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

The preference certainly is due to that mode of investi- 
gation which casts away all artificial proofs of closer re- 
lationship bet~veen the muscles and the electric organs 
and regards them as indepe~clent and \\-ell-authorized 
members. Indeed, the reasons gi\-en by those who ac- 
cept an especial connection between the two are formed 
merely upon the identity of this relationship with the ner- 
vous system, and not upon any similarity to the actual 
qualities peculiar to these organs. Such grounds, how- 
ever, can have no importance as  regards this question ancl 
can bring the electric organs no nearer to the muscles than 
to the organs of sight or any other organ. 

But are the electric organs really so independent ancl 
isolated in the animal organization? And to what freak 
of nature are we indebted for the remarkable fact that 
out of all the fish that exist, only three are distinguished 
by such powerful weapons? The theory of evolution 
nhich no\\- rules organic natural sciences, al\\-ays has a 
\\-ell-tried clon~estic remedy on hand for such questions. 
This theory discovers in formations like the electric or- 
gans \\-hich stand out as prominent exceptions to the con- 
formity of animal construction, the distinct remains of a 
po\\-erfully developed species belonging to an early epoch 
of geology, or, in other \\-ords, the solitai3- descendants of 
a once mighty family. According to this, the appearance 
of the electric organs in the three fish may seem much 
less mysterious, and the great anatomical di\-ersities 
nhich exhibit theinsel\-es throughout these organs are, 
perhaps, best explained by the idea that in these fish \\-e 
have before us the final issue of a PO\\-erful species, the 
last remains of an extinct family. That  such a family 
did exist is proved by the discovery of a petrified torpedo 
in the ter t iaq  strata of hIonte Uolca in 17erona. 

But also in the cotemporary creation the electric organs 
are not so badly clevoloped as  a superficial observer 
might suppose. In the non-electric torpeclo of the Kaj'c 
species, ancl also those \\-hich are found in the African 
rivers, peculiarly constructed organs ha\-e been discovered 
from which an electric effect cannot be protlucetl, but 
which, nevertheless, are composed of strata similar to the 
real electric organs. These may, perhaps, be correctly 
termed electric organs, which are either newly constructed 
or else in a state of incomplete development. 

T h e  materials so far collected by anatomists and phy- 
siologists concerning this question do not admit of a 
marked decision. T h e  organs present many things in 
common with the electric strata it is true, but beyond 
this further investigation seems useless. 

In one other respect physiology is likewise unablr: to 
give a definite explanation. E. du Bois-Reymond was 
the first to ask how it happened that the electric fish was  
not the victim of its own power, and how it was possible 
that  the forcible electric discharges which killed other 
fish completely escaped the electric fish itself. 

Now we all know that the nerves and muscles of the 
electric fish are excited by means of a n  electric current, 
and a much stronger one is perhaps required here than 
would be the case with other animals, yet the electric 
tlischarges, although of such force, produce no effect 
whatever upon the fish. There are influences a t  work 
here, w h ~ c h  so tar we  are unable to  understand. W e  
naturally suppose, however, that the great dimensions of 
the nerve fibres and ganglion cells, together with a vig- 
orous nervous system, have a great deal to do with it. 

I n  conclusion, it still remains for us  to put the great- 
est question of all concerning the electric fish, namely : 
what is the origin of that powerful force which at  the 
creature's will so suddenly appears and departs with 
equal rapidity, and also what is the precise mechanism 
of the electric organs ? 

I t  has been shown that a s  science advanced, the elec- 
tric fish became better known and more carefully studied. 

T h e  ancients were only aware that such a thing existed ; 
a conviction, however, that  they were incapable of 
analysing further. Redi taught us to  consider the elec- 
tric organs a s  the apparatus which produced the effect. 
E. du Bois-Reymond put the electric strata in place of 
the electric organs, by proving that  the mechanism of 
the latter was reduced to the  combined action of count-
less analogous electro-motory monads, which \\-as ex-
plained by the supposition that  when the electric dis- 
charge occurred one part of the  strata was  positive and 
the other negative. By this means our question con-
cerning the mechanism of the electric organs is partially 
answered. I t  no\\- remains to ask what takes place 
when the electric discharge occurs? 

Now, in order to imitate the effects produced by the 
malopternus, it requires the strongest electro-motcr ap- 
paratus Lhaf can be found. T h e  natural phi l~sopher  
must use the  most powerful batteries contained in his 
labrntory, if he  wishes to  afiprooch the  force which 
causes 2% pounds of wattr, salt and albumen to come 
under its influence. 

T h e  muscles are no less powerful. T h e  dorsal mus- 
cle of a frog consists of a few grammes of water, salt 
and albun en, and yet it is capable of lifting a kilometre. 
In both casts an  extraordinary development is apparent, 
mechanical In one and electric in the  other. 

Hitherto, no one has succeeded in correctly establish- 
ing the facts relating to this mechanism. Nevertheless, 
concerning the electric eel there is an accepted theory, 
nnich  explains all the phenomena in a most satisfactory 
manner. 

This theory originated with Colladon and E. du Bois- 
Reymond, and states that in the  electric substance, dis- 
polary electro-moter molecules are to be found. 

In a state of repose they turn towards their pole in 
every direction, or else in two ways opposed to each 
other, so  that  the elec:ricity arises on all sides and dis-
appears without. When the shock takes place, the pos- 
sltlve pole is turned quickly towards the electric organ 
whence the positive curre1.t proceeds. 
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kinds of forces are acting simultaneously upon the same 
glacier, and while huge icy mountains are at  intervals of 
centuries rising from their dense, watery bed, other and 
smaller ones are more' frequently dropping from its sea- 
ward face, for those formed by dropping are far smaller 
than those which rise into the sea, as  the following 
diagram will serve to show. Although about seven-
eighths of an  iceberg is submerged, it must not be 
inferred that, when its height has been determined, seven 
times that  height is its depth below the sea level. If of 
a tabular shape, this proportion becomes more nearly 
correct ; but if of a pyramitlal or conoidal cross section, 
which is far oftener the case, the lineal proportions of 
height to depth approach each other more closely, while 
the  volumes, necessary to  hydrostatic equilibrium, rernain 
invariable. Their great height, as  compared with their 
breadth shows that these lineal proportions do not obtain 
beneath the sealeve1,or the mass,it homogeneous could not 
be in a state of stable equilibrium, and would topple over, 

ON H E A T  CONDUCTION I N  HIGHLY R A R E F I E D  
AIR.* 

By WILLIAMCROOKES,F.R.S. 


T h e  transfer of heat across air of different densities 
has been examined by various experimentalists, the gen- 
eral result being that heat conduction is almost inde- 
pendent of pressure. Winkelmann (Pogg. Anlz., 1875, 
76) measured the velocity of cooling of a thermometer 
in a vessel filled with the gas  to be examined. The  tliffi-
culty of these experiments lies in the circu~nstance thxt 
the ccoling is caused not only by the conduction of the 
gas  which surrounds the cooling body, but that also the 
currents of the gas  and, above all, radiation play an im-
portant part. Winkelmann eliminated the action of cur- 
rents by altering t.he pressure of the gas  between 763 
and I millim. (1~1th decreasing pressure the action of gas  
currents becomes less); and he obtained data for elimi- 
nating the action of radiation by varying the dimensions 
of the outer vessel. H e  found that, whereas a lowering 
o f ,  the pressure from 760 to 91.4 millims. there was a 
change of only 1.4 per cent. in the value for the velocity 
of cooling, on further diminution of the pressure to 4.7 
millims. there was a further decrease of I I per cent., and 
this decrease continued when the pressure was further 
lowered to 1.92 millim. 

About the same time Kundt and Warburg  (Pogq.Ann., 
1874, 5) carried out similar experiments, increasing the 
exhaustion to  much higher points, but without giving 
measurements of the pressure below I miIlim. They tn -  
closed a thermometer in a glass bulb connected \vith a 
mercury pump, and heated it to a higher 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. They found 
that between 10~nillims. and I millim, the time of cgol- 
ing from 60" to zoo was independent of the pressure : on 

* Abstract of a Paper read before the Royal Society, Dec. 16,~ 8 8 0 .  

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

T h e  height of bergs, estimated or measured by various 
Arctic voyagers, varies greatly. During the warm 
months of summer, when they are most frequently en- 
countered by navigators, they are often surrounded by a 
hazy mist, due to the condensation of the surrounding 
moisture by their c'iilly faces, and the effect is to make 
them appear much higher than they really are, and to  
render estimates of their height particularly unreliable. 

A s  about seven-eighths of a n  iceberg is under water, 
the curious spectacle, which has often been seen in Polar 
latitudes, of these monsters ploughing their way against 
a rapid current, loaded with heavy pack-ice, and in the  
very teeth of a strong gale of wind, can be readily under- 
stood on the theory that the surface current is shallow, 
and the drifting colossus is only obeying the mandates of 
a deeper and more powerful agent. 

the contrary, at  I 50 millims. pressure the rate was one 
and a half times as  great as  at  750 millims. Many pre- 
cautiohs were taken to secure accuracy, but no measure 
ments of higher exhaustions being given the  results lack 
quantitative value. 

It appears, therefore, that a thermometer cools slower 
in a so-called vacuum than in air of atmospheric pres- 
sure. In dense air convectioa currents have a consider- 
able share in the action, but the law of cooling in vacua 
so high that we may neglect convection has not to my 
knowledge been determ~ned. Some years ago Professor 
Stokes suggested to me to examine this point, but find- 
ing that  Kund,t and TtTarburg were working in the same 
direction it was not thought worth going over the same 
ground, and the experiments were only tried up to  a cer- 
tain point, and then set aside. T h e  data which these 
exptriments would have given are now required for the  
discussion of some results on the viscosity of gases, 
which I hope to  lay before the Soc~ety in the course of a 
few weeks ; I have therefore completed them so as  to 
embody the results in the form of a short paper. 

An accurate thermometer with pretty open scale was 
enclosed in a 1 %  inch glass globe, the bulb of the ther- 
mometer being in the centre, and the stem bring enclosed 
in the tube leacling from the glass globe to the pump. 

Exper~mentswere tried in two ways :-
I. The  glass globe (at the various exhaustions) was 

immersed in nearly boiling water, and when the tempe- 
rature was stationary it was taken out, wiped dry, and 
allowed to cool in the air, the number of seconds occu-
pied for each sink of 5" being noted. 

11. T h e  globe was first brought to  a uniform tempera- 
ture in a vessel of water a t  25", and was then suddenly 
plunged into a large vessel of water a t  65". T h e  bulk 
of hot water was such that  the temperature remained 
sensibly the same during the continuance of each experi- 
ment. T h e  number of seconds required for the thermo- 
meter to rise from 25" to 50" was registered a s  in the 
first case, 


