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f!'om which follows: 
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'l{l + r = T d1" 

The funclions of temperature (r ft r can be calclliated from the 
fOl'lllulae of HORN so that Xl". a and " can be determined. In a 
more detailed communication we will communicate Ihis calc:'ulation 
itself also. 

De(lt, June 1916. Ph 1/.<;. Lab. ol t/te T. H. S. . . 

Physics. . - "Tlte influence ol accidental ds?'iations of delllrity on 
t/te equation (~f state." Br Prof. L. S. ORNSTEIN and DJ', F. 
ZERNIKE. (Communicated by Prof. H. A. LORENTZ). 

(Communicated in the meetin« or June 24, 1916). 

In thei!' article in the Encyclopädie der mathematischen Wissen
schaflen the following statement by Prof. KAMERLINGH ONNES and 
Dr. KEESOM is found: 

"Da bei del' Annäherung an den kl-itischen Punkt Liquid-Gas 
die von den' BOLTzMANN-GIBBs'schen Prinzipien behel'l'schten Dichte
untel'sehiede (Schwal'mbildung NI' 48/'), der bis 00 ansteigenden Zusam
mendl'ückbál'keit del' Substanz yvegen, besonders hervortreten, ist zu 
erwarten, dasz bei der Entwicklung del' Zustandsgleichung für die 
U mgebung des kl-itischen PunkIes nach jenen Prinzipien Glieder 
auftreten werden, die JÎlit del' grossen Zusammendrückbal'keit in der 
Nähe des krilischen PunkIes zl1sammenhängen. Diese GJieder werden 
wahrscheinlirh dm'ch die Art del' Abweichung der Zusammendl'Ück· 
barkeit in dem kritischen Gebiet (00 im kritischen Punkt und \'on 
dies~m aus, soweit sie das l'ealisirbare homogene Geoiet betrifft, 
allsei tig sclmell abfallend) für dasselbe E'in besondere Bed eu tung erlangen, 
während sie fül' oenachbarte Gebiete nicht mehr in Betracht kommen. 
W ährend eine allmäblige Verschiebung oder Verzerrung, die sich 
durch das ganze Diag"amm durchzieht, wie z. B, eine kontinuil'liche 
Aendel'ung van aw, bw oder Rw, Bieh expel'imentell nicht besanders 
zeigE'n würde, werden die betreffende Glieder in der Zustandsglei
chl1ng in der Nähe des kritisehen Punktes demgemäss ZUID Schluss 
fühl'en künllell, dass die EigenschaftelI in diesem Gebiet in beobacht-



- 3 -

1313 

baret' Weise abweichen von den b:igenschaften, die lIlan durch Inter
polation zwischen Znständen, die urn den kl'itisehen herumliegell, 
abel' weiter von ibm entfernt bleiben, erwarten soIlte," 

KAl\1KRI.INGH ONNES and KKESOM assert to have found deviations 
pointing to sllchlike causes and they have tried to acCOUllt for the 
special phenomella at the cI'Îtical point by adding a function of 
disturbauce to the equation of state which takes specially large 
values in the critical point. 

In this contribnlion we wiII tI'y 10 point out that Ihere can be 
no qU6stion abont a flluction of distUl'bance caused by tbe accidental 
deviations of density. 

In deducing the equation of state we will use the method of the 
vil'ial. The vil'ial tbeorem takes tbe form 

2L + ~ (XhX" + yd'h + Z"Zkl -1- ~~ r"k P (r"k) = 0 

if L is the kinetic energy, the coordinates of the molecules are 
iCI .. Yh, ZIl, the distance bet ween the centres of a pair of molecules 
hand k is r'1k, the external forces are X" Y" Zh and the force 
bet ween the pair of molecules ft, k is F (Zhk)' Ir the pressure is tbe 
only e.xternal force, the -second average may be I'epresented by 
- 3p V, whereas the average kinette energy depends on the abso
lute ~mperature in the known way. I) 

We will now take into consideration tbe second sum, Sl1ppose 
the volume V containing n molecules to be divided info a large nnmber 
'of elements dvk ; let· the mean density in these elements be (!. Now 
eonsider a sJstem in which the density in the different elements can 
be represented by (! + Vk. Then the conq-ibution hy tbe elements 
dIJk and dvl. to the sum mentioned above amounts to 

(Q + l'k) «(I + l'k) rhk F (rille) dVk dVh. 

13.)' integratiug tb is expression with respect to d"h and dVk over 
the volume V we get, passing to the mean values, twice tbe 
required sumo 'raking the averages thé terms ('1'11 alld Q) k wilI not 
contribute, the average of VII = Vk being zero, 

Tbe contribution 

JJ<'! F (rhk) r"k dVk dt'h 

is tbe one taken into account by tbe usual tbeory, whieh neglects 
accidental deviations of density, and which therefOl'e takes for (! 

tbe mean value, Ol' what comes to the same, the most common 
value. Rence the correction for deviations of density appears to be 

1) Compare e.g. L. BOLTZJilANN, Gutheorie 11, p, 141, 

... 
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JJi>n l~k rMt F (rkk) d"k dVk. ~ 
Now Ibis integral call be tI'ansformed by means of Ihe fllnction,q, 

which we have introduced inlo our cOllsiderations on Ihe opalescence 
in Ihe critical point, 1) 

According 10 the definition of the fnnction .q, the mean ,'ailIe of 
1"1.: if 1'J. is kept constant maJ be l'epresented by 

)'k = l'/i g(rl,k} dt'h, 

Fm'thel' we have shown that: 

1'1.: 1'" =- g (rkk) l'h' dl'o = f!g (1'hk) 
(I.e. p. 7~6) (8), 

lllll'Oducing this we get 

JJf! 1'IIk F (rlu}!1 (rkk) d"k dVh

For Ihis we may wrile 

1IJrhk F (rAk) g h k) dVk 

as J~ dVk refJresents the whole number of molecules, 

If we proceed to the Ilsual first approximation regarding the terms 
of the Ih'st integral, then we find as eqllation of state 

p + !:.... = rT. (1 + ~) + ~}ng (ru) ,1'ltk' Fhk) dVk 
v' l' v 6v 

V 
where '/) = -, and m is the mass of the molecule, 

'tm 

This fOl'mula shows' that if we take iuto aceount the deviations 
of density, we find a uew term in Ihe eqnation of state. 1'his term 
howevel' is uot equivalent to the fundion of disturbance of KAMEKI.INGH 

ONNEt> and KEESOM, The special chal'actel' of the funclioll!l in the neigh
bom'hood of the erilical point causing the clustering tendency there 
to becollle very strong, consists in the facl that this function gels 
perceptible values fOl' points far outside the sphel'e of action, 80 that 

ao 

for lhe critical 8tate f!l dv does not converge any more. Pheno-
o 

mena connecteo with this last integral become therefol'e specially 
sh'ong at the critical point. For "mali values of T, inside the sphere 
of action, ,q haJ-dly changes when we approach the critical point; 
and onIy these values have influence on the found term of correction, 

1) L S. ORNSTElN ano F ZERNIK:E. The aceidental deviations of density and the 
opalescence in the critical point. Tlwse proc. XVII, p. 793. 
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In this integral the funet.ion F (rhk) is zero without the sphere of 
act ion , therefore this integml has only to be exlended 10 this l'egion. I) 
Thus the abIlOl'mal character, stated by KAMERJ.lNGH ONNES and 
KEESOM, cannot be pxplained by a function of distUl'bance as a con
seqllence of the accidental deviations., 

Physics. - "Contribution,ç to t!te 1'esearc!t of liquid cl'.1Istals," By 
DI'. W, J. H. MOLI. and Prof. L. S. ORNSTEIN. (Communicated 
by Prof. W. H. JIJ LIUS) , 

(Gommunicated in the meeting of October 28, 1916). 

1. Tlte e.!'linction of para-azox.1lanisol in the 1Jwpnetic field. 

VOlGT has devoted a cireumstantial report to the Iiquid erystals 
in the Physikalische Zeitschl'ift XVII 1916. In tbis report he points 
specially to the faet that a great uncertainty still exists on the 
infillence exel'cised by a magnetic field on the extinction. For this 
f'eason we furthel' examined the extinction. 

We will pl'ovisiona.lly explain oU!' method in this communieation, 
nnd mention some of the l'esults atrained, and add a few remarks 
on a possible explanation of these l'esults. 

~ 1. Met/wd of obsel't'ation. 
The extindion was measUl'ed with the aid of the. galvanometer 

and the thermopile deseribed by one of liS formel'ly.') These seasitive 
instruments ha\'e the gl'eat advantage of indicating quiekly witbin 
two seconds, and 80 they enable us to foltow the changes in the 
liquid crystals proeeeding slow Iy, but nevertheless 80 quickly that 
they must necessarily escape the observel"s attention. 

These very changes however are of great interest in order to under
stand the phenomena under consideratioll. 

The substance is heat.ed in a smalt eleetrie oven, cOJl,.~isting of a 
strip of copptl' AA coiled at the two ends with resistance wire. 
BJ regnlating tbe curl'ent sent tbrough tbese coils each desired 

1) According to the explicit calculation of g, execut.ed by one of us, tbe solid 
character is denoted by 1'--1 e-kr, where k = 0 for the critical point. Comp. ZERNIKE, 

The clustering tendency of the molecules in the critical state and the extinc
tion of light callsed thereby. These Proc. XVllI p. 1520. 

2) W.J, H. MOLL. Proc. Kon. Acad. v. Wetenseh. Mayand Nov. 1913~ Mrs, KIPP 
and SONS were so kind as to put the apparatus at OUl- disposal. 

84 
ProceedinBs Royal Acad. Amsterdam. Vol. XIX. 


