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assertion were, (1) M. Niomens himself assumes n his first paper
that the conducting power of his copper (étalon) varies O-1 per
cent. with eneh degree Centigride ; and (2) M. C. W. Siemens¥,
in deseribing hin vesistinee thermometer, assumes also the same;
in fuel he buwes hin enlenlation on Arndtsen’s formula without
stating thoe mort ol copper Tue anes,

Thut my sttement vegnrding the difference of the coefficients
of the inerense of resistinee for diflerent temperatures of coppers
v correet, niny be dedueed from the following data:—M. Siemens
finds (2ud paper) the resistunees of 4 connercial copper he
tented fo vary Ll'.twm-.u O and 1007 €824 per eent. ; Arpdtsen
linds copper contauming {races of won to vary 36 per cent.; von
Bose and mysell have fonnd pare copper to vary 12 per cent.;
and lastly, one commereinl copper 1 have tested varies only about
B per eent,

XXV, On the True und VFalse Dischurge of o Cuded llectrie
Cable. By Professor W, Tuomson, LL.D., I.R.8., and Mr.
Fregming JENKIN, C 07

N an article in the last May Number of this Magazine, “ On
the Galvanic Polarization of buried Metal Plates,” translated
from Poggendorff’s Annalen, No. 10, 1860, Dr. Carl describes
certain interesting experiments on the electro-polarization pro-
duced between two large zinc plates buried in the garden of the
Observatory of Munich, by opposing and by augmenting the
nntural carth-current between them by the application of a single
clement of DanielPs s and concludes with the followmg re-
TIT R

<Phe nhove experiments diselose nothing at vacinee with the
known laws ol galvanism; hat it neverthieless appeared to me ad-
visuble to make them kuown, as they atford a simple explanation
of certain phenomena which Professor Thomson has'deseribed
(Report of the Twenty-ninth Meeting of the British Association,
Aberdeen, 1859, Trans. of Sections, p. 26), and which he seems
to attribute to entirely different causes.”

In the report of Prof. Thomson’s communication to the Bri-
tish Association here reférred to, it is stated that (after mention-
ing certain cxperiments by Mr. F. Jenkin on submarme cables
corledd in the manufactory of Messrs. Newall and Co., Birkenhead,
in which one end of the battery used, and one end of the cable
experimented on, in cach casewas kept in connexion with the earth
while the other end of the cable, after having been for a time 1n

* Phil, Mg, Jannary 1861.
t Connmuniented by the Authors.
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connexion with the insulated pole of the battery, was suddenly
removed from the battery and put in connexion with the carth
through the coil of a galvanometer) Prof. Thomson and Mr.
Flecming Jenkin remarked ““that the deflections recorded in these

Fig. 1.

Connexions used by Mr, Jenkin.

B. Battery.

C. Cable.

E,, Ey, E;. Earth,
G. Galvanometer.

», a, &, ¢ Three termimals of ey d,

expernenty were i the contery divection to thint whaeh the e
dineharge of the enble wonld pgve ;" and ol Peol, Thommon s
request * My, Jenlon repented the experiments, widehing cave-
fully for indications of reverse eurrents to those previously noted.
It was thus found that the first effeet of pressing down the key
[to throw the cable from battery to earth through galvano-
meter | was to give the galvanometer a deflection in the direction
corresponding to the true discharge current, and that this was
quickly followed by a reverse current generally greater in degree,
which gave a deflection corresponding to a current in the same
direetion as that of the original flow through the cable.

“ Professor Thomson explained this seecond current, or false
discharge, ns it has sinee been sometimes ealled, by attribnting
1t to mutual clectro-mngnetie induetion hetween different parts of
the coil, and anticipated thot no wueh reversnl conld ever D
found 1 a submerged eablo. "Uhe elfect of thiv induction is to
produce 1n those purts of the cal limst influenced by the motion
of the key, a tendeney for the electricity to flow in the same
direction as that of the deerensing eurrent flowing through the
remoter parts of the coil,  I'hux, after the first violence of the
back flow through the key nnd galvanometer, the remote parts
of the cable begin, by their cleetro-magnetic induction on the
near parts, to draw cleetricily back from the earth through the
galvanometer into the eable agiin, and the current is once more
1n one-and the same dircetion throughout the cable.”
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The phenomeun thus deweribed and explained are entirely
differcnt from nny that could vesult from the galvanie polarization
supposed by Dr. Curl to aeeonnt for them*. It 1s true that the
diac'hurg'ing onrth-plate might beeome polarized by the discharge
in coertun ensen sillieiently to ennse o slight reversal in the cur-
rent Uvongh the ndvienometer ol after the subsidence of the
violent disehnrege enveent thiongh it. But in no case could the
whole quimitity of cleetreity Howing in this supposed polanza-
tion enveent be wore than nvery sndl feaction of the quantity
which previonsly flowed i the trae dinchuree eareent, of which
it o feeble eleetro-chennenl reflexion.  Tts effect on the gal-
vanometer needle must in every case be as nothing 1 com-
purison Lo the great impulsive deflection p!'uduced by the true
dinclinege eurrent ; and there is so combination of circumstances,
an to rize of the earth-plates, amonnt of the battery power, and
rupidity or sensibility of the galvanometer needle, which the
enune wupponed by D, Cael could possibly be adequate to explain
the phenommenn 1K~m'ri|n-1| in Prol, 'Phomson’s commumeation.

In point of fact, all effects of polarization of the carth-plates
were extremely small in comparison with the main currents
obscrved, which in the experiments on cables with one end
kept to earth, consisted of (1) the constant through-current, pro-
duced by a battery of 72 elements Daniell’s in series ; (2) the
true discharge through the galvanometer to be observed instantly
after breaking the battery connexion of the end of the cable to
which the battery was applied, and making instead a connexion,
through the galvanometer coil, between the same end of the
cable and the earth ; and (3) the ¢ false diseharge, ” so called be-
enuse it must have been often mistaken for the true discharge,
which almont. necensnrily eneapes notiee altogether when short
lengethiw of cotled enhile wre tested with slow galvanometer nee-

¢ Phey wre alwo different from any effeets whieli conld result from polari-
ation of the plate conneeting the far end of the cable with earth—a cduse
suggested by Prof. Wheatstone in a report published by the Committee
appointed by the Board of Trade to inquife into the Construction of Sub-
marine Cables. In support of his opinion, Prof. Wheatstone quotes some
experiments in which he could observe only the well-known effects due to
polarization, which on the short pieces of wire at his command quite over-
powered both the true and false discharge. The current from the polarized
end of a cable is always in the direction of the true dischurge when the
battery has been long Bnough applied: it is observed on both straight and
coiled enbles, and is capriciously variable, The details given in the present
puper whow that the currents due to electro-magnetic induction, called
fulse disehnrge currents, are ou the contrary always in the opposite diree-
tion to thag of the true discharge, that they can only be observed on coiled
enblew, undd that they are in ench case sensibly constant. The galvano-
meter uwed by My, Jenkin wonld not have been deflected half a degree by

the enerent from o polarized enrth-plate at the end of cables from 300
to 500 knots tu lengih,
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dles. The through-current (1) was measured at the heginning
of the dischurge experiments by introdueing the galvanometer
into the cirenit of cable and battery. Neither the whole
amount. of the true and false discharges, nor the rapidly varying
strength of the current from instant to instant, could be distimetly
observed, because the period of vibration of the galvanometer
needle, being about 44 seconds each way, was neither incompa-
rably greater nor incomparably smaller than the duration of the
current in either direction. Thus the back-flow, or true dis-
charge, which was of comparatively short duration, first gave
the needle an impulse to the left (let us suppose); but before
its natural swing, from even an instantaneous impulse, could
have allowed 1t to begin to return, 1t was caught by the reverse
current of false discharge and turned and thrown to the other
side of zero throngh an angle to the nght, which, except in the
cases of the longest lengths of cable experimented on, was much
ercater than the angle of the first deflection to the left. It is
obvious from what has been stated, that the durations of these
deflections of the needle on the two sides do not even approxi-
mntely comende with the timen during which the current flowed
i the diveetiona of the trae nnd falwe dischinrges vespeetively,
st thnt Ky depend inow complicated mavner on the eetin of
the needle nnd the vieyig forees to whiely it s sulyected, The
general ehinrneter of the phenomenn will be made sufliciently
clear by the following examples, which are quoted from letters of

Mr. Jenkin’s to Prof. Thomson, of dates April 9 and April 22,

1859.
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To explain the cause of the deflections to the right recorded
1n the tast column of this Table, the following observations were
made, with care that the first motion of the needle in either
direction, however slight or rapid, should not escape notice.

* A nautical or geographicnl mile, or a knot as it is generally called in
nautical language, is taken ns GOR7 feet.
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Tasre I1.—400 nnuticnl miles of Alexandria and Candia Cable.
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If the whole durntion of ewrrent, with or without reversal,
through the galvimometer coil had heen infinitely small in com-
parison with the autarnd time of oseillntion of the needle (whieh,
ceckoned in one diveetion, was about 1} sceonds), the reeolls
would have been sensibly equal to the first throws 1n the con-
trary direction, being only less by the effect of resistance of the
air, &c. to the motion of the needle. Hence the numbers in
the last column of the preceding Table prove that at some nter-
val of time, not incomparably less than 44 seconds, after the
first motion of the needle, there was a current through the gal-

vanometer coil opposite in direction to that which produced the

first or right deflcction, in cach case except No. 5, or that In
which the remote end of the enble was nsulated. It may be
nfely nsumed that the conductors used in eases 2, 3, and | to
give the stated rewistnnees between the remote end of the cable
and the enrth, exeremed no wenmble eleetro-nngnetie mfluence,
and held no wennible charge, in the aetual arcimstances ; and 1t
iy interesting to see how the greater the resistanee thus intro-
duced, that is to say the more nearly the remote end 1is insulated,
the greater is the first throw (due, és explained above, to true
discharge), and the less is the excess of the recoil above 1t.
This excess, shown in the last column of the Table, exhibits
the cffect of the electro-magnetic induction from coil to coil
which stops short the true discharge, and produccs after 1t a
roverse eurrent constituting the “false discharge.” The fol-

lowing cxperiments, performed by Mr. Jenkin on the 10th of

April, 1809, on different lengths of the Red Sea cable, 1llustrate
the relations between true and false discharge.

* ['he romintanee of thix unit was found by experiment to be equal to about
190 % 10° British abwolute units of feet per second, or to (! nautical miles
of the Alexandrin and Candineable, or to4°39 of the Dardanclles, orto 744
of the Red Sen.
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TasrLe III.
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The ercat inercase of the numbers In column 4, for the
longer !un'ltimm of eable, illustrates the fact first demonstrated by
cof, Thomwson e IRGA4%*) that, when undisturbed by electro-
minenedie idnetion, the dischinege of wenble takes place at a rate
mversoly propovtionsd to the sgqunee ol the dength, - The duration
of thee jlm'hnrm*, whiel, when the remote end w kept msualated,
m probubily wineh imercaned by oleetro-ngnetie induetion, st
s very constdernble in the cone of the BH8 miles length, to pro-
duee ko grent o dininution as 212 in the recoil, from a throw
of 367 on n needle whose period of vibration was 44 sceonds.
The diminution of 1° from the throw of 20° as observed in
the casc of the 312 miles length, may be to some considerable
proportion of its amount due to resistance of the air, although,
as this is probably scarcely sensible on a single swing of the
needle, it may be supposed that it is chiefly the effect of the
durntion of the discharge current.  From column 7 it 18 clear
that. nearly oll tenee of the clectro-maznetic nfluence would
he lost wight of in compnrison with the greater effeet of true
discharge, in the wmethod of experimenting Hinto wan followed, of
applicd to ]l?ll[.:t'ln exeeeding: TODO Tonots, it nocoll or colls of
similar dimensions to thoxe netunlly used; while for the H46
knots, and shorter lengths, the effect of clectro-magnetic mdue-
tion 1s greater than thut of the true discharge. 1t 1s remarkable
that the effect of eleetro-mnetic induction is absolutely greatest
for the shortest of the threee lengths.  These relations between
the different lengths must of course, according to the explanation
we have given, depend on the plan of coiling, whether in one coil
or in several coils, and on the dimensions of the coil or coils, as

* Proceedings of the Rayal Society, 1855 5 and Phil, Mag. vol. xi. p. 146.
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well as on the dimensions of the conductor, the gutta percha,
and the outer iron whenth of the enble.  The magnetic properties
of the tron shenth munt greeatly influence the false discharge ; and
it would he illh't'i'mlin[{ L econipaie Lthe discharg& from a plain
gutto-perehn-covered wire eanled widder water with that from an
1ron-shenthed enble,

The following set of experimentys, the Tast which we at present
ndduee, dllnsteate the mlnenee of less or greanter imtervals of time
during whiech the near end ol the enble remmins mmsulated, after

romoval feam the bhattery but hefore applieation to earth through
the galvanometer eoil,

Tavner 1V.— 150 nautical miles of Alexandna and Candia Cable,
remote end kept to earth,  Battery of 72 cells Damell’s.

- —§
| "Throw of needle| Reeoil, i0 any,
Iaperiment, by true dine md thirow by
chirge. Tdwe: tlinchinrge,
Nuo, o o
L 1 Key struck down ............ 3 left 27 right
2 Key pressed down as usual. 2z ,, 26 ,,
3 Key pressed very gently ... 23 20% ,,
4 Key held bseconds half-way. | SR 14 ,,
5 » 10 " ' o 17 ’
6 y 12 19 17 * 0 N 4

r—

In order to detect whether there might not have been ‘“a
slight hesitation in these three last instances, a much more deli-
catc instrument was taken, but no such hesitation could be de-
teeted,”  These results are very remarkable, espeaially as regards
the durntion of the eleetro-nmgnetie mfluenee, 1 the conductor
of the enble wove enveaommdnniesd like thnt of 0 common eleetro-
magnet, mud ld no sensible eleetrostatie eapacity; the “mecha-
nical vadae® of the curvent ino1it” at the instant of the connexion
between its near end and the batfery being broken, would he
spent in a spark, or electric arc of sensible duration between the
separated metal surfaces. But in the cable, the electrostatic capa-

* See a paper “On Transient Eleetriec Currents,” by Prof. W. Thom-

son, Plnl. Mag. June 1853, where it 1s shown that, hike the mechameal -

value of the motion of a moving body, which 1s equal to balf the square
of its veloeity, multiphed by i1ts mass, the mechanical value of a cur-
rent at any instant, in a colled conductor, depending on cleetro-magnetie
induetion, v cqual to half the square of the strength of the current through
it, wmnltiplidl by a constant which the author defined as the *“clectro-
dynmmie capaeity of the conductor,” and which he showed how to calculate
accotrding to the form and dimensions of the coil. Additional explanations
and illustrationn will he found i Nichol’s ¢ Cyclopeedia of Physical Science,’

second edition, RO, under the heads “ Magnetism—Dynnnical Relations
of,” and ** Eleetricity - Veloaity of
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city of the nenr portions of the eonductor has an cffcet nnnlogoun
to that of Fizenu's condenser in the Ruhmkorff coils ; and there
wak Little or no spark (none was observed, although it wan
fooked Tor, in the key) on breaking the battery ecireuit, and con-
sequently, as ncarly as may be, the whole mechanical value of
the current left by the battery must have been expended in the
development of heat in the conductor itself, and by induced
currents in the iron of the sheath; and therefore we need not
wonder at the great length of time during which electric motion
remains in the cable.

The first column of results for- experiments Nos. 1, 2, and 3,
and the two columns for Nos. 4, 5, and 6, show that the con-
tinued flow of the main current through the cable, after the near
end 1s removed from the battery and kept insulated, is to reduce
its potential gradually from that of the battery (which for the
moment we may call positive), through zero, to negative, in some
tune less than five seconds, and to keep it negative ever after, if
it 1s kept insulated, as long as any trace of electro-dynamic
action remains¥®, It is probable that, at the same time, there
may he oseillations of current backwards and forwards againt,
nid ol Vnh*nlinl o neganhive, nnd posilive ggnin, in vome parts,
eupeemtly towardw the poddle, of the enble, The mathemantical
theory o the whole aetion in very cily redueed 1o eoptions ;
but nuythang ke w complete practienl mnndysis of these equations
{n'um-n(.u what. niny be safely ealled  insuperable  diflieultics,
)eenuse of the mutual clectro-magnetic influence of the differ-
ent parts of the cable with differently varying current through
them. These peculiar difficulties do not, theoretically viewed,
present any specially interesting features; and the problem
is of little practical importance when once practical electri-
cians are warned to avoid being misled by electro-magnetic in-
duction, in testing by discharge during either the manufacture,
the submergence, or lifting of a cable, and not to under-estimate
the rate of signalling through a long submarine eable to he
attamed when it i bad, from teinds throngh the some eable in
coﬂs, when (fh-t-ll'n--lnnwwiit' daetion mast cmbiernss 1he Hi;_-;-
nalling more or less wecording to the dimensions disposition
of thﬁ COi]S, and ])l‘lllllllll}' toes KO 1 sOe eases 1o suel NN exX-

* After what han heen moid 1 the text above, it is scarcely necessary to
point out that this cffeet i hotls upposed to, and much greater than, any-
thing producible by polavization of the carth-plates.

+ As 1n the oscillutory dischinrge of a Leyden phial, investi%ated mathe-
matically by Prof. Thowmwen (" I'ransient Eleetric Currents,” Phil. Mag.
June 18563), and actunlly observed by Feddersen, in his beautiful photo-
graphic investigation of the clectric spark (Poggendorff’s Ann. vol. eviii.
p- 497, probably year 1860 ulso second paper, year 1861).
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tent as to neccsaituto n connidernbly slower rate of working than
will be found practienble nfter the eable is laid,

The theorotienl coneluwion that the ““ false discharge ”” would
not be obrorved in wubmerged enbles, has been recently verified
by Me. Jenkin on various lengths of Bona cable up to 100 miles,
which ho wan ougangeed v recovering, and which, under eareful
testn, nover guve the slightest idiention of “false discharge,”
althongh, even when the romote end had completely lost insula-
tion, thry guve not. only polarization efleeis®, but also, in the same
direetion aw Lhese, bul :linl.ingninlmlrlv [rom them, indieations of
tene disehinrge,  But, in fuet, a fortnight before the theoretical
conclusion was published by Prof. Thomson at the Aberdeen
weehing, uonost remarkable and decisive experimental demon-
strntion of it was published by Mr. Webb, Engineer to the Elee-
tric wnl International Telegeaph Company, who had indepen-
dently dineovered the phenomenn: whieh form the subjeet of
thin paper, mod griven substantinlly the sune explimation as that
which we now mnintain, 11 there could be o doubt as to the
electro-imngnetie theory, the following extract from a letter of
Mr. Webl’s, published in ‘The Engineer’ of August 26, 1859,
15 declsive :—

“It 18, however, on making contact at F with earth [that is to

&
| Fig. 2.
Connexions used by Mr. Webb.
A
5 (/’/) | ‘ T~
) : R
F
C. Cable,
A & B.Galvanometer.

say, putting what we have called the near end of the cable to
enrth] that the greatest and most singular difference occurs [be-
tween straght and cotled cables]. It will then be seen that the
needle at A [that 1s to say, the needle of a galvanometer in cir-

cuit hetween key and cable instead of between key and carth, as

in our cxpernnents|, instcad of being reversed will continue

* Of the mune nnture nr those observed by Prof. Wheatstone on his
short cahles,
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deflected in the original direction, and both needles will very
gradually remutne the perpendicular.”

“There ivnmost marked difference between the effect produced
between nocoiled and a straight cable, The return current ap-
penes obliterated, or rather it 1s overpowered by the effects of the
induetive action which takes place from coil to coil. The deflec-
tion thus produced 18 much greater than that produced by the
return current. I have had perhaps peculiar facilities for obser-
ving this striking phenomenon. Whlst picking up a cable at
sea, | frequently test the length I am operating on for return
current ; and as the cable becomes corled into the ship the deflection
of the needle, when testing for relurn current, becomes reversed. =

‘““It 1s also my practice to cut the cable at certain distances
as 1t 1s picked up, and then test such sections scparately. On
these occasions, sections which, when one end is 1nsulated, will
give a charge and discharge of 5°, will when that end is to earth,
zive a current at the battery end, after contact, of 90° but in the
reverse direction to that in which the discharge or return current
would beaf the eable were lmid out straight.”

NNV O the Movewents of Gunen. Iy boN WaNkLyn, De-
monsdeatur of Chewontey in the Unversity of Fdulrgh*.

LA S HEEN 1 s heavier thoioe e aw plaeed imone eylindrieal

vesnel eloned b the top and open at the bottom, it does

not deseend rapidly.  In hke manner, a gas highter than air con-

tamncd moa eyhnder closed below, but frecly communicating with
the atmosphere above, does not move upwards with rapidity.

By simply placing a gas in a vertical eylinder shut at one end,
the ordinary course of gravitation is disturbed—to how great an
extent few people would antieipate. .

The following experiments show how remarkably the fall of
gisen i retneded by sueh an areangement.

A tubed filled with encbonte acid was nllowed to remain with
s month open o dueeted downwareds for the wpaee of five
seconds,  Alter (he Jupme of that tone, the ameons contents of
the tube were ulm|ym'i| m order (o mseertain how mneh earbonic
acid had made its onenpe,

The composition of the pan wis—

Aw . . . . . . 263
Cwbome wad ., . 787
100-0

* Communienated by the Anthor,

T Dimensions of the tube s Dianmeter, 14'5 millims. ; length, 232 mil-
fims, 3 eapacity, 37 eabne eentous,



