
.. -
;, . Simon 

. critical temperature, while ours 
'tiS value. On the other hand, OUr 

ects. 
opy change on melting, we find 

nstant, i.e. they are of the usual 
of ~he values observed for the 

(see table 9). Th!3 falling trend 
uantum effects. 

OPIES OF THE INERT GASES 

source of data 

present experiments 
present experiments 
Clusius (1936) 
Clusius (1936) 
Clusius (1936) 
Clusius & Riccoboni (1937) 

, of the entropy of melting it is 
dication of any approach to a 

and fluid phases. Although in 
ced only over a relatively small 
at to a first approximation the 

at the entropy of melting falls 
~lium, however, a slight 1"ise is 
opy difference is bound to be 
crease with rising temperature. 
s to have finished on reaching 
rvation that all the abnormal 
particular temperature. It is 

· the higher temperatures, but, 
more or less the classical value 

his behaviour of the two phases 
. erence to increase with risina 

'" ding of this point we will have 
GS of the thermal properties of 

this laboratory. 
~e entropy of the two phases in 
results of calculations (Simon 
· making use of the change of e 
ibility, and the thermal expan· 
e in accuracy with the direct 
ssible with helium and perhaps 
rature. The calculation shows 
'oach a mean value, so that the 
· with increasing temperature. 

f 
I 

j 

f 

Thermodynamic properties and melting of solid heli~£m 309 

These results agree with our present measurements on helium in so far as the 
entropy of the solid always rises along the melting curve with increasing tem­
perature. There would, of course, be no objection from the thermodynamic point 
of view to this curve falling with rising temperature, and the result is therefore 
not trivial. It indicates that the effect of the rising temperature on the entropy 
surpasses the effect of the rise in Debye e associated with the increase of pressure; 
in other words, the temperature of the solid, measured in terms of the character­
istic temperature, rises along the melting curve. Now with helium, the entropy 
obviously cannot fall below its value at absolute zero. It is also obvious that as 
the melting pressure remains practically constant up to about the A point the 
entropy is bound to rise in this region. There is no reason, however, why the 
curve should not from then onwards approach the zero line again. The fact that 
it does not do so seems to be just as valid an indication that Tie (and therefore 
the entropy) rises along the melting curve as if it were happening in the' classical' 
region-all the more so as the rise continues over such an enormous temperature 
range. 

These experiments therefore lend additional strong support to a tentative state­
ment proffered by one of us (Simon 1937) for normal substances (and according 
to Bridgman all substances tend towards normal behaviour at very high pressures), 
namely, that it is impossible to melt a substance by adiabatic, reversible com­
pression, as such a compression would lead further into the range of stability of 
the solid. This statement may be of some interest in astrophysical and geophysical 
considera tions. 

Note added in proof, 28 May 1953. Since this paper was submitted, l\1:r L. Salter 
of the Clarendon Laboratory has succeeded in establishing equation (I) theoretically 
under more general conditions; no particular model of the melting process is needed, 
the substances are not assumed to be classical, and the range of validity is not 
restricted to high pressures. The basic assumptions are that the substance obeys 
the Grtineisenequationofstate, that is, Ov = f(TI8),e= ¢( V), and that the Lindemann 
melting formula is obeyed along the melting curve, a fact proved by the present 
experiments. The derivation relates the parameter c in equation (I) to Grtineisen's y, 

y= - ~~~= -(~~~s· 
These results allow us to determine the condition for :T (~t) > 0 in terms of y; 

for substances which satisfy the two restrictions underlying Salter's derivation, the 
condition is simply y> i. This value, it may be recalled, is the theoretical limiting 
value of y as V -+00, i.e. for a gas; experimentally, y values for regular crystals 
are found to lie between 1·5 and 2'5. These considerations, then, give theoretical 
support for the contention that melting cannot be achieved solely by reversible 
adiabatic compression. 
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