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196 Mr CAVENDISH o2 the Torpedo.

XI1. An Account of fome Attempts to imitate the Effeis of
the Torpedo by Elefiricity. By the Hon. Henry Caven-
dith, F. R. S.

R. {;';-5 % LTHOUGH the proofs brought by Mr.

WALSH, that the phenomena of the tor-
pedo are produced by electricity, are fuch as leave little
room for doubt; yet it muft be confefled, that there are
fome circumftances, which at firft fight feem fcarcely
to be reconciled with this fuppofition. I propofe, there~
fore, to examine whether thefe circumftances are really
incompatible with fuch an opinion; and to give an ac-
count of {fome attempts to imitate the effects of this ani=
mal by eleétricity.

It appears from Mr. wALsH’s experiments, that the
torpedo is not conftantly electrical, but hath a power of
throwing at pleafure a great quantity of eleétric fluid
from one furface of thofe parts which he calls the elec-
trical organs to the other; that is, from the upper furface
to the lower, or from the lower to the upper, the experi-
ments do not determine which ; by which means a thock
is produced in the body of a perfon who makes any part
of the circuit which the fluid takes in itsmotion to reftore
the equilibrium.

One
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One of the principal difficulties attending the fuppo-
fition, that thefe phenomena are produced by eleétricity,
is, that a fthock may be perceived when the fifh is held
under water; and in other circumftances, where the
electric fluid hath a much readier paffage than through
the perfon’s body. To explain this, it muft be confidered,
that when a jar is eleétrified, and any number of different
circuits are made between its pofitive and negative fide,
fome eleéricity will neceffarily pafs along each; but a
greater quantity will pafs through thofe in which it meets
with lefs refiftance, than thofe in which it meets with
more. For inftance, let a perfon take fome yards of very
fine wire, holding one end in each hand, and let him dif-
charge the jar by touching the outfide with one end of
the wire, and the infide with the other; he will feel a
thock, provided the jar is-charged high enough; but lefs
than if he had difcharged it without holding the wire in
his hands; which fhews, that part of the eletricity paffes
through his body, and part through the wire. Some elec-
tricians indeed feem to have fuppofed that the eleétric
fluid paffes only along the fhorteft and readieft circuit;
but befides that fueh a fuppofition would be quite con--
trary to what is obferved in all other fluids, it does not
agree with experience. What feems to have led to this
miftake is, that in difcharging a jar by a wire held irr
both hands, as in the above mentioned’ experiment, the
perfon will feel no fhock, unlefs either the wire is very
long and flender, or the jar is very large and highly
charged. The reafon. of which is, that metals conduét
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198 Mr. CAVENDISH oz the Torpedo.

furprizingly better than the human body, or any other
fubftance I am acquainted with; and confequently, un-
lefs the wire is very long and flender, the quantity of
eletricity which will pafs through the perfon’s body will
bear fo fmall a proportion to the whole, as not to give
any fenfible thock, unlefs the jar is very large and highly
charged.

It appears from fome experiments, of which I propofe
fhortly to lay an account before this Society, that iron
wire conduéls about 400 million times better than rain
or diftilled water; that is, the eleétricity meets with no
more refiftance in pafling through a piece of iron wire
400,000,000 inches long, than through a column of
water of the fame diameter only one inch long. Sea-
water, or a folution of one part of falt in 30 of water,
conduéts 100 times, and a faturated folution of fea falt
about 720 times better than rain water.

To apply what hath been here faid to the torpedo;
{fuppofe the fith by any means to convey in an inftant
a quantity of electricity through its electric organs, from
the lower furface to the upper, fo as to make the upper
{urface contain more than its natural quantity, and the
lower lefs; this fluid will immediately flow back in all
direétions, part over the moift furface, and part through
the fubftance of its body, fuppofing it to conduct eleétri-
city, as in all probability it does, till the equilibrium is
reftored : and if any perfon hath at the time one hand on
the lower furface of the eletric organs, and the other on
the upper, part of the fluid will pafs through his body.

More-
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Moreover, if he hath one hand on one furface of an elec-
trie organ, and another on any other part of its body, for
inftance the tail, ftill fome part of the fluid will pafs
through him, though much lefs than in the former cafe;
for as part of the fluid, in its way from the upper furface
of the organ to the fower, will go through the tail, fome
of that part will pafs through the perfon’s body. Some
fitrid aHo will pafs through him, even though he does
hot touch either-eleétricorgan, but hath his hands on any
two parts of the fithes body whatever, provided one of
thofe parts 1$ nearer to the upper furface of the electric
organs than the-other. On the fame principle, if the tor--
pedo is immerfed in water, the fluid will pafsthrough the
water itvall dire@fons, and that even to great diftances from
its Bodly, as is reprefented in flg. 1. where the full lines
reprefent the feGtion of its body, and the dotted lines the
direftion of the efeétric fhuid; but it muft be obferved,,
that the nearer any partof thewater is to the fithes body,
the greater quantity of ftuid will pafs through it. More-
over, if any perfon touthes the fiflr irr this fituation;
¢éitHerwith orte hand on the upper furface of an eletric
organ, and the other on the' 1dwer, or in any other of
thofe manners in whith T fuppofed it to be touched when
out of theswater; fome fiuid will pafs through his bodyy
but evidently lefs than whert the aniimal is held in the:
ai1, as & gredt proportion of tRe Auid will pafs through
the water: ard even fome fluid will pafs through him,
thoagh he does not touch the fifti-at alt; but only holds

2 His
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his hands in the water, provided one hand is nearer to
the upper furface of the eledtric organs than the other.

The fecond difficulty is, that no one hath ever per-
-ceived the fhock to be accompanied with any fpark or
light, or with the leaft degree of attration or repulfion.
‘With regard to this, it muft be obferved, that when a
perfon receives a fhock from the torpedo, he muft have
formed the circuit between its upper and lower furface
before it begins to throw the eleétricity from one fide to
the other; for otherwife the fluid would be difcharged
over the furface of the fifhes body before the circuit was
compleated, and confequently the perfon would receive
no thock. The only way, therefore, by which any light
or {park could be perceived, muft be by making fome
interruption in the circuit. Now Mr. waLsH found, that
the thock would never pafs through the leaft fenfible
{pace of air, or even through a fmall brafs chain. This
¢ircumftance, therefore, does not feem inconfiftent with
the fuppofition that the phenomena of the torpedo are
awing to eledtricity; for a large battery will give a con-
fiderable fhock, though fo weakly charged that the elec-
tricity will hardly pafs through any fenfible {pace of air;
and the larger the battery is, the lefs will this {pace be.
“The principle on which this depends will appear from
the following experiments.

I took feveral jars of different fizes, and conneéted
them to the fame prime conduétor, and eleétrified them
in a given degree, as fhewn by a very exact ele&trome-
ter; and then found how near the knobsof an Inftrument
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It muft be obferved, that in the foregoing machiue,
each loop confifted of the {fame number of links, and the
links of each loop were ftretched by the fame weight;
{o that it required no more force to impell the eleétricity
through one loop than another, which was my r;‘gfon
for ufing this machine rather than a plain chain. Con-
fiderable irregularities occurred in trying’ the above ex+
periments, and indeed all thofe with a chain; for it fre-
quently happened, that the thock would not pas with
the battery charged to a certain desgree, when perhaps a
minute after, it would pafs with not more than three-
fourths of the charge. The irregularity, however, was
not {o great but that, [think, Imay be certain of the truth
of the foregoing faéts; efpecially as the experiments were
repeated feveral times. The uncertainty was at leaft a$
great in the experiments with LANE’s electrometer, When
the knobs were brought fo.clof¢ together, as is neceflary
in experiments of this kind.

It appears therefore, that if the whole battery, and 2
-ﬁngle row of it, are both charged in fuach a degree as to
give a fhock of the fame firength, the thock with the
whole battery will pafs through fewer loops of the chain
than that with the fingle row; fo that, I think, there.can
be no doubt, but that if the battery had been large
enough, I thould have been able to give a fhock of the
ufual firength, which yet would not have paffed through
a fingle interval of the links of a chain.

On the whole, I think, there feems nothing in the
phenomena of the torpedo at all incompatible with elec-

tricity ;
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tricity ; but to make a compleat imitation of them, would
require a battery much larger than mine. It may be
afked, where can fuch a battery be placed within the tor-
pedo? I anfwer, perhaps it is not neceflary that there
fhould be any thing analogous to a battery within it.
The cafe is this; it appears, that the quantity of eleétric
fluid, transferred from one fide of the torpedo to the
other, muft be extremely great; for otherwife it could
not give a fhock, confidering that the force with which
it is impelled is fo finall as not to make it gafs through
any fenfible fpace of air. Now if fuch a quantity of
fluid was to be transferred at onice from one fide to the
other, the force with which it would endeavour to efcape
would be extremely great, and fufficient to make it dart
through the air to a great diftance, unlefs there was
fomething within it analogous to a very large battery.
But if we fuppofe, that the fluid is gradually transferred
through the electrical organs, from one fide to the other,,
aj the fame time that it is returning back over the fur-
face, and through the fubftance, of the reft of the body;
{o that the quantity of fluid on either fide is during the
whole time very little greater or lefs than what is na-
turally contained in it; then it is poffible, that a very
great quantity of fluid may be transferred from one fide
to the other, and yet the force with which it is impelled
be not fufficient to force it through a fingle interval of
the links of a chain. There {feems, however, to be room
in the fith for a battery of a {ufficient {ize; for Mr. HUN~-

TER has thewn, that each of the prifmatical columns of
1 which
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which the eleétrical organ is compofed, is divided into a
great numberof partitions by fine membranes, the thick-
nefs of each partition being about the 1 50th part of an
inch; but the thicknefs of the membranes which form
them is, as he informs me, much lefs. The bulk of the
two organs together in a fith 10} inches broad, that is of
the fame fize as the artificial torpedos, feems to be about
2.4: cubic inches; and therefore the fum of the areas of
all the partitions is about 3700 {quare inches. Now
3700 {quare inches of coated glafs -5 of an inch thick
will receive as much eleétricity as 30500 fquare inches
,05¢ of an inch thick(; that is, 305 times as much as
as the plate of crown glafs mentioned in p. 206, or
about 2% times as much as my battery, fuppofing both
to be electrified by the fame conduétor; and if the glafs
is five times as thin, which perhaps is not thinner than
the membranes which form the partitions, it will con-
tain five times as much eleétricity, or near fourteen times
as my battery.

It was found, both by Dr. wiLL1AMsON and by a com-
mittee appointed by the Philofophical Society of Penfyl-
vania, that the thock of the Gymnotus would fometimes
pafs through a ehain, though they never perceived any
light. I therefore took the fame chain which I ufed in
the foregoing experiments, confifting of 25 links, and
fufpended it by its extremities from the extreme hooks
of the machine defcribed in p. 221, and applying the
end of the machine to the negative fide of the battery,

(¢} Vide Note in p. 200,
touched
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touched the pofitive fide with a piece of metal held in
the other hand, fo as to receive the fhock through the
chain without its pafling through the torpedo; the bat-
tery being charged to fuch a degree that the fhock was
confiderably ftronger than what I ufually felt in the fore-
going experiments. I found that if the chain was not
ftretched by any additional weight, the fhock did not pafs
at all: If it was firetched by hanging a weight of feven
pennyweights to the middle link, it paffed, and a light
was vifible between fome of the links; but if fourteen
pennyweights were hung on, the fhock paffed without
.my being able to perceive the leaft light, though theroom
‘was quite dark; the experiment being tried at night, and
the candle removed before the battery was difcharged.
It appears, therefore, that if in the experiments made by
thefe gentlernen the thock never pafled, except when the
chain was fomewhat tenfe, which in all probability was
the cafe, the circumftance of their not having perceived
any light is by no means repugnant to the fuppofition
that the fhock is produced by eleétricity.
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