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196 Mr CAVENDlSH on the Torpedo.

XII. An Account oflome Attempts to imitate the EffeEls of
the Torpedo by Ele8ricity. By the Han. Henry Caven­
difu,F. R. s.

R. Jan. lS'ALTHOUGH the proofs brought by Mr.
1775·

WALSH, that the phenomena of the tor-
pedo are produced by eleCtricity, are fuell as leave little
room for dOllbt; yet it ffillft be con-feffed, that there are
fome circllmftances, which at firfi fight feern fcarcely
to be reconciled with this fuppofition. I propofe, there­
fore, to ex-amine whether thefe circumftances are really
incompatible ,vith fuch an opinion; alld to give an ac­
count of fome attempts to imitate the effeCts of this ani~

mal by eleari€ity.
It al)pears from Mr. WALSH'S experiments, that the

torpedo is not conftantly elettrical, but hath a power of
-throwing at pleafure a great quantity of eleCtric fluid
from one furface of thofe parts which he calls the elec­
trical organs to the other; that i8, from the upper fllrface
to the lower, or from the lower to the upper, the experi­
ments do not determine which; by which means a fhock
is pro(luced in the body of a perfon who makes allY part
of the circuit which the fluid takes in its motion to reftore
the equilibrium.

011e



Mr. CAVENDISH on the Torpedo. 197

One of the principal difficulties attending the fllppO­
fition,. that thefe phenomena are pro(luced by eleCtriGityt

is, that a 1hock may be perceived when the fifh is held
under ,vater; .and in other circumftances, \vhere the
eleCtric fluid hath a much readier paffage. than througl"l
theperfon'sbody. To explain this,it mllft be cOllfiderecl,­
that when a jar is electrified, and any number of differc11t
circuits are nlade between its pontive and negative fide,
fOlne eleCl.ricity·will neceffarily pafs along each; but a
greateI'ql.lantitywill pars throtlgh thofe in ,~~hicll it meets
with lefs refiftance, than thofe in \vhich it meets ,vith
more. For inftance, let a perfon take fome 'yards of very
fine wiret holding one end in each harid, and let hinl dif­
charge the jar by touching the outfide·with one end of
the wire, and· the infid:e with the other; lie will feel a
ihock, provided the jar is- charged high enollgh; but lefs:
than if he had difch'arged it without holding the wire in
his hands; which 111e\VS, that part of the eleCtricity paiTes
through his body, and part tllrough the ,vire. Some elec­
tricians indeed fcern to have fuppofe(l that theeleetric
fluid paffes only along the iliorteil: and rea(lieft cirCllit;
but betides that fu€h a fuppofition 'VOllld be quite COll-­

trary to what-, is obferved in all other fll.lids, it d()es not
agree \vith experien-ce•.What feems to have lee] to t11is­
miftake is, that in difcharging a jar by a ,vire helc} in·
both hands, as in the above mentioned; experiment, the'
perfoll will feel DO.1l10ck, l111lefs either· tIle wire is very
lOllg and flen{ler, or the jar is very large and higllly
~harg~d. The reafon.. of- ,vhich is, that n1et,lls COlldllct
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Ig8 Mr. CAVENDISH on tlJe Torpedo~

furprizil1g1y better thall the- human bo'd,y, or any otller
lbbitance I am acquail1tedwith ;al1d confequently, nn­
lefs the wire is very I011g and fiellder, the quantity of
eleCtricity which will pafs through the perfon's bodY'will
bear fo [mall a proportion.to the whole, as not .togive
any fe,nfible ihock, 'uIliefs thejar is very large and higllly
charged.

It appears from fame experiments, of whichI pro!)ofe
!hortly to lay an account. before this Society, that irol1
wire.conduCl:s abollt 400 million times better than rain
or diftilled water; that is, the eleCtricity meets with no
more refiftance ill paffing through a piece of iron wire
400,000,000 inches long, than through a column of
water of the fame diameter only one illCh long. Sea­
water, or a folution of one part of faIt in 30 of water,
conduCts 100 times, aJ.1d a {aturated folutiol1of fea faIt
~bout 720 times better than rain water.

To apply what hath been here faid to the torpedo;'
fl1llpofe the fiill by allY means to convey in all il1ftant
aqtlantity of eleCtricity through its eleCtric organs" from
tIle lower fl.lrface to the'llpper, fo as to make the upper
fllrface contain more than its natural quantity, all(} tIle
lower lefs; this fluid ,viIi inlmediately flo\v back in all
direCtio11S, part over the moift. furface, ane} part throllgh
the ftlbftance of its body,fllppofillg it to condllct electri­
city, as in all probability it (loes, till the equilibrium is
reftored: and if any perfon hath at tIle time (}oe hand on
the lower fu.rface of the eleCtric organs, and tIle other 011
the upper"part of the fluid ,viII pafs throllgh 11is bo(ly.

More-
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Moreovrer, if h~ hath one hand on one furface of an elec­
tr!c-organ,. and another on, allY other part of its body, for
hiftancethe tail, fti~ fome part of the fluid will pafs
through hiln, though much lefs thall in the former cafe ;,
fOr as part o( the fluid, in its way from the tlpper furface,
Ofi:he'.organ to'tllelower" will go throtrgh the tail" forne"
of that,lpart'wii1pa{s thrOllgh the p'erfon's bod}T. Some
:fliiid' aKa -will pafs !hrough him, even thOl.lgh lle does,
~ottoucheither"e1ea:ricorgan, btlt hath'his hands on an.y'
two parts of the fiihesbody wh'atever, provided one of
ihofe pcntS IS neater to the' ttpper' nlrface of the electric
organsthan theA&ther. On tl1e~ameprillciple, if the tor-,~

j;>edO fs immerfe(l\inwater, the fluid wilt pafs through the.
water,in'alldite6'tions, and th(ateven t~greatdiftal1c~sfronl
its bony, as is'reprelented: in flg~ 1. wh~re the'full lines
reprefent th~f~on:dfIts 1l~ttyr, aI)d the- dotted lines the
diteaion df the"efe-fuic :fhiid.; but'it ll1\lft'be obferved"
that the l1earer any part#o{the'water is to the fillies body"
the greater quantity of~flllidwill pats-through it. More~'

o~er, if· any ·perfon to'lttihes-- tlle. fifll in ,this fi'hlatio~;'

eitlier-'mrh C1l1e hal1d on the lIpper, f\ttf~~e ('jf ~11 eletlric
organ, antltp.e 'other 011 the':)6Wer, q-r in ally-other' af
thore manners 'in'whifu'I·i;tlPP9fedit to·b-e tonch~d',vhel1

out 'Ofthet~tet;~fomeft.ttid'will pa(s through his· betdY1:
but evidently lefs than. whe~'t'he al1iinal is helc[ 'ill tIle,'
all" as 'a-gr~t prtJpm1:ittrlat' tlie: fluid ,~il1 ,paf~ ..th·rough
the ,vater: and even fome- ~fluid 'will pafs thrOtlg~ 'him!
fhottgh. he d<1es' not tou·ch the tith"'at all;' lnlt only ,holds

~ '"11.is
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his ll:ands in the ,vater, provided 'one halld is·nearer to
the upper furface of tIle eleCtric {)rgans than the other.

TIle fecond difficulty is, that no Olle hath ever per-
·ceived the fuock to be accompanied ,vith allY fpark or
light, or with the leaft degtee of attraetioll or repul~oll..
'With regard to this., it mrlft be obferved, .that when a
perfon receives a ihock from the torpedo, he .rp\.lft have
formed the cirouitbetween its upper and lower ftIrface
before it begins to throw the eleCtricity from one fide to
the other; for other\vife the fluid would be difcharged
over the furface of the fillies body before the cirC1Iitwas
compleated., and confequently the perfon would receive
no fuock. The only way, therefore, by ,vhich any light
or fpark. could be perceived, muft be by making fome
interruption in the cirCllit. NOw Mr. WALSH found, that
the :Chock would neverpafs through. the Ie.aft fenfible
.fpace of air, or even tllrough a fmall brafs chaitl.. This
circumftance, 'fherefore,does not feem inconfift·el1t with
the fllppofition that the phenomella of .the torpedo are
G\ving to eleGl:ricity.; for a large battery ,viII give a con­
Jiderable 1hock, though fa weakly charged that the elec­
tricity 'will hardly pais through any fenfible {pace of air;
3rid the larger the battery is, the lefs will this {pace ~e.

The principle on \vhich this depend's will appear from
the following experiments.

I took feveral jars of (litferent· fizes, and connecte(l
them to the fame prinle conduCtor, and eleCtrified th·em
in a given degree, as 1hewn by a very exaCt ·eleCt·ron1e­
ter; and then found bownear the .kno,bsof an illftr:a.~ment
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OM, fig. 5- isa piece of dry wood; Ff, xe, rid, cc,
DO, and Aa, are pieces of brafs wire faftened to it, ana
ttlrned'l.lp at'bottom into the form of a hook, 011 w.hich
is hung 'afmall brafs .chain, asin the figure, fa as to form
five loops,each loop cOllfifting of five links ; the part Gis
covered with tinfoil, w'hich is made tocom,municate with,
the wire AO. If I held this piece of woOd in one 'hand,
with my thumb on either of the wites'Fh Ee, Sec•.and
applied the part G to one f\lrface ·of an eleCtric, orgaIi,
\\·hile,vith a fpoon, held in the other hand, I tOllched the
oppofitefurface, I received, a 1hock, provided th¢ battery
,vas charged high enough, theeleCtricitypaffing thrO\lgh
all that part of the chain betweenAa,a~dmy thumb ;fo
that I could make the fhock p'afs .through -more <or fewer
loops, according" to which wire my thumb was placed on ;
b\lt if thecharge.was· too weak to force a pairage through
the chain, I felt. no fhoek, as the ,wood was too'dry'tQ
convey allY fenfible quantity o'f"eleChicity. 'The even~

of the experiment was, that if I charged. the whole bat­
tery to {nch a degree that thefuock would butjuftpafs
through' tWo loops of ,the ,machine, and then' ,charged,a
fingle row tofuch a degree as-appeared, on"trial,juft fuf­
ficient to give a ihock of the~fame'ftrength as the fonnet~.

itpaffed:throl.lgh' all five loops; whether it would have
paired through more'I cannot tell. If,on the other hand,
I gave fuch a charge to the whole battery, and alfo to the
finglerow, as was juft fufticient to force apaffage throug~ ,
two loops of the chain, the fhock with the whole battery
,vas m\lch ftrongerthan that with the finglerow,.

It
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It muftbe obferved, that in the forc:goingtnaohine,
each loop confifted'of the fam.e number of links, and the
links of ·each loop were ftretched by the. fame weight;
fo that it required no more force to impell the -elecfuidty
through one-loop than another,- w:hich was ~y r~~on

for uting this machille rather than ~:plain'chain. Con~

1iderable· irregularities occurred in trying' the abC)¥c: .ex..,
periments, and indeed all thofe with a chain; for it fto-­
qllently llappe·ned, that the fllOCk would.not patS.w~
the battery clurged to a certain de~ree, when perhaps.a
mintlte after, it wouldpafs ·with not more than~
fourths of the charge. The irreguiarity,however, was
pot [0 great but that; lthink, I may be certain of the trUth
of the foregoing fads'; efpecially as the experimentsw;erc
repeated feveral times. The uncertainty,was at-lea# :a&
great in the' ~xperiments with·J,A:KE'S eleCtrometer, ·"MIt
the.knobs were brought fo,clofe together, as is;riereffary
ill. experiments of this kind.

It appears therefore., that if the whole battery, and a
.1ingle ro,vof-it~-are both charged in 'fnch a. degree as to
give a 1hock of the fame ftrength, the fhock with ~the

,vhole battery will pafs through; fewer loops of thecbain
than that with the tingle row; 'fo that, I think, thete:can
be no (Ioubt, but -that if thc'battery had been large
enough, I fhould. have been able to give a fuock of the
llfllal ftrength', which yet would not have paired through
a fingle interval of the links of a chain.

On the whole, I think, there feems nothillg ill .tho
phC1lomena of the torpedo at all incompatible. with :elec- .

tricity;
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tricity; but to make a compleat imitatioll of tbem, woul,:}
'require a battery .much larger than mine. It may be
afked, where can fllCh a battery be placed within the tor­
pedo? I anfwer, perhaps it is not neceffary that .~there

1110uld be any thing analogous to a battery within it.
The cafe is this; it appears, that the quantity of electric
flui<l, transferred from one, fide. of the torpedo to the
other, mllft be extremely great; for otherwife it could
not give a fuock, confidering that the force with whic.;A
i~ is impelled is fo finall as not to make it ~afs thro'llgh
any fenfible fpace of air. Now if fuch a quantity of
flllid ,vas to be transferred at once from one fide to the·
other, tIle force with which it would elldeavour to efcape
would be extremely great, and fufficient to make it da.rt
through the air to a great diftance, u~lefs there was
fomething within it analogous to a very large battery..
Btlt if we fuppofe" that the fluid is gradually transferred
through the eleCtrical organs, from one fide to the other,~

a~ the fame time that it is returning back. over the ftlr.·
·fa.ce, 'and throllgh the flllJitance, of the reft of the booy;,
10 that the qu.antity of fluid on either fide is dl.lring the
whole time very little greater or lefs than what is na-­
tllrally contailled in it; then it is pomble, that a very
great quantity of fltli(i may be transferred from Olle fi<le
to the other" and yet tIle force with which it i~ impelled
be not fufIicie~t to force it througll a fillgle interval of
the lillks of a chain.. Tllere feems,. however" to be reom
in the fifh for a battery of a fufficient fize; for Mr. HUN..·

TER has fhewn, that caell of the. prifinatical colllnlns of
I \vhiC.fa
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which the electrical organ is compafed, is divid.edinto.a
great numberofpartition~by fine membranes, ~he thick­
nefs of each partition being about the I 50th partof'an
inch; .but the thicknefs of the ~eln1?~eswhich form
thern is, as he illforms me,. mllch lefs. The bulk of the
two organs together in a fifh lOr inches broad, that is of
the fame fize as the artificial torpedos, feems·to,be about
2,4~ cubic inches; alld therefore the fum. of. the areas of
all the partitions is about 37'0.0 fquare inches. Now
3700 fquare inches of coated glafs .[; 0 a.fan inch thick
will receive ai. much elea:rici~yas3050'0 {quare inches
,055 'of an inch thickft:J; .that is,- 305 times as much as
as the plate of cro\vn ·glafs rneotioned i.n p.' 206, or
about 2* times as much as my ba:ttery, .fuppofingboth
to be eleetrified by the fame conductor; and if the19l~fs

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 eleCtticity, or near fourteen times
as my battery.

It ,vas fotlnd, both by Dr. WILLIAMSON and'by a com­
mitte'e appoillted by the Philofophical Society of Penfyl­
vania, that thefhock of the Gymnotus would fometimes
pafs throllgh a ahain, though they never perceived any
light. I therefore took the fame chain ,vhich I ufed in
tIle foregoing expennlents, confifting of 2, 5 lillks, and
fllfpended it by its extremities from the extreme hooks
of the machille defcribed' in p. 2, 2 I, and applying the
elld of the machille to the negative fide of the battery,

(cj Vide Note in p. 206.

touched
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touched tIle pofitive, fide with a piece of metal held in.
the other halld, fo ~5 to receive the fil0ck through the
chain without its paffing throngll the torpedo; the bat­
tery being -charged to fuch a degree that the fuock was
conf!derably ftronger than what I ufually felt in the fore­
'going experiments. I found that if the chaill was not
ftretched by any additional weight, the 1hock did not pafs
'at all: If it was ftretched by hangillg a weight of feven
pellnyweights to the middle link, it paffed, and a light
,vas vifible between fome of the links; but if fOllrteen
.l)ennyweights were hung 011, the fuockpaffed without
.Inybeing able to perceive the lea1\: light, though the·rooln
"vas quite (lark; tIle experiment being tried at night, and
tIle candle removed before· the battery wasdifcharged•

.It appears, therefore, that-if in the experimelltsmade 'by'
thefe gentlemen the filock l1ever paffed, except when the
chain was fomewhat tenfe, which in all probability w.as
the cafe, the circunlftance of their not having perceived

..al\Y lig~t is by 110 means repttgnant to the fuppofitioll
:that the fhock is llroduced by eleCtricit.y.

V() L. IJ,XVr. Gg XIII. Ob-




