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Accordingly at higher temperatures the equation of state

RT (1 L &

a ’/lL bﬂ ( +2—67'1—;_...) b.

v+—'=——(l+2— = f 4232
v v—b, v v—>b, v

holds for liquids (and gases); which approaches to

a __ RT g 2bf,)_3RT . 2 v—b,
P+;—v—~b( r v T v—b, 8 v

at sufficiently high temperature. As we have seen, this equation of

' b : .

state with the factor 1 4+ 2 = at RT is in harmony with the experi-
v

mental data concerning the straight diameter, coefficient of com-
pressibility, critical quantities, vapour-pressure equation, etc. It
immediately ensues from the dependence on the volume of & in
p+ ?n = RT:(v—0b) found by us, but also from the thermodynamic
2

formula T(((I[::) CZ) in connection with DEBYE's quanta-theo-
retical expansion into series for L.

For gases we have v — o, and 2 becomes = 2, = ?/,, so that simply
p=RT:v

At very low temperature in the neighbourhood of 7'— 0 we must
use another expansion into series for L. The further development
of this case will be treated in the sequel to this paper, in which
also the equation of state will be derived fon solid substances both
at high and at low temperalures.

7; Concluding remark. (A thermo-dynamic sophism).

According to (c) of §4 (‘j—;’) will be :%cu, when P (v) =0 may
¢

v

d, .
be put, i.e. when (d—?) at T'= 0 converges to zero, parallel to c,. But
v

then the coefficient of expansion will also converge to O parallel
to ¢,. For from the known relation

dv\ dv dp . g
(E p—*‘(@)‘X(E)D or ar =8p X8 . . (13)

1/d
in which e,= — (2) is the coefﬁclent of expansion, 8, = (dv
v\dt ), dp )i

: _— d ‘
the coefficient of compressibility, and ((7;-7) the coefficient of tension,

then follows immediately :
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in which B8, will remain finite down to the lowest temperature,
and y, is a numerical coefficient, so that «; will approach O pro-
portional to c,.

This property is, however, proved by some ') quasi-thermodyna-
mically in the following wonderful way.

It is known that the general equation

dQ =c,dt + I, dp
leads to the equation

!
w=?m+%@

Yl
for the entropy, when T and p are chosen as independent variables,
d
in which l:(—g = — 7(@) , just as the quantity /, is =
‘ dp /. dt),

l
o= T (:l—i)) in dQ =c,dt 4+ I, dv. In consequence of this we have:

¢ dv
dS—= 2L dt - dp,
Y QJP

hence, according to well-known rules of integration, in which e.g.
T must be kept constant in the second integral, and equal to the
lowest limit of the first integral:

T »
S f g dv d (
= |- = s Yow @ s ® @ s a
)7 m P )
0 0 ( '—0

because S, disappears in S=S§, at I'=0, p =0 (v =v,).
This expression is sometimes shorlened into

sif”a Y ()

AN
which is correct, when the coefficient of expansion ((E) is assumed

to approach O with ¢, at 77=0 (see above). But now the shortened
d
formula thus obtained-is used to prove, that e.g. (d_:)) approaches 0
P

at 7’=0!!
This marvellous reasoning runs as follows. From (cf. (b))

) Cf. inter alia PLaNck, Thermodynamik (1921), p. 276.
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1 d
follows immediately, (;Il—?) being = — (Z—:’) , that (a;—)) must
t » 4

necessarily be =0 at 7"=0 (Pranck, loc. cit.)!!

In reality mothing has been proved; for the formula, on which
the reasoning is based, is only correct if it is assumed befvrehand,
that the thesis that is to be proved, has already been proved.

When, however, the second integral in (a) is not neglected, the
following equation ensues:

()=~ (@) ]- (),

(T=0) (1=0)

dS . dv

a known thermodynamic formula, which of course might much
quicker be written down directly from the original equation

_C dv |
dS_Tdt (l)dp

hence

The wvalid proof, that (Z—:’) really approaches to O parallel toc,
P

for solid snbstances, can only be furnished when it is assumed (see
above), or proved in an independent way, that @ (») =0 in (c) of

d
§ 4, in other words that (1—2)) converges to 0 at 7’=10. And inversely,
¢

v

d
when the approach of (ﬁ) is assumed to be known, the approach
P

of (%) to O can be derived from (13), from which it then follows,
»

that ¥ (v) must be = 0.

But ‘“‘proofs” like the above, which are no proofs at all, should
be guarded against. Unfortunately in many books from a certain
school, recently published on these subjects, various new, often very
questionable curtailed ‘‘thermodynamic” formulae are found; of
which the elder generation never dreamt, and which — the above
proves it — should be treated with the greatest caution.

Tavel sur Clarens, Suisse,
December 1924.
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