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BeNjaMIN FRankiiN, Efz; of PuiLaprrruia,

100

PrTER C.DLLINSDN, Efg; F. R. Seitior London.

g Juy 27, 17 50,
R I;V..{;"ﬂ I believe, wrote his obfervations on
M my laft paper in halte, without having firft well
confidered the experiments related §.
which ftill appear to me decifive in the queftion, --J/éffzfmr
the aceumulation of the f!féf} scal fire be in the elecrified
glafs, or in the non-cleltric matter conneéled with the glafs 2
And to demonftrate that 'tis really in the glafs.

As fo the expﬂrlment 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, thatas one perfon applying the wire of the
charged bottle to warm f{pirits, ina fpoon held by another
perfon, both ftanding on the floor, will fire the (pirits, and
yﬁt fuch firing will not determine whether the accumula-

N tion
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tion was in the glafs or the non-cletric ; fo the placing
another perfon between them, ftanding on wax, with*a
bafon in his hand, into which the water from the phial is
pour’d, wbile be 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 bafen,
with the arms and body of the perfonon the wax, being
all together but as one long wire, reaching from the in-
ternal furface of the phial to the {pirits.

Fune 29, 1751.  In Capt. Waddel's account of the ef-
fe&ts of lightening on his thip, I could not but take notice
of the large comazants (as he calls them) that fettled’ on
the fpintles at the topmaft heads, and burnt like very
large torches (before the ftroke). According to my o-
pinion, the eleGrical 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 beena good wire communication from the
fpintle heads to the fea, that could have conducted more
freely than tarred ropes, or mafts of turpentine wood, I
imagine there would either have been no ftroke ; or, if a
firoke, the wire would have conducted it all into the fea
without damage to the fhip. ' |

His compaffes loft the virtue of the load-ftone, or the
poles were revers'd ; the North point turning to the South.
— By ele@ricity we have (bere at Philadelphia) frequent-
ly given polarity to needles, and reverfed them at pleafure.

M:r
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- Mr Wilfon, at Londm, tried it on two large mafies, and

-with too {fmall force.

A fhock from four large glafs jars, fent through a fine
fewing needle, gives it 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 North and South, the end that lay towards
the North will continue to point North when placed on
water, whether the fire entered at that end, or at the con-
trary end.

The polarity given is ftronge/t when the needle is ftruck,
lying North and South, weakeft when lying Ea{t and Weft;
perhaps if the force was ftill greater, the South end, en-
ter’d by the fire, (when the ncedle lies North and South)
might become the Ncrth, otherwife it puzzles us to ac-
count for the inverting of compafies by lightening ; 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 ta point North.

In thefe experiments the ends of the needles are fome-
times finely blued like a watch fpring by the eleltric 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
that had its point melted off, and fome part of its head

and
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and neck run, Sometimes the furface on the body of the
ncedle is alfo run, and appears blifter’d when examin’d by
a magnifying glafs : the jars I make ufe of hold 7 or 8
gallons, and are coated and lined with tin-foil ; each of
them takes a thoufand turns of a globe nine inches 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 that any of your Eurcpean elecricians
have hitherto been able to fire gunpowder by the eleétric
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 ele@ric
flame leaping from the point of one wire to the point of
the other, within the cartridge amongft the powder, fires
7t, and the explofion of the powder is at the fame inftant
with the crack of the difcharge.

Yours, &e,
B. FRANKLIN,

LET-
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FROM
Benjavty Franxiiy, Bfy; of Philadelphia.
R e e
C'.,. G -'Efq; at New York.

SR QER;-Srotqet o3 dnnpavaTiis Ll o) gy

Incluﬂe }rﬂu Anfwers, fuch as my prefcnt hurry of bu-

I finefs will permit me to make, to the principal que-
ries contained in yours of the 28th inftant, and beg
leave to refer you'to the latter piece in the printed col-
leGtion of my papers, fﬂr farther explanation of the dif-
ference ‘between what are called electrics per fe and non
f!céi"ﬁﬂ. - When you have had time to read and conﬁder
ments you {hail propofe, that you think may afford far-
ther light or fatisfation to either of us; and fhall be
much obliged to you for fuch remarks, objections, &c. as
mayéecur to you.—I forget whether I wrote you that I
have melted brafs pins, and ftezl 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
eleGtric fpark, I have five bottles that contain 8 or 9 gal-
lons each, two of which charg’d, are fufficient for thofe
purpofes ; but T.can charge and difcharge them all toge-
ther. There are no bounds (but what expence and labour
give) to the force man may raife and ufe in the ele@rical
way : For bottle may be added to bottle in infinitum, and
all united and difcharged together as one, the force and
effect proportioned to their number and fize, The greateft
known effects of common lightening, may, I think, with-
out much difliculty be exceeded in this way, whicha few
years fince could not have been 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 humouroufly fays, had only learnt to thun-
der and lighten a little round the head of 2 cabbage,

I am, with fincere refpelt,
Yoir moft obliged bumble fervant.
B, FRANKLIN,
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Queries and Anfwers, referr’d to in the fore-
| going Letter.

RQuery, Wherein confifts the difference between an e-
lectric and a non-eleitric body ?

Anfwer. The terms ele@ric per fz, and non-ele@ric
were firft ufed to dillinguifh bodies, on a miftaken fup-
pofition that thofe called elerics per Je alone contained
electric matter in their fubfance, which was capable of
being excited by friGtion, and of being produced or drawn
from them and communicated to thofe called non-
eleCtrics, {uppofed to be deftitute of it: For the glafs, &c.
being rubbed, difcover’d figns of having it, by fhapping
to the finger, attracting, iepelling, &c. and could com-
municate thofe figns to metals and water.,—Afterwards
it was found, that rubbing of glafs would not produce the
eleCtric matter, unlefs a communication was preferved be-
tween the rubber and the floor; and fubfequent experi-
ments prov’d that the eleftric 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 elecZrics per fe had really any ele@ric matter
in them, fince they apparently afforded none but what
they firft extracted from thofe which had been called non-
&eCrics. But fome of my experiments {hew that glals
contains it in great quantity, and I now fufpect it to be
pretty equally diffuled in all the matter of this terragueous

Q globe
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globe. If fo, the terms eleétric per [, and non eleéiric,
thould be laid afide as improper : And (the only difference
being this, that fome bodies will condu@ electric matter,
and others will not) the terms conduétors and non-conducters
may fupply their place. If any portion of eleGric matter
is applied to a piece of conducting matter, it penetrates
and flows through it, or fpreads equally on its furface; if
applied to a picce of non-conduéting matter, it will do
neither. Perfect conductors of electric matter are only
metals and water. Other bodies conducting only as they
contain a mixture of thofe ; without more or lefs of
which they will not condué atall.* This (by the way)
thews a new relation between metals and water heretofore
unknown, '

To illuftrate this by a comparifon, which, however, can
only give a faint refemblance. Ele@tric matter pafles
through conductors as water paffes through a “porous ftone,
or fpreads on their furfaces as water {preads on a wet
ftone ; but when apply’d to non-conductors, ’tis like wa-
ter dropt on a greafy ftone ; it neither penetrates, paffes
through, nor {preads on the furface, but remains in drops.
where it falls. See farther on this head in my laft print-
ed piece.

Query. What are the effects of air in eletrical experi-
ments. :

Anfwer. Al Thave hitherto obferved are thefe. Moift

air

* This l;tmpnﬁtiﬂn is fince feund to be too general ; My /#3lfen having
difcovered that melted wax and rofin will alfo conduct.
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air receives and conduds the elecirical matter in propor-
tian to its moifture, quite dry air aot all : air is there-
fore to be clafs’d with the non-condu@ors. Dry air af-
fifts in confining the ele@rical 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 attract the eleétrical matter more freely, and at
greater diftances; fo thatair intervening obftrudts its paf-
fing from body to body, in fome degree. A clean eleéri-
cal phial and wire, containing air inftead of water, will
not be charged nor givea fhock, any more than if it was
fill'd with powder of glafs ; but exhaufted of air it operates
aswell as if fill’d with water.  Yet, an ele@rical atmof] phere
and aif do not feem to exclude each other, for we breath
freely in fuchan atmofphere, and dry air will blow through
it without difplacing or driving it gway. I queftion whe-
ther the frongeft dry N. Wefter would diffipate it. I
once electrified a large «cork ball, at the end of a filk
thread 3 feet long, the other end of which I held in my
fingers, and whirl’d it round, like a {ling, roo times in the
air, with the fwifteft motion I .could poflibly give it, yet
it retained its ele@rical atmofphere, though it muft have
pafs’d through 8oo 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 perhaps we never have any perfectly free from moifture.
An elettrical atmofphere raifed round a thick wire, in-
ferted in a phial of air, drives out none of the air, nor

Oz on
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on withdrawing that atmofphere will any air rufh in, as T
have found by a very curious experiment, accurately made,
whence we concluded that the air’s elafticity was not af-
fected thereby. '

An Experiment towards difcovering more of the Qualities
of the Eleiric Fluid.

From the prime conductor, hang a bullet by a wire
hook ; under the bullet at half an inch diftance, place a
bright piece of filver to receive the fparks; then let the
wheel be turned, and in a few minutes (if the repeated |
fparks continually ftrike in the fame fpot) the filver will
receive a blue ftain near the colour of a watch ftring.

A bright piece of iron will alfo be fpotted, but not with
that colour ; itrather feems corroded.

On gold, brafs, or tin, I have not perceived that it
makes any imprefiion. But the {pots on the filver or iron
will be the fame, whether the bullet be lead, brafs, gold, or
filver, '

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

LET-
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e T 1T E R OVIL

'R O M
Mr E. KiNNERsLEY, at Boffon,

T O
Benjamin Franxvin, Efq; at Philadelphia,

S Ly Feb, 3,.1752.

Have the following experiments to communicate: I
I held in one hand a wire, which was faften’d at the
other end to the handle of a pump, in order to try
whether the ftroke from the prime conductor, through
my arms, would be any greater, than when convey’d only
to the furface of the earth, but could difcover no dif-
ference.

I placed the needle of a compafs on the point of a long
pin, and holding it in the atmofphere of the prime con-
ducor, at the diftance of about three inches, found it to
whirl round, like the flyers of a jack, with great rapidity.

| fufpenﬂﬂd with filk, a cork ball, about the bignefs of
a pea, and prefented to it, rubbed amber, fealing wax,
and fulphur, by each of which it was ftrongly repelled ;

then
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then I tried rubbed glafs and china, and found that each
of thefe would attradt it, until it became ele&rified again,
and then it would be repelled as at firft ; and while thus
repelled by the rubbed glafs or china, either of the others
when rubbed would attract it. © Then Telecrified the ball,
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 repelled, as by the wire ;
but when I prefented either of the other rubbed elecrics,
it would be ftrongly attralted, and when I eleGrified it,
by either of thefe, till it became repelled, it would be at-
tracted by the wire of the phial, but be repelled by its
coating. |

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

1. If a glafs globe be placed at one end of a prime
conductor, and a fulphur one at the other end, both be-
ing equally in good order, and in equal motion, nota
fpark of fire can be obtain’d from the conduétor 5" but one
globe will draw out, as faft as the other gives in. '

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

3. The globes being both in motion, each having a fe-
parate conductor, with a phial fufpended on one of them,

and
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and the chain of it faftened to the other, the phial will
become charged ; one globe charging pofitively, the other
negatively. .

4. The phial being thus charged, bang it in like man-
ner on the other condu&or ; fet both wheels a 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
conductor, having 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 cuthion, and difcharge it
through the chain; the other wili draw it up through the
chain, and difcharge it through the cufhion.

I thould be glad if you would fend to my houfe for
my fulphur globe, and the cufhion belonging to it, and
make the trial ; but muft caution you not to ufe chalk on
the cufhion, fome fine powdered fulphur will do better.
If, as I expe&, you fhould find the globes to charge the
prime conducor differently, I hope you will be able to dif-
cover fome method of determining which it is that charges
pofitively,

d am, &c,
E. KINNERSLEY.

LET-
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LETTER VIIL
FROM
BenjamiN FranxiiN, Efg; of Philadelphia,
T: O
Mr E. KiNNERSLEY, at Boffon,

S IR, March 2, 1752,

Thank you for the experiments communicated. I
I {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 {ufpe@, that the different attractions
and repulfions you obferved, proceeded rather from the
greater or fmaller quantities of the fire you obtained from

different bodies, than from its being of a different 4:ud, or
having a different direction. In hafte,

I am, &c. |
B. FRANKLIN,

LET-
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i e s (s I * G .4

PR, O M

- BeNjAMIN FRANKLIN, E/7; of PHILADELPHIA.

0
To Mr E. Kinnersiry, at Bofon.

S IR, March 16, 1752,
Y Aving brought your brimftone globe to work, I
H try’d one of the experiments you propofed, and
was agrecably furprized to find, that the glafs
globe being at one end of the conductor, and the fulphur
globe at the other end, both globesin motion, no {park
could be obtained from the condu@or, unlefs when one
globe turned flower, or was not in fo good order as thi o-
ther; and then the fpark was only in proportion to the
difference, fo that turning equally, or turning that floweft
which work’d beft, would again bring the condu@or to af-
ford no fpark.

1 found 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/a,

P {o
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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 brim(tone. glubc, the
other by the glafs globe, would be both dlﬁ':hargcd by
bringing their wires together, and thock the perfon hold-
ing the phials.

From thefe experinients, one:may be certain that your
2d, 3d, and 4th propofed experiments, would fucceed ex-
a@ly as you fuppofe, though I have not tried them, want-
ing time.—I imagine it is the glals 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 conducor
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 eleétrical fluid they have and hold attracted
awithin their fubftance, as they can receive an additional
quantity zpon their furface by way of atmofphere, There-
fore fo much cannot be drawn ous of the conduflor, as
¢an be thrown oz it. 2. I obferve that the ftream or
bruth of fire appearing at the end of a wire connetted
with the conductor, 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
fhort, fmall, and makes a hiffing 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 brufh 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, 3.1 ob-
ferve, that when I held my nuckle before the fulphur
globe, while turning, the ftream of fire betwe:n my
knuckle and the globe, feems to fpfe:ld on its furface, as
if it flowed from the finger ; onthe glafs globe ’tis other-
wife. 4. The cool wind (or what was called fo) that
we uled to feel as coming from an eleQrified point, is
much 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 |
globes are alternately worked ; but if work’d 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'thould be glad to know whether the effe®s would be
contrary, if the glafs globe is folid, and the fulphur globe is
hollow ; but I have no means at prefent of trying.

In your journeys, your glafs globes meet with accidents,
and fulphur ones are heavy and inconvenient. Query.
Would not a thin plane of brimftone, caft on a board,
ferve on occafion as a cufhion, while a globe of leather

ftuffed
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ftuffed (properly mounted) might receive the ﬁrc from the
fulphur, and charge the conductor pofitively? Such a globe
would be in no danger in breaking, I think I'can conceive
how it may be done ; but have not time to add more

than that Iam, J/
Yours, &e.

B. FRANKLIN.

| DR Dkl Rr By oo

FROM

BenjamiN Frankrin, Efg; of Philadelphia.

0. 19, 1752.

S frequent mention is made in the news papers
A from Europe, of the fuccefs of the Philadelphia
experiment for drawing the electric fire from

clouds by means of pointed rods of iron ere¢ted on high
buildings, &¢. it may be agreeable to inform the curious
that the fame experiment has fucceeded in Philadelphia,
though made in a different and more eafy manner, which

15 as follows :

Make a fmall crofs of two light ftrips of cedar, thg'
arms
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arms fo long as to reach to the four corners of a large
in {ilk handkerchief when extended ; tie the corners of
the “handkerchief to the extremities of the crofs, fo you
have thé-hody of a kite ; which being properly accom-
modated with tail, loop, and firing, will rife in the air,
like thofe made of paﬁ?r:\.bxut this being of filk, is fitter
to bear the wind and wet of a thunder guft without tear-
ing. To the topof the upright ftick of the crofs is to
be fixed a very fharp pointed wire, rifing a foot or more
above the wood. To the end of the twine, next the
hand, is to be ty’d a filk ribbon, and where the filk and
twine join, a key muy 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, fo that the - filk ribbon
may not be wet; and care mult 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 thz ele &ric fire from them, and
the kite, with all the twine, will be ele@rified, and the
loofe filaments of the twine will ftand out every way, and
be attracted by an approaching finger., And when the rain
has wet the Kite and twine, f{o that it can condu@ the
electric 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 ele@ric fire thus.
obtained, fpirits may be kindled, and all the other electric
experiments be performed, which are ufually done by the

help



108 LETTERS o ELECTRICITY.

help of a rubbed glafs globe or tube; and thereby the fame-
nefs of the ele@ric matter with that of lightening com-

letely demonitrated,
: ¥ 510

L ET T E R Xl

FROM

BENJAMIN FRA.N};LIN, Eﬁ; of Pﬁffdﬂ'ﬁéﬁﬁfd,

S you tell me our friend Cave is about to add
A fome later experiments to my pamphlet,with the
Errata, 1 fend a copy of a letter from Dr Colden,

which may help to fill a few pages ; alfo my kite experi-
ment in the Penfylvania Gazette : to which I have no-
thing new to add, except the following experiment to-
wards difcovering more of the qualities of the eleéric
fluid. From the prime condudtor, hang a bullet by a
wire hook ; under the bullet, at half an inch diftance,
place a bright picce of filver to receive the fparks; then
let the wheel be turned, and in a few minutes, (if the
repeated fparks continually ftrike in the fame fpot) the
filver will receive a blue ftain near the colour of a watch
{pring. A bright ‘piece of iron will alfo be fpotted, but
nok
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not with that colour: it rather feems to be corroded. On
gold, brafs, or tin, I have not perceived that it makes any
impreflion. But the f{pots on the filver or iron will be
the fame, whether the bullet be lead, brafs, gold, or filver.
On a filver bullet there will alfo appear a fmall fpot, as
well as in the plate below it.

Pl N T



AppiTionaL ERRATA in ParT 1. #o the printed
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P AG E 38, line 2. read reprefented by A and B,

Page 4.::- lme 7. L. repulfion.
Page 65, 1. 19. r. Agua Regia.
Page 70, 1. 6. r. rubbed.

Fig. VL in the plate, wants the referring letters A, B, C,
D.  In the copy that Fig. was mentioned asa profile of a
piece of water, the little circles reprefenting particles. The

two upper circles were mark’d A and B, and two others

in the under line or row Cand D.  As it ftands ’tis wholly

unintelligible. .

Page 73, 1. 17, r. air.

Page 74, 1. 7. 1. electrical.

Page 81,1, 3. place a comma at condu&, and dele comma
at floor.

Page 85, I. 5. r. difcharged. 1:13,r. p. 24,

Page 86, l. 20. 1. after one. -
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FROM

BENJ. FRANKLIN, E/7; of Philadelphia.

TO

PETER CdLLIHscaN, Efq; F.R.S. London.

S IR, Philadelphia, September 1753.

N my former paper on this fubje&, wrote firft in 1747,
I enlarged and fent to England in 1749, 1 confidered

the fea as the grand fource of lightning ; imagining its
luminous appearance to be owing to ele@ric fire, produc’d
by friction between the particles of water and thofe of falt.
Living far from the fea, I had then no opportunity of mak-
ing experiments on the fea water, and fo embrac’d this
opinion too hattily.

For in 1750 and 1751, being occafionally on the fea
coaft, I found, by experiments, that fea water ina bottle,
tho” at firft it would by agitation appear luminous, yet in
a few hours it loft that virtue ; bence, and from this, that I
could not by agitating a folution of fea falt in water pro-

Q_‘ duce
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duce any light, I firft began to doubt of my former hypo-
thefis, and fo fufpect that the luminous appearance in fea
- water muit be owing to fome other principles. i

I then confidered whether it were not poffible, that the
particles of air, being eleCirics per fe, might, in hard gales
of wind, by their friction againft trees, hills, buildings,
&e. as fo many minute eleCtric globes, rubbing againft non«
ele@ric cuthions, draw the eleric fire from the earth; and _
that the rifing vapours might receive that fire from the
air, and by fuch means the clouds become eleérified.

If this were (0, I imagined that by forcing a conftant
violent ftream of air againft my prime conductor, by bel-
lows, I fhould eleGiify it #egatively; 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 not fucceed.

In September 1752, I ereted an iron rod te draw the
lightning down into my houfe, in order to make {ome ex-
periments on it, with two bells to give notice when the
rod fhould be eletrify’d : A contrivance obvious to every
eletrician.

I found the bells rang fometimes when there was no
lightning or thunder, but only a dark cloud over the rod;
that fometimes after a flath of lightning they would fud-
denly ftop; and at other times, when they had not rang
before, they would, after a flafh, fuddenly begin to ring ;
that the eletricity was fometimes very faint, {o that when

a {mall

%
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a fmall fpark was obtain’d, another could not be got for
fometime after; at other times the {parks would follow ex-
tremely quick, and once I had a continual ftream from
bell to bell, the fize of a crow=quill : Even during the
{ame gufk there were confiderable variations.

In the winter following I conceived an experiment, to
try whether the clouds were elerify’d pofitively, or nega-
Zi1vely ; but my pointed rod, with its apparatus, becoming
out of order, 1did not refit it till towards the {pring, when
I expected the warm weather would bring on more fre-
«quent thunder-clouds.

The experiment was this: To take two phials; charge
one of them with lightning from the iron rod, and give the
other an equal charge by the eletric 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 ball
being fufpended by a fine filk thread from the ceiling, fo as
it might play between the wires.  If both bottles then were
eleCtrifyed pofitively, the ball being attracted and repell’d
by one, muft be alfo repell’d by the other. If the one
pofitively, and the other megatively; then the ball would
be attracted and repell’d alternately by each, and continue
to play between them as long as any confiderable charge
remained.

Being very intent on making this experiment, it was no
{mall mortification to me, that I happened to be abroad
during two of the greateft thunder-ftorms we had early in
~the fpring; and tho’ I had given orders in my family, that

Q2 if
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if the bells rang when I was from home, they fhould catch
fome of the lightning for me in eleétrical pbials, and they
did fo; yet it was moftly diffipated before my return; and
in {fome of the other gufts, the quantity of lichtning T 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 fufpicious and inflam’d my curiofity.

At laft, on the 12th of April 1753, there being a fmart
guft of fome continuance, I charg’d one phial pretty well
with lightning, and the other equally, as near as I could
judge, with eleétricity from my glafs globe; and having
plac’d them properly, I beheld, with great furprize and
pleafure, the cork ball play brifkly between them ; and
was convinc’d that one bottle was eleGrifed negatively.

I repeated this experiment feveral times during the guft,
and in eight fucceeding gufls, always with the fame fuc-
cefs; and being of opinion (for reafons I formerly gave in
my letter to Mr Kianerfley, fince printed in London) that
the glafs globe elecrifes pofitively; 1 concluded that the
clouds are always electrifed megatively, or have always in
them lefs than their natural quantity of the ele@ric fluid.

Yet notwithftanding fo many experiments, it feems I
concluded toe foon; for -at laft, uze the 6th, in a guft
which continued from five o’clock, P. M. to 7, T 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 ancther 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 charg'd
from the glafs globe, and apply’d its wire to the ereéted
rod ; confidering, that if the clouds were eleCtrited pofizive-
ly, the rod, which received its electricity from them, muft be
{otoo; and then the additional pg/itive elericity of the phial
would make the bells ring fafter : —But, if the clouds were
in a megative ftate, they muft exhauft the eleGric fluid
from my rod, and bring that into the fame negative ftate
with themfelves ; and then the wire of a pofitively charg’d
phial, fupplying the rod with what it wanted (which it
was oblig’d 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 manner I quite difcharged into the rod feveral
phials that were charged from the glafs globe, the eleéric
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 Icall it, charg’d them #e-
gatively.

At length, while I was charging 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 approached the wire of the charg’d

Q 3 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 1 brought the wire and the rod to touch; yet ithe
bells continued ringing vigoroufly ; which prov’d to me,
that the rod was then pofitively eleGtrify’d, as well as the
wire of the phial, and equally fo; and confequently, that
the particular cloud then over ‘the rod, was in the {ame
pofitive ftate. This was near the end of the guft.

But this was a ‘fingle experiment, which however de-
ftroys my firft too general conclufion, and reduces me to
this: That the clouds of a thunder-guft are moft commonly in
a negative flate of clectricity, but fometimes in.a pofitive
Slate, -

The latter I believe is rare; for tho’ 1 foon after the
laft experiment, fet out on a journey to Boflon, and was
from home moft part-of the fummer, which prevented
my making farther ‘trials and obfervations; yet Mr Kin-
2erfley returning from the iflands juft as T left home, pur-
fu’d the experiments during my abfence, -and informs me
that he always found the-clouds in the negatsve ftate.

So that, for the moft part, in thunder-ftrokes, #is ithe
carth that firikesinto the clouds, and not the clouds that firike
into the earth.

Thofe who are vers’d in electric experiments, will eafily
conceive, ‘that the effeéts and appearances-muft be nearly
the fame in either cafe; the fame explofion, andthe fame

flath ‘between one cloud and another, and between the
clouds
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clouds and mountains, &e. the {fame rending of trees, walls,
&¢. which the electric fluid meets with in its pafiage, and
the fame fatal thock to animal bodies; and that pointed
rods fix"d on buildings, or mafts of thips, 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 conduing a flath or ftroke, if one thould ke,
{o as to fave harmlefs the houfe or veflel: For points have
equal power to throw off, as to draw on the eleétric fire,
and rods will conduct up as well as down.

.. But tho’ the light gain’d from thefe experiments makes
no altration in the pra&ice, it makes a confiderable one in
the theory. And now we as much need an hypothefis to
explain by what means the clouds become negatively, as
before to thew how they became pofitively electrified.

. ¥ cannot forbear venturing fome few conjectures on this
occafion: Theyare what 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 ftirring vp
the curious to make more experiments, and occafion more
exa@ difquifitions,

- 1 conceive then, that this globe of earth and water,
with its plants, animals and buildings, have, diffus’d
throughout their fubftance, a quantity of the ele¢tric fluid,
juft as much as they can mntain, which I call the matural

guantity,
That this natural quantity is not the fame in all kinds of

common matter under the fame dimenfions, nor in the
fame
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fame kind of common matter in all circumftances; but
a {olid foot, tor inftance, of one kind of common mat-
ter, may contain more of the eleCric 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 eleéric fluid than when
in a denfer ftate. .

For the eleéric fluid, being attracted by any portion of
common matter, the parts of that fluid (which have among
themfelves a mutual repulfion) are brought {o near to each
other by the attraction of the common matter that abforbs
them, as that their repuifion is equal to the condenfing
power of attraction in common matter; and then fuch
portion of common matter will abforb no more,

Bodies of different kinds having thus attracted and ab-
forb’d what I call their natural quantity, 1. e. juftas mich
of the eleétric fluid as is fuited to their circumftances of
denfity, rarity, and power of attracting, do not then Ihuw
any figns of ele€tricity among each other.

And if more ele@ric fluid be added to one:of thele bo-
dies, it does not enter, but {preads on the furface, forming
an atmofphere; and then fuch body fhows figns of elec-
trfcit}'. [iwr

I have in a former paper compar’d common matter to
a fponge, and the electric fluid to water: I beg leave once
more to make ufe of the fame comparifon, to illuftrate far?'

ther my meaning in this particular.
When
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When a fponge is fomewhat condens’d by bein? fqueer-
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 its inner parts, and flow on the furface.

If the preflure of the fingers be intirely removed, the
{ponge will not only refume what was lately forced out,
but attract an additional quantity. |

As the fponge in its rarer ftate will naturally attract and
ablorb more water, and in its denfer ftate will zaturally at-
tract and abforb /e/s water; we may call the quantity it at-
tra&ts and abforbs in either ftate, its natural quantity, the

{tate being confidered.
Now what the fponge is to water, the fame is water to

the eleGric fluid,

When a portion of water is in its common denfe ftate,
it can hold no more electric fluid than it has; if any be
added, it fpreads on the furface,

When the fame portion of water is rarify’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 electric atmofphere.

Thus water, in its rarify’d ftate, or in the form of a
cloud, will be in a negative ftate of eleCtricity ; it will have
lefs than its #natural quantity; that is, lefs than it is natu-
rally capable of attrating and abforbing in that flate.

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

within the ftriking diftance, will receive from the earth a
R flath
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flath of the eleCric 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 fhowers, and are
united again with this terraqueous globe, their original. -

Thus thunder-clouds are generally in a negative ftate ?f
ele@ricity compar’d with the earth, agreeable to moft of
our experiments; yet as by one experiment we found a
cloud ele@ris’d pofitively; I conjecture that, in that cafe,
fuch cloud, after having received what was, in its rare
ftate, only its #afural 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 eleciric at-

mofphere
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mofphere around it in its denfer ftate. Hence it was ca-
pable of communicating pofitive ele@ricity to my rod.
To fhow that a body in different circumftances of di-
latation and contraction is capable of receiving and re-
taining more or lefs of the ele@ric fluid on jts furface, I
would relate the following experiment. 1 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 2
foot of the cieling, and let it gradually fink into the can
again.——From the cieling, by another thread of fine
raw filk, T fufpended a fmall light lock of cotton, {o as
that when it hung perpendicularly, it came in contact
with the fide of the can.——Then approaching the wire
of a charged vial to the can, I gave it'a {park, which
flow’d round it in an ele@ric atmofphere ; and the lock
of cdtton 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 diminifh’d by flowing over the rifing chain, and
the lock of cotton accordingly drew nearer and nearer to
the can; and then, if I again brought the vial wire near
the can, it wonld receive another fpark, and the cotton
fly off again to its firft diftance ; and thus, as the chain
R 2 was
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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 report-
ed in this and former papers relating to pofitive and negative
ele@ricity, with fuch other relative ones as fhall occur to
to them, that it may be certainly known whether the e-
letricity communicated by a glafs globe, be really pofitice.
£nd alfo I would requeft all who may have an opportuni-
ty of obferving the recent effecs of lightning on buildings,
trees, &e. that they would confider them particularly
with a view to difcover the dire@ion. But in thefe ex-
aminations, this one thing is always to be underftood, w7z
that a ftream of the electric fluid paffing thro’ wood, brick,
metal,&¢. while fuch fluid pafies in finall quantity, the mu-
tually repulfive power of its parts is confined and overcome
by the cohefion of the parts of the body it paffes through,
fo as to prevent an explofion; but when the fluid comes
in @ 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
{plinters will flie off on that fide where there is leaft re-
fiftance. And thus, when a whole is ftruck thro’ pafte-board

by the elerify’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 pafteboard ; but if one
fide be confin’d, fo that the bur cannot be rais’d on that

fide,
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fide, it will be all rais’d on the other, which way foever the
fluid was direéed. For the bur round the outfide of the
hole, is the effe& of the explofion every way from the
center of the ftream, and not an effe& of the dire@ion,

In every {troke 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 direct courfe, for the fake of the affiftance
of good conductors ; and that, in this courfe, it is acually
moving, tho’ filently and imperceptibly, before the explo-
fion, in and among the conduors; which explofion hap-
pens only when the conductors cannot difcharge it as faft
as they receive it, by reafon of their being incompleat, dif-
united, too {mall, or not of the beft materials for conduct-
ing. Metalline rods, therefore, of fufficient thicknefs, and
extending from the higheft part of an edifice to the ground,
being of the beft materials and compleat condu&ors, will,
I think, fecure the building from damage ; either by reftor-
ing the equilibrium fo faft as to prevent a ftroke, or by con-
duting 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.

1f it be afk’d, what thicknefs of a metalline rod may be
fuppos’d fufficient ? In anfwer, I would remark, that five
large glafs jars, fuch as T have defcribed in my former pa-

pers,
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pers, difcharge a very great quantity of eleGricy, whith
neverthelefs will be all conducted round the corner of a
book, by the fine filleting of gold on the cover, it follow-
ing the gold the fartheft way about, rather than take the
{horter courfe through the cover, that not being fo good a
condu¢tor. 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 oftavo book is not in the whole an inch fquare,
and therefore not the 36th part of a grain according to
M. Reaumur ; yet ’tis {ufficient to conduct the charge of
5 large jars, and how many more I know not. Now,
I fuppofe a wire of 3 inch diameter to contain about 5000
times as much metal as there is in that gold line, and if
fo, it will conduct the charge of 25,000 fuch glafs jarrs,
which is a quantity, I imagine, far beyond what was e-
ver contain’d in any one ftroke of natural lightning, But
arod of half an inch diameter would condu& four times as
much as one of a quarter.

And with regard to conduéting; tho’ a certain thick-
nefs of metal be required to conduct a great quantity of
electricity, and, at the fame time, keep its own fubftance
firm and unfeparated ; and a lefs quantity, as a very fmall
wire for inftance, will be deftroy’d by the explofion; yet
fuch {mall wire will have anfwer’d the end of conduing
that ftroke, tho’ it become incapable of conducing ano-
ther.  And confidering the extream rapidity with which
the elecric fluid moves without exploding, when it has a
free paffage, or compleat metal communication, I fhould

think
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think a vaft quantity would be conduéed in a Iho;'t 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 neceffary: For,
though one middling wire may be f{ufficient, two or three
¢an do no harm, And time, with careful obfervations
well compar’d, will at length point out the proper fize to
greater certainty.

Pointed rods erected 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 loweft
fometimes not far from the earth. Thefe, as fo many .
ftepping-ftones, affift in condutting a ftroke between the
cloud and a building. To reprefent thefe by an experi-
ment, take two or three locks of fine loofe cotton, con-
nect one of them with the prime condu&or 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 fecond, by like threads,—Turn the globe, and you
will



LeTTERS 02 ELECTRICITY. 127

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 lowett, it will thrink up to the fecond, the fecond to
the firft, and all together to the prime conductor, where
they will continue as long as the point continues under
them. May not, in like manner, the fmall elerifed
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 T were merely ambitious of acquir-
ing fome reputation in philofophy, I ought to keep them
by me, till correted and improved by time and farther
experience. But fince even fhort hints, and imperfect ex-
periments in any new branch of {cience, being communi-
cated, have oftentimes a good effect, in exciting the atten-
tion of the ingenious to the fubje@, and fo become the
occafion of more exa& difquifitions, and more compleat
difcoveries. You are at liberty to communicate this paper
to whom you pleafe; it being of more importance that
knowledge fhould increafe, than that your friend fhould
be thought an accurate philofopher.

S LET=
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FROM
BenjamiN Franxrin, Efy; at Philadelplia.
i i
Perer Corrinson, Efg; F. R.S. at London.

S IR, A}rﬁ 18, 1754,

INCE September laft, having been abroad on two
long journeys, and otherwife much engag’d, I have
made but few obfervations on the f¢fitive and negative
ftate of eleCtricity in the clouds. Put Mr Kirnerfley kept
his rod and 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 eleCtric 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 ftate, till about fix
weeks ago, when he found them once to change in a few
minutes from the negative to the pofitive. About a fort-
night
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night after that he made another obfervation of the fame
kind ; and laft Monday afternoon, the wind biowing hard
at S. E. and veering round to N. E, with many thick driv-
ing clouds, there were five or fix fucceflive changes from
negative to pofitive, and from pofitive to negative, the
beils ftopping a minute or two between every change.
Befides the methods mentioned in my paper of September
laft, of difcovering the electrical ftate of the clouds, the fol-
lowing may be us’d. When your bells are ringing, pafs a
rubb’d tube by the edge of the bell, connected with your
pointed rod: if the cloud is then in a negative ftate, the
ringing will ftop; if in a pofitive ftate, it will continue,
and perhaps be quicker. Or, fufpend a very {mall cork-
ball by a fine filk thread, fo that it may hang clofe to the
edge of the rod-bell: then whenever the bell is elecrified,
whether pofitively or negatively, the little ball will be re-
pell’d, and continue at fome diftance from the bell. Ha¥e
ready a round-headed glafs ftopper of a decanter, rub it
on your fide ’till it is clecrified, then prefent it to the
cork-ball. If the eleéricity in the ball is pofitive, it will
be repell’d from the glafs ftopper as well as from the bell,
If negative, it will fly to the ftopper.

§ 2 LET-



R VE M AL REGSKE S
On the Abbe NOLLET’s «

LETTERS on ELEcTRICITY.

T O

BEN]. FRANKL 1IN, E/7; of Philadelphia.

B 'Y

Mr Davip CoLpkN, of New-Zork,

S IR, Coldenbam, in N. York, Dec. 4, 1753.
- E N confidering the Abbé Nollet’s letters to Mr Erank-
I /in, 1 am obliged to pafs by all the experiments which
are 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 thereon, 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 electric matter paffes from one furface to another
through the intire thicknefs of the glafs: He takes Mr
Franklin’s experiment of the magical piGture, and writes
thus of it. * When you electrife a pane of glafs coated
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¢tricity from the conductor, receives alfo an evident
“ eleGrical virtue.”” Which Mr Franklin fays, is that e-
qual quantity of ele@ric matter, driven out of this fide,
by what is received from the conductor on the other fide;
and which will continue to give an eletrical virtue, to
any thing in conta& with it, till it is entirely difcharged
of its ele@rical fire. To which the Abbé thus objelts:
 Tell me, fays he, I pray you, how much time is ne-
“ ceflary for this pretended difcharge? I can aflure you,
¢ that after having maintain’d the elerifation for hours,
“ this furface, which ought, as it feems to me, to be en-
« tirely difcharged of its eletrical matter, confidering ei-
¢ ther the vaft number of {parks that were drawn from 1t,
¢« or the time that this matter had been expofed to the action
< of the expulfive caufe; this furface, I fay, appeared ra-
< ther better eledirifed thereby, and more proper to pro-
« duce all the effects of an actual ele@ric body.”” p. 68.
The Abbé does not tell us what thofe effects were : all
the effets 1 could never obferve, and thofe that are to
be obferved can eafily be accounted for, by fuppofing that
fide to be entirely deftitute of electric matter. The moft
fenfible effe& of a body charged with electricity is, that
when you prefent your finger to it, a {park will iflue 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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conduor, and you turn the globe in order to charge it;
as {oon as the ele@ric matter is excited, you can obferve a
{park to iffue from the external furface of the phial to
your finger ; which, Mr Fraunklin fays, is the natural eletric
matter of the glats driven out by that reccived by the in-
ner furface from the conduétor. If it be only drawn out
by fparks, a vaft number of them may be drawn; but if
you take hold of the external furface with your hand, the
phial will {oon receive all the eleétric matter it is capable of,
and the outfide will then be entirely deftitute of its electric
matter, and no fpark can be drawn from it by the finger:
here then is a want of that effeét which all bodies, charged
with eleétricity, have. Some of the effe€ls of an electric
body, which I fuppofe the Abbé has obferved in the ex-
terior furface of a charged phial, are that all light bodies
are attracted by it. This is an effet which I have con-
ftantly obferved, but do not think that it proceeds from
an attra&ive quality in the exterior furface of the phial,
but in thofe light bodies themfelves, which feem to be at-
tract=d by the phial. It is a conftant obfervation, that
when one body has a greater charge of ele€tric matter in
it than another (that is in proportion to the quantity they
will hold) this body will attract that which has lefs : Now,
I fuppofe, and it is a part of Mr Franklin’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 attractt the

phial
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phial to them, which is too heavy to be moved by the
fmzll 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 fiik
thread and electrife it, then bring this bail nigh to any
fixed body, and it will appear to be attracted by that bo-
dy, for it will fly to it: Now, by the confent of elccri-
cians, the attractive caufe is in the ball itfclf, and not
in the fixed body to which it flies: This is a fimilar cate
with the apparent attraion of light bodies, to the external
furface of a charged phial.

‘The Abbé fays, p. 69. “ that he can ele@rife a hundred
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” : This I know he can, while the phial is
charging, but after the phial is charged I am as certzin he

annot: That is, hang a phial, prepared for the Leyden
experiment, to the conducor, and let a man, ftanding on
the floor,touch the coating with his finger, while the globe
is turn’d, till the ele@ric matter {fpews out of the hook of
the phial, or fome part of the condu@or, which I take to
be the certaineft fign that the phial has received all the e-
lectric matter it can: after this appears, let the man, who
before ftcod on the floor, flep on a cake of wax, where
he may ftand for hours, and the globe all that time turn-
ed, and yet have no appearance of being elc@rifed. Af-

ter
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ter the ele@ric matter was {pewed out as above from the
hook of a phial, prepared for the Leyden experiment, I
hung ancther 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 eleciric matter tran{mit-
ted thro’ the glafs of the firlt phial, the fecond one would
certainly receive and colle& it; but having kept the phials
in this fituation for a confiderable time, during which the
globe was continually turned, I 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 Leyden experiment,
I did not feel the leaft commotion, nor perceive any {park
to iflue from the hook.

I likewife made the following experiment. Having
charged two phials (prepared for the Leyden experiment)
through their hooks; two perfons took each one of thefe
phials in their hand, one held his phial by the coating, the
other by the hook, which he could do by removing the com-
munication from the bottom before he took hold of the hook.
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
a {park iffued, but the phial was not difcharged, as I {tood
on wax) keeping hold of the hook, I touched the coat-
ing of 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 Abbé’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 becomes of 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
furface 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 {yftem,
the above experiment is eafily accounted for, as follows :

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

E; 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: 1 give the fire to the fe-
cond phial at C, whofe interior furface is difcharged by
the hand at D. This difcharge at D may be made evident
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, runthe wire of a third phial, prepared
as for the Leyden experiment, through it, and hold this third
phial in your hand, the fecond one hanging to it, by the
ends of the hooks run through each other: When the ex-
periment is performed, this third phial receives the fire at
D, and will be charged. When this experiment is confi-
dered, I think, it muft fully prove that the exterior furface
of a charged phial wants eleGric matter, while the inner
furface has-an excefs of it. One'thing more, worthy of
notice in this experiment is, thatl feel no.commetion or
thock in myarms, tho’ fo great a quantity of eleric mat-
terpaffes through them inftantaneoufly: I only feel a prick-
ling in the ends of my fingers. This makes me think the
Abbé has miftook, when he fays, that there is no difference
between the fhock felt in performing the Leyden experi-
ment, and the prickling felt on drawing fimple fparks, ex-
cept that of greater to lefs. In the laft experiment, as much
cletric matter went through my arms, as would have given
me a very {enfible fhock, had there been an immediate com-

mu-
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munication, by my arms, from the hook to the coating of
the fame phial; becaufe when it was taken into a third
phial, and that phial difcharged fingly thro’ my arms, it
gave me a fenfible thock. If thefe experiments prove that
the ele@ric matter does not pafs through the intire thick-
nefs of the glafs; it is a neceffary confequence that it muft
always come out where it enter’d,

The next thing I meet with, is in the Abbé’s fifth letter
p. 88, where he differs from Mr Franklin, who thinks
that the whole power of giving a fhock is in the glafs it-
felf, and not in the non-electrics} in contact with it. The
experiments which Mr Franklin gave to prove this opini-
on .in his Experiments and Obfervations on Eledtricity,
Letter 111. p. 24. convinced me that he was in the right;
and what the Abb¢ has afferted in contradi@ion thereto,
has not made me think otherwife. The Abbé perceiving,
as I fuppofe, that the experiments, as Mr Frankliz had
perform’d them, muft prove his affertion; alters them
without giving any reafon for it, and makes them in a
manner that proves 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
fhock is in the water contain’d in the phial, it fhould re-
main there tho’ decanted into another phial, fince no non-
electric body touch’d it to take that power off. The phial
being placed on wax is no objection, for it cannot take the
power from the water, if it had any, but it is a neceflary

Ta means
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means to try the fat; whereas, that phial’s being charged
when held in a man’s hand, only proves that water will
conduct the electric matter. The Abbé owns, p. g4. that
he had heard this remarked, but fays, Why is not a con-
duor of eleGricity an eleric fubject? This is not the
queftion ; Mr- Franklin never faid that water was not an e-
le&ric fubject; 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 conductor, by its hook, and charge it, which
done, remove the communication from the bottom of
the phial. Now the conductor thews evident figns of be-
ing electrifed; for if a thread be tied round it, andit s ends
left about two inches long, they will extend themfelves
out like a pair of horns; but if you touch the con-
ductor, a {park 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 eleétric matter that was
in the condu®or, the hook of the phial, and water or fi-
lings of iron contain’d in it; which is no more than we
{ee all non-ele@ric bodies will receive ; yet the glafs of the
phial retains its power of giving a thock, as any one will

find
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find 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 conductor, you touch the coating of the phial
(which all this while is fuppofed to hang in the air, free
from any non-electric body) the threads on the condu&or
will inftantly ftart up, and fhew that the conduétor is elec-
trifed, It receives this eleGrifation 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 contact with it can receive, or, if they be large
enough, all that it has of excefs. It is diverting to fee 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 conductor; the outer fide can receive from the hand
~which touched it, and by its receiving the inner fide can-
not retain {fo much; and for that reafon {o much as it can-
not retain electrifes the water, or filings and conductor :
For it feemsto be a rule, that the one fide muft be em ptied
in the fame proportion that the other is fill’d: Tho’ this
from experiment appears evident, yet it is ftill a myftery
not to be accounted for.

| I am
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I am, in many places of the Abbé’s book, furprifed to
find that experiments have fucceeded fo differently at Pa-
ris from what thev did with Mr Frank/in, and as I have
always obferv’d them to do. ‘The Abbé, in making expe-
riments to find the difference between the two furfaces of
a charged glafs, will not have the phial placed on wax:
For, fays he, don’t you know that being placed on a body
originally ele€ric, it quickly lofes its virtue ? T cannot i-
magine what fhould have made the Abbé think fo; it
certainly is contradictory to the notions commonly received
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 Abbé 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
phial.

The Abbé fays, p. 103,  that a piece of metal leaf
“ hung to a filk thread and eletrifed, will be repell’d by
“ the bottom of a charged phial held by its hook in the
« air ;”” This I find conftantly otherwife, it is with me al-
ways firft attratted and then repelled : It is neceflary in
charging the leaf to be careful that it does not fly off to
fome non-electric 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 Abbé, p. 108, fays, ““that it is not impofiible, as
“ Mr Franklin fays it is, to charge a phial while there isa
*¢ communicationform’d between its coating and its hook™”. I
have always found it impoffible to charge fuch a phial fo
25 to give a fhock : Indeed if it hang on the conductor
without a communication from it, you may draw a {park
from it as you may from any body that hangs there, but
this is very different from being charged in fuch 2 manner
as to give a thock. The Abbé, in order to account for
the little quantity of eletric matter that is to be found in
the phial, fays, “that it rather follows the metal than the
“ glafs, and that it is {pewed 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 Abbé's fyftem |

- 'The Abbé¢’s objeétions 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 Abbé has done,
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ELECTRICAL EXPERIMENTS,

With an Attempt to account for their

SEVERAL PHENOMENA;

Together with

Some Obfervations on Thunder-Clouds,

In further Confirmation of Mr FrankrLin’s Ob-
{fervations on the pofitive and negative ele@rical

State of the Clouds, by Joun Canton, M, A,

and F.R.S,
Dec. 6, 1753.

X P E R.IMENT. I

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, {o as to be in conta& with

each other. Bring the excited glafs tube under the balls,
U and

FRDM the cicling, or any convenient part of a
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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 ftand farther apart; intirely withdraw it, and they

will immediately come together. This experiment may
be made with very fmall brafs balls hung by filver wire 5
and will fucceed as well with fealing-wax made elerical,
as with glafs,

EXPERIMENT  H

If two cork-balls be fufpended by dry filk threads, the
excited tube muft be brought 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 eleftrified : but when
they hang within the atmofphere of the excited tube, they
may attra& and condenfe the ele@rical fluid ronnd about
them, and be feparated by the repulfion of its particles.
Tt is conjectur’d alfo, that the balls at this time contain
lefs than their common fhare of the eleétrical 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 2 much more denfe part of the at-
mofphere 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 eledrical fire is fuppofed to

come
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come throngh the threads into the balls, and be condenfed
there, in its paflage towards the wax: for, according te

Mr Fraxkiin, excited glafs emits the ele@rical fluid, but
excited wax receives it,

EXPERIMENT. I

 Let a tin tube, of four or five feet in length, and about
two inches inches in diameter, be infulated by filk ; and
from one end of it let the cork-balls be fufpended by linen
threads. Ele€rify it, by bringing the excited glafs tube
near the other end, {o as that the balls may ftand an inch
and an half, or two inches apart: then, at the approach
of the excited tube, they will by degrees lofe their repelling
power, and come into contact ; and as the tube is brought
ftill 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 elettrified by wax, or the wire of a charg’d
phial, the balls will be affe@ed in the fame manner at the
approach of excited wax, or the wire of the phial.

EXPERIMENT 1IV.

Elerify 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 them, when they have
been electrified by wax.

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

Uz the
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the tin-tube, in the third experiment, is fuppos’d to elec-’
trify it pofitively, or to add to the electrical fire it before’
contained ; and therefore fome will be running off through
the balls, and they will repel each other. But at the ap~
proach of excited glafs, which likewife emits the ele@rical
fluid, the difcharge of it from the balls will be diminifh’d ;
or part will be driven back, by a force acting in a contrary
direction ; and they will come nearer together. If the’
tube be held at {uch 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 without, be-
ing more denfe than that within the balls, it will be at-
tracted 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 elecrical 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 between 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-
zence between the denfity of the internal and external fluid
| -be
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de increafed, or diminithed ; the repulfion of the balls will
be increafed, or diminifhed, accordingly.

SR PSR R 1M E' N T V.

When the infulated tin tube is not ele@rified, 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 iix inches, withdraw it, and the
balls will approach each other till they touch; and then
{eparating again, as the tube is moved farther off, will con-
tinue to repel when it is taken 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 eletrified by wax, after the
manner defcribed in the third experiment.

EeX BiE R.I-M.E N T 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, let a pair of cork

balls be fufpended. Towards the middle of 4, bring the

excited glafs tube ; and holding it a fhort time, at the di-

ftance of a few inches, each pair of balls will be obferved
to feparate : ‘withdraw the tabe, and the balls of 4 will
come together, and then repel each other again ; but thofe
of B will hardly be affeGed. By the approach of the ex-

cited
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cited glafs tube, held under the balls of 4, their repulfion
will be increafed : but if the tube be brought, in the fame
manner, towards the balls of B, their repulfion will be
diminifhed.

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 lefe
fome of its natural quantity of the ele€irical fluid, before
it receives any from the glafs; as that fluid will more
readily run off from the ends or 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
ele@rified pofitively, by the decreafing of the repulfion of
its balls, at the approach of excited glafs.

E X P H R 1 M'ESNST = Vi

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: eleétrify 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, continue to repel each other; tho’
not at fo great a diftance as before,

The air furrounding the apparatus to the diftance of two
or three feet, is fuppofed to contain more or lefs of the
eleCtrical fire, than its common fhare, as the tin tube i3
eletrified pofitively, or negatively; and when very dry,
may not part with its overplus, or have its deficiency {up-
plied fo fuddenly, as the tin; but may continue to be e-
le&rified, after that has been touch’d for a confiderable

time.

FomTr B R T ME N 'T ' VIIL

Having made the Torricellian vacuum about five feet
long, after the manner defcribed in the Philofophical Tron/-
actions, Vol. xlvii. p. 370. if the excited tube be brought
within a {mall diftance of it, a light will be feen through
more than half its length: which foon vanifhes, if the
tube be not brought nearer ; but will appear again, as that is
moved farther off. 'This may be repeated feveral times,
without exciting the tube afrefh,

This experiment may be confider’d as a kind of  ocular
demonftration of the truth of Mr Franklin's hypothefis ;
that when the elecrical fluid 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 to be repelled from

the infide of the glafs furrounding the vacuum, and to be
carried
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carricd off through the columns of mercury ; but, asthe

tube is withdrawn, the fire is fuppofed to return,

E X P.ERIMIEMNIT A&

Tet 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 electrified by glafs,
and the other half will increafe it.

By this experiment it appears, that wax alfo may be e-
le&trified pofitively and negatively. And it is probable,
that all bodies whatfoever may have the quantity they
contain of the ele@rical fluid, increafed, or diminifhed,

The clouds, T have obferved, by a great number of expe-

riments, to be fome in a pofitive, and others in a negative

ftate of ele@ricity. For the cork balls, elecrified by them,
will {fometimes clofe at the approach of excited glafs ; and

at other times be feparated to a greater diftance. And this
change I have known to happen five or fix times in lefs

than half an hour; the balls coming together each time,

and remaining in contact a few feconds, before they repel
each other again. It may likewife eafily be difcover’d, by

a charged phial, whether the elecrical fire be drawn out

of the apparatus by a negative cloud, or forced into it by

a pofi-

»

|
|
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a pofitive one : and by whichfoever it be-ele€trified, thould
that cloud either part with .its overplus, or have its defi-
ciency {upplied fuddenly, the apparatus will lofe its elecri-
city : which is frequently obferved to be the cafe, imme-
diately after a flath of lightning. Yet when the air is very
dry, the apparatus will continue to be elecrifed for ten
minutes, or a quarter of an hour, after the clouds have
paffed the zenith; and fometimes till they appear more
than half-way towards the horizon. Rain, efpecially when
the drops are large, generally brings down the electrical
fire : and hail, in fummer, I believe never fails, When
the apparatus was laft electrified, it was by the fall of thaw-
ing fnow ; which happened fo lately, as on the 12th of
November 5 that being the twenty-fixth day, and fixty-firft
time, it has been eleCtrified, fince it was firft fet up ; which
was about the middle of May. And as Fabrenbeit’s ther-
mometer was but feven degrees above freezing, it is fup-
pofed the winter will not intirely put a ftop to obfervations
of this fort. At London, no more than two thunder-
ftorms have happened during the whole fummer: and the
apparatus was fometimes fo ftrongly electrified in one of
them, that the bells, which have been frequently rung by
the clonds, fo loud as to be heard in every room of the
houfe (the doors being open), were filenced by the almoft
conftant ftream of denfe elerical fire, between each bell
and the brafs ball, which would not fuffer it to ftrike.

I fhall conclude this paper, already tco long, with the

following queries :
p 4 i. May
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S My Franklin, in a former letter to Mr Collin-
fon, mentioned his intending to try the power
of a very ftrong elerical thock upon a turkey,

that gentleman accordingly has been fo very obliging as to
fend an account of it, which is to the following purpofe.

He made firft {feveral experiments on fowls, and found,
that two large thin glafs jars gilt, holding each about fix
gallons, and fuch as I mentioned I had employed in the
laft paper I laid before you on this fubjet, were fufficient,
when fully charged, to kill common hens outright; but
the turkeys, though thrown into violent convulfions, and
then, lying as dead for fome minutes, would recover in
lefs than a quarter of an hour., However, having added
three other fuch to the former two, though not fully
charged, he killed a turkey of about ten pounds weight,
and believes that they would have killed 2 much larger.
He conceited, as himfelf fays, that the birds kill'd in this
manner eat uncommonly tender.

In making thefe experiments, he found, that a man
could, without great detriment, bear a much greater fhock
than he imagined : for he inadvertently reccived the ftroke
of two of thefe jars through his arms and body, when
they were very near fully charged. It feemed to him an

univerfal blow throughout the body from head to foot,
and
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and was followed by a violent quick trembling in the trunk,
which went off gradually in a few feconds. It was fome
minutes before he could recolleét his thoughts, fo as to
know what was the matter; for he did not fee the flath,
tho’ his eye was on the fpot of the prime conduéor, from
whence it ftruck the back of his hand; nor did he hear :
the crack, though the by-ftanders faid it was a load one
nor did he ‘particularly feel the firoke on his hand, the’
he afterwards found it had raifed a {welling there, of the
bignefs of half a {wan-fthot, or piftol-bullet, His arms
and the back of his neck felt fomewhat numbed the re-
mainder of the evening, and his breift was {ore for a week
after, as if it had been bruifed. From this experiment
may be feen the danger, even under the greateft caution, ito
the operator, when making thefe experiments with large
jars; for it is not to be doubted, but feveral of thefe fully
charged would as certainly, by increafing: them, in propor-
tion to the fize, kill a man, as they before did a turkey.

N. B. The original of this letter, which was read at the
Royal Society, has been miflaid.

# FINIS:
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