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This yields aecol'dillg 10 (6): 

-- --+). --- +- - - +2).--2 (2a '/. R1') 1 (6a 1/, RTV) 
S v' 8 (v-bo)' 2 Vi • (v-b.)1 

Y= 

(
, 2(/ À '/, Rl') 1 ( I/,RT) 
- -:;,a + 8 (v- bo)' + 2 -).. (v-b.)' 

or 

I) a '/. Rl' (V 2) 
- s;'- + �l�·�~�_�b�.�)�'� v-b.-S 

y= ------2a 1 1/. RT --+-). - -
t,l 2 ft (v-b.)' 

1 1/, Rl' v' v + 26. 
1- -À - - _ . ------

5 5' (I" (v-bo)' v-bI 

6 1 1/, Rl' v' 
1_ - 1'0 -----

4 a/" (v-b.)' 

Also in th is case we have not I'eplaced "/VI by its value from 
the equation of state wit.h lIeglect of p, beeause in fOl'lnula (9) 

\' \', 1 + �~�l�T� 
del'ived above the qualllities Ui and (I, lil Y = Yo 1 + �(�~�.�T� are the 

pUl'e coefficients of 1', calculated from an equation, in which only 
v and T occur. 

Now the formula (9) mentioned yields immediately: 

À. = v- b. Y. ól = v -b .. �~� �(�~�.� v + �2�b�u�)�=�~�(�1� + 2b.) . . (U) 
v ó. v 6 5 v-be S v 

80 that (8), with neglect of "/1'1 in ).1 (1 + "/TI), passes into 

p + �~�.� = '/, L (1+ 2bo). . (12) 
v v-bI t, 

i. e. OUI' equation (aa) in �~� 2, as at higher temperatlll'es L = 1/, RT. 
Rance - making use of the thermodynamic relation (5) and of the 
generaJ expl'ession fol' Et Ol' L (DEBYE) at higher temperatul'es, 
where the expansion into series (a) of �~� 5 is valid - a value, which 
is in pe1fect agreement with the coefficient found by liS in �~� 2 by 
all entirely different way, has been found for the coefficient )., which 
had l'emained quite undetermined in (8). We may point ont that 
(12) might also have been written in the form 

in which 

a 3b, RT 
p+--Rl' =-. 

v' v (v-bI) v 

RT �~� may be intel'preted as repulsive Virial (cf, �~� 2), 
v-bI 
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AccOl'dingly at 1ti,qlter tempel'atllres the equalion of slate 

Cl '/. L ( bo) RT (
1 + 2

1

0 ~,: - .. , ) ( bi) 
1:>+-=-- 1+2- = 1+2-

v' v-bo " v-be " 

holds fOl' ltquids (and gases); which appl'oaches to 

p +.!:= RT (1 + 2~)= 3 RT (1- ~ v-bi) 
v' ti-bi v v-be S v 

at sufticiently high temperature, As we have seen, Ihis equation of 

state wilh the factol' 1 + 2 b, at RT is in harmony with Ihe expel'Ï­
v , 

mental data conceming the straight diameter, cOE'fficiellt, of rom-
pl'essibility, cl'itical qnalltilies, vapoul'·pl'essul'e eqnaliofl, etc, It 
illllllediately ensues fl'om the dependenee on lhe voillme of b in 
p + 0/1,1 = R1': (v-b) found by us, but also fl'OIll Ihe thel'lllodynamic 

'" I ' 1,(d'P) (dc,,) , "h D' 1 10l'mu a -I' = - 111 ronllectJOn wil EBYE s quanta-I leo-
. (t v dv t 

reti(,fll expallsion into series fOl' L, 
For gases we have v = 00, alld). beeomes = ),. = '/" solhat simply 

p=R1':v, 
At very /ow temperahll'e in the neighhomhood of T = 0 we mnst 

use anol hel' expansion illio sel'ies fOl' L, The further development 
of this case will be t1'eated in the sequel 10 this papel', in whielt 
also Ihe equalioll of slate will be del'ived for so/iel lIulJslaJlceS bolh 
at high and a.t low temperaltll'es. 

7, CODcluding remark. (A tbermo.dynamic lophilm). 

According to (c) of§ 4 ((,lP) will be = 11 Cu, wIt en 'V (v) = 0 may ' 
(t " v 

be put, i. e, wlten (de)" at l' = 0 cOl1verges to zel'O, parallel to c", But 

then the coefficienl of e:rpansion will also converge 10 0 pal'allel 
to cu' FOl' fl'om the kllown relation 

(~;)p = -, (:;), X (Z)" or at = ~p X $,. • (13) 

in which at= ~ (ld1v) is the coe~6cient of expansion, ~p = !(dv) 
v t p 'v ,dp t 

(
dp) . the coefficient of compressibilily, and dl IJ the coefficient of tensi,on, 

then follows immediately: 
59 
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(130) 

in which (lp \ViII I'emain finite down to the lowest temperature, 
and 1, is a nUllIerieal coeftident, so that at will approach 0 pro­
porlional 10 CV' 

This propel'ty is, howevel', proved by some 1) quasi·thermodyna­
mit'ally in Ihe f'ollowillg wonderful way, 

It is kllown that the general equation 

dQ = c/' dt + lp dp 

leads 10 the equation 

Cl' lp 
dS= -dt +-dn 

'I' '1' r 

f'or the entl'opy, when Tand pare chosen as independent val'Ïables, 

ilJ which 1" = (d
Q

) = - T (d,") , jllSt as the quantity Iv iR = 
cl LJ t (t /' 

= T (liP) in dQ = Cv dt + Iv dv , In conaequence of this we have: 
dt .' 

dS = ~ dt- (dV) dp, 
'1' dt p 

hence, according to well-known mIes of integJ'ation, in which e,g. 
T must be kept constant in the second integl'al, and equal 10 Ihe 
lowest limit of the fhst inlegt'al: 

l' I' 

S =Jcp dt _J1(dV) dp 
l' dt' p 

o 0 tT=O) 

becauae S, disappears in S = 80 at T = 0, p = 0 (v = VI)' 

This expression is sometimes shortened inlo 
T 

(0) 

S fCp dt (b) 
l' ' 

o 

. (dV) , d which is coneet, when the coefficient of expansIOn dt I' IS assume 

to approach 0 with Cv at T = 0 (see above), But now the s/wrtened 

. ' (du) fOJ'mula thus obtained· is uaed 10 prove, thai e.g, de p approaches 0 

at T=O!! 
This mal'vellous reasoning runs as follows, From (cf. (b» 

1) Cf. inter alia PLANCK, Thermodynamik (1921), p. ~76. 
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T T 

(~;}= J;, (~;')tdt J -(~::)/t = - (~:)p+ (;;)1' 
o 0 (7'=0) 

follow8 immediately, C~;;)t being = - C~;}J' t,lIat (~~\ must 

necessal'Ïly be = 0 at '1' = 0 (Pr,ANCK, loc, Cil,)!! 
In l'eality nothing lias been pl'overl; for tlle forrnnla, on whieh 

tlle l'easonillg is based, is olll,}' cOl'l'ect if it, is assnllIed hefm'lJ/tand, 
thai Ihe thesis Illat is 10 be IlI'oved, lias al,'ead,ll been p/'oved, 

When, 1I0wevel', tlle ' second inlegl'al in (a) is not lIegleeled, the 
follow ing eq ualioll ewmes: 

(:~),= [ - (~tv\+ (~:)J - (~:); 
Cl'=O) ('1=0) 

hence 

a known thel'modynamic fOl'mula, whieh of conrse might mnch 
quiekel' be written down directly from the ol'iginal eqllalion 

S - cp (dv) d I d - l' dt - clt p 'P ' 

The valid proof, th at (~;)p really approaches to 0 parallel 10 Cv 

for solid suost.anees, ean ollly be flll'niMhed when it is assumed (see 
above), or proved ill an illdependellt way, that tp (1J) = 0 in (c) of 

§ 4, in otller words that (~~I)u converges 100 at T= 0, Alld inversely, 

"",hen the approach of (~;)p is assumed to be known, the appl'oach 

of (~~I)l' to 0 can be derived from (13), fl'om whieh it thenfolluws, 

thai", (v) mnst be = 0, 
But "proof:!" Iike Ihe above, which al'e no proofs at all, shollld 

be gual'ded against. Ullfol'lullately in mally hooks fl'om ft. cel'tuill 
sehool,I'el'~lItly puhlished 011 these suhjects, val'Ïous new, often very 
q uestionable cUl'tailed "thel'mody lIamie" fOl'lllulae al'e foulId; of 
which the eldel' gelleratioll nevel' dl'eamt, alld "",hielt - the above 
pl'oves it - should be Ireated witlt lhe gl'eatest call1ion. 

Tavel sur Clal'en,v, Sui.'1se, 
Decembel' 1~24. 
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