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This may be also shown in the following manncr. The dil'ection 
of the solution path of F is determinecl by 5 (IV), that of tbe 
boundary curve by 16 (IV) and that of tbe fOUl··phase CUl've by tl. 

If now be'tween the phases occurs a reaction of group c we get: 

y-f1 Yl"::"Y Yl-f1 , 
[IJ-a {lJ1-{IJ {lJ1-a 

• From this relation follow5: 
M il]-a 

N-{lJ1-{IJ 

80 that 5 (IV) passes into 16 (IV). 
With the aid of the above relation we readily find f1'0111 (2) and 

(3) the form111a 16 (VI), with w hich .the above mentioned property 
is indicated. 

(To be continueel). 

Physios. - "Furthel' etcperiments with liqyid heliurn. H. On the 
galvanic l'esistance of znt1'e metals etc. VII. IThe potential 
dijjerence necessal'!I for an electrical curl'ent th7'ough me1'cury 
belo'W 4°.19 K." By Prof. H. KA'MERI.INGH ONNES. (Oontinued.) 

§ 11. Local natu1'e oj tlte toss oj heat by a mel'c1.wy tlwead enclosed 
in a .1lass capillary ca?'l'ying a CW'I'8nt, wit en the tempemtul'e sinlcs 
below 4 °.19 K. While the supposition that the thl:ead should acci
dentally consist of some other substance than mercury for a small 
part of its length, is in contradiction to tbe regularity of the poten
tial pll(:'nomena, yet on the other hand the supposition that the mer
cury thread has a microl'esidual resistance similar to the ol'dinary 
resistance in Omr's Jaw (therefore independent of the strength of 
current, see § 4), gives rise to no less difficulties 1). Such a micro
l'esistance proper to the mercury will be evenly distributed over the . . 
whole thread. If we calcnlate from the potential differences observed 
during the warming up ~t low temperatm'es and the stl'ength of 
current to which tbey belang, the resistance of the thread under 
the conditions of the experiment, then we Hnd that the thread, when 
the threshold yalue of the strength of Clll'rent is only ver)' slightly 
exceeded, must for a part of its length be partly heated distinctly 
a.bave the van is hing point. Let us take for example the experiments 

, 

1) Besides those mentioned in § 9, the difficulties here treated a1so presellt 
themse1ves if we try to exp1ain the polential phenomcna by an even distrlbution 
of addillve mixtUl'el'esistance. 

8 
ProceedJl1gs Royal Acad. Amstel·dam. Vol. XVI. 
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of Dec. 1911 in tabIe I. We find from ths threshoId value of the 
CUlTent at 4°.19 K., that the l'esistance of the thread at this tem
perature may be pnt at < 3.10-6 ~. In the experiment at 3°.65 K. 
we find that when the strength of current rises to 1 amp. the resi
stance, 11.5.10-6 ~, was already distinctly greater than when the 
who]e thread was at 4°.19 IC, while the ends must still be at 3°.65 K. 
The portion that comes above the vanishing point br this heating, 
as it assumes ol'dinary resistance, need onIy be very small to pro
duce the poteniial ditferences observed; in the case in point only-
0.1 mmo If we assume that tbe giving off of heat to the bath may 
be calculated by the same data as were found for it above the 
vanishing point in § 7, tIJen we find that, if the whole surface (\f 
the thread were at the mean of the temperatl1re of the bath and 
of tbe vanishing point, the loss of heat per second should be about -
20000 microjoules, whiIe in reality onIy 14.0 microjollIes, Ol' aoout 
1400 times less, are given off. 

We conclude from this that the rise of temperature in the thread, -
which is in a bath of fi tempel'ature below the vanishing point is 
onIy local. If the1'e were anywhere else a rise of temperature 
(although of a smaller amollnt) the thl'ead must have ceased to give 
off heat to the glass to a perceptible degree, except at certain points. 
The heat couId therefore onIy flow to the extremities or the remain
ing points of conduction. This might be the consequence, for in stance, 
of the mel'cUl'y having rome away from the glass evel'ywher€' e'Ccept 
at the places indicated. But this is contradicted by the fact that in 
freezing the mercnry adheres to the glass, and that immediately 
above the vanishing point the contact has not yet ceased. The sup
position that evel'ywhere wl:ere the temperature remains above the 
vanishing point (and pel'haps close to it) the mercury thread gives 
off heat, and that it does not where the temperature is lower, is confirmed 
by the way in which the resistanre disappeaI's below the vanishing 
point (see Table II and fig. 7). If we determine, from the propor
tion of the resistance l'emaining to that just by the vanishing point, 
the leng th of the podiol1 of t11e thread which is at the tempel'ature 
of the vanishing point, then the JouLE-heat that it must give off at 
the existing strength of ~url'ent corresponds more or less to th at 
which is to be expected at the assumed diffel'ence of temperature 
of bath and vanishing point if the heat is given off to the ~lass over 
the whole length of that portion ; more Ol' less, for there l'emain 
unexplained and apparently systematic differences, with which 
perhaps the difference of the Clll'ves fol' different strengths of' CUlTent 
in fig. 7 is connected. 
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In supposing, however, that the development of heat which 
brings a part of the thread to the tempel'atul'e of the vanishing 
point is of a local nature, we give up_ the supposition that the 

_ micl'oresidual resistanre is evenly di5tributed over tbe thread. Assu
ming the whole of the path of the current to be of pure mel'cnry, 
th ere could possibly only be an apparent miCl'01'esidual resistance, 
in consequence, for instance, of the mercul'y not being homogeneous, 
or not free from mechanical tension. These disturbances would then 
be the cause of threads showing a l'esistauce throughout, while the 
pure homogeneous tension-free mel'cnry wonld have au impercep
tible microresidual resistance. 

If we remem bel' that with lead the increase of resistance by 
pressure 1) becomes less at low temperatures, and has almost disap. 
peared at hydrogen tempel'atnres, then it is nut probable that tensions, 
although they could eause PELTIER-effects, and a1though their regularity 
corresponds to that of the phenomena, should l'eally play a part in 
the _ disturbances. 

It would be more natural to suppose a lack of homogeneitr in 
the thread, which might be the consequence of diffel'enre of the 
state of crystallization. When we tmn down a block of very pure 
KAHLBAul\1-1ead on the lathe, we ct"Ln sometimes see a moiré effect 
on the surface, which indicateR different alternating states of 
crystallization, each of which extends over more than a centimetre, 
In this way a thl'ead of solid mel'cul'y might con sist of a series of 
differently crystallized portions, .the dividing sllrfaces of which would 
be at the same time uSllally cross sections of the thread. 

At a dividing surface of this kind, a Iocal heating sneh as we 
have treated above, might take place, at the expense of ('urrent 
energy. 13'01' instanee a transitional resistance might give an apparent 
microresidual resistance to such a dividing surface. But the relation 

. between the thréshold value of CUl'rent density and the temperatme 
of the bath, points (see. § 8) rather to a PELTIER-effect at this 
transitional place. We should then have to imagine that when the 
rurrent density l'eaches the tbl'eshold value, the temperatlll'e at tbe 
dividing sl1rface between two states of cl'ystaIlisation, even if not 
high enough- to occasion a thermoelectric force equal to the potentütl 
difference observed, yet reaches tbe vanishing p~int, and that, there
fore, by fnrther increase of the CUl'rent density ol'dinal'y resistèLnce 
must appeal' at this dividing surface. The length of the thl'ea~ which. 
takes ap. ol'dinary l'esistance would then incl'ease with the excess of 

I 

I} H. KAn/Ent/NGR ONNES and BENUT BECIUJAN. Comm. No. 132b, Nov. 1912. 
8-1 
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the development of heat above th at which produces locally !h~ 
vanishing point temperature ; it woutd be further determined by the~ 
circumstances under which the '3xcess of the heat deveJoped would 
be given off. When we compal'e the pQtential difference observed in
the different cases, thel'e are one Ol' two things that seem to confirm 
this supposition 1). \ -

Taking all this together we are brollght back to the idea th at 
the potential phenomena must be ascribed to "bad places", aIthough 
in a different sense to that in § 9. But the regularity of the pheno- -
mena remains a weighty objection to this hypothesis 2). For although, 
with the explanation of the loral development of heat by a difference 
in the states of cryställization, the difiiculty disappears which in- the 
expJanation by foreign resistances arose out of the circumstance th at 
the whole section must be blocked up, still the appearance of a 
dividing surf ace between two states of cl'ystallization is governed 
by chance. In any case, to come to an expJanation on tlJÏs principle, 
we should have to assume, that there are varions PELTIER-places of 
the kind meant in each mercul'y thread of any length and that they 
are not too unevenly distributed. 

But in this manner we should' add a new indefinite hypothesis 
to the one which has to be tested and it is only by a complete 
quantitative working out of a perfectly definite theory that the 
question with which we are dealing can be answered: for the 
answer involves some fa,r-l'eaching inferences. If we might assume 
that the potential phenomena in mercury-threads at a current density 
exceeding the threshold valne are entirely due to disturbances then, 
on account of the systematic connection of the potentiaI phenomena, 
there would be every reason to assume that we get a truel' idea of 
the actual degree of conducti\'ity of the superconductive mercury, 
the lower the temperatur8 at which we determine the threshold 
value of CUlTent density of a thread 3). And as at the lowest tempe· • 
raturos the disturbances still have an inflllence, althOllgh a smaller 
one, the actual conductivity would the1'efo1'e have to be placed 
higher, perlJaps a good deal higher, than the value found in ~ 7, 
wbich was already 0,5.1010 times that at the ol'dinary temperature, 

-
1) Too indefinite to be published. 
2) The eXlstence of a real microresidual resió.tance is also made probable by that 

the ratios between the resistances for the mercury in the capillary tube and the 
frozen mercury thread at 4°.25 K. 8eems to run parallel to the threshold values, 
so that the difference' of the threshold values might be ascribed to differences of 
the local deviatiol1s of the cross sections from the mean. 

S) In this train of thought thel'e is no 1'eason for not supposing that thc con· 
ductivity assumes its large vaJue immediately below thc vanishing point. 
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in other words the conductivity of the super·conducting mel'cury 
Illight practically be considel'ed infinite. 

§ 12. Failure of tJle relations of WrEDEl\fANN and FRANZ and of 
LORENZ 'wuh super-conchwto1'S. a--. If the conclusion concerning the 
non gi ving off of heat to the glass by a mel'cury thread below 
4°.19 K. which we discussed in § 11, were applicable, we should 
~ 

arrive at a different view concerning the potential phenomena, ii'om 
that arrived -at above. lf the mercury lIas an appreciable real 
miCl'O-l'esiduai-l'esistance, so th at heat is developed thl'onghout the 
thread, and if we need not take any account of apparent micro
residuaI-resistances, ~the distl'lbution of temperature in the part of the 
wire that is below the vanishing point, is governed by the ordinary 
formula for the rise of temperatm'e of a wire conveying a CUl'rent 
without external conduction of heat. 

Let us keep as near as possible to the weIl known ordinary case 
in order to show the nature of the phenomena that are to be 
expected in the case in point, and for the sake of simplicity, as it 
is pl'incipally a question pf order of magnitude, let us aSStlme that 
below tlle vanishing point the ratio of the electl'ic conductivity Je to that 
of heat )., is given by the &ame fOl'illula as holds aPPl'Oximately above 
the vanishing point, with the difference that t11e constant has a diffe-

J 

rent value 107 times smaller, so that while above the vanishing point; 
À k = aT with a = 0,023.:1 0- 6 (watt, ohm, degl'ee- I), 

below the vanishing point 
À 
-=a'T 
k 

with a' -= a.l0- 7. 

We ani ve at the low value which we ascribe to a' amongst 
othe~ things in consequence of the fact that À. remains of the same 
order of magnitude below the vanishing poiut as above it, as appears 
~vhen on the supposition that all the heat in the experiments is 
developed in the middle of the thread and only flows away at the 
extremities, we deduce an uppel' limit for the heat conductivity 1). 
- 1) - This - conclusion is confirml?d by preliminary detel'minations of the heat
conductivity o[ mercul'y above and below the vanishmg point made by me and 
Mr. G. HOLST. We conrlude from these thaf this constant ooes not Ulldergo any 
considerable change at the vanishing point, and the same is true for the specific 
heat, which we have a1so investigated, ho wever important this point may be for 
the electric conduction. 

[Our preliminary yet very ullcertain vahJes are: for the conductivIty between 
4°.5-6°.5 IC, k = 0,25 cal. cm. sec., between 3°.8-40 .2 IC, k = 0,46 cal. cm. 
sec., for the specific heat belween 40.2-6°.5 K" Cp = 0.0014 and between 
3 _4° K., Op = 0.00053 (Added in translation»). 



- 7 -

118 

" W'Ïth the H5sumption llIdlCated the maximum temperature Tmax of 
a tIu'end, the extl'enllties of whirh are at the temperatlll'e Tb, with
a potential dl ffel'ence of E volts at the extreullties is detel'mined by_ 

22 1 
Tmax - Tb = --; E2, 

4a ~ 

From this fOl'mula can be seen at once th at the weB known 
pt'Operty of good conductorA, th at comparntively smalt potential 
dIffel'ences, when external heat conduction is excluded, produce ~ 

I 

considerable heating, which may even lead to melting, becomes 
enormously more prominent in the superconducting condition, 

In fact we find that at the smallest, potential diiference E of 
0,5 micro volts, which is onIy a little above thM which at 2°,45 K. 
is first observed, 6lWh comparatively great heating ean take place, 
that even at the lowest value& of n, Trnax rises to 4°.20 K. At 
higher bath temperatures of course smaller potential differences 
are sufficient to l'each the vanishing point, Ol' at the same poten~ 
tia] difference at can he placed lower, at 4°,18 K. for in stance 
a' = a. 10-5 , 

With the rough estimation of d given, and assnming that the 
mercUl'Y thread where its temperature has falle~ below the vanishing 
point gives off no heat to the glass ~), we can, therefol'e, without 
the assumption of heating caused by local distul'bances, predict 
phenomena such as thl'eshold valne of the Cllrrent density and the 
dlffel'ences of potentIal, that appeal' at gl'eatel' current densities. 

At current strengths below the threshold value, the thread will 
all along be in the condition of supercondl1ction, without external 
heat conduction, at current densities above the threshold vaiue this 
only exists for portions below the vanishing point tempemtpre; 
fol' the portion of the thread that is above the vanishing point, 
the regime of ordinary conduction with loss of heat at the sui~ 

face ('omes in its place J). In this way thel'e ean, however, be no 
question of the deduction of the law of dependenee of the tlll'es~ 

1) This calis our attention to the question of the distribution of temperature 
aloug a thread through which a current pas~es without external conductlOn of 
heat for diflerent laws of dependenee of À,k anel T, Laws might be imagined, 
wInch would cause the rlse of temperature to run through the values from '0 
to Tmax - Tb practically within a very sm all Jength of the thread, in which case 
the lleatlllg by a micro residu al reSJstance coulel not be distinguished from a 
heating caused by alocal distm'bance Fot' the present, howev61, we adhere to 
the simp!!>r supposition that the thread gives off uo heat to the glass. 

2) Tbe dlvergence of the lines for 0,4 and 0,004 amp. lD fig, 7 mayalso indicate 
the transition fr Om the one regim!l to the other, , 
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hold value on tbe tempel'atllre, because jt is detel'rnined by the 
ternpel'ature fllnction, which we have arbitrarily assumed as constant 
a' while we have seen that in the train of reasoning followed it 
might have very different valw~s at different temperatures, from 
a' = 10-5 a to al = 10-7 a. And it is Yery questionable if, wben 
the neces::;ary data are known for worldng out the sketch taking 
note 1 into consideration, the potential phenomena would corre
spond quantitatively to those observed. For the supposition with 
regard to the_ absenc~ of external conduction of heat, upon which 
the theol'y in this ~ is based, rnight be untrue. (Cf. ~ 16 ó of VIII). 

It would be of gl'eat importance 1) to cool by immediate contact 
the thread over its v~hole snrface with liquid helium; if the poten
nal phenomena are to be ascribed to a real micro-residual resistance 
of the mercury, then the threshold value of the Clll'l'ent density 
could pl'obably be raised considerably higher than was now possible. 
This is too difficult with mercllry. Thus for further experiments the 
use of tin and lead (see ~ 1) was indicated, these metals being more 
easily manipulated than solid rnercnry, and with them the conditions 
of the external conduction of heat being more easily l'egulated 2). 
We shall treat of these investigations in futlll'e papers. 

{J. We may here add a few remarks concerning the supercon- ' 
ducting condition. 

The experiments described above leave na doubt that for mer
cury below .,1,0.19 K. there is 110 question of an approximate v~lidity 
even as l'egards the ordet· of magnitude of the relations established 
by WmDEMANN and FRANz and by LORENZ. The failure of this 
relation between )., k and T indicates a difference between the 
super-conducting and the ol'dinary eondllcting state which may be 
regarded as a charact81'istic dUlerence of both. 

Both according to ~ 11 anà to § :12ft, we come to a condllctivity 
of merc~ry which is say 1010 times as great, or even more, than 
that at the ordinary temperatllre. If we assume that the number lof 
free electrons pel' unit of volume at the transition from the ordinary 
to the sllper-conducting conditioll undergoes no important change, 
aud then c5"lculate according to the ol'dinary electron theory from 
the conductivity the free path of the electrons, we arrive at values 
which are comparable to the lengths of the rnercury threads used in 

I 

J) Less, when the particular circumstances mentioned in note 1 should exist. 

2) The purity of bath can probably not be made sa high as that of mercury 
sa that disturbance3 from a trace of additive admixture resistance in the super~ 
conductive state do not seem impossible. 
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the experiments, in fact are considerably !arget· 1). With sneh la~ge 
fl'ee paths thel'e would he every reason to believe that the peculi-~ 

al,ities of' t.be movements 9f the electrons pointed out in ~ 4, which 
al'~ not consistent with OHM'S law, would begin to play a part 
(whieh perhaps might l'esemble a PELTmR-effect such as, seems to 
reveal itseJf in the potential phenomena). It is, ho wever, questionable 
whether 'the whole hypothesis developed in § 4 in connection with 
Comm. N° 119, eOl1cerning tbe movement of free e1eet1'ons th1'ough 
the metal and which is also mentioned in § 10, must not be repla- ~ 

eed by an essentially different one fol' the super-conducting condition, 
according to which the movement of tbe electl'ons is carried on by 
the current fol' considerabie distances, but each separate electron 
which takes part in the progress, only moves one moleeular distance. 

To illustrafe this idea we may take as au example the weIl 
known case of the propagation of a blow by a row of biIliard 
balls whieh just touch eaeh othel'. In a super-conductor the flow 
óf electricity might consist in this, that an electron jumping across 
onto an at'om of the super-conductor from one side canses an 
electron on the other side of the atom 2) to jump onto the next one, 
etc. till finally at the further end of the supel'conducting wire as 
many electrOJls wonld be carried away in the direetion of the 
Clll'l'ent, as were tql'own in at the beginning 3). 

1) T~king tle free path at ordinal'Y temp81'ature at 10 _7 cm., it becomes 102 

cm. at 2°.45 K, yet taking no account of the decrease of the number of free 
electrons. We do not consider coIlisions of the electrans mutuaIly, as these would 
cause microresidual·resistance phenomena. 

2) To express it more accurately, in the same layer of atoms taken across the 
palh of the cUt'rent, more passes over in a givon time than is sent out (or thrown 
!Jack) through the same layer in the same time to the side from which the elec-

• trans taken up come. We here give only the simplest possible sketch, to charac-
terise the super·conducting condition. " 

3) The taking up of an electron on one side of an alom and the giving oft' on 
t11e olher side of one to another atom, 'Nould then be accompanied by a moving 
up of the electrons (through or) over the surface of the atom, Dy whieh each 
electron moves along a part (ir the number of elecLrons on t1le surface of un atom 
is large, then a smaU part) of the diameter of the atom. The conneclion of the 
elecLl'ons of lwo din'erent atoms witlt each other ::tnd with these atoms probably 
Joes not differ VOl'y lUuch from the connection betwecI1 'the eJectrons of one atom 
with each othor and with the atom, ~o thal the passing of an electron from the 
on(' atom to the other in tbe super comlucting state would be similar to the move
ment of the clectrons in a single atom. The conductivity of the ,super-conductor 
would tlms bo that of the atoms united into one conlinuous whole (see § 4). 

Jf Lhe numerous electrons in the atom, which belong to lhe frameworIc of it, in 
lhe described proccss only pass on the blow fram the anc electron that jumps on 
tO lhe atom, onto the one that is given oft' without themselv('s taking part in the 
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The migl'ation speed is thereby propagated thl'ough the snpel'con
ductol' without the performance of work 1). If the supel'-conducting 
metal is convel'ted into an ordinary eondueting metal by heating 
,above the vanishing point, (if the point is not m'uch exceeded it 
wil! still bo strongly conductingfthen, aceOl'ding to this hypothesis 
the OHM l'esistanee is due to the action of the vibrators (between 
the atoms) which brin~ the atoms to a distanee from each other such 
that tIle electl'ons cannot jump from one atom to another without 
doing work, ~ut in tl'avel'sing the spaee made by the vibrators 
between the atoms give off some of the energy taken up by them. 2) The 
representation given of tIle conduction in the super-conductors seems 
tl111S to be most ea~ilj combined with the conduction tl1eory deveJoped 
by LENARD. 

In my rough sketch (Oomm. N°. 119) of the applieation of the 
qllanta-theory 'to the electron-theory of conductors, in order to judge 

movement and if the moving electrons are tbe valency electrons, then our hypo
thesis, although arrived at by a different road, may be regarded as an application 
to the super·conducting state of tlle hypothesis of STARK conccrning the movement 
of the framework of the valency electrons along tbe shearing surfaces of tbe metal 
crystals. lt thus shows the usefulness of tbe fundamental idca of STARK. As in the 
above hypothesis this idea is supplemeated by the Dotion of the free moving elcc
trons of the original electron theory viz. the jumping across of the electrons, the 
connection with the electron tbeories of tbe ordinary conducting state, especially 
with that of L-mNARD, is maintained. 

1) In so far as we may disregard real microresidual resistance. 
2) We will not discuss whether this happens through electrons with migration 

speed beilIg taken up and electrons without migration speed being given ofT or by 
elastic collision of the electrons against the surface of thc atoms between which 
they move backwards and forwards: through energy of ordercd motion being 
iransformed into energy of unordered motion. We must remark that for the expla
nation of the super-conducting statf the assumplion that in contrast to non e!astic . 
colli sion in ordinary, only elastic collision takes place in the super-conducting state 
is inadequate. As LORENZ has taugbt u" (comp. REINGANUM, Heidelb. AkalI. 1911, 
10 p. 7) even witb elaslic collision the above mentioned transformation ,must take 
place and show itself as deveiopment of heat. 

By the transition from the super·conducting state to _ the ol'dinary in p'rop0l'tion 
as the atoms begin to vibrate separately in larger numbers and room is made 
fol' lhe movement o( the electrons between the atoms, the mechanism develops 
which leads to -the approximate relations of WJEDEMANN and FnANz and of LORENZ. 
The communication of the movement of the electrons insidc the atoms to each 
other perhaps plays a chier part in the conduction of llcat11. The continuity ofthe 
heat conduction above and below the vanishing point would then be explained by 
the small change which the process undergoes wh en the peculiar Iconl1ection 
the atoms whicll makes sLlPcr-conduction possible, i'3 destroycd. 

The change of the distancc bet ween .the atoms also clearly plays a part in 
change of the resistance at the melting point. 
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whethel' tlle hYlJothesis that l'estü,tance is caused by vibrators (the 
electl'ons otherwise moving freely through the metal with speeds iw 
accordance with the kinetic theory of gases 1)) is weIl adapted to~ 

deduce the change of resistance with tempel'ature, I put the mean 
free path of the free electl'ons inversely..-- proportionaI to the mean 
allJplitude of PLANCK'S vibrators, which disturb them in their move
ments, while this mean amplitude was calculated by the fol'mula 
which PLANCK at the time ga\'e for the mean energy of the "ibrators. ~ 
The wa)' in WhlCh mean values were introduced by th is (comp. the 
reasonings in WIEN'S theory, whieh cleal'ly show the deficiencies of 
mine) could not allow us to expect more than a qualitative repre
sentation. Yet, ~tS is rather remarkable, a close agreement was 
obtained with the ousel'vations between the ordinary temperature _ 
and that of liquid hydrogell. It is more difficnlt to jndge of the 
suitalJility of the new hypothesis fol' reprodueing the observations 
with metals above the vanishing point. According to the note at 
the end of Comm. N°. 119 the energy of the vibrators wo~ld also 
determine the incl'ease of the volume of the metal from T = O. 
The mean distance of the surf~ce of the atoms may thus pel'haps 
be taken proportional to the square of the mean amplitude ealculated 
aecording to PLANOK'S just mentioned fOl'mula. We may perhaps 
further conclude that the idea of the condition above the vanishing 
point at which we arrived starting from the hypothesis concerning 
the sllper-eonducting state, will appeal' to be not unsuitable, and in 
any case gives no ground for objecting to the last named hypóthesis. 

On both asslllnptions, however, the assllmption that the free path 
is eontinuously described by the same electron, and also the other 
that it is broken by the movement being transferred from one 
electron to another, a difficulty arises in the explanation of normal 
resistance, because PLANCK'S previous formula has been replaced by 
a new one. In the discussions at the Conseil SOLVAY 2) (Oct.1911) I 
pointed out that according 10 the theol'y developed in Comm. N°. 119, 
if we introduce the new formula, and further calculate in the same 
way, i.e. with oIlly one' frequeney, the resistance could not fall 
below a ('ertain value detel'mined by the "internal tempel'ature" 

1) KEESOM (Verslag Akademie XXlI, p. 108, Suppl. No. 30b) not yet translated 
in These Proceedings) has eome to theimportant conclusion, hy the application 
of the quanta-theory to the free eleclrons in a metal (considered as a monatomic 
gas) that at low temperatures the velo city of the free eleclrons becomes independent 
of the temperature, aud has called this field of temperature the "WIEN field". 

2) La théorie du rayonnement et des quanta, Rapporls et discussions de Ia 
réunion cl. Bruxelles sous les auspices de M. SOLVAY. Paris 1912 p. 129. 
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(accol'chng to 2" = ~ l.,t~V and [3v = 2000 K. fOt" siJvel' 1000 K.) mul. 

tiplied by V T,. while above T = 0 (for various metals above helium 
temperatures) it seems to beco@e praetically nothing. ~We must 
therefore adhere to the old formllla 1) for calculating the amplitude, 
or rather, accepting the new fOl'muIa on account of the more satis
factory repl'esentation that !t gives in many respects, we must assume 
that the amplitude of t11e vibl1ators that comes into consideration for 
the determination of fI'ee path and of the distance between the 
atomIe surfaces (the part of the path between theil' aId and their 
new positions, upon which the electrans experience l'esistance in 
their movement from one atom to another) l) is only detel'mined by 
that part of the energy of the vibrators, which is dependent on the 
tempel'atllre. In additioll, in order to explain the existence of the 
supel'-conducting state one ~ould have 10 absume that when the 
excess of the enel'gy above the zero point energy- has fallen to the 
smaH value which corresponds to the tempel'atul'e of the vanishing 
point, the resistance to the motion of tbe electrans between the 
atoms suddenly becomes zero. 3) 

In the l'easonings of Comm. N°. 119 it was assumecl that all 
vibrators in tbe metal have the same fl'equency. As tbe l'esistance 

f1J 

is mainly determined by e- T one, need only assuine as the single 
diiference betweell the supel'-conducting condition and the normal 
that the frequency of the vibrators is say fOUL' times higher in order 
to ,find at the vanishing point a micro-residllal resistance 104 smállel' 
than the ordinal'y l'esistance at the same temperatlll'e and at 20 K. 
one which is 109 times smaller. But against tbis explanation it may 
be adduced that in order to bl'ing tbe formula of Comm. N°. 119 
into agreement with the obse~'vations at the lowest tempel'atures the 
fi'equency has t? be taken lowel' as the tempel'ature falls 4). WmN 

1) As WIEN does in his theory. Sitz. Bel'. Ak. d. Wiss. Berlin 1913, p. 200. 
2) We may remark that it is not necessary that when an electron jumps over 

wilh resistance tbe whole surplus velocity which it has 10 propagate should be lost. 
3) PerIUlps the distance of the surfaces of neighbouring ato111s has thel1 become 

e(lual to that of two neighbouring electrons in the same atom (comp. KEESOll1'S 
paper cited above p. lOS note 1) and tbe conneclion of the e1ectrons of two atoms 
similar 10 that of the eleclrons in one aild the same alom (comp. lhe specu1ations 
on "atom·fast" compounds in KAlI1ERLINGH ONNES and KEEsolir, Encyclop. d. Math. 
Wissensch. VlO, Suppl. No. 23 Nr. 57. 

4) As I pointcd out at the discus sion of the COl1seil Solvay (I. c. p. 29S) one 
might suppose considering that the vibralions take place in the system of l~utually 
connected molecules that there are two kinds of vibrations, a longitudinal and a 

r 
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in taldng into account. in the caleulation of the free path of the 
eIectrons aU the frequencies which play a part in the specifie heat 
has succeeded in explaining this peculiarity: the resistance according 
to his theory diminishes at very low' temperatures only as Ts or 
as T5/2, (depending on tlle ehoice of a subsidiary hypothesis). But 
then it becomes mueh more difficult to explain the extremely smaH 
value of the possible micro-residual resistance by considering the 
super-conducting melal simply as a. metal with slightly modified ~ 
properties. It thus seems as if at the vanisbing point something 
occurs by which the smaH fl'eqnencies 10se their influence on the 
resistance although they continue to pIay a part for the specific -!?-eat. 
The spectrum of the frequencies of the vibrators which are operative 
in the resistance would thus become limited to a few high frequen
eies or at least be cut off on the side of the smaH frequencies, in 
the same way as th is happens aecording to DEBIJE on the side of 
the high fl'equencies I). 

Astronomy. - "Investigation of the inequalities of approximately 
rnonthly period in t!te longitude of the rnoon, accorrling to the 
rnericlian obse1'vations at Greenwich." By J. E. DE VOS VAN STEEN
WIJK. (Communicat~d by Prof. E. F. VAN DE SANDE BAKIJUYZEN). 

(C0!Dmunicated in the meeting of April 25, 1913). 

It is now about a year ago th at Prof. VAN DE SANDE BAKHUYZEN 
brought under my notice the ealculations that he and others had 
made to determine the corrections needed by HANSEN·NEWCOMB'S tables 
of the moon, w hieh stIll show systematie deviations. I wi11ingly 
undertook to continue his calcuIations on the errors of the longitude, 
and gratefully ttcknowledge bis frequent ad~ice ;nd ready helpfulness. 

My investigation is confined to the inequalities in the longitude of 
( 

transversal kind. Perhaps ahov!) the vanisbing point only two vIhrations play a 
part in tbe resistance, a transversal and a 10ngitudinal one, 'So that according to 
PLIlNCK the small frequency becomes prominent at the lower temperatures, and at 
the vanishing point this fl'equency changes into a vely high one, so that the ori
ginal higher one assumes the more important part. 

A rotatton in opposite senses of two neig,hbonring atoms with small frequency 
above the vanishlllg point, might perhaps, by the atomie surf aces overlapping 
below the vanishing point, change mto a rotation with hIgh frequeney. [The 
calorie mvesti-gation of what happens in passinj!: the vanishing point wil! throw 
light on thls question. As to the specific heat ahove and below the vanishing 
pomt compare the addItion to note 1 page 117. 

1) TLis raises the quest,ion whether above the vanishing point also the small 
frequencies do not in some way lose theÏl' intluence on the rcsistance all the more 
the smaller they are. 


