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opposition to physiological, chemical and anatomical
facts, which recognize a vast difference between these two
organis.

'1Thei preference certainly is duie to that miod(le of investi-
gationll whiich casts away all artiticial proofs of closter re-
lationship between the miuscles andl the electric orgallns
an(l regar(ls thi,emi as indepen(lent andl well-authorized
Itiln)mers. Ilnde(l, thie reasons given by those who ac-
Cept an Sl)pecial co(ilnlectionll hetween the two are formied
mertel ul)pon the identity of this relationship with the ncr-
VOUS1 svsteml, a.(l iot Ilium any similarity to thie actual
(qlulitie l)pectliar to these orglinls. Suchl grouin(is, how-
ever, call have nlo illlport-ance ais regards this (question and(
can brillr the eltectric organs nto nlearer to the miscles than
to tiet oarlals of sigiht (or alin other organ.

IBult aIre the electric organs really so in(dlependnl t and
is(l;ate(lin thle allilmal orwgalli.ation ? Ani(l to what freak
of nature -ire we indebted for the remarkable faict that
out of all the tfisl that exist, nllv thirete are (listillUishedl
by stucli pom"verfull wealonls ? ;[he theory of e oltio
whcnii ruls or-anic natural sciences..awasha\\Ilich1 11(m\ a-I( ) ;ii llililtttlti;I\lwavi hlb ;l

\vell-triedl dllotestic rtilledh on haindl for suich (Iiestiilns.
'lhis thleory discovers in formationis like the electric or-
glis which stand out ats prinilintnlit excepltimls to thiet con-
forllit\ of alliliail coitstiuctlinm, thit ist intit r ailails of a
pi 't fillyildo eloped)cd spevcis bet)longing toani1 ear1-11ly eploch
of geioI igv or0. li otl)her wm ds, tliet s ilitarvl Ii Li i it
a oneniilitv f iitilv. Acci iii u to thlis, tlit- appearanclie
of theelect iic lrg illtiisi1nhe t Iictiisl niav stein titucli
ltessii \ str1i itill, aii(l the gireat analmiical diversities
which exhibit theniselves thlroughut these (m-rails are,
pr;haps. best exlained(l by thle idea that inl the-se fish. w.e
hive before tis the tinal issue o)f a l)pm\erfuLl species, thle
List Irellaills of an extinict falilyil. Ihat slich a faililv
l-i-,tv isprosted by flietheitim0r(l f a tl itictl tdipsdci

ill tiet Iertliar strala uif BotiteIlo.a ill Verm1a.
But also) ili tilt ept ua iv creatiolthe electric orrgans

are iiiot so batdl 1.dev,o)iic(1 as a stiperficiald setrv\ t
niighit suilsl)eit. -In the init-elect iic torpedto of tilt A aj.a
sIpeies, intll also tiose which are fotIlllt ill thie A ricalln
rivers, liecliarly ci instructd orga-nlls Ilave 1)lbedisco ered
fri)ii \\hlicih an electric effect cannot lie piii)i(diil, but
which, lverthleless, Arc ti)tlitis(tl t*f stiata sitm ilar to tile
rea;l electit r ,its. 'Ihles nlta, rlicrips, be correct tlv
tnietilelectItlic orgiits. w Itil ltic citlitti I litistru\tc\
o1r elset ill a sitatel' itito0111letv l l 'ho ite

[Ito tttlltcri.tls So ata collteCld(l Iy alltatolitists anth phily-
siilogists conct-ititig this qelist itil;t)do t t at(lillit t' i
tairkeddcvisioni. '[Ilic gaits pipittct litallt tililigs ill

Collilloll Witll the electrit Sitrita it is trite, but beyoltd
this turther investigition scenis tiselvss.

In one other res)ect physiology is likewise unallol tto
give a dlefiniite explanation. E.. thu lBois-Reynmond was
the fit st to aisk how it happened that Ihe electric tbli wais
not the victimii of its ownt power, .1ti(l how it was pcssil)le
that the forcible eleztric discharges which kille(d other
fish ct)mIp)letely escapt(d the clectric fish itself.
Now we all kniow that the nierves and muscles of ilte

electric fislh are excitedi 1))b mleanils of ant clectrXc curretit,
anwla niltc1 stiotinger one is perhaps retluirtd hletr thatl
woul(d lie thle case with other anioals. yt't thte electric
discharges, although of suich, force, iitluce I., effect
whatever upon thle tish. 'T'lhere are influtences at work
here, which so far we are unaible to uni(terstand(t. We
naturall) suppose, however, that the greait dintensions of
the nerve fibres and ganglion cells, tugether with a vig-
orous nervous system, have a great dleal to (da with it.

In conclusion, it still remains for us to put the greut-
est (luestioni of' all conclerninig theb electric tish, nantely :
what is the origini of that l)overful force which at the
crvat tire's will so stiddettly appiwatis atid departs witli
t(it1;il Irtlpdit y, 11t1 also \what is tO le 'reise Ict-teltaiiSt1t
oii the *ltt!lit' olgitm s?

It Ilmts 1ictli sI*1'tt; tihllit aIS (tl1iCt AilvattMCi(l, lie ieTt-
tric lislh becaiecbttrt kitowit atid tttoire catchttlly sitidtie,
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The ancients were only aware that such a thirg existed;
a conviction, however, that they were incapable of
analysing further. Redi taught us to consider the elec-
tric organs as the apparatus which produced the effect.
E. du Bois-Reymond rut the electric strata iu place of
the electric orgars, tIy proving that the mechanism of
the latter was reduce(d to the combined action of count-
less analogous electro-nmotory monads, which xas ex-
plained by the supposition that when the electr:c dis-
charge occuried one part of the strata was positive and
the other negative. By this means cur question con-
cerning the mechanism of the electmic organs is partially
answered. It now remains to aslk what takes place
when the electric discharge occurs?
Now, in ordler to irnitate the effe-cts produced by the

inaloFternus, it requirts the strongest electrc-motcr ap-
paratus that can t e founl(l. The natural philesopher
must use the most powtrful batteties contained in his
labratorv, if he. wishes to aft;o.uch the force which
causes pohOunds of water, salt andi albumen to ccme
un(ler its itifluetice.
The mntscles are no less powerful. The dorsal mus-

cle of a frog conisists of a few grammes of water, salt
ani albuin ci. am(lv!et it is capable of lifting a Lilometre.
In both casts an extraordinary developnment is aip)iarent,
mect'anical In1 one aittd clectliic in th'e other.

Ilithitetit, iot ince has succcedld in corrtctly tstablish.
itng the facts relating to this mechanism. Nevertheless,
coiccrnimig the clectmic eel there is an accepted theory,
wriichi exp;lairs all the pthenomena in a niost satisfactory
manne.r.

This theory originate(l with Colladon and E. du Bois-
Rcynmond, aid states thlat in the electric substance, dis-
polary cictro-mioter mnolecules are to be found.

In a state of repose they turn towards their pole in
every (hiicttioll, ir else in two ways oppliosed to each
olther, so that the electricity arises on all si(des anid dis-
alpleacirs witltoit. When i he shiock tak;es place, th pos-
silive p)o)le is turne(d (quickly towards the electric organ
wht nce the rositive ctirret proct ed(s.

13SE;.RVATIONS ON ICE ANI) ICEIBERGS IN TIlE
l'OLAR Rl-.GIO;NS.*

IV I .t1vtetulitMt 1F. SinI \rA., t). S. N.
'['Ito horttIllionl of iecittl'wg, fI-itllthlt te'rtmital ftonlts of

glactiets, II.-s btulig hvelieu i tispitte (Itoitit t1111ong Srtdts,
soime coitteehitiig that they derive thhir otigiti f(ruim thle
corroditig action of the wateruttntdternining tleir projectinig
fices uitti the weght,itif the supet inctittubent imiass, act.
in- as a Iever, overcatite the cohesive pover of the glacier
along somle line of least resistance, wlhen tle berg fell in-
to the sea, an11d was wafted away by the tide-hini(s and
currents. Others can onily account for such huge moun-
tains of ice by tiupposing that the glacier, slowly crawling
into the sea, and plunging beneath a (lenser flu d, hals a
boulyaint effort or ternden:cy to rise, wvhich, at last, becomes
sit great that it o%ertounes the linie of least resistatnce.
Ill ar thleslhrt'*, a1thl thte bcig list's ilito thle -Sea, to lie at
tII ftiriler ii rcy tif its tit ccitami cleliteiits. lBoth theor-
ies hatve proved to be corrtect. Th'le foritier generally oc-
curs where currents, heated in mtiore temlperate climles, pour
their teplid tawters not thward, and( exp)end their thermal
forces in contending itlit the vast packs, floes, and
gliciems ot ice, that obstruct their polar march, and whose
fast corroding actioin has the slow glacier only a com-
I)ar.ltively sh(rt tithie in its embraces before it has
unt(lerniitied( it. '[lie latter rtesttlts w\here the chlilled
wa;ters Irtitt the ltle h:uv ltit little etflct utpon the
glaIitl fiiott ; mutil sttow as it i, it hbi timiie to cr.iwl imitl
hitl utl ti,git e1otill hil Its ttitgl hlis)se SOittitillitt's tomlh

* ei1th Wetolig the Ntitltltl Atotictity kit' Zivovi, New Vvtk, wott.,
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kinds of forces are acting simultaneously uplon the same
glacier, an(l while huge icy mountains are at intervals of
centuries rising from their dense, watery bed, other and
smaller ones are more frequenttly dropping from i s sea-
ward face, for those formed l)y dropping are tar smaller
than those which rise into the sea, as the followirg
diagram wvill serve to show. Although about seven-
eighths of an iceberg is submerged, it must not be
interre(d that, when its height has beten determline(l, seven
times that height is its depth below the sea level. If of
a tabular shape. this proporti)l becomes more nearly
correct; but if of a pyraniC(al or conoidal cross sectionl,
which is far oftener the case, the lineal propo-rtions of
height to depth approach ealch other more closely, while
the v'olumes, necessairy to hydrostatic c(luilibriuim, remnain
invariable. Their great height, as comparedl with their
breadth shows that these lineal proportions do not obtain
beneath the sea level,or the mass,lt homogeneous coul(d not
be in a state of stable equilibrium, and would topple over,

which sometimes happens when the conditions of equili-
brium are (listurbed by the unsymetrical decrease of its
different faces.

'l'he height of bergs, estimated or measured by various
Arctic voyagers, varies greatly. During the warm
months ot summer, when they are most fre(luently en-
couintered by navigators, they -ire often surroun(ledl by a
hazy mist, due to the condensation of thie surrounding
moisture by their c'iilly faces. andl the effect is to make
them appear nmuch higher than they teally are, an(d to
ren(ler estimates of their height p;articularly unreliable.
As about seven-eighths of an icebtrg is under wa-er,

the curious spectacle, which has often l)b-en seen in Polar
latitu(les, of these montsters ploughing their way at,ainst
a rapi(l current, loadle(d with heavv p)ack-ice, and in the
very teeth of a stronig gale of win(l, can be rea(lily und(ler-
stood on the theory thait the surface current is sh illow,
an(l the (dritting colossus is only oheying the minandates of
a deeper andnmore powverlul agent.
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ON IIEAT CONDUCTION IN HIGHILY RAREFIED)
'.A1 R.*

Ity WIt.LIAM C;OO;KrS, Fl'.RS.
The transfer of heat across air of different denisities

has been examined by various experimentalists, the gen-
eral result being that heat con(luction is almiost in(le-
pendent ot lpressure. WVinkelmann (Pg nn.AuZ,., 1875,
76) measured the velocity of coolitig of a thernionle:er
iu a vessel filled with the gas to be exainine(ld. Ihe (lith-
cult) of these experimenits lies in the circumlstance th it
the c, oling is cause(d not only by the cond(uction of the
gas % hich sot roundis the cooling bod', b)ut thalt also the
cuirents of the gas ald, above all, ra(liation l)lav an im-

portant part. Winkelmiann eliminated the actioin of cur-
rents by altering the pressure of the gas betwvei -6zo
and t millim. kw.th (lecreasing pressur. the action of gas
currents becomes less); an(l lie obtained datia for elimii-
nating the action of radliationi by varyinig the dimiensions
of the outer vessel. Ile foundl that, whereas a loweritng
of the pressure from 76o to 91.4 millinms. there tvas a
change of only 1.4 per cen;t. in the %alue for the velocity
o1 cooling, on fuither (dimiinution of tlhe pressure to 4.7
millimiis. there was a ftirther dccrease of I I )er cenit., and
this (lecrea.se continuied(i when the pressure w\as futrther
lowercd( to 1.92 millimoi.
About the same time Kund(t an(l Warburg (P g,r, .

1874, 5) carried( out simiiilair ex)eriments, increasing the
exhaustion to muclh higher l)oints, but witlhout giving
measurements ot the l)ressute below i niillim. 'Thl ey tn-
closed a thermomtter in a glass bulb connlected with a
mercury pump, and heate(d it to a highler temperature
than the highest point at which observations were to be

taken ; then left it to itself, and noted the time it took to
fall through a certain number of degrees. 'Ihey found(
that betweern IO inillims. an(I mnillim. the timiie ot cool-
ing from 6o' to 0o was in(lependlent of the pressure: on

Abstract of a P.aper read beforc the Royal Society, Dcc. t(; is80.

the contrary, at m;o millims. pressure the rate was one
ann(l a hIlf timles as great as at 750 mllillims. M2any pre-
cautions were taken to secure accuracy, but nio measiire
niienits of liigher exhaustionis beling, given the results lack
quantitative value.

It ap)pears, therefore, that a thermiionivter cools sloNver
in a so-called vacuum than in air of atmospheric pres-
sure. In (l"1nse air convection currents II ive a consider-
able share in the action, bUt the laW of CO) in-1%nlvaUa
so hig,h thit we may ne-lect c)nlv:zc'icn has not to mny
knowle(lde beeii (deter,iiined. Sonic years ago Plrofessor
Stokes su<ggtsttd to miitto cx tine this point but hnd-
inig that Kt!ndt atnd Warburg were working in the s.mine
(lirectioni it \was not th)Luglt Woitlh g,0in,g over the sime
ground, anC(I the exi)eriments were only trietd til) t:) a cer-
tain l)i)oiit, anid tthten set asidle. *Ihe dlata \\hich thiee
expvrimcevns wvould have giver are now requred(l for the
discussion ot somI1e results on thle viSC, Sity of "s,-lS;S
whiich I hope to lay before the Society in the coursc ot a
fewv weeks ; I hvive therefore cmplde'et(d ttherml so as to
embody) the results in the formll ot' a slhort p6pl)er.An zaccurate thiermomieter with pretty Open scale was
eniclosed( in a I ,2 inch glass gltbe, the bull) of the ther-
momet).tr l)Cilln in the cenlt re, and(I the s-ctii brinr enclosed
in the tube leading fromii tleiglass globe to the pump.
Experlmcnts we-re trie(d ill two wv lys
1. The glaiss globe (at the various exhaustions) was

i etiierse(d in niea rly boilinig watetr, and when the tempe-
rature was s:ationarv it was taken ovt, wpe(l (dry, and
allowed to cool in the air, thie number of secon(ds occu-
pie(d for each sink of 5 being noted.

IL. The glohe wais first broug,ht to a uniform tenmpera-
ture in a vessel of water at 25 , and( was theri suddenly
plunged into a large vessel of wvtter at 65'. The bulk
of hot water was such that the temperature remain-.d
sensib)ly the same (luting the continuance of each expe'ri-
nment. rhe number of secontids re(quired for the thernw-
meter to rise frol 25 to 5o was registered as in the
first case.
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