 1750
AS you firft put us on ele@rical experiments, by
. fending to our library company a tube, with di-
re@ions how to ufe it ; and as our honourable proprictary
enabled us to carry thofe experiments to 2 greater height;
by his generous prefent of a compleat eletrical appara-
tus; ’tis fit that bath fhould know, from time to time,
what progrefs we make. It was in this view 1 wrote and
fent you my former papers on this fubject, defiring, that
as T had not the honour of a dire& correfpondence with
that bountiful benefactor to our library, they might be.
communicated to him through your hands. In the fame
view 1 write and fend you this additional paper. . If it
happens to’ bring you nothing new (which may well be,
confidering the number of ingenious men in Europe, con-
tinually engaged in the fame refearches) at leaft it will
fhow, that the inftruments put into our ‘hands aré not ne-.
gleQted ; and, that if no valuable difcoveries are made by
us, whatever the ‘caufe may be, it is not }vént'of indoftry ‘
and application. |
' I am, Sir,

Your muchobliged

Humble Servaat,
’ , B. FRANKLIN,
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OPINIONS and CONJECTURES,
‘voncerning the Properties and Effets of the
elettrical Matter, arifing’ from Experiments

and Obfervations, made a Philadelphia, 1749,

§ 1. HE eleGrical matter confifts of particles ex-

‘ tremely fabtile, fince it can permeate com-
mon matter, even the denfeft metals, with fuch eafe and’
freedom as not to receive any perceptible refiftance.

2. If anyone fhoald doubt whether the ele@rical mat--

ter paffes thro’ the fubftance of bodies, or only over and
along their furfaces, a fhock from an elerified large glafs:
jar, taken through his own body, will probably convince
~him, ' ' .

.3 Ele&trical matter differs from common matter in this,
that the parts of the latter mutually attra®, thofe of the
former mutually repel, each other. Hence the appearing
divergency in a {tream of ele@rified effluvia, '

‘4. But though the particles of ele@rical matter do re-’
pel cach other, they are ftrongly attraced by all other-
matter *.

Ellicots
' 5. From

- .

® Sec the ingenious effays on Ele&ricity, in the Tranfaiions, by M '

o
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- i: Frobt thefe-three things, the cxtreme fubtilty of the
ele@rical matter, the:mutual repulfion.of iss parts, and the
ftvong-attraction:between  them and othér matter, afifethis.
<ffedt; that, whea 'a.quantity of ele@rical matter is ap-
iplicd to a-md(t of commonmatter; of any bignefs or length,.
‘within out “bfervation' (which hath not already got its.
quantity) it 1s xmmed:atcly and equally diffufed through.
the whole.

- 6. Thus common matter is a kind of fpunge to” the' »

ele@rical fluid. - Andasa. fpunge would receive no- water-
if the parts of water werc not fmaller than the. pords-
of the fptmge and even then but flowly, if there were-
Tt a mntnal attraction between thofe: ‘parts and the pares.
of the fpunge ; and: would ftill imbibe it fafter, if the
mutual atéraion among the parts of the:water did net:
‘impede, forrie force being required- to-feparate them ; and.
fafteft, if; inffead'of attralion, there were @ mutual: repu1-~
fion among thofe parts,. which would ac¥ ia COHJ'Un&iOﬂ:
with the attraltion of the fpunge So is the cafc betweeh
the cle&tricil and common matter.. R - -
" 7. But it Common miatter there is (gcnenrlly) ‘assmiuch.
of the életrical as it wiRl contain withinrits fubftance. “If:
'tnore is added,; it lies thh’out upon the fiirface,.and forms
“what we callan elerical: ztmo(’phcrc ;. and thcu the body -
i faid to be cle@rifred. . '

8. ’Tis fuppofed, that all kinds of common- mmatter-db -
‘notattra@ang. retain the ele@rical, with equil Girengthand:
“forcc, for-reafons to be given bereafter, And ¢hat thofe:

called:
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called elerics per /2, as glafs, &c. attract and retain it

ftrongeft, and contain the greateft quantity, '
9. We know that the cle@rical fluid is 2 common

‘matter, becaufe we can pump it out by the globe or tube.
We know that common matter has near as much as it can

contain, becaufe, when we add a little more to any por-

tion of it, the additional quantity does not enter, but forms

an elecrical atmofphere. And we know that common
matter has not (generally) more than it can contain, other-
wife all loofe portions of it would repel each other, as
they conftantly do when they have electric atmofpheres,
10. The beneficial ufes of this ele@ric fluid in the

-creation, we are not yet well acquainted with, though

doubtlefs fuch there are, and thofe very confiderable ; but

:we may fee fome pernicious confequences that would at-

tend 3 much greater proportion of it. For had this globe

.we live on, as much of it in proportion as we can give to a
globe of iron, wood, or the like, the particles of duft and

other light matters that get loofe from it, would, by virtue
‘of their fcparatc cle&rical atmofpheres, not only repel each

other, but be repelled from the earth, and not caﬁly be
‘brought to unite with it again ; whence our air would
continually be more and more clogged with foreign mat-

ger, and grow unfit for refpiration. This affords another
occafion of adoring that wifdom which has made alk thmgs

by weight and meafure |

11. If a piece of common matter be fuppofed entirely

latter
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latter be brought nigh, it will be attracted, and enter the
body, and take place in the center, or where the attracion
is every” way equal. ' If more particles enter, they take
~ their places where the balance is equal between the at-
tra&ion of the common matter, and their own mutual re-
pulfion.  'Tis fuppofed they form triangles, whofe fides
thorten as their number increafes ; ’till the common mat-
ter has drawn in fo many, that its whole power of com-
prefling thole triangles by attration, is equal .to their whole
power of expanding themfelves by repulfion ; and then
will fuch piece of matter receive no more.

12. When part of this natural proportion of electrical
fluid is taken out of a piece of common matter, the trian-
gles formed by the ‘remainder, are {uppofed to widen by
the matual repulfion of the parts, until they occupy the

whole piece.

'13. When the quantity of ele&rical fluid, taken from a
piece of common matter, is reftored again, it enters, the
expanded triangles being again comprefled till thcre is room
for the whole.

. -14. To explain this: take two apples or two balls of
‘wood or other matter, each having its own natural quantity
of the ele@rical fluid.  Sufpend them by filk lines from the
cieling. Apply the wire of a well-charged vial, held in
your hand, to one of them (A) Fig. 7, and it will receive
from the wire a quantity of the electrical fluid ; but will
not imbibe it, being already full. The fluid therefore will

flow roynd its furface, and form an electrical atmofphere.
I Bring
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Bring A into conta® with B, and half the ele@rical fluid
is communicated, fo that each has now an ele@rical at-

mofphere, and therefore they repel each other. Take

away theft atmofpheres by touching the balls, and leave

them in their natural ftate : then, having fixed a fdick of

fealing-wax to the middle of the vial to hold it by, apply

the wire to A, at the fame time the coating touches B.

Thus will a quantity of the ele@rical fluid be drawn oue

- of B, and thrown on A. So that A will have aredun-

dance of this fluid, which forms an atmofphere round it,

and Ban exaltly equal deficiency. Now, bring thefe -
balls again into contalt, and the ecle@rical atmofphere
will not be divided between A and B, into two {malles
a;tmofpheres as before ; for B will drink up the whole at-
mofphere of A, and both will be found again in their na-
tural ftate. o '

15. The form of the cle@rical atmofphere is that of the
body it furrounds. This fhape may be rendered- vifible
in a ftill air, by raifing a fmoke from dry rofin, dropt into
a hot tea-fpoon under the ele@rifed body, which will be
attracted, and fpread itfelf equally on all fides, covering
and concealing the body*. And this form it takes, be-
caufe it is attraCted by all parts of the furface of the body;
though it cannot enter the fubftance already replete.
Without this attraction, it would not remain reund the bo-
dy, but diffipate in the air. '

. Sﬂe ra_ao,
36, The
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16. The atmofphere of elecirical particles furrounding
an clechrified Iphere, is not more difpofed to leave it, ot
more ealily drawn off from any one part of the {phere than
from another, becaufe it is equally attracted by every part:
Bat that is not the cafe with bodies of any other figure,
From a cube it is more eafily drawn at the corners than
at the plane fides, and fo from the angles of a body of any
other form, and ftill moft eafily from the angle that is moft
acute. ‘Thus if a body fhaped as A,B,C,D,E, in Fig. 8.
be ele@rified, or have an eleCtrical atmofphere commiini-
cated to it, and we confider every fide as a bafe on which
the particles reft, and by which they are attracted, one
may fee, by imaginming a line from A to F, and ancther
from E to G, that the portion of the atmofphere included-
in F,A,E,G, has the line A E for its bafis. So the por-
tion of atmofphere included in H, A, B, I, has the line
A, B, for its bafi. And likewife the portion inchuded
in K,B, C,L, has B, C, to reft on; and fo on the
other fide of the figure. Now if you would draw off
this atmofphere with any blunt fmooth body, and ap-
proach the middle of the fide A, B, you muft come
very near, before the force of your attraler exceeds the
force or power with which that fide holds its atmofphere.
But there is a fmall portion between 1, B, K, that has lefs of
the furface to reft on, and to beattraled by, than the neigh-
bouring portions, while at the fame time there is a mutual
repulfion between its particles, and the particles of thofe
portxons, therefore here you can get it with more eafe, or at

I2 a great-
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a greater diftance. Between' F,A,H, there:is alarger por-
tion that has yet alefs furface to reft’ on, and to attract it ;
here therefore you can get it away ftill more eafily. But
cafieft of all between L,C,M, where the quantity is largeft,
and the furface to attract and keep it back the leaft.
When you have drawn away one of thefe angular portions
of the fluid, another fucceeds in its place, from the na+
tare of fluidity and the mutual repulfion before-mentioned ;
and' fo the atmofphere continues flowing off at fuch angle,
like a ftream, till no more is remaining. The extremities
of the portions of atmofphere over thefe angular parts, are
likewife at a greater diftance from the ele@rified body, as

may be feen by the infpe@ion of the above figure ; the.

point of the atmofphere of the angle C, being much far-
ther from C, than any other part of the atmofphcre over
the lines C, B, or B, A: And, befides the diftance arxﬁng
from the nature of the figure, where the attra®tion is lefs,

the particles will .naturally expand to a greater diftance by

their mutual repulfion. On thefe,accounts we fuppofe e~
leGtrified bodies difcharge their atmofpheres upon unelec-
trified bod1cs more eafily, and at a greater diftance from
their- anglcs and points than from, their fmooth fides. —
Thofe points will alfo difcharge into the air, when the bo-

dy has too great an cleCtrical atmofphere, without bring- -

ing any non-ele&ric near, to receive what is thrown off :

For the air, though an eleric per fe, yet has always more -
or lefs water and other non-eleéric matters mixed with it

and thefe attract and receive what is fo difcharged.
' - 17. But
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« - 17. ‘But points have a property, by which they draw on
as well as throw off the elecrical fluid, at greater diftances
than blunt bodies can, That is, as the pointed part of an
&clecrified body will difcharge the atmofphere of that body,
or communicate it fartheft to another body, fo the point
~of an uneleétrified body will draw off' the ele@rical atmo-
fphere from an eletrified body, farther than a blunter part
of the fame unele&rified body will do. . Thus a pin held
by the head, and the point prefented to an elerified body,
will draw off its atmofphere at a foot diftance ; where, if
the head were prefented inftead of the point, no fucheffect
would follow. To underftand this, we may confider,
that if a perfon ftanding on the floor would draw. off the

~ eleétrical atmofphere from -an “ele@rified body, an iron
crow and a blunt kmttmg-nccdlc held alternately in his
hand, and prcfentcd for that purpofe, do not draw with
different forces in proportion to their chf’ferent mafes.
For the man, and what he holds in hns hand, be it largc
or fmall, are conne@ed with the common mafs of un-
ele@rified matter ; and the force w;th wh;ch ‘he draws is
the fame in both cafes, it conﬁﬂmg in the different pro-
portion of elericity in the eleétrified body, and that com-
~ mon mafs. But the force with which the ele@rified body
retains its atmofphere by attracting it, is proportloncd to
the furface over which the partlcles ate placed ; 7. e. four
~ fquare inches of that furface retain their atmofphere with
four times the force that ‘one fquare inch retains its at-
mofphere, And as in plucking the hairs from the horfe’s
: tail,
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tail, a degree of ftrength not fufficient to pull away a handful
at once, could yet cafily ftrip it hair by hair ; foa blunt
body prefented cannot draw off a number of particles at
once, but a pointed one, with no greater force, takes them
away cafily, particle by particle.

18. Thefe explanations of the power and operation of
points, when they firt occurr’d to me, and while they
firft floated in my mind, appeared perfettly fatisfattory ;
but now I have wrote them, and confidered them more
clofely in black and white, I muft own I have fome
doubts about them § yet, as I have at prefent nothing bet-
ter to offer in their ftead, I do not crofs them out : for
even a bad folution read, and its faults difcovered, has of-
ten given rife to a good one, in the mind of an ingenious
reader.

19. Nor is it of mach importance to us, to know the
manner in which nature executes her laws ; ’tis enough
if we know the laws themfelves. *Tis of real ufe to know

“that china left in the air unfupported will fall and break ;

but bow it comes to fall, and wby it breaks, are matters of
fpeculation *Tis a pleafure indeed to know them, but
we can preferve our china without it,

20. Thus in the prefent cafe, to know this power of
points, may poffibly be of fome ufe to mankind, though
we fhould never be able to explain it. The following

. experiments, as well as thofe in my firft paper, fhew this

power. I have a large prime conduétor, made of feveral
thin fheets of clothier’s paftcboard, form’d into a tube, near

ten
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ten feet fong and ‘a foot diameter. It Is” cover'd” with
Datch embofs’d paper, almoft totally gilt. This large
metallic furface fupports a much greater eletrical atmo-
fphere thana rod of iron of 5o times the weight would
do. It is fufpended by filk lines, and when charged will
ftrike at near two inches diftance, a pretty hard firoke,
fo as to make ones knuckle ach. Let a perfon ftanding
on the floor prefent the point of a needle at 12 or more
inches diftance from it, and while the needle is fo pre-
feated, the conductor cannot be charged, the point draw-
ing off the fire ‘as falt as it is thrown on by the elerical
globe. Let it be charged, and then prefent the point at
the fame diftance, and it will fuddenly be difcharged. In
the dark you may fee a light on the point, when the ex-
periment is made. And if the perfan holding the point
ftands upon wax, he will be electrified by receiving the
fire at that diftance, Attempt to draw off the eleGricity
with a blunt body, asa balt of iron round at the end, and
fmooth (afilverfmith’s iron; punch, inch thick, is what L
ufe) and you muft bring it within the diftance of three,
- inches before you can do it, and then it is done with a,
firoke and crack. As the pafieboard tube hangs loofe an
filk lines, when you approach it with the punch iron, it
likewife -will move. towards the punch, being attracted
while itis charged ; but if, at the fame inftant, a point:
be prefented as: before, it retices. again, for the point dif~
charges it.  Take a pair of large brafs. fcales, of two or:
moce feet beam, the cords of the fcales being filk. Suf-

pend
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pend the beam by a pack-thread from the c;elmg, fothat -

the bottom of the {cales may be about ‘a foot from the
floor: The fcales will move round in a circle by the un-
thftmg of the packthread. Set the iron punch on the
end upon the floor, in fuch a place as that the fcales may
pafs over it in making their circle : Then’ cle&rlfy one
fcale, by applying the wire of a charged phial to it. As
they move round, you fee that fcale draw nigher to the
floor, and dip more when it comes over the punch; and
if that be placed at a proper diftance, the. fcale will fnap
and difcharge its fire into it. But if a needle be ftuck on
the end of the punch, its point upwards, the fcale, inftead
of drawing nigh to the punch, and fnapping, difcharges
its fire filently through the point, and rifes higher from,
the punch. Nay, even if the needle be placed .upon the
floor near the punch, its point upwards, the end of the
punch, tho’ fo much higher than the needle, will not at-
tract the fcale and receive its fire, for the needle will get
it and convey it away, before it comes nigh enough for
the punch to a&. And this is conftantly obfervable in
thefe experiments, that the greater quantity of eletricity

on the pafteboard tube, the farther it ftrikes.or difcharges -
its fire, and the point likewife will draw- it off at 2 fill:

greater diftance,

. Now if the fire of elc&nc:ty and that of hghtnmg be-
the fame, as I have endeavoured to fhew at large, in a’
former paper, this pafteboard tube and thefe fcales may:

reprefent electrified clouds, If a tube of - only- ten feet

R SR :]ong;
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long will ftrike and difcharge its fire' on the punch at
two or three inches diftance, an electrified cloud of per-
haps 10,000 acres may “ftrike and difcharge on the earth
at a proportionably greater diftance. The horizontal mo-
tion of the fcales over the floor; may reprefent the mo-
tion of the clouds over the earth; and the ere&: iron
punach, a hilt orhigh tuilding ;" and then we fee how
elerified clouds pafling - over 'hills -or high' buildings at
‘too great a height to fAirike, may be attradted lower till
within their ﬁnkmg diftance.  And laftly, -if a peedle
ﬁxcd on the punch with its pmnt upnght or even o the
floor below the pum:b will drawthe fire from the fcale
fitently at a much greater than thic -Rriking drﬁancc, and
fo'prevent its defcending  towards the punch s or if in its
~ courfe it would have come nigh enough to ﬁnke, yet be-
ing firt- deprived of its fire it camnet, and the punchis
thcreby fecured from the ftroke. I fay, rf thefc things
are fo, may not the knowledge of this power of points
be of ufc to mankind, in preferving houfes, churches,
fhips, &c. from the ftroke of lightning, by dire@ing us
to ﬁxonthe higheft parts of thofe edifices, vpright rods
of iron made fharp as a needle, and gilt to prevent ruft-
ing, and from the foot of thofe rods a wire down the
outfide of the building into the groand, or down round
one of the throuds of a fhip, and down her fide till it
reaches the water? 'Would not thefe pointed rods proba-
bly draw the clecrical fire filently out of a cloud before
- K - C it
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it came nigh enough to ftrike, and tlicréby fecure us from
that moft fudden and terrible mifchief? .

21. To determine the queftion,  -whether the clouds:
that contain lightning are eletrified or not, I would pro-~.
pofe an experiment to be try’d where it may be done con-,
veniently. On the top of fome high tower or fteeple, place
a kind of centry-box (as in F1G.9.) big énough to contain-
a man and an eledrical ftand. From the middle of the ftand
let an iron rod rife and pafs bending out of the deor, and
then upright 20 er 30 feet, pointed very:fharp at the end..

- If the ele@trical ftand be kept clean and dry, a man ftand- -

ing on it when fuch clouds are pafling low, might be elec-
trified and afford fparks, the rod drawing fire to him from
acloud, If any danger to the man fhould be apprehended
(though I think there would be none) let him ftand on
the floor of his box, and now and then bring near to the
rod the loop of a wire that has one end faftened to the
leads, he holding it by a wax handle ; fo the fparks, if

. the rod is ele@rified, will ftrike from the rod to the wire,

and not affe& him.
22. Before I leave this fubject of lightning, I may men-

_ tion fome other fimilarities between the effe@s of that,

and thofe of ele@ricity. Lightning has often been known
to ftrike people blind. A pigeon that we ftruck dead to .
appearance by the elecrical thock, recovering life, drooped
about the yard feveral days, eat nothing, though crumbs
were thrown to it, but declined and died. We did not
think of its being deprived of fight; but afterwards a
pullet .
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pullet ftruck dead in like mannet, being recovered by re-

~peatcdly blowing into its luhgs, when fet down on the
. floor, ran headlong againft the wall, and on examination
appeatcd perfeétly blind: Hence we concluded that the
pigeon alfo had been abfolutely blinded by the fhock.
The. biggeft animal we have yet killed, or tried to kill,
-with the ele@rical ftroke, was a well-grown pullet.

23. Reading in the ingenious Dr Mjiles’s account of .
the thunder ftorm at Stretham, the effe@ of the lightning
in ftripping off all the paint that had coveéred a gilt
moulding of a pannel of wainfcot, without hurting the
reft of the paint, I had a mind to lay a coat of paint over
the filletting of gold on the cover of a book, and try the
effet of a ftrong electrical flath fent through that gold
‘from a charged theet of glafs. But having no paint at
hand, T pafted a narrow ftrip of paper over it ; and when
dry, fent the flath through the gilding, by which the paper
-was torn off from end to end, with fuch force, that it was
broke in feveral places, and in others breught away part of
the grain of the Turky-leather in which it was bound ;
and convinced me, that had it been painted, the paint
would have been ftript off in the fame manner with that
on the wainfcot at Stretbam. -

24. Lightning melts metals, and I hinted in my paper
on that fubjed, that I fufpected it to be a cold fufion ;
I do not mean a fufion by force of cold, but a fufion
without heat *. 'We have alfo melted gold, filver, and

* See note in page 49,
copper,
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copper, in fmall quantities, by the ele@rical flath. The
manner is this: Take leaf gold, leaf filver, or leaf gilt
copper, commonly called leaf brafs, or Durchd gold ;
cut off from the leaf long narrow ftrips, the breadth of a
ftraw. Place one of thefe firips between two firips of
fmooth glafs that are about the width of your finger. If
" one ftrip of gold, the length of the leaf, be not long e-
nough for the glafs, add another to the end of it, fo that
you may have a little part hanging out loofe at each end
of the glafs. Bind the pieces of glafs together from end
to end with ftrong filk thread ; then place it {0 as to be
part of an ele&rical circuit, (thé ends of gold hanging out
being of ufe to join with the other parts of the circuir)
and fend the flath through it, from a large cle@rified
jar or fheet of glafs. Then if your firips of glaf remain
whole, you will fee that the gold is mifling in feveral
places, and inftead of it 2 metallic. ftain on both the
glaffes ; the ftains on the upper and under glaf exallly
fimilar in the minuteft firoke, as may be feen by helding.
them to the light ; the metal appeared to have been not
only melted, but even vitrified, or etheswife fo driven:
into the pores of the ghfs, as to be protected by it froms
the aQion of the ftrongeft Aqua Fortis, or Aqua Regia. - ¥
fend you enclofed two little pieces of glafs with thefe
! metallic ftains upon them, which cannot be removed with-
' " out taking part of the glafs with them. Sometimes the
fain fpreads a little wider than the breadth of the leaf,
and locks brighter at the edge, as by infpeCting clofely
- you
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you may obferve in thefe. Sometiimes the glafs breaks
Yo pieces; onte the upper glafs brokeinto a thoufand pieces,
looking like coarfe falt. Thefe picces I fend you were
ftain’d with Durch gold. - True gold makes a darker ftain,
fomewhat reddifh ; filver, 4 greenith ftain. ‘We once took
two pieces of thick looking-glafs, as broad as a Gunter’s
fcale, and fix inches long ; and placing leaf-gold between
them, put them between two {moothly plam d pieces of
wood, and fix’d them tight in a book-binder’s fmall prefs 5
yet though they were fo clofely confined, the force of the
elerical fhock fhivered the glafs into many pieces. The
gold was melted, and ftain"d into the glafs, as ufual. ~The
circumftances of the breaking of the glafs differ much in
making the experiment, and fometimes-it does not break
atall: but this is conftant, that the fains in the upper and
under piecés ate exat counterparts of each other. And
though I have taken up the pieces of glals between my
fingers immediately after this melting, I never could per-
ceive the leaft warmth in them.

25. In one of my former papers, I mentioned, that,
gilding on a book, thoogh at firt it communicated the
fhock perfe&ly well, yet failed after a few experiments,.
which we could not account for. We have fincé found'
that one ftrong fhock breaks the continuity of the gold’
in the filletting, and makes it look rather like duft of
gold, abundance of its parts being broken and driven of;.
and it will feldom condu& above one ftrong thock.. Per-
haps(hxs may be the rcafon : When thete is not a perfect

continuity:
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continuity in the circuit, the fire muft leap over the va.
cancies : There is a certain diftance which it is able to
leap over according to its ftrength ; if a number of
fmall vacancies, though each be very minute, taken to-
gether exceed that diftance, it cannot leap over them, and
fo the fhock is prevented.

~26. From the before-mentioned law of elericity, that
points as they are more or lefs acute, draw on and
throw off the ele@rical fluid with more or lefs power,
and at greater or lefs diftances, and in larger or fmaller
quantities in the fame time, we may fee how to account
for the fituation of the leaf of gold fufpended between
two plates, the upper one continually electrified, the un-
der onein a perfon’s hand ftanding on the floor. When
the upper plate is electrified, the leaf is attracted, and
raifed towards it, and would fly to that plate, were it not
for its own points. The corner that happens to be up-
permoft when the leaf is rifing, being a ftharp point, from
the extream thinnefs of the gold, draws and receives at

~ a diftance a fufficient quantity of the ele@ric fluid to

give itfelf an ele@ric atmofphere, by which its progrefs
to the upper plate is ftopt, and it begins to be repelled
from that plate, and would be driven back to the
under plate, but that its loweft corner is likewife a
point, and throws off or difcharges the overplus of the
leaf’s atmofphere, as faft as the upper corner draws it
on. Were thefe two points perfe@tly equal in acutenefs,

the leaf would take place exactly in the middle fpace,
for
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for its wenght is a trifle, compared to the power a&ing
on it : But it is generally neareft the uneletrified plate,
becaufe, when the leaf is offered to the eleCrified plate,
at a diftance, the harpeft point is commonly firft affeted
and raifed towards it ; fo tbhar point, from its greater
acutenefs, receiving the fluid fafter than its oppofite can
difcharge it at equal diftances, it retires from the eleri-
fied plate, and draws nearer to the unelerified plate,
till it comes to a diftance where the difcharge can be ex-
actly equal to the ‘receipt, the latter being leflened, and
the former encreafed ; and there it remains as long as the
globe continues to fupply freth eleftrical matter. This
will appear plain, when “the difference of acutenefs in
the corners -is made very great. Cut a piece of Duzch
gold (which is fitteft for thef¢ experiments on account of
its greater ‘ftrength) into the form of Fic. 10. the up-
per corner a right angle, the two next obtufe angles,
and the loweft a very acute one; and bring this on your
plate under the ele@rified plate, -in fuch a manner as -
that the right-angled part may be firlt raifed (which is .
done by cavering the acute part with the hollow of your :
hand) and you will fee this leaf take place much nearer
to the upper than the under plate ; becaufe without -
being nearer, it cannot receive fo faft at its right-angled
point, as it can difcharge at its acute one. Turn this .
leaf with the acute part uppermoft, and then it takes
place neareft the unele@rified plate; becaufe, otherwife, '
it reccives fafter at its acute point than it can difcharge

at
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at its right-angled ope. Thus the difference of diftance:
is always proportioned to the difference of acutenefs,
Take care in cutting your leaf, to leave na little l',a'zscd;
particles on the edges, which fometimes form points

where yow would not have them. You may make this

. figure fo acute below, and blunt above, asto nged no uader.

plate, it difcharging faft enough into the aic. When it is
made narrower, as the figure -between the pricked lines,
we callit the Golden Fifb, from its manner of ating. For
if you take it by the tail, and hold it at a foet or greater
horizontal diffance from the prime conductor, it will, -
when let go, fiy to it with a brifk but wavering motion,
like that of an ecl through the water; it will then take
place under the prime condutor, at perhaps a quarter
or half an inch diftance, and keep a continual fhaking of .
its tail like a fith, fo that it feems animated. Turn its tail
towards the prime conductor, and then it flies to yoyr
finger, -and feems to nibble it. And if you hold a plate
under it at fix or eight inches diftance, and ceafe turniag
the globe, when' the ele@rical atmofphere of the conduc- .
tor grows {mall, it will defcend to the plate and fwim back
again feveral times with the fame fifh-like motion, greatly
to the entertainment of fpectators. By a little pratice in -
blunting or fharpening the heads or tails of thefe figures, -
you may make them take place as defired, nearer or farther
from the ele&rified plate,
27. Itis faid in Se@ion 8, of this paper, that all kinds of
common matter are {uppofed not to attract the ele@rical
fluid
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fluid with equal ftrength; and that thofe called elerics
per e, as glafs, &, attrat and retain it ftrongeft, and con-
tain the greateft quantity. ‘This latter pofition may feem
a paradox to fome, being contrary to the hitherto reccived
opinion ; and therefore I fhall now endeavour to explain it.
28. In order to this, let it fir be confider’d, that we
cannat by any means we are yet acquainted with, force the
electrical flusd thro’ glafs. 1 know it is commonly thought
that it eafily prevades glafs; and the experiment of a feather
fufpended by a thread, in a bottle hermetically fealed, yet
moved by bringing a rubbed tube near the outfide of the
bottle, is alledged to prove it. But, if the eletrical fluid
fo eafily pervades glafs, how does the vial become charged:
(as we term it) when we hold it in ourhands? Would
not the fire thrown in by the wire, pafs through to our
hands, and fo efcape into the floor? Would not the bot-
tle in that cafe be left juft as we found it, uncharged, ‘as
we know a metal bottle fo attempted to be charged would
be? Indeed, if there be the leaft crack, the minuteft
folution- of continuity in the glafs, though it remains fo
tight that nothing elfe we know of will pafs, yet the ex-
tremely fubtile ele@ric fluid flies through fuch a crack
with the greateft freedom, and fuch a bottle we know
can never be charged : What then makes the difference
between fuch a bottle and one that is found, bat this, that
the fluid can pafs through the one, and not through the
other*?
# See the firft fixteen Se&xom of the former paper, called Farther Ex-
feriments,§c. v
L 29. It
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29. It is true, there is an experiment that at firft ﬁghE
would be apt to fatisfy a flight obferver, that the fire
thrown into the bottle by the wire, does really pafs thro’
the glafs. Ttis this: place the bottle on a glafs ftand, un-
der the prime conductor ; fufpend a bullet by a chain from

- the prime conduor, till it comes within a quarter of an

inch right over the wire of the bottle ; place your knuckle
on the glafs ftand, at juft the fame diftance from the
coating of the bottle, as the bullet is fromits wire. Now
let the globe beturned, and you fee a fpark ftrike from
the bullet to the wire of the bottle, and the fame inftant
you fee and feel an exactly equal fpark ftriking from the
coating on your knuckle, and fo on, fpark for fpark, ‘This
looks as if the whole received by the bottle was again
difcharged from it. And yet the bottle by this means is
charged 1*  And therefore the fire that thus leaves the
bottle, though the fame in quantity, cannot be the very
fame fire that entered at the wire, for if it were, the bottle
would remain uncharged.

30. If the fire that fo leaves the bottle be not the fame

that is thrown in through the wire, it muft be fire that fub-

fited in the bottle, (that is, in the glafs of the bottle) be-
fore the operation began. '
31. If fo, there muft be a ‘great quantity in glafs, be-

caufe a great quantity is thus difcharged, even from very
thin glafs. o

® See Sedk. 0, of Farther Experiments, £5¢. |
32, That
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32. That this ele@trical fluid or fire is ftrongly attracted
by glafs, we know from the quicknefs and violence with
which it is refumed by the part that had been deprived of
it, when there is an opportunity. And by this, that we
cannot from a mafs of glafs, draw a quantity of ele@ric
fire, or electrify the whole mafs minus, as we can a mafs
of metal. 'We cannot leffen or increafe its whole quanti-
ty, for the quantity it hasit holds ; and it has as much as
itcan hold. Its pores are filled with it as full as the mu-
tual repellency of the particles will admit ; and what is al-
ready in, refufes, or ftrongly repels, any additional quantity.
Nor have we any way of moving the ele@rical fluid in
glafs, but one; that is, by covering part of the two fur-
faces of thin glafs with non-ele@rics, and then throwing
an additional quantity of this fluid on one furface, which
fpreading in the non-eleric, and being bound by it to
that furface, acts by its repelling force on the particles of
the clectrical fluid contained in the other furface, and drives
them out of the glafs into the non-eleric on that fide,
from whence they are difcharged, and then thofe added
on the charged fide can enter. But when this is done,
there is no more in the glafs, nor lefs than before, juft as
much having left it on one fide as it received on the other,

33. I feel a want of terms here, and doubt much whe-
ther I fhall be able to make this part intelligible. By the
word farface, in this cafe, I do not mean mere length and
breadth without thicknefs ; but when I fpeak of the up-
per or under-furface of a piece of glafs, the outer or in-
' L2 ner
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ner furface of the vial, I mean length, breadth, and half
the thicknefs, and beg the favour of being fo underftood.
Now, I fuppofe, that glafs in its firft principles, and in the
furnace, has no more of this eleGrical fluid .than other
common matter : That when it is blown, as it cools, and
the particles of common fire leave it, its pores become a

< vacuum : That the component parts of glafs are extremely

fmall and fine, I guefs from its never fhowing a rough
face when it breaks, but always a polith; and from the
fmallnefs of its particles I fuppofe the pores between them
muft be exceeding fmall, which is the reafon that aqua-
fortis, nor any other menftruum we have, can enter to fe-
parate them and diffolve the fubftance; nor is any fluid
we know of, finc .enoughto enter, except common fire,
and the eleGtric fluid. Now the departing fire leaving
a vacuum, as aforefaid, between thefe pores, which air
nor water are fine enough to enter and fill, the ele@ric
fluid, (which is every where ready in what we call the
non-eleérics, and in the non-ele@ric mixtures that are in
the air) isattracted in; yet does not become fixed with the
fubflance of the glafs, but fubfifts there as. water in a po-
rous ftone, retained only by the attrattion of the fixed
parts, itfelf ftill loofe and a fluid. But I fuppofe farther,
that in the cooling of the glafs, its texture becomes clofeft
in the middle, and formsa kind of partition, in which the
pores are fo narrow, that the particles of the ele&rical
tiuid, which enter both furfaces at the fame time, cannot
go through, or pafs and repafs from one furface to the

' other,




Olfervations om ELECTRICITY. 77

other, and fo mix together ; yet, though the particles of
eleric fluid, imbibed by each furface, cannot themfelves
pafs through to thofe of the other, their repellency can,
and by this means they act on one another. The particles
of the ele@ric fluid have a mutual repellency, but by the -
power of attraCtion in the glafs they are condenfed or
forced nearer to each other. 'When the glafs has received,
and, by its attrattion, forced clofer together fo much of
this ele@tric fluid, as that the power of attrating and
condenfing in the one, is equal to the power of expanfion
in the other, it can imbibe no more, and that remains its
conftant whole quantity ; but each furface would receive
more, if the repellency of what is in the oppofite furface
did not refift its entrance. 'The quantities of this fluid in
each furface being equal, their repelling action on each
other is equal ; and therefore thofe of one furface catnot
drive out thofe of the other ; but, if a greater quantity is
forced into one furface than the glafs would naturally
draw in, this increafes the repelling power on that fide,
-and overpowering the attraction on the other, drives out
part of the fluid that had been imbibed. by that furface, if
there be any non-elettric ready to receive it : fuch there is
in all cafes where glafs is electrified to give a thock. The
furface that has been thus emptied by having its eletrical
fluid driven out, refumes again an equal quantity with vie-
lence, as foon as the glafs has an opportunity to difcharge
that over quantity more than it could retain by attraltion
~in itsother furface, by the additional sepellency of which
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the vacuum had been occafioned. For experiments fa-
vouring (if I may not fay confirming) this hypothefis, I
mutft, to avoid repetition, beg leave to refer you back to
what is faid of the elecrical phial in my former pa-
pers.

34. Let us now fee how it will account for feveral
other appearances.—Glafs, a body extremely elaftic (and
perhaps its elafticity may be owing in fome degree to the
fubfifting of fo great a quantity of this repelling fluid
in its pores) muft, when rubbed, have its rubbed fur-
face fomewhat ftretched, or its folid parts drawn a little
farther afunder, fo that the vacancies in which the elec-
trical fluid refides, become larger, affording room for
more of that fluid, which is immediately attraGted into it
from the cuthion or hand rubbing, they being fupplied
frogm the common ftock. But the inftant the parts of the
glafs, fo opened and filled, have paffed the friction, they
clofe again, and force the additional quantity out upon
.the furface, where it muft reft till that part comes round
to the cufhion again, unlefs fome non-eleciric (as’the
prime-conductor) firft prefents to reccive it *. But if the
infide of the globe be lined with a non-eleéric, the ad-

. ditional repellency of the ele@rical fluid, thus colle@ed

* In the dark the eleric fluid may be feen on the cufhion in two fe-
mi-circles or half-moons, one on the fz;re part, the other on the back part
of the cuthion, juft where the globe and cufhion feparate. In the fore
crefcent the fire is paffing out of the cuthion into the glafs; in the other

. it i leaving the glafs, and returning into the back part of the cafhion.

When the prime conductor is apply’d to take it off the glafs, the back
crefcent difappeary,
by
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by frition on the rubb’d part of the globe’s outer fur-
face, drives an equal quantity out of the inner furface into
that non-ele@ric lining, which receiving it, and carrying
it away from the rubb’d ‘part into the common mafs,
through the axis of the globe, and frame of the ma-
chine, the new colle@ed eleérical fluid can enter and re-
main in the outer furface, and none of it (or a very little)
will be received by the prime condutor. As this charg’d
part of the globe comes round to the cufhion again, the
outer furface delivers its overplus fire into the cufhion, the
oppofite inner furface receiving at the fame time an equal
quantity from the floor. Every eleGrician knows that a
globe wet within will afford little or no fire, but the rea-
fon has not before been attempted to be given, that I
know of.

34. So if a tube lined with a * non-eleétric, be rubb’d,
little or no fire is obtained from it. What is collected
from the hand in the downward rubbing ftroke, entering
the pores of the glafs, and driving an equal quantity out
of the inner furface into the non-ele&tric lining: and the
hand in pafling up to take a fecond firoke, takes out
again what had been thrown into the outer furface, and
then the inner furface receives back again what it had
given to the non-ele@ric lining. Thus the particles of
ele€trical fluid belonging to the infide furface go in and
out of their pores every ftroke given to the tube. Put 2

* Gilt Paper, with the gilt face next the glafs, does well.
wire
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wire into the tube, the inward end in conta& with the
non-eleric lining, fo it will reprefent the Leyder bottle.
Let a fecond perfon touch the wire while you rub, and
the fire driven out of the inward furface when you give
the ftroke, will pafs through him into the common mafs,
and return through him when the inner furface refumes
its quantity, and therefore this new kind of Leyden bot-
tle cannot be fo charged. But thus it may: after every
ftroke, before you pafs your hand up to make another,
let the fecond perfon apply his finger to the wire, take
the fpark, and then withdraw his finger; and fo on till
he has drawn a number of fparks; thus will the inner
furface be exhaufted, and the outer furface charged ; then
wrap a fheet of gilt paper clofe round the outer furface,
and grafping it in your hand you may receive a thock
by applying the finger of the other hand to the wire ;
for now the vacant pores in the inner furfice refume
their quantity, and the overcharg’d pores in the outer fur-
face difcharge that overplus ; the equilibrium being re-
ftored through your body, which could not be reftored
through the glafs *. If the tube be exhaufted of air, a
non-eleric lining, in conta& with the wire, is not necef-
fary ; for in wacuo, the ele@rical fire will fly freely from
the inner furface, without a non-ele@ric conduétor :
but air refifts in motion ; for being itfelf an eletric per

® Scc Farther Experimentsy Se&t. 15.

fo
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J&, itdoes not attratt it, having already its quantity. So
the air never draws off an elecric atmofphere from any
body, but in proportion to the non-ele@rics mix’d with
it : it rather keeps fuch an atmofphere confin’d, which
from the mutual repulfion of its particles, tends to difii-
pation, and would immediately diffipate #7 wvacuo.—And
thus the experiment of the feather inclofed in a glafs
veflel hermetically fealed, but moving on the approach
~ of the rubbed tube, is explained : When an additional

quantity of the ele@rical fluid is applied to the fide of
the veflel by the atmofphere of the tube, a quantity is
repelled and driven out of the inner furface of that fide
into the veflel, and there affe&s the feather, returning
again into its pores, when the tube with its atmofphere is
withdrawn ; not that the particles of that atmofphere did
themfelves pafs through the glafs to the feather.—And
every other appearance I have yet feen, in which glafs
and elericity are concerned, are, I think, explained with
equal eafe by the fame hypothefis. Yet, perhaps, it may
not be a true one, and I fhall be obliged to him that affords
me a better.

35. Thus I take the difference between non eleétrics,
and glafs, an electric per f2, to confift in thefe two par-
ticulars. 1ft, That a non-eleCric eafily fuffers a change
in the quantity of the electric fluid it contains. You
may leflen its whole quantity, by drawing out a part,
which the whole body will again refume; but of glafs

" you can only leflen the quantity contained in one of its
M fur-
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furfaces ; and not that, but by fupplying an equal quantity

at the fame time to the other furface; fo that the whole

glafs may always have the fagpe quantity in the two fur<
faces, their two different quantitics being added together.
And this can only be done in glafs that is thin; beyond
a certain thicknefs we have yet no power that can make
this change. And, 2dly, that the elecric fire freely re-
moves from place to place, in and through the fubftance
of a non-eleCtric, but not fo through the fubftance of
glafs. YIf you offer a quantity to one end of a long rod
of metal, it receives it, and when it enters, every par-
ticle that was before in the rod, pufhes its neighbour
quite to the farther end, where the overplus is difcharged ;
and this inftantaneoufly where the rod is part of the circle -
in the experiment of the fhock. But glafs, from the
fmallnefs of its pores, or ftronger attrattion of what it
contains, refufes to admit fo free a motion ; 3 glafy rod
will not conduct a thock, nor will the thinneft glafs fuffer
any particle entering one of its furfaces to pafs through to
the other.

36. Hence we fee the impoflibility of fuccefs in the
experiments propofed, to draw out the effluvial virtues of
a non-eleric, as cinnamon for inftance, and mixing them
with the eledric fluid, to convey them with that into
the body, by including it in the globe, and then apply-
ing friction, &c, For though the efluvia of cinnamon,
and the ele@ric fluid thould mix within the globe, they
would never come out together through the pores of the
: glafs,
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‘glafs, and fo go to the prime condu&or ; for the elec-
tric fluid itfelf cannot come through ; and the prime’
conduor is always fupply’d from the cufhion, and that
from the floor. And befides, when the globe is filled
with cinnamon, or other non-elefric, no eleric fluid
can be obtained from its outer furface, for the reafon be-
fore.mentioned. I have tried another way, which I
thought more likely to obtain a mixture of the electric
and other effluvia together, if fuch 2 mixture had been
poffible. I placed a glafs plate under my cuthion, to cut
off the communication between the cuthion and floor ;
then brought a fmall chain from the cuthion into a glafs
of oil of turpentine, and carried another chain from the
oil of turpentine to the floor, taking care that the chain
from the cuthion to the glafs, touch’d no part of the frame
of the machine. Another chain was fixed to the prime
condu&or, and held in the hand of a perfon to be elec-
trifed. The ends of the two chains in the glafs were
near an inch diftant from each other, the oil of turpen-
tine between. Now the globe being turned, could draw
no fire from the floor through the machine, the com-
munication that way being cut off by the thick glafs plate
ander the outhion : it muft then draw it through the
chains whofe ends were dipped in the oil of turpentine,
And as the oil of turpentine, being an eletric per f,
would not condu&, what came up from the floor was
obliged to jump from the end of one chain to the end of
the other, through the fubftance of that oil, which we

M2 could
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could fee in large fparks, and fo it had a fair opportunity

-of fizing fome of the fineft particles of the oil in its paf-

fage, and carrying them off with it : but no fuch effe@®
followed, nor could I perceive the |leaft difference in the
fmell of the eleéric effluvia thus collected, from what
it has when colle¢ted otherwife, nor does it.otherwife
affe@ the body of a' perfon cleCtrifed. I likewife put
into a phial, inftead of water, a ftrong purgative liquid,
and then charged the phial, and took repeated fhocks
from it, in which cafe every particle of the electrical
fluid muft, before it went through my body, have firt
gone through the liquid when the phial is charging, and
returned through it when difcharging, yet no other effe®
followed than if it had been charged with water. T have
alfo fmelt the ele@ric fire when drawn thro’® gold, filver,
copper, lead, iron, wood, and the human body, and
could perceive no difference ; the odour is always the
fame where the fpark does not burn what it ftrikes ; and
therefore I imagine it does not take that fmell from any
quality of the bodies it paffes through. And indeed, as
that fmell fo readily leaves the eletric matter, and ad-
heres to the knuckle receiving the fparks, and to other
things ; I fufpe& that it never was connefted with it,
but arifes inftantaneoufly from fomething in the air a&ted
upon by it. For if it was fine enough to come with the
eletric fluid through the hody of one perfon, why thoukd
it ftop on the fkin of another ?

Bll@
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But I fhall never have done, if I tell you all my con-

jeQures, thoughts, and imaginations on the nature and

operations of this electric fluid, and relate the variety of
little experiments we have tried. I have already made
this paper too long, for which I muft crave pardon, not
having now time to make it fhorter. I fhall only add,
that as it has been obferved here that fpirits will fire by
the eleGtric fpark in the fummer time, without heating
‘them,. when Fabrenbeit’s thermometer is above 70; fo
. when colder, if the operator puts a fmall flat bottle
of fpirits in his bofom, or a clofe pocket, with the fpoon,
fome little time before he ufes them, the heat of his body
will communicate warmth more than fufficient for the
purpofe,

ADDI-

- m———
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ADDITIONAL EXPERIMENT: -

Proving that the Leyden Bottle bas no more eleéirical Fire
in it when charged, than before ; nor lefs when difcharg-
ed: That,in difcharging, the Fire does not iffue from the
Wire and the Coating at the fame Time, as fome bave
thought, but that the Coating always receives what is dif-
charged by the Wire, or an equal Quantity ; the ‘outer
Surface being aleays in a negative State of Eledlticity,
avben the snner Surface is in a pofitive State,

L ACE a thick plate of glafs under the rubbing
cuthion, to cut off the communication of ele@ri-
cal fire from the floor to the cufhion; then, if there be
no fine Tpoints or hairy threads fticking out from the
cufhion, or from the parts of the machine oppofite to
the cuthion, (of which you muft be careful) you can get
but a few {parks from the prime condu&or, which are all
the cuthion will part with. '
Hang a phial then on the prime condu¢tor, and it will
not charge though you hold it by the coating.—But
Form a communication by a chain from the coating to
thg cuthion, and the phial will charge.
For the globe then draws the eleric fire out of the

. outfide furface of the phial, and forces it through the

prime condu&or and wire of the phial, into the infide
furface. , ‘
Thus
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. Thus the bottle is charged with its own fire, no other
bcxng fo be had while the glats plate is under the
cuthion.

Hang two cark balls by flaxen threads to the prime con-
du&or ; then touch the coating of the bottle, and they

will be electrified and recede from each other.

For Juf’c as much fire as you give the coatmg, fo much
is difcharged through the wire upon the prime conduétor,
whence the cork balls receive an ele&trical atmofphere.
—But,

Take a wire bent in the form of a C, with a flick of
wax fixed to the outfide of the curve, to hold it by; and
apply one end of this wire to the coating, and the other
at the fame time to the prime conductor, the phial will
be difcharged ; and if the balls are not ele@rified before
the difcharge, neither will they appear to be fo after the

difcharge, for they will not repel each other.
. Now if the fire difcharged from the infide furface of

the bottle through its wire, remained on the prime con-
duor, the balls would be eletrified, and recede from each
.other.

If the phial really exploded at both ends, and difchar-
ged fire from both coating and wire, the balls would be
more ele@rified, and recede farther ; for none of the fire

can efcape, the wax handle preventing.
But if the fire, with which the infide furface is furchar-
ged, be fo much precifely as is wanted by the outfide fur-~

face, it will pafs round through the wire fixed to the wax
handle,



88  New Experiments in ELecTrICITY,

handle, reftore the equilibrium in the glafs, and make no
alteration in the ftate of the prime condu&or.

Accordingly we find, that if the prime condu&or be
ele@rified, and the cork balls in a ftate of repellency be-
fore the bottle is difcharged, they continue fo afterwards.
If not, they are not electrified by that difcharge.

BI ol a

LET-




LETTER VL
~ FRroM
Beny. FrankviN, Efg; of Philadelphia,
T O

- PeTer Corrinson, Efg; F. R S. at London,

SIR, : July 27, 1750,

- R W-tf-n, 1 believe, wrote his Obfervations on
M my laft paper in hafte, without having firft well
: confidered the Experiments related §. 17. *,
which fill appear to me decifive in the queftion,—#betber
the accumulation of the eleCirical fire be in the eletrified
glafs, or in the non-eleétric matter connected with the glafs 2
and to demonftrate that 'tis really in the glafs.

. As to the experiment that ingenious Gentleman men«
tions, and which he thinks conclufive on the other fide,
I perfuade myfelf he will change his opinion of it, when
he confiders, that as‘one perfon applying the wire of the
clnrged bottle to warm' fpirits, in a fpoon held by another
- ® See the Paper entitled, Ig'aﬂlm Enperiments, 6.

per-
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perfon, both ftanding on the floor, will fire the fpirits, and
yet fuch ﬁnng will not determinc whether the accumula- -
tion was in the glafs or the non-ele@ric ; fo the placing
another perfon between them, ftandipg on wax, with a
bafon in his hand, into which the water from the phial is
pour'd, while ke at the inflant of pouring prefents a finger
of his other hand to the fpirits,"does not at all alter the
cafe ; the ftream from the phial, the fide of the bafon,
with the arms and body of the perfon on the wax, being
all together but as one long wire, reaching from the in-
ternal furface of the phial to the (pirits.

June 29, 1751. In Capt. Waddell’s account of the ef-
fe&s of lightning on his thip, I could not but take notice
of the large comazants (as he calls them) that fettled on
the fpintles at the top-maft heads, and burnt’like very
large torches (before the ftroke). According to my o-
pinion, the eletrical fire was then drawing off, as by
points, from the cloud ; the largenefs of the flame be-
tokening the great quantity of elecricity in the cloud :
and had there heen a good wire communication from the
fpintle heads to the fea, that could have conduted more
freely than tarred ropes, or mafts of turpentine wood, I
imagine there would ¢ither have been no ftroke; or, if a
ftroke, the wire would have conducted it all mto the fca
without damage to the thip,

His compaffes loft the virtue of the load-ftone, or the
poles were reverfed ; the North point turning to the South.
-By Ele@ricity we have (bere at Philadelphia) frequently

given
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given polarity to' needles, and réve’r’fc’d it at }Sleafure.
Mr Wilfon, at London, tried it on too large maﬁ'es, and
with too fmall force.

A fhock from four largc‘ glafs jars, fent through a fine
fewing needle, givesit polarity, and it will traverfe when
laid on water.—If the needle when ftruck lies Eaft and
Weft, the end entered by the ele@ric blaft ‘points North
—If it lies Noith andSouth, the -end that lay - tOWatds ‘
the North will continue to point North when placed om
water, whether the ﬁre entered at that end, or at thc con-
trary end.

“The Polarity given is ftrongeft when the Necdlc is ftruck
lying North and South, weakeft when lying Eaft and Weft ;
perhaps if the force was ftill greater, the South end, én-
ter'd by the fire, (when the needle lies North and South)
might become the North, otherwife it puzzles us to ac-
count for the inverting of compafles by lightning ; fince
their needles muft always be found in that fituation, and
by our little Experiments, whether the blaft entered the
North-and went out at the South end of the needle, or
the contrary, ftill the end that lay to the North fhould
continue to point North.

In thefe experiments the ends of the needles are fome-
times finely. blued like a watch-fpring by the elecric flame.
—This _colour given by the flath from two jars only,
will -wipe off, but four jars fix it, and frequently melt
the needles. I fend you fome that have had their heads
and points melted off by our mimic lightning ; and a pin

~ N2 that
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that had its point melted off, and fome part of its. head
and neck run, Sometimes the furface on the body of the
needle is alfe run, and appears blifter’d when examined by

" a magnifying glafs : the jars I make ufe of hold 7 or §
gallons, and are coated and lined with tin foil ; cach of
them takes a thoufand turns* of a globe nine mchcs diame-
ter to charge it.

I fend you two fpecimens of tin-foil melted between
glafs, by the force of two jars only.

I have not heard thatany of your European cle&nmxans
have ever been able to fire gunpowder by the elettric
flame.— We do it here in this manner.—A fmall car-
tridge is filled with dry powder, hard rammed, fo as to
bruife fome of the grains; two pointed wires are then
thruft in, one at each end, the points approaching each
other in the middle of the cartridge till within the diftance
of half an inch ; then, the cartridge being placed in the
circle, when the four jars are difcharged, the eleric
flame leaping from the point of one wire to the point of
the other, within the cartridge amongft the powder, ﬁre:
it, and the explofion of the powder is at the fame inftant’
with the crack of the decharge . - )

. Yours, &e. ,
B. FRANKLIN'}

¢ The cufhion being afterwaids covered with a fong flap of buckfkin,
which might cling to the globe ; and care being taken to keep that flap of
a due temperature; between too dry and too moxg we found fo much mores
of the cleCtric Auid was obtaimed, as that 150 turns were fufficient. 1753+

LET-




LETTER VII

FROM_

BEN} F RANKLIN, Efg, of szladelpbza, ';
T O

C. C .Efq; at New-York.

SER- I 1984,
Inclofe you anfiwers; fuch as my prcfent hurry of bu-
finels will permit me to make, 'to the principal que..

ries contained ih yours of the 28th inftant, and befy
leave to refer you to the latter picce in the printed col-
le@ion of my papers, for farther explanation of the dif-
ference between what is. called - elaé?rics per fe, and nom
eleirics. thn you have had time to read and confider
thefe papers I will endeavour to- make any new experi-
ments you (hall propofe, that you. think may afford far-.
ther light or fatisfaction to either-of us; and thall be
much obliged to you for fuch remarks, objeions, &c.. as
may occur to you.—I forget whether I wrote you that T
_havg melted brafs pins and fteel needles, inverted the poles

of the magnetic needle, given a magnetifm and polarity to
needles.
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needles that had none, and fired dry gunpowder by the
eletric fpark. T have five bottles that contain 8 or ¢ gal- .
lons each, two of which charg'd, are fufficient for thofe

'purpofcs but I can charge and difcharge them altoge-

ther. There are no bounds (but what expence and labour
give) to the force man may raife and ufe in the elerical
way : For bottle may be added to bottle 7 snfinitum. and
all united and difcharged together as one, the force and
effelt proportioned to their number and fize. The greateft

~ known effets of common lightning may, I think, with-

out much difficulty, be exceeded in this way, which a few
years fince could not have bgen believed, and even now

may:feem to many a little extravagant to fuppofe.~—So we

are got beyond the fkill of Rabelais’s devils of two years

‘old, who, he humoroufly fays, ‘had only learnt to thunder
'and lighten a little round the head of a cabbage.

I am, with Sincere. rq/])eft’
2"0ur mof} obltged bumble fervant

B, FRANKLIN.
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. (." ¢ U . ‘ .
Queries and Anfwers referr'd 10 in the forego-
ing Letter,

. Ruery, Wherein confifts the difference between an elec-
tric and a mon-eleéiric body ?

- Anfwer, The terms ele@ric per fe, and non-ele@ric,
were firft ufed to diftinguith bodies, on a miftaken fop-
pofition that thafe called eleGrics per fe, alone contained
ele@ric matter in their fubftance, which was capable of
being excited by friction, and of being produced or drawn
from them, and communicated to thofe called non-
ele@rics, fuppofed to be deftitute of it : For the glafs, &c.
being rubbed, - difcover’d figns of having it, by fnapping
to the finger, attracting, repelling, &c. and could com-
municate thofe figns to metals and water.— Afterwards
it was found, that rubbing of glafs would not produce the

ele&ric matter, unlefs a communication was preferved be-

tween the rubber and the floor ; and fubfequent experi-
ments proved that the ele@ric matter was really drawn
from thofe bodies that at firft were thought to have none
~in them. Then it was doubted whether glafs and other
~ bodies called ¢/ec?rics per fe, had really any ele@ric matter
- in them, fince they apparently afforded. none but what
they firft extraGted from thofe which bad been called non-
eleCrics. But fome of my experiments thew that glafs
contains it in great quantity, and I now fufpe& it to be
pretty cqually diffufed inall the matter of this terraqueous

globe

- —————— . e ot
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globe: If fo, the terms electric per fe, and non eleétric,
thould be laid afide as improper : And (the only difference
being this, that fome bodies will conduct eleétric matter,
and others will not) the terms conduétor and non-conduétor
may fupply their place. If any portion of eleétric matter
is applied to a picce of conducting matter, it penetrates
and flows through it, or fpreads equally on its furface; if
applied to a piece of non-conducing matter, it will do
necither, Perfe@ conduors of ele@ric matter are only
metals and water, Other bodies condu&ing only as they
contain a mixture of thofe ; without more or lefs of
which they will not conduét at all ¥, This (by the way)
thews a new relation between metals and water heretofore
unknown.
" Toilluftrate this by a comparifon, which, however, can
only give a faint refemblance, EleCric matter pafles
through conduors as water pafies through a porous ftone,
or fpreads on their furfaces as water fpreads on a wet
ftone ; but when applied to non-conduors, it is like wa-
ter dropt on a greafy ftone, it neither penetrates, paffes
through, nor fpreads on the furface, but remains in drops
\ where itfalls, See farther on this head in my laft printed
piece. _— '
Query. What are the effe@s of air in cle@rical experi-
ments ? -
Anfwer. All Ihave hitherto obferved, are thefe. - Moift
: air

* This propofition is fince found to be too general ; M #ilon having
difcovered that melted wax and rofin will alfo condu&.
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air receives and condu@s the elerical matter in propor-
tion to its moifture, quite dry air not at all : air is there-
fore to be clafs’d with -the nof-conducors. - Dry ait af~
fifts in confining the eletrical atmofphere to the body it
furrounds, and prevents its diffipating: for in vacuo it
quits eafily, and-points operate ftronger, 7. e. they throw
off or attratt the elerical matter more freely, and at
greater diftances ; fo that air intervening obftrucs its paf-
fing from body to body, in fome degree. A clean eleéri-
cal phial and wire, containing air ieftead of water, will
not be charged nor give a fthock, any more than if it was
fill’'d with powder of glafs ; but exhaufted of air it operates
as well as if filled with water.  Yet, an eleGric atmofphere
and air do not feem to exclude each other, for we breath
freely in fuchan atmquhere, and dry air will blow through
it without difplacirig or driving it away. I queftion whe-
ther the ftrongeft dry N. Wefter would diffipate it. I
once ele@rified a:large cork ball, at the end of a filk
thread three feet long, the other end of which I held in my
fingers, and whirl’d it round, likea fling, 100 times in the
air, with the fwifteft motion I could poffibly give it, yet-
it retained its cle@ric atmofphere, though it muft have
pafled through 800 yards of air, allowing my arm in
giving the motion to add a foot to the femi-diameter of
the circle.—By quite dry air, I mean the dryeft we have :
for pcrhaps we never have any perfeitly free from moitture,
An eleétrical atmofpbere raifed round a thick wire, in-
ferted in a phial of air, drives out none of the air, nor

o ~ on
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on withdrawing that atmofphere will any afr ruth in, s

have found by a very curious experiment, accurately made,
whence we concluded that the air’s clafticity was not af<
fected thereby,

An Experiment towards difcovering more of the S’Zuabtze: of
the Eleétric Fluid,

From the prime conductor, hang a bullet by a wirve-
hook ; under the bullet et half an inch diftance, place a
bright piece of filver to reccive the fparks; then fet the
wheel be turned, and in a few minutes (if the repeated
fparks continually ftrike in the fame fpot) the filver will
reccive a blue ftain, near the colour of a watch Ipring,

- A bright piece of iron will alfo be fpotted, but not with

that colour ; it rather feems corroded.
On gold, brafs, or tin, I have not perceived that it

makes any impreffion. But the fpots on the filver or iron
will be the fame, whether the bullet be lead, bra& gold,
or filver.

On a filver bullet there will alfo appear a fmall fpot, as
well as on the plate below it.

LET-
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LETTER VIIL
FROM
Mr E. Kinnersiry at Boflon,
T O
Benjamin Franevrin, Efg; at Philadelphia.

. SIR, ' ‘ Feb, 3, 1752,
I Have the following Expcnments to communicate : I

held in ene hand a wire, which was faftened at the

pther end to the handle of a pump, in order to try
whether the firoke from the prime conduéor, through
my arms, would be any greater than when conveyed only
to the furface of the earth, but could difcover no dif-
ferencs.

I placed the ngedle of a compals on the point of a long
Pin, and holding it in the atmefphere of the prime con-
duor, at the diftance of about three inches, found it to
whirl round like the flyers of 3 jack, with great rapidity.

I fufpended with filk a cork ball, about the bignefs of
& pea, and prefented to jt, rubbed amber, fealing-war,
sad fulphur, by each of which it was ftrongly repelled ;

02 then



100 . New Expmmtm‘ and

then I tried rubbed glafs and china, and found that each
of thefe would attract it, until it became ele&rified again,
and then it would be repelled as at firft ; and while thus
repelled by the rubbed glas ar china, either, of the others
when rubbed would attractit. Then I c(lc&riﬁcd the hall,
with the wire of a charged phial, and prefented to it
rubbed glafs (the ftopper of a decanter) and a china tea-
cup, by which it was as - ftrongly repélled as by the wire;
but when I prefented either of the other rubbed electrics,
it would be ftrongly attri@éd, and when I elecrified it
by either of thefe, till it became repelled, it would be at-
tracted by the wire of the phial, but be rcpclled by its
coating. .

* Thefe experiments furprized me very much, and have
induced me to infer the following paradoxes.

1. If a glafs globe be placed at one end of a primes
conduor, and a fulphur one at the other end, both be-
ing equally in good order, and in'equal motion; not a
fpark of fire can be obtained from the condu&or ; but one
globe will draw ‘out, as'faft as the other gives in. :

2. If a phial be fufpended on the conductor,-with 2
chain from its coating to the table, and only one of the
globes be made ufe of at'a time, 20 turnsof the wheel;
for inftance, will charge it; after which, fo ‘many turns
of the other wheel will difcharge it; and as many more
will charge it again,

3. Theglobes being both in motion, each having a fe-
paratc conductor, with a phial fufpended on one of them,
and
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and the chain of it faltened to the other, the phial will
Become charged ; one globe charging pofitively, the other-
negatively.

4. The phial bemg thus charged hang it in like man-
ner on the other condu&or; fet both wheelsa going again,
and the fame number of turns that charged it before, will
now difcharge it ; and the fame number repeated, will
charge it again,

5. When each globe communicates with the fame prime
condu¢tor, haying a chain hanging from it to the table,
one of them, when in motion, (but which I can’t fay)
will draw fire up through the cufhion, and difcharge it
through the chain ; the other will draw it up through the
chain, and' dx(charge it through the cufhion.

I thould be glad if you would fend to my houfe t%r
my fulphur globe, and the cufhion belonging to it; and
make the trial ; but muft caution you not to ufe chalk on.
the cuthion, fome fine powdered fulphur will do better.
* If, as I expe@, you fhould find the globes to charge the,
prime conduétor differently, I hope you will be able to _dif-
cover fome method of determining whxch it is that charges.
poﬁtxvely. ,

Iam, &c. _
E. KINNERSLEY.

LET-
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LETTER IX

FROM

Benjamin FranxriN, Efz; at Philadelpbia,

T O

Mr E. KiNNERsLEY, at Boffon.

S IR, March 2, 1952
fent immediately for your brimftone globe, in order
to make the trials you defired, but found it wanted:
centers, which I have not time now to fupply ; but the
firft leifure I will get it fitted for ufe, try the experiments,
and acquaint you with the refult. ' '
In the mean time I fufpe&, that the different attracions
and repulfions you obferved, preceeded rather from the
greater or {fmaller quantities of the fire you obtained from
different bodies, than from its being of a different ind, or
having a different direc?ion. 1In hafte,

| I Thank you for the Experiments communicated. I

Iam, &c.
B. FRANKLIN.
LET-
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LETTER X

. FROM
Benjamin Franxiy, Efg; of Philadelphia,
T O |

Mr E. Kinnersiey, at Boflon.
S IR, March 16, 1752.

Aving brought your brimftone globe to work, I
H tried one of the experiments you propofed, and
was agreeably furprifed to find that the glafs
globe being at one end of the condu@or, and the !"ulphur
globe at the other end, both globes in motion, no fpark
could be obtained from the conductor, unlefs when one
globe turned flower, or was not in fo good order s the o-
ther ; and then the fpark was only in proportion to the
difference, fo that turning equally, or turning that floweft
which worked bett, would again bring the conduor to af-
ford no fpark.

I foand alfo, that the wire of a phial charg’d by the
glafs globe, attracted a cork ball that had touch’d the wire
of a phial charged by the brimftone globe, and wice ver/,

- fo

==
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fo that the cork continued to play between the two phials,
juft as ' when one phial was charged through the wire, the
other through the coating, by the glafs globe alone. And
two phials charged, the one by the brimftone globe, the
other by the glafs globe, would be both difcharged. by
bringing their wires togethcr, and thock the perfon hold-
ing the phials. '

JFrom thefe experiments one may be certain that your
2d, 3d, and 4th propofed experiments, would fucceed ex-
attly as you fuppofe, though I have not tried them, want-
ing time.—I imagine it is the glafs globe that charges
pofitively, and the fulphur negatively, for thefe reafons,
1. Though the fulphur globe feems to work equally well
with the glafs one, yet it can never occafion fo large and
diftant a fpark between my knuckle and the condu@or
when the fulphur one is working, as when the glafs one
is ufed ; which, I fuppofe, is occafioned by this, that bo-
dies of a certain bignefs cannot fo eafily part with a
quantity of electrical fluid they have and hold attraced
within their fubftance, as they can receive an additional.
quantity upon their furface by way of atmofphere, There-
fore fo much cannot be drawn out of the conduor, as
can be thrown om it. 2. I obferve that the ftream or
bruth of fire, appearing at the end of a wire, conne@ed
with the condu®or, is long, large, and much diverging,
when the glafs globe is ufed, and makes a fnapping (or
rattling) noife; but when the fulphur one is ufed, it is.
fhprt {mall, and ‘makes a hiiling noife ; and juft the re-
' verfe
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verfe of both happens, when you hold the fame wire in
your hand, and, the globes are worked alternately : the
bruth is large, long, diverging and fnapping (or rattling)
when the fulphur globe is turn’d ; thort, fmall, and hiffing
when the glafs globe is turn’d.—When the bruth is long,
large, and much diverging, the body to which it joins,
feems to me to be throwing the fire out ; and when the
contrary appears, it feems to be drinking in. 3. I ob-
ferve, that when I hold my knuckle before the fulphur
globe, while turning, the ftream of fire between my
kauckle and the globe, feems to fpread on its furface, as
if it flowed from the finger ; on the glafs globe it is other-
wife. 4. The cool wind (or what was called fa) that
we ufed to feel as coming from an eletrified point, is, I
think, more fenfible when the glafs globe is ufed, than
when the fulphur one.—But thefe are hafty thoughts.
As to your fifth paradox, it muft likewife be true, if the
glabes are alternately worked ; butif worked together, the
fire will neither come up nor go down by the chain, be-
caufe one globe will drink it as faft as the other pro-
duces it.

I fhould be glad to know whether the effects would be
contrary if the glafs globe is folid, and the fulphur globe is
hollow ; butI have no means at prefent of trying.

In your journeys, your glafs globes meet with accidents,
and fulphur ones are heavy and inconvenient. RQuery.
Would not a thin plane of brimftone, caft on a board,

ferve on occafion as a cuthion, while a globe of leather
P ftuffed
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ftuffed (properly mounted) might receive the fire from the-
fulphur, and charge the conductor pofitively # Such a globe-
would be in no danger of breaking®. ¥ think I can conceive
how it may be done; but have not time to add more

than that I am, -
Yours, &e.

B. FRANKLIN.

9be preceding LRTTERS baving been tranflated into French,
and printed at Paris; the Abbe Mazeas, in a Letter to.
Dr Stephen Hales, dated St Germain, May 20, 1752,.
gives the following Account (printed in the Philofophicak
Tranfations) of the Experiment made at Matly, in
purfuance of that propofed by My Franklin, Page 66.

SIR,

R \HE Philadelphian experiments, that Mr Colinforr,
a Member of the Royal Society, was fo kind as to-

communicate to the public, having been univerfally ad-
mired in France, the King defired to fee them performed.
Wherefore the Duke D’Ayen offered his Majefty his
country-houfe at St Germain, where M. de Lor, mafter of
Experimental Philofophy, fhould put thofe of Phsladelphia -

~ inexecution. His Majefty faw them. with great fatisfac~

tion, and greatly applauded Meflieurs Franklin and Collin-
Jon.  ‘Fhefe applaufes of his Majefty having excited in-
: Mef-

* The difcoveries of the latc ingenious Mr Symmer, on the pofitive and
negative Elecltricity produced by the mutual fri@ion of white and black
fuk, &¢, afford hints for farther improvements to be made with this view.
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{ Meflieurs de Buffon, D’ Alibard, and De Lor, a defire of
* verifying the conjetures of Mr Franklin, upon the ana-

logy of thunder and electricity, they prepar’d themfelves

for making the experiment.

M. D’ Alibard chofe, for this purpofe, a garden fituated
at Marly, where he placed upon an electrical body a
pointed bar of iron, of 4o feet high. On the tenth of
May, 20 minutes paft two in the afternoon, a ftormy cloud
having paffed over the place where the bar ftood, thofe that
were appainted to obferve it, drew near, and attraced from
it fparks of fire, perceiving the fame kind of commotions
as in the common elerical Experiments.

M. de Lor fenfible of the good fuccefs of this experi-
ment refolved to repeat it at his houfe in the Efrapade at
Paris, He raifeda bar of iron gy feet high, placed upon
+ a cake of refin, two feet fquare, and three inches thick,
On the 18th of May, between four and five in the after-
noon, a ftormy cloud having paffed over the bar, where it
remained half an hour, he drew fparks from the bar,
like thofe from the gun barrel, when, in the elece
trical experiments the globe is only rubbed by the cufhion,
and they produced the fame noife, the fame fire, and the
fame crackling. They drew the ftrongeft fparks at the
diftance of nine lines, while the rain, mingled with a little
hail, fell from the cloud, without either thunder or lighe.
ning; this cloud being, according to all appearance, only
the confequence of a fiorm, which happened elfewhere.

I am, with a profound refpeé?,
Your meft bumble and obedient fervant.
G. Mazeas,
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A Lerter of Mr W. WATSON, F.R.S.
to the Royal Society, concerning the elettri-
cal Experiments in ENGLAND wupon Thunder-
Clouds. Read Dec. 1752, Tran/. Vol. XLVII.

" GENTLEMEN,

FTER the communications, which we have
' received from feveral of our correfpondents in

different parts of the continent, acquainting us
with the fuccefs of their experiments laft fummer, in en-
deavouring to extrac the ele&ricity from the atmofphere

- during a thunder-ftorm, in confequence of Mr Franklin’s
hypothefis, it may be thought extraordinary, that no ac-

counts have been yet laid before you, of our fuccefs here .
from the fame experiments. That no want of attention,
therefore, may be attributed to thofe here, who have been
hitherto converfant in thefe enquiries, I thought proper to

‘apprile you, that, though feveral members of the Royal

Society, as well as myfelf, did, upon the firft advices from
France, prepare and fet up the neceffary, apparatus for this
purpofe, we were defeated in our expeCtations, from the
uncommon coolnefs and dampnefs of the air here, during
the whole fummer. We had only at London one thun-
der ftorm; viz. on ¥uly 20; and then the thunder was
accompanied withrain ; fo that, by wetting the apparatus,
the electricity was diffipated too foon to be perceived upon
touching thofe parts of the apparatus, which ferved to

' conduct
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conductiit. This, I fay, in general prevented our verify-: |

ing Mr Franklin’s hypothefis: But our worthy brother
Mr Canton was mare fortunate. I take the liberty, there-
fore, of laying before you an extra& of a letter, which I
received from that gentleman, dated from Spital-fquare,
Fuly 21, 1752. -

‘ I had yefterday, about five in the afternoon, an op-
'« portunity of trying Mr Franklin’s experiment of extract-
* ing the ele@rical fire from the clouds; and fucceeded,
by means of a tin tube, between three and four feet in
‘¢ length, fixed to the top of a glafs one, of about eighteen
 inches. To the upper end of the tin tube, which was
“ not fo high as a ftack of chimnies on the fame houfe,
¢ I faftened three necdles with fome wire; and to the
¢ lower end was folder’d a tin cover to- keep the rain from
“ the glafs tabe, which was fét upright in a block of wood.
“ T attended this apparatus as foon after the thunder began
« as poffible, but did not find'it in the leaft ele@rified, tilt
‘¢ between the third and fourth clap; when applying my

¢ knuckle to the edge of the cover, I felt and heard an-
« eleCrical fpark ; and approaching it a fecond time, I.

« received the fpark at the diftance of about half an inch,
“ and faw it diftin@ly. This Irepeated four or five times
“ in the fpace of a minute; but the fparks grew weaker
« and weaker,; and in lefs than two minutes the tin-tabe
¢ did not appear to be ele@rifed at all. The rain con-
< tinued during the thunder, but was confiderably abated
«. at the time of making the experiment.” Thus far Mr

Canton, Mr
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- Mr Wilfon likewife of the Society, to whom we are
much obliged for the trouble he has taken in thefe pur-
fuits, bad an oppoartunity of verifying Mr Franklin’s hypo-
thefis. He informed me, by a lctter from near Chelmsford
in E/ffex, dated Auguff 12, 1752, that, on that day about
noon, he perceived feveral electrical fnaps, during, or rather
atthe end of a thunder ftorm, from no other apparatus than
an iron curtain rod, one end of which he put into the neck
ofa glafs phial, and held this phial in his hand. To the
other end of the iron he faftened three ncedles with fome
filk, ‘This phial, fupporting the rod, he held in one hand,
and drew foaps from the rod with a finger of his other,
This experiment was not made upon any eminence, but
in the garden of a gentleman, at whofe houfe he then was,

Dr Bevis obferved, at Mr Cave’s at St Jobn's Gate,
nearly the fame phenomena as Mr Canton, of which an
account has been already laid before the public.

Trifting as the effes here mentioned are, when come
pared with thofe which we have received from Paris and
Berlin, they are the only ones, that the laft fummer here
has produced ; and as they were made by perfons worthy
of crcd;t they tend to eftablith the authcntlcxty of thofe
tranfmitted from our correfpondents.

I flatter myfelf, that this (hort account of thefe matters
wxll not be difagreeable to you; and am,

with the moft profeund Refpeé?,
Your moft obedient bumble Servant,
W. WATSON.
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LETTER XL

FROM

Benj. FRANichN, Efg; of Pbilaa’elpb;’a;

Oé. 19, 1732,

) S frequent mention is made in public papers
A from Europe of the fuccefs of the Philadelphia
experiment for drawing the elecric fire from
clouds by means of pointed rods of iron erected on high
buildings, &c. it may be agreeable to the curious to be in-
formed that the fame experiment has fucceeded in Philadel-
phia, though made in a different and more eafy manner,
whichis as follows =
Make a fmall crofs of two light firips of cedar, the
arms fo long asto reach to the four corners of a large

thin filk handkerchief when extended ; ‘tie the corners of

the handkerchief to the extremities of the crofs, fo you
have the body of a kite; which being properly accom=
modated with a tail, loop,.and ftring, will rife in the air,.
Like thofe made of paper ; but this being of filk, is fitter
to bear the wet and wind of a thunder-guft without tear-

ing. To the top of the upright ftick of the crofs is to

be fixed a very fharp pointed wire,. rifing a foot or more
above

. TITTTRTTT T T e v
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above the wood. . To the end of the twine, next the
hand, is to be tied a filk ribbon, and where the filk and
twine join, a key may be faftened. This kite is to be
* raifed when a thunder guft appears to be coming on, and
the perfon who holds the ftring muft ftand within a door
or window, or under fome cover, {o that the filk ribbon
may not be wet ; and care muft be taken that the twine
does not touch the frame of the door or window. As
foon as any of the thunder clouds come over the kite, the
pointed wire will draw the ele@ric fire from them, and
the kite, with all the twine, will be ele@rified, and the
loofe filaments of the t-wine will ftand out every way, and
be attra&ed by an approaching finger. And when therain
has wet the kite and twine, fo that it can conduct the
eletric fire freely, you will find it ftream out plentifully
from the key on the approach of your knuckle. At this
key the phial may be charged ; and from eletric fire thus
obtained, {pirits may be kindled, and all the other ele@ric
experiments be performed, which are ufually done by the
help of a rubbed glafs globe or tube, and thereby the fame-~
nefs of the eleCtric matter with that of lightening com-
pletely demonftrated. '

: B. F,

LET-




LETTER XII

FROM

BeNj. FRANKLIN, Efg; of Philadelphia,
ToO

PeTer CoLLINSON, Efy, F.R.S. London.
SIR, " Philadelphia, September 1753

enlarged and fent to England in 1749. I confidered

the fea as the grand fource of lightning, imagining its
luminous appearance to be owing to elecric fire, produc’d
by friion between the particles of water and thofe of falt.
Living far fromthe fea, I had then no opportunity of mak-
ing experiments on the fea water, and fo cmbraced this o-
pinion too haftily. .

For in 1750 and 1751, being occaﬁonally on the fea
coaft, I found, by experiments, that fea water in a bottle,
tho’ at firft it would by agitation appear luminous, yet in
a few hours it loft that virtue ; bence, and from this, that 1
could ‘ot by agitating a folution of fea faltin water pro-

Q_ duce

IN my former paper on this fubje&, wrote firft in .1747,A
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duce any light, I firft began to doubt of my former hypo-
thefis, and to fufpect that the luminous appearance in fea
watér, muft be owing to’fome other principles.

1 then confidered whether it were not pofiible, that the
particles of air, being elecrics per fe, might, in hard gales
of wind, by their friction againft trees, hills, buildings,
&z, a5 o many minute eleétric globes, rubbing againft non-
ele@ric cufhions, draw the eleétric fire from the earth, and
that the rifing vapours might receive that fire from the air,
and, by fuch means, the clouds become elerified. _

If this were fo, 1 imagined that by farcing a canftant
violent ftream of air againft my prime conductor, by bel-
lows, I thould eletrify it negatively; the rubbing parti-
cles of air, drawing from it part of its natural quantity of
the ele@ric fluid. I accordingly made the experiment, but
it did nat fucceed.

In: September 1752, 1 ereed an iron rod to draw the
lightning down into my houfe, in order to make fome ex-
periments an it, with two bells to give notice. when the

Tod fhould be ele@rify’d: A contrivance obvious to every

eleGrician. ‘

I found the bells rang fometimes when there was no
lightning or thunder, but enly a dark cloud over the rod ;
that fometimes after a flath of lightning they would fud-
denly ﬁop ; and, at other times, when they had not rang
before, they would after -a flath, fuddenly begin to ring ;
that the cle&ncxty was fometimes very faint, fo that when

» - afmal
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a fmall fparke was obtain’d, another could not be got for

fome time after; at other times the fparks would follow-
extremely quick, and ence I had a continual ftreans .from-
bell to bell, the fize of a crow-quill : Even during the famc

guft there were confiderzble variations.

- In the winter following I conceived an experiment, to
try whether the clouds were elecrify’d pofitively or nega--
tively ; but my pointed rod, with its apparatus, becoming

out of order, I did not refit it till towards the fpring, when'

I expected the warm weather would bnng on more fre-
quent thunder-clouds.

‘Fhe experiment was this: To take two phials; charge.'

one of them with lightaing from the ironr rod, and give the'
other an equat charge by the eteétric glafs globe, thro® the
prime conductor : When charg'd, to place them on a table

within three or four inches of each other, a fmall cork balt’

being fufpended by a fine filk thread from the ceiling, fo as’

it might ptay between the wites.  If both bottles then were:

eleCrifyed pofitively, the ball being attraied ‘and repelled
by one, muft be alfo repell’d by the other. If the one’
pofitively, and the other negatively; then the ball would be
attraCted and repell'd alternately by each, and cortiriue

to play between them as long as any conf' derable charve re- .

mained. : !

Being very intent on making this experiment, it was no
fmall mortification to me, that I happened to be abroad

during two of the greateft thunder-ftorms we had earfy i

the fpring, and tho’ I had given orders in my family, that
. Q2 if

- T e
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if the bells rang when I was from home, they thould catch
fome of the lightning for me in electrical phials, and they
did fo, yet it was moftly diffipated before my return, and
in fome of the other gufts, the quantity of lightning I was
able to obtain was fo fmall, and the charge fo weak, that
I could not fatisfy myfelf: Yet I fometimes faw what
heighten’d my fufpicions, and inflamed my curiofity.

- Atlaft, on the 12th of April/ 1753, there being a fmart
guft of fome continuance, I charged one phial pretty well
with lightning, and the other equally, as near as I could
judge, with ele@ricity from my glafs globe ; and, having

_placed them properly, I beheld, with great furprize and
pleafure, the cork ball play brifkly between them ; and
was convinced that ene bottle was electrifed negatsvely.

I repeated this experiment feveral times during the guft,
and in eight fucceeding gufts, always with the fame fuc-
cefs; and being of opinion (for reafons I formerly gave in
my letter to Mr Kinner/fly, fince printed in London) that the
glafs globe elecrifes pofitsvely, I concluded that the clouds
are always ele@rifed negatively, or have always in them lefs
than their natural quantity of the eletric fluid.

. Yet notwithftanding fo many experiments, it feems I
concluded too foon; for at laft, Fume the 6th, in a guft
which continued from fiveo’clock, P. M. to feven, I met
with one cloud that was electrifed pofitively, tho’ feveral
that pafs’d over my rod before, during the fame guft, were
in the negative ftate, ‘This was thus difcovered :

I had

!
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I had another concurring experiment, which I often re-
peated, to prove the negative ftate of the clouds, wiz,
While the bells were ringing, I took the phial charged
from the glafs globe, and applied its wire to the ereGed
rod, confidering, that if the clouds were electrifed pofitsve-
Jy, the rod which received its eleétricity from them, muft

be fo too ; and then the additional pofitive eletricity of,

the phial would make the bells ring fafter =—But, if the
clouds were in a negative ftate, they muft exbauft the e-
keéric fluid from my rod, and bring that into the fame ne-
gative ftate with themfelves, and then the wire of a pofitive-

ly charg’d phial, fupplying the rod with what it wanted,

(which it was obliged otherwife to draw from the earth by
means of the pendulous brafs ball playing between the two
bells) the ringing would ceafe till the bottle was difcharg’d.

 In this mantier I quite difcharged- into the rod feveral
phials that were charged from the glafs globe, the ele&tric

‘fluid ftreaming from  the wire to the rod, ’till the wire

would receive no fpark from the finger ; and during this
fupply to the rod from the phial, the bells ftopt ringing ;
but by continuing the application of the phial wire to the
rod, I exhaufted the natural quantity from the infide fur-

face of the fame phials, or, as I call it, charged them ne-

gatively,
At length, while I was chargmg a phial by my glafs

globe, to repeat this experiment, my bells, of themfelves,
ftopt ringing, and, after fome paufe, began to ring again.
~—But now, when I approachcd the wire of the charg’d

Q3 phial
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phial to the rod, inftead of the ufual ftream that I 'expec-
ted from the wire to the rod, there was no fpark ; not even
when I brought the wire and the rod to touch ; yet the
bells continued ringing vigoroufly, which proved to me,
that the rod was then pofitively eletrify’d, as well as the
wire of the phial, and equally fo; and, confequently, that
the particular cloud then over the rod, wasin the fame po--
fitive ftate. ~~This was near the end of the guft.

But this was a fingle experiment, which, howcver, de-
ftroys my firft too general conclufion, and reduces’ me to.
this: That the clouds of & thunder-guft are moff commonly in
a negative fate of ele&rtcxty, but jbmet:mes in a pofitive

- flate.

The latter I believe ‘is rare; for tho’ I foon afeer the
laft experiment, fet out on a journey to Boflon, and wns.
from home moft part of the fummer, which prevented
my making farther trials and obfervations ; yet Mr Kin-

! nerfley returning from the iflands juft as I left home, pur-

fued the experiments during my abfence, and informs me
that he always found the clouds in the negative ftate.

So that, for the moft part, in thunder-ftrokes, ’#s the
earth that firikes into the clouds, and not the clouds that
Sirike into the earth. :

Thofe who are vers’d in eleric experiments, will eafily
conceive, that the effe®s and appearances muft be nearly
the fame in either cafe ; the fame explofion, and the fame
flath between one cloud and another, and between the

' : douds-
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clouds and ‘mountains, &e¢. the fame rending of trees, walls,
&e. which the ele@ric fluid meets with in its paffage, and
the fame fatal fhock to animal bodies ; and that pointed
rods fix’d en buildings, or mafts of fhips, and communicat-
ing with the earth or fea, muft be of the fame fervice in
reftoring the equilibrium filently between the earth and
clouds, or in conduéting a flath or ftroke, if one thould be,
fo as to fave harmlefs the houfe or veflel : For points have
equal power to throw off, as to draw on the ele@ric fire,
.and rods will condu& up as well as down,

- But tho’ the light gained from thefe experiments makes
no alteration in the practice, it makes a confiderable one in
the theory. And now we as much need an hypothegs to
explain by what means the clouds become negatively, as
before to thew how they became pofitively ele@rified.

I cannot forbear venturing fome few canje@ures on this
occafion : They arewhat occur to me at prefent, and tho’,
- future difcoveries thould prove them not wholly right, yet
they may in the mean time be of fome ufe, by Rirring up
the curious to make more expernnents, and occafion more
exa&t difquifitions.

I conceive then, that thxs rglobe¢ of earth and water,’
with its plants, ' animals, and buildings, have, diffus’d
throughout their fubftance, a quantity of the ele@ric fluid,
juft as much as they .can contam, which I call the natural
quafmty

That this natural quantity is not the fame in. all kinds of
common matter under the fame dimenfions, nor in the

fame

o -
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.fame kind of common matter in all circumftances; but
-a folid foot, for inftance, of one kind of common mat-

ter, may contain more of the ele@ric fluid than a folid
foot of fome other kind of common matter ; and a pound
weight of the fame kind of common matter may, when
in a rarer ftate, contain more of the electric fluid than when
in a denfer ftate.

For the electric fluid, being attracted by any portion of
common matter, the parts of that fluid (which have among
themfelves a mutual repulfion) are brought fo near to each
other by the attraction of the common matter that abforbs
them, as that their repulfion is equal to the condenfing
power of attraction in common matter ; and then fuch

ion of common matter will abforb no more.

Bodies of different kinds having thus attracted and ab-
forbed what I call their natural quantity, i. e. juft as much
of the cle@ric fluid as is fuited to their circnmftances of
denﬁty, rarity, and power of attra&ing, do not then thow
any figns of electricity among each other.

And if more cle@ric fluid be added to one of thefe bo-

‘dies, it does not enter, but fpreads on the furface, forming

an atmofphere ; and then fuch body thews figns of e-
le@ricity. -
T have in a former paper compar’d common matter to
a fponge, and the cleé&ric fluid to water : I beg leave once
more to make ufe of the fame comparifon, to llluﬁratc far—
thcr my meaning in this particular.
When
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When a fponge is fomewhat condens’d by being fqueez-
ed between the fingers, it will not receive and retain fo
much water as when in its more loofe and open ftate.

If more {queez’d and condens’d, fome of the water will
come out of itsinner parts, and flow on the furface.

If the preflure of the fingers be entirely removed, the
fponge will not only refume what was lately forced out,
but attra& an additional quantity.

As the fponge in its rarer ftate will naturally attrac and
abforb more water, and in its denfer ftate will zazurally at-
trat and abforb /s water ;- we may call the quantity it at-
tracts and abforbs in either ftate, its natural quantsty, the
Rtate being confidered.

Now what the fponge is to water, the fame is water te
the electric fluid.

When a portion of water is in its common denfe ftate,
it can hold no more ele@ric fluid than it has; if any be ad-
ded, it fpreads on the furface.
~ When the fame portion of water is rarefy’d into vapour,
and forms a cloud, it is then capable of receiving and ab-
forbing a much greater quantity ; there is room for each
particle to have an ele@ric atmofphere.

Thys water, in its rarefy’d ftate, or in the form of a
cloud, will be in a negative ftate of ele&ricity ; it will have
lefs than its natural quantity ; that is, lefs than it is naturally
capable of attracting and abforbing in that ftate.

Such a cloud, then, coming fo near the earth as to be

within the ftriking diftance, will receive from the carth a
R | flath
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flath of the eleétric fluid ; which flath, to fupply a great
extent of cloud, muft fometimes contain a very great quan-
tity of that fluid.

Or fuch a cloud, pafiing over woods of tall trees, may
from the points and fharp edges of their moift top leaves,
receive filently fome fupply.

A cloud being by any means fupply’d from the earth,
may ftrike into other clouds that have not been fupply’d,
or not fo much fupply’d ; and thofe to others, till an equi-
librium is produc’d among all the clouds that are within
ftriking diftance of each other.

The cloud thus fupply’d, having parted with much of
what it firft receiv’d, may require and receive a frefh fup-
ply from the earth, or from fome other cloud, which, by
the wind, is brought into fuch a fituation as to receive it
more readily from the earth. :

Hence repeated and continual ftrokes and flathes till
the clouds have all got nearly their natural quantity as
clouds, or till they have defcended in thowers, and are u-
nited again with this terraqueous globe, their original.

Thus thunder-clouds are generally in a negative ftate of
ele@ricity compar’d with the earth, agreeable to moft of
our experiments; yetas by one experiment we found a
cloud elecris’d pofitively, I conje@ure that, in that cafe,
fuch cloud, after having received what was, in its rare
fate, only its natural quantity, became comprefs’d by the

. driving winds, or fome other means, fo that part of what

it had abforb’d was forc’d out, and form’d an eleétric at-
' mofphere
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mofphere around it in its denfer ftate. Hence it was ca-
pable of communicating pofitive eletricity to my rod.

To fhow that a body in different circumftances of dila-
tation and contration is capable of receiving and retain-
ing more or lefs of the'ele@ric fluid on its furface, ‘I
would relate the following experiment. - I placed a clean
wine glafs on the floor, and on it a fmall filver can. In
the can I put about three yards of brafs chain ; to one
end of which I faftened a filk thread, which went right
up to the cieling, where it paffed over a pulley, and came
down again to my hand, that I might at pleafure draw
the chain up out of the can, extending it till within a
foot of the cieling, and let it gradually fink into the can
again,——From the cicling, by another thread of fine
raw filk, I fufpended a' fmall light lock of cotton, fo aé
that when it hung perpendncularly, it tame in conta&®
with the fide of the can.—Then approachmg the wire
of a charged vial to the can, I gaveita fpark, which
flow’d round in an clectric atmofphére; and the lock
of cotton was repelled from the fide of the can to the
diftance of about nine or ten inches. The can would
not then receive another fpark from the wire of the vial ;
but as I gradually drew up the chain, the atmofphere of
the can diminith’d by flowing over the rifing chain, and
the lock of cotton accordingly drew nearer and nearer to
the can ; and then, if T again brought the vial wire near
the can, it would receive- another fpark, and thke eotton
fly off again to its firft diftance ; and thus, as the chain
R 2. was

N
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was drawn higher, the can would receive more fparks ;
becaufe the can and extended chain were capable of fup-
porting a greater atmofpherc than the can with the chain
gather’d up into its belly.——And that the atmofphere
round the can was diminithed by raifing the chain, and
increafed again by lowering it, is not only agreeable to
reafon, fince the atmofphere of the chain muft be drawn-
from that of the can, when it rofe, and returned to it
again when it fell ; but was alfo evident to the eye, the
lock of cotton always approaching the can when the
chain was drawn up, and receding when it was let down
again,

Thus we fee that increafe of furface makes a body ca-
pable of receiving a greater ele@ric atmofphere: But
this experiment does not, I own, fully demonftrate my
new hypothefis; for the brafs and filver fill continue in
their folid ftate, and are not rarefied into vapour, as the
water is in clouds. Perhaps fome future experiments on
vapourized water may fet this matter in a clearer light.

One feemingly material objettion arifes to the new hy-
pothefis, and it is this. If water, in its rarefied flate, as
a cloud, requires, and will abford more ‘of the eletric
fluid than when in its denfe ftate as water, why does it
not acquire from the earth all it wants at the inftant of its
leaving the furface, while it is yet near, and but juft ri-
fing in vapour ? To this difficulty I own I cannot at pre-
fent give a folution fatxsfaé’cory to myfelf: I thought,

how-
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however, that I ought to ftate it in its full force, as I have
‘done, and fubmit the whole to ‘examination.

And I would beg leave to recommend it to the curious
in this branch of natural philofophy, to repeat with care
and accurate obfervation, the experiments I have reported
in this and former papers relating to pofitive and negative
eleGricity, with fuch other relative ones as fhall occur to
them, that it may be certainly known whether the elec-
tricity communicated by a glafs globe, be really pofitive.
And alfo I would requeft all who may have an opportuni-
ty of obferving the recént effes of lightning on buildings,
trees, &c. that they would confider them particularly
. with a view to difcover the direction. But in thefe ex-
aminations, this one thing is always to be underftood, viz.
that a fiream of the eletric fluid paffing thro’ wood, brick,
metal, &c. while fuch fluid pafles in fmall quantity, the
mutually repulfive power of its parts is confined and over-

come by the cohefion of the parts of the body it pafiés thro’

fo as to prevent an explofion ; but when the fluid comes
in a quantity too great to be confin’d by fuch cohefion, it
explodes, and rends or fufes the body that endeavour’d to
confine it. If it be wood, brick, ftone, or the like, the
fplinters will flie off on that fide where there is leaft re-
fiftance. . And thus, when a hole is ftruck thro’ pafteboard
by the ele@rify’d jar, if the furfaces of the pafte-board

are not confin’d or comprefs’d, there will be a bur rais’d

all round the hole on-both fides the pafte-board ; but if one

fide be confin’d, fo that the pur cannot be rais’d on that
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fide, it will be all rais’d on the other, which way foever the
fluid was direted. For the bur round the outfide of the
hole, is the effe& of the explofion every way from the cen-
ter of the ftream, and not an effe& of the dire&ion.

" In every ftroke of lightning, I am of opinion that the
ftream of the electric fluid, moving to reftore the equilibri-
_ um between the cloud and the earth, does always previ-
oufly find its paflage, and mark out, as I may fay, its own
courfe, taking in its way all the conductors it can find, fuch
as metals, damp walls, moift wood, &, and will go confi-
derably out of a dire® courfe, for the fake of the affiftance
of good condutors ; and that, in this courfe, it is atually \
moving, tho’ filently and imperceptibly, before the explo~
fion, in and among the conductors ; which explofion hap~
pens only when the condadors cannot difcharge it as faft
as they receive it, by reafon of their being incompleat, dif-
united, too fmall, or not of the beft materials for condut-
ing. Meualline rods, therefore, of fufficient thicknefs, and
extending from the higheft part of an edifice to the ground,
being of the beft materials and compleat condutors, will,
I think, fecure the building from damage, cither by reftos-
ing the equilibriam fo faft as to prevent a firoke, or by con-
dulting it in the fubftance of the rod as far as the rod goes,
fo that there fhall be no explofion but what is above its
point, between that and the clouds.

If it be afk’d, what thicknefs of a metalline rod may be
fappofed fafficient ? In anfwer, I would remark, that five
karge glafs jars, fuch as ¥ have defcribed in my former pa-

: . pers,
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pers, difchargea very great quantity of ele@ricity, which
neverthelefs will be all condu@ed round the corner of a
book, by the fine filletting of gold on the cover, it follow-
ing the gold the fartheft way about, rather than take the
thorter courfe through the cover, that not being fo good ¢
conductor. Now in this line of gold, the metal is fo ex-
tremely thin as to be little more than the colour of gold,
and on an o&avo book is not in the whole an inch fquare,

and therefore not the 36th part of a grain according to

M. Reaumur 5 yet ’tis fufficient to conduck the charge of
five large jars, and how many more I know not, Now, I
fuppofe 2 wire of a quarter an inch diameter to contain about
§ooo times as much metal as there is in that gold line, .and
if fo, it will condu& the charge of 25,000 fuch glafs jarrs,
which is 2 quantity, I imagine, far beyond what was e-
ver contain’d in any one ftroke of matural lightning. But
arod of half an inch diameter. would eonduc four times as
much g5 one of a quarter. :

_ And with regard to conducing, tho a certain thick-
nefs of metal be sequired to conduc a great quantity of
ele@ricity, and, at the fame time, keep its own fubftance
firm and unfeparated ; and a lefs quantity, as a very {mall
- wire for inftance, will be deftroyed by the explofion ; yet
-fuch fmall wire will have anfwered the end of conduéting
that ftroke, tho’ it become incapable of conduéing ano-
thes. And confidering the extream.rapidity with which
the ele@ric fluid moves without exploding, when it has a

free paﬁhge or compleat metal communication, I thould
think
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think a vaft quantity would be conduted in a fhort time,
either to or from a cloud, to reftore its equilibrium with
the earth, by means of a very {fmall wire ; and therefore

thick rods fhould feem not fo neceflary.—However, as the

quantity of lightning difcharg’d in one ftroke, cannot well
be meafured, and, in different ftrokes, is certainly very va-
rious, in fome much greater than others ; and as iron (the
beft metal for the purpofe, being leaft apt to fufe) is cheap,

- it may be well enough to provide a larger canal to guide

that impetuous blaft, than we imagine neceflary : For,
though one middling wire may be fufficient, two or three-
can do no harm. And time, with careful obfervations
well compar’d, will at length point out the proper fize to
greater certainty.’

Pointed rods ere@ed on edifices may likewife often pre-
vent a ftroke, in the following manner. An eye fo fitu-
ated as to view horizontally the under fide of a thunder
cloud, will fee it very ragged, with a number of feparate
fragments, or petty clouds, one under another, the lowett
fometimes not far from the earth, Thefe, as fo many
ftepping-ftones, affift in conducing a firoke between the
cloud and a building. To reprefent thefe by an experi-
ment, take two or three locks of fine loofe cotton, con-
ne one of them with the prime conducor by a fine
thread of two inches, (which may be fpun out of the
fame lock by the fingers) another to that, and the third

to the {econd, by like threads.—~Turn the globe, and you
L will
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will fee thefe locks extend themfelves towards the table,

(as the lower fmall clouds do towards the earth) being at-

tracted by it: But on prefenting a fharp point erect under
the loweft, it will .fhrink up to-the fecond, the fecond to
the firft, and all together to thcbrimc conductor, where
they will continue as long as the point continues under
them. May not, in like manner, the fmall ele@rifed
clouds, whofe equilibrium with the earth is foon reftor’d
by the point, rife up to the main body, and by that means
occafion fo large a vacancy, as that the grand cloud cannot

ftrike in that place ?

Thefe thoughts, my dear friend, are many of them
crude and hafty ; and if I were merely ambitious of acquir-
ing fome reputation in philofophy, I ought to keep them

by me, till corrected and improved by time ahd farther,

experience. But fince even fthort hints and 1mpcrfe& ew
periments in any new branch of fcience, being communi-
cated, have oftentimes a good effe, in exciting the atten-

| 4

tion of the ingenious to the fubfed, and fo become the

occafion of more exa& difquifition, and more compleat
difcoveries. You are at liberty to communicate this paper

to whom you pleafe; it bemg of more importance - that

knowledge thould mcreafe, than that your fncnd ﬂlould
be thought an accurate ptho{opher
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FROM

Beny. Frangruin, Efy, at Philadelpbiz,
| T O o

Perter CorLinsoN, Efg; FRS at Losndon.

S IR, ' April 18, 17542
INCE September laft, having been abroad on two
long journeys, and otherwife much engag’d, I have
made but few obfervations on the pofitive and negative

ftate of eledricity in the clouds. But Mr Kinnerfley kept

his rod aad bells in good order, and has made many,
- Once this winter the bells rang a long time, during a.
fall of fnow, tho’ no thunder was heard, or lightning feen.
Sometimes the flathes and cracks of the ele@ric matter be-~
tween bell and bell were fo large and loud as to be heard
all over the houfe: but by all his obfervations, the
clouds were conftantly in a negative flate, till about fix
weeks ago, when he found them once to change ina few
minutes from the negative to the pofitive. About a fort-
night
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mght after that he made another obfervation of the fame
kind ; and laft Monday afternoon, the wind blowing hard
at S. E. and veering round to N. E. with many thick driv-
ing clouds, there were five or fix fucceffive changes from
negative to pofitive, and from pofitive to negative, the
bells ftopping a minute or two between every change,
Befides the methods mentioned in my paper of September
Iaft, of difcovering the ele&rical ftate of the clouds, the fol-
lowing may be us’d, When your bells are ringing, pafs a
subb’d tube by the edge of the bell, connected with your
pointed rod: if the cloud is then in a negative flate, the

ringing will ftop ; if in ‘a pofitive ftate, it will -continue,

and peshaps be quicker. Or, fufpend 2 yery fmall cock-
ball by a fine filk thread, fo that it may hang clofe to the
edge of the rod-bell : then whenever the bell is eletrified,

whother pofitively or negatively, the little ball will be re-
pell’d, and continae :at fome diftance from the bell. Have
ready a round-headed glafs ftopper of a decanter, rub it
on your fide till it is clo@rified, then prefent it to the
cork-batl. I the electricity in the ball is pofitive, it will
be repell’d from the glafs flopper as well as from the bell.

- ifncgnnv;, xthllﬁytotbeﬁopper
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R E M A R K S
‘On the Abbe NOLLET’ .

Letters on ELECTRICITY.
TO

BEN 3. FRANKLIN,E_/é', of szladelplna,
, By .

Mr DAVID COLDEN of New-nr,é

. SIR, Coldenbam in N. nrk Dec. 4., 1753.

N confidering the Abbe Nollet’s letters to Mr Franks
I /in, 1 am obliged to pafs by all the experiments which
arc 'made with, or in, bottles hermetically fealed, or
exhaufted of air; becaufe, not being able to repeat the
experiments, I could not fecond any thing which occurs
to me therecon, by experimental proof. Wherefore, the

firft point wherein I can dare to give my opinion, is in
the Abbe’s 4th letter, p. 66, where he undertakes to prove,
that the eleGtric matter pafles from one furface to another
through the intire thicknefs of the glafs: He takes Mr
Franklin’s experiment of the magical picture, and writes
thus of it.  * When you elerife a pane of glafy coated
({4 on
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= on both fides with metal, it is evident that whatever is
« placed on the fide oppofite to that which receives the
« ele@ricity from the condu@or, reccives alfo an evident
« cle@rical virtue.” Which Mr Frankln fays, is that e-
qual quantity of ele@ric matter, driven out of this fide,
by what is received from the condutor on the other fide ;
‘and which will continue to give an ele@rical virtue, to
any thing in conta@ with it, till it is entirely difchargéd
of its ele@rical fire. To which the Abbe thus objeds :
<« Tell me, fays he, I pray you, how much time is ne-
<. ceffary for this pretended difcharge ? I can affure you,
¢ that after having maintain’d the elerifation for hours,
< this furface, which aught, as it feems:to me, to be en-
s¢ tirely difcharged of its ¢lectrical matter, canfidering: ei-
«¢ ther the vaft number of fparks that were drawn from it,
% or the time that this matter had been expofed to the attion
« of the expulfive caufe ; this furface, I fay, appeared ra-
« ther better ele@rifed thereby, and more proper to pro-
 duce all the effects of an aGtual electric body. p. 68.*
. The Abbe does not tell us what thofe effe@s were: all
the effe@s I could never abferve, and thofe that are to
be obferved can eafily be accounted for, by fuppofing that
fide to.be entirely deftitute of eleCric matter. The moft
fenfible effe@ of a body charged with eleGricity is, that
when you prefent your finger to it, a fpark will iffue from
it to your finger : Now when a phial, prepared for the
Leyden experiment, is hung to the gun-barrel or prime-
con-
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conductor, and you turn the globe in order to chaige ity
as foon as the eleGric matter is excited, you can obferve’a’
fpark to iffue from the external furface of the phial to
your finger, which, Mr Franklin fays, is the natural ele&ri¢
matter of the glafs driven out by that received by the in-
ner furface from the condu@or. If it be only drawn out
by fparks, a vaft number of them may be drawn ; butif
you take hold of the external furface with your hand, the
phial will foon receive all the electric matter it is capable of,
and theoutfide will then be entirely deftitate of its eletric
matter, and n¢ fpark can be drawn from it by the finger :
here then is 2 want of that effet which all bodies, charg’d
with eletricity, have. Some of the effects of an ele@ric

" body, which I duppofe the Abbe has obferved in the ex-

terior futface of a charged phial, are that 2l 1ight bodies
are deraded by it. - This Is an effe@ which T have con-
Ttantly obferved, but do not think that it proceeds from

“an attrative quality in the exterior farface of the phial,”

v~

but in thofe light bodies themfelves, which feem to be at-
tracted by the phial. Tt is a conftant obfervation, that
when ome body has a greater charge of ele@ric matter in
it than another (that is in proportion to the quantity they
will hold) this body will attraé that which has 1 : Now,
I fuppofe, and it is a part of Mr Frankkn's fyftem, that
all ‘thofe light bodies which appear to be attracted, have
more ele@ric matter in them than the external furface of

the phial has, wherefore they endeavour to attrat the
phial
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phial to them, which is too heavy to be moved by the .

fmall degree of force they exert, and yet being greater
than their own weight, moves them to the phial. The
following experiment will help the imagination in con-
ceiving this. -Sufpend a cork ball, or a feather by a filk
thread, and elerife it ; then bring this ball nigh to any
fixed body; and it will appear to be attrated by that bos
dy, for it will fly to it: Now, by the confent of electri~

cians, -the attraQive caufe is in the ball itfelf, and not

in the- fixed body to which it flies : This is a fimilar cafe
with the apparent attraction of light bodies, tothc external

furface of a charged phial.
The Abbe fays, p. 69. “that he caade&nfo a bundred

men, ftanding on wax; if they hold hands, and if one ‘of
them touch one of thefe furfaces (the exterior) with the
_end of his finger*” : ThisI know he can, while the phial is
charging, but after the phial is charged I am 'as cestain he
csanot : That is, hang a phial, prepared for the Leydex
experiment,. to the condodbor, and let a man, fanding ‘on
the floor, touch the coating with his finger; while the globe
is turn’d, il the eleGric matter fpews out of the hools of
the phial, of fome part of the conduéter, which [ take to
be the certaineft fign that the phial has reccived all the e-
Yetric matter it can : after this appears; let the man, whe
before floed on the floor, ftep on a cake of wax, where
he may &:md for hours, and the globe all that tune tum-
ed, and yet have no appearance of being eleCrifed.” Af-
. ; ter
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ter the ele@ric matter was fpewed out as above from' the
hook of a phial prepared for the Lyden experiment, 1
hung another phial, in like manner prepared, toa hook fix-
ed in the coating of the firft, and held this other phial in
my hand ; now if there was any electric matter tranfmit-
ted thro’ the glafs of the firft phial, the fecond one would
certainly receive and colle¢t it ; but having kept the phials
in this fituation for a confiderable time, during which the
globe was continually turned, T could not perceive that the
fecond phial was in the leaft charged, for when I touch-
ed the hook with my finger, as in the Leydm experiment,
1did not feel the leaft commotion, nor pcrcexve any fpark

to iffue from'the haok. ~ =
I likewife made the following experiment. Having
charged two phials (prepared for the Leyden experiment)
through theit hooks; two perfons took each oneof thefe
phials.in their hand ; one held his phial by the coating, the
other by the hook, which hecould do by removing the com-
municationfrom the bottom before he took hold of thehook.
Thefe perfons placed themfelves one on each fide of me,
while I ftood on a cake of wax, and took hold of the hook
of that phial which was held by its coating (upon which
afpark iffaed, but the phial was not difcharged, as I ftood
on wax) keeping hold of the hook, I touched the coat-
ingof the phial that was held by its hook with my other
hand, upon which there was a large fpark to be feen. be-
tween -my finger and the coating, and both phials were
inftantly
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inftantly difcharged. If the Abbe’s opinion be right, that .

the exterior furface, communicating with the coating, is
charged, as well as the interior, communicating with the
hook ; how can I, who ftand on wax, difcharge both thefe
phials, when it is well known I could not difcharge one
.of them fingly? Nay, fuppofe I have drawn the elec-
tric matter from both of them, what becomesof it ? For

I appear to have no additional quantity in me when the ex- -

periment is over, and I have not ftirr’d off the wax : Where-
fore this experiment fully convinces me, that the exterior
fuirface is not-charged ; and not only fo, but that it wants
as much ele@ric matter as the inner has of excefs: For by
this fuppofition, which is a part of Mr Franklin's fyftem,
the above experiment is eafily accounted for, as follows :

When T ftand on wax, my body is not capable of receiving
all the electric matter from the hook of one phial, which
it is ready to give ; neither can it give as much to the coating
of the other phial as it is ready to take, when one is only

T ap-
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applied to me : But when both are applied, the coating
takes from one what the hook gives: Thus I receive the

fire from the firft phial at B, the exterior furface of which
is fupplied from the hand.at A : | give the fire to the fe-
cond phial at C, whofe interjor furface is difcharggd by
the hand at D, Thjs difcharge at D may be made evidens
by receiving that fire into the hook of a third phial, which
is done thus : In place of taking the hook of the fecond
phial in your hand, run the wire of a third phial, prepared

as for the Leyden experiment, thraugh it, and hold thig third
-phial in your hand, the fecond one hanging to jt, by the

fidered, Lthink, it muft fully prove that the exterjor furface
of a charged phial wants eleiric matter, while the inper
furface has 2n excefs of . Ong thing more, worthy of
notice in this experiment is, that I feel Do .commotioa or
thock in day arys, tjnd"ﬁ ‘reat a aﬁgﬁt}ty of ‘eleteic mat-
ter pafles through them inﬁantaneouﬂy : I only feel ajprick-

ling in the ends of my fingers. ‘This makes phe thig k the

Abbe has miftook, when he fays, that there is no dj crenge -

between the fhock felt in performing the Leyden experi-

ment, and the prickling felt on drawing fimple fparks; ex-"
cept thatof greater to lefs. In the laft experiment, asmuch
clectric matter went through my armé, as would have given
mea very fenfible fhock, had there been an immediate com- -

- mu-
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‘munication, by my afms; from the hook to the coating of
ithe fame phial ; becsnfe when it was taken into a third
phial, ‘and that phial-difcharged fingly thro’ my arms, it
gave me 4 fenfible fhock. If thefe experiments prove that
the elé@ric matter does not pafs through the intire-thick-
“niefs of the glafs ; if is a neceffary confequence that it muft
always come out where it erter’d,

The next thing I meet with is in the Abbe’s fifth letter
p. 88, where he differs from Mr Franklin, who thinks
that the whole power of giving a thock is in the glafs it-
£Llf, and not in the non-elecrics in conta& with it. The
experiments which ‘Mr Frankiin gave-to prove this opini-
on, ‘in his Experiments and Obfervations on Ekétricity,
Letter HL. p. 24. convinced me that he was in the right ;
and what the Abbe has afferted in contradi€tion thereto,
has rot made me think otherwife. ~Phe Abbe perceiving

Y ¢ fuppofe, that the expenrnerits as Mr Franklin had
perform’d them, muft ‘prove his affertion ; ; alters them

without giving any reafon for it, and makes themt in a
manner that preves nothing. 'Why will he have the phial,
into which the water is to be decanted from-a charged
phial, held in a man’s hand ¥ If the power of giving a
‘thock is in the water contain’d in the phial, it thould re-
-main there tho’ decanted  into another phial, fince no non-
ele@ric body touch'd 1 it to take that power off. ‘THe phial

~ being placed on wax is no ochCtlon, for it cannot ‘take the

Powetfrom the water, if it had any, but it is a neceflary
T 2 means
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means to try the fac ; whereas, that phial’s being charged
when held in a man’s hand, only proves that water will

conduct the clectric matter. The Abbe owns, p. g4; that

he had heard this remarked, but fays, Why is not a con-
ducor of elecricity an ele@ric fubje&? This is not the
queftion ; Mr Franklin never faid that water was ndt an e-
lectric fubjec ; he faid, that the power of giving a fhock
was in the glafs, and not in the water ; and this, his expe-
riments, fully prove; fo fully, that it may appear imper-
tinent to offer any more : Yet as I do not know that the
following has been taken notice of by any body before,
my inferting of it in this place may be excufed. Itis this:
Hang a phial, prepared for the Leyden experiment,
to the conducor, by its hook, and charge it, which
done, remove the communication from the bottom of

‘the phial. Now the conductor fhews evident figns of be-

ing clectrifed ; for if a thread be tied round it, and itsends
left about two inches long, they will extend themfelves

out like a pair of horns ; but if you touch the con-

du&or, a fpark will iffue from it, and the threads will fall,
nor does the conductor thew the leaft fign of being elec-
trifed after this is done. I think that by this touch, I
have taken out all the charge of ele@ric matter that was
in the conduor, the hook of the phial, and water or fi-
lings of iron contain’d in it ; which is no more than we
fee all non-eleric bodies will reccive ; yet the glafs of the
phial retains its power of giving a thock, as any one will

' find
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§ind that pleafes to try. This experiment fully evidences,
 that the water in the phial contains no more eleétric mat,
ter than it would do in an open bafon, and has not any
of that great quantity which produces the fhock, and is
‘only retain’d by the glafs. If after the fpark is drawn
from the condu@or, you touch the coating of the phial
(which all this while is fuppofed to hang 'in the air, free
from any non-clectric body) the threads on the conductor
willinftantly ftart up, and fhew that the conductor is elec-
trifed. It receives this cle@rifation from the inner furface of
the phial, which, when the outer furface can receive what it
wants from the hand applied to it, will give as much as
the bodies in conta& with it can receive, or, if they be Jarge
enough, all that it has of excefs. Itis diverting to fce how
the threads will rife and fall by touching the coating and
conductor of the phial alternately. May it not be that the
difference between the charged fide of the glafs, and the
outer or emptied fide, being leflen’d by touching the hook
or the condu@or; the outer fide can receive from the
hand which touched it, and by its receiving the inner fide
cannot retain fo much ; and for that reafon fo much as it
cannot contain ele@rifes the water, or filings and conductor:

For it fcemsto be a rule, that the one fide muft be emptied

in-the fame proportion that the other is fill'd : Tho’ this
from experiment appears evident, yet itis ftill a myftery

not to be accounted for.
_— Iam

————:
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- 1 am, in many places of the Abbe’s book, farprifed to
&ind that experiments have fueceeded fo differently at.Pa-
ris from what they did with Mc Franklin, and.as I have
always obferv’d them to do. The Abbe, in making expe-
riments to find the difference between the two furfaces of
a charged glafs, will not have the phial placed or wax:
For, fays he, don’t you know that being placed on a body
originally eleétric, it quickly lofes its virtue? I cannot is
magine what fhould have made the Abbe think fo; it
eertainly is contraditory to the notions commonlyreceived
of electrics per fe; and by experiment I find it entirely
otherwife : - For having feveral times left a charged phial;
for that purpofe, ftanding on wax for hours, I found it to
retain as much of its charge as another that ftood at the
fame time on a table. ' I left one ftanding on wax from 10
o’clock at night till 8 next morning, when I found it to
retain a fufficient quantity of its charge, to give . me a fen-
fible commotion in my arms, though the room in which
the phial ftood had been fwept in that time, which muft
have rais’d much duft to facilitate the difcharge of the
phial. |

- I find that a cork ball fufpended between two bottles,
the one fully and the other but little charged, will not
play between them, but is driven into a fituation that

~ makes a triangle with the hooks of the phials ; though

the Abbe has afferted the contrary of this, p. 101, in or-

der to account for the playing of a cork ball between the
wire
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wire thruft into the phial, and one that rifes up from its.
coating. The phial which is leaft charged muft have
more ele@ric matter given to it, in proportion to its bulk,
than the cork ball receives from the hook of the full,
phiat. = : E :

. 'The Abbe fays, p. 103, “that a piece of metal Jeaf
“ hung to a filk thread and eletrifed, will be repell’d by,
¢ the bottom of a charged phial held by its hookin the,
¢ air:” This I find conftanatly otherwife, it is with me al-
ways firft attrated and then repelled : It is neceflary in
charging the leaf to be careful, that it dees not fly off to
fome non-elecric body, and fo difcharge itfelf when you
think it is charged ; it is difficult to keep it from flying to
your own wrift, or to fome part of your body.

The Abbe, p. 108, fays, « that it is net impoffible, as

« Mr Franklin fays it is, to charge a phial while thereis a
« communication form’d between its coating and its hook.”
I have always found it impoffible to charge fuch a phial fo
as togive it a thock : Indeed if it hang on the conduétor
without 2 communication from it, you may draw a fpark
from it as you may from any body that hangs there, but
this is very different from being charged in fuch a manner
astogivea fhock. The Abbe, in order to account for
the little quantity of ele@ric matter that is to be found in
the phial, fays,  that it rather follows the metal than the

« glafs, and that it is fpewed out into the air from the coating

« of the phial”. I wonder how it comes not to do fo too,
when
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when it fifts through the glafs, and charges the exterior
furface, according to the Abbe’s fyftem !
The Abbe’s objeions againft Mr Franklin's two laft

-experiments, I think, have little weight in them : He feems,

indeed, much at a lofs what to fay, wherefore he taxes
Mr Franklin with having conceal’d a material part of the
experiment ; a thing too mean for any gentleman to be
charged with, who has not thewn as great a partiality in
relating experiments, as the Abbe has done,

ELEC-




ELECTRICAL EXPERIMENTS,

With an Attempt to account for their

SEVERAL PHENOMENA.
Together with

Sbme Obfervations on Thunder-Clouds,

In further Confirmation of Mr FrankLIN’s Ob-
fervations on the pofitive and negative eleétrical
State of the Clouds, by Joun Canrton, M. A.
and F.R.S.

Dec. 6, 1753.

EXPERIMEN L

R OM the cieling, or any convenient part of a
room, let two cork-balls, each about the bignefs

of a fmall pea, be fufpended by linen threads of

eight or nine inches in length, fo as to be in contact with
cach other. Bring the excited glafs tube under the balls,
U and

. .y e
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and they will be feparated by it, when held at the diftance:
of three or four feet ; let it be brought nearer, and they
will ftind firther apart; intirely withdraw it, and they
will immediitely come “together. ‘This experiment may
be made with very [mall brafs balls hung by filver wire;
and will fucceed as well with fealing-wax made ele@rical,
as with glafs.

EXPERIMENT IL
If two cork-balls be fufpended by dry filk threads, the

~excited tube muft be brooght within eighteen inches be-

fore they will repel each other ; which they will continue
to do, for fome time, after-the tube is taken away.

As the balls in the firft experiment are not infulated,
they cannot properly be faid to be electrified : but when
they hang within the atmofphere of the excited tube, they
may attra& and condenfe the eleGrical fluid round about

~them, and be feparated by the repulfion of its particles.

It is conjectur’d alfo, that the balls at this time contain
lefs than their common fhare of the ele@rical fluid, on
account of the repelling power of that which furrounds
them ; tho’ fome, perhaps, is continually entering and paf-
fing thro’ the threads. And if that be the cafe, the rea-
fon is plain why the balls hung by filk, in the fecond -ex-

periment, muft be in a2 much more denfe part of the at-
anofphere of the tube, before they will repel each other.

At the approach of an excited ftick of wax to the balls,,
in the firft experiment, the eleGrical fire is fuppofed to
come
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corhe throngh the threads into the bajls, and be condenfed
- there, in its paflage towards the wax ; for, according to
Mr Frawklin, excited glafs emits the eletrical fluid, but
excited wax recejves it.

EXPERIMENT IIIL

Let a tin tube, of four or five feet in length, and about
two inches in diameter, be infulated by filk ; and from one
end of it let the cork-balls be fufpended by linen threads.
Electrify it, by bringing the excited glafs tube near the
other end, fo as that the balls may ftand an inch and ap
half, or two inches, a-part: Then, at the approach of
the excited tube, they will, by degrees, lofe their rcpellmg
power, and come intp conta&t ; and as the tube is brought
till nearer, they will feparate again to as great a diftance
as before : In the return of the tube they will approach
each other till they touch, and then repel as at firft, If
the tin tube be electrified by wax, or the wire of a charg’d
phial, the balls will be affeted in the fame manner at the
approach of excited wax, or the wire of the phial.

EXPERIMENT 1V,

Ele&rify the cork-balls as in the laft experiment by glafs,
and at the approach of an excited ftick of wax their re-
pulfion will be increafed. The effe will be the fame, if
the excited glafs be brought towards thcm, when they have
been electrified by wax.

The bringing the excited glafs to the end, or edge of

U2 the
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the tin-tube, in the third experiment, is fuppos’d to eles-
trify it pofitively, or to add to the ele@rical fire it before
contained ; and therefore fome will be running off through
the bulls, and they will repel each other. But at the ap-
proach of excited glafs, which likewife emsts the eleGrical
fluid, the difcharge of it from the balls will be diminifh’d ;
or part will be driven back, by a force acting ina contrary
dircction 5 and they will come nearer together. If the

“tube be held at fuch a diftance from the balls, that the

excefs of the denfity of the fluid round about them, above
the common quantity in air, be equal to the excefs of the
denfity of that within them, above the common quantity
contain’d in cork; their repulfion will be quite deftroy’d.
But if the tube be brought nearer ; the fluid wtthout, be-
ing more denfe than that within the balls, it wil] be at-
traed by them, and they will recede from each other
again,

When the apparatus has loft part of its natural fhare
of this fluid, by the approach of excited wax to one end
of it, or is eleCtrified negatively ; the ele@rical fire is at-
tracted and imbib’d by the balls to fupply the deficiency ;
and that more plentifully at the approach of excited glafs ;
or a body pofitively eleCtrified, than before; whence the
diftance betwezen the balls will be increafed, as the fluid
furrounding them is augmented. And in general, whe-
ther by the approach or recefs of any body ; if the diffe-

rence between the denfity of the internal and external fluid
be
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be increafed, or diminithed ; the repulfion of the balls will
be increafed, or diminithed, accordingly.

EXPERIMENT V.

When the infulated tin tube is not electrified, bring the

excited glafs tube towards the middle of it, fo as to be near-
ly at right angles with it, and the balls at the end will re-
pel each other; and the more fo, as the excited tube is

brought nearer. When it has been held a few feconds, -

at the diftance of about fix inches, withdraw it, and the

balls will approach each other till they touch ; and then

feparating again, as the tube is moved farther off, will can-
tinue to repel when it is takén quite away. And this re-
pulfion between the balls will be increafed by the approach
of excited glafs, but diminithed by excited wax ; juft as
if the apparatus had been electrified by wax, after the man-
ner defcribed in the third experiment,

EXPERIMENT VL

Infulate two tin tubes, diftinguithed by 4 and B, fo as
to be in a line with each other, and about half an inch
apart ; and at the remote end of each, leta pair of cork
balls be fulpended. Towards the middle of 4, bring the
excited glafs tube, and holding it a (hort time, at the di-
ftance of a few inches, each pair of balls will be obferved

to feparate : withdraw the tube, and the balls of A4 will

come together, and then repel each other again ; but thofe
of B will hardly be affeted. By the approach of the ex-

cited -

o
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cited glafs tube, held under the balls of A, their repulfion

- will be increafed : but ifthe tube be brought, in the fame

manner, towards the balls of B, their repulfion will be di-
minithed. - '

In the fifth experiment, the common ftock of eleétrical
matter in the tin tube, is fuppofed to be attenuated about
the middle, and to be condenfed at the ends, by the re-
pelling power of the atmofphere of the excited glafs tube,
when held near it. And perhaps the tin tube may lofe
fome of its natural quantity of the elerical fluid, before
it receives any from the glafs; as that fluid will more
readily run off from the ends and edges of it, than enter at
the middle : and accordingly, when the glafs tube is with-
drawn, and the fluid is again equally diffufed through the
apparatus, it is found to be electrified negatively: For ex-
cited glafs brought under the balls will increafe their re-

- pulfion.

In the fixth experiment, part of the fluid driven out
of one tin tube enters the other; which is found to be
electrified pofitively, by the decreafing of the repulfion of
its balls, at the approach of excited glafs.

EXPERIMENT VIL

Let the tin tube, with a pair of balls at one end, be
placed three feet at leaft from any part of the room, and
the air render’d very dry by means of a fire : ele&rify the
apparatus to a confiderable degree; then touch the tin

tube with a finger, or any other conductor, and the balls
will
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will, notwithftanding, continae to repel each other ; tho’
not at fo great a great a diftance as before. '

The air {urrounding the apparatus to the diftance of two
or three feet, is fuppofed to contain more or lefs of the
ele@rical fire, than its common fhare, as the tin tube is
ele@rificd pofitively, or negatively ; and when yory dry,
may not part with its overplus, or have its deficiency fup-
plied fo (uddenly, as the tin; but may continue to be e-
le@rified, after that has been touch’d for a confiderable
time. B

EXPERIMENT VIIL

Having made the Torricellian vacuvm about five feet
long, after the-manner defcribed in the Po:lsfsphical Tranf-
aftions, Vol. xlvii. p. 370. if the excited tube be brought
within a fmall diftance of it, a light will be feen through
more than ‘half its length ; which foon vanithes, if the
tube be not brouOht nearer ; but will appear again, as that is
moved farther off. This-may be repcated feveral -times,
without exciting the tube afreth.

This experiment may be confider’d. as a kind of ocular
demonftration of the truth of Mr Franklin’s hypothefis ;
that when the eleétrical floid is condenfed on one fide of
thin glafs, it will be repelled from the other, if it meets
with no refiftance.  According to which, at the approach
of the excited tube, the fire is fuppofed tobe repelled from
the infide of the glafs furrounding the vacuum, and to be

carried
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carried off through the columns of mercury ; but, as the
tube is withdrawn, the fire is fuppofed to return.

"EXPERIMENT IX.

Let an excited ftick of wax, of two feet and an half
in length, and about an inch in diameter, be held near
its middle. Excite the glafs tube, and draw it over one
half of it; then, turning it a little about its axis, let the
tube be excited again, and drawn over the fame half; and
let this operation be repeated feveral times : then will that
half deftroy the repelling power of balls ele&nﬁcd by glafs,
and the other half will increafeit.

By this experiment it appears, that wax alfo may be e-
le@rified pofitively and negatively. And it is probable,
that all bodies whatfocver may have the quantity they
contain of the ele&rical fluid, increafed, or diminifhed,
The clouds, I have obferved, by a great number of expe-
riments, to be fome in a pofitive, and others in a negative
ftate of eletricity, For the cork balls, ele¢trified by them,
will fometimes clofe at the approach of excited glafs ; and
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