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Bogolyubov's method has been used in numerical estimation of the corre-.
lation contributions to the free energy and speciflc heat of a crystal.
The correlations improve the agreement between theory and experiment

for the specific heat. The correction terms in the free energy increase.
as the atomic weights decrease for crystals of the inert gases.

An expression has been derived [1])] for the free energy of a crystal in the

harmonic approximation that incorporates the correlations:
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where k is Boltzmann's constant and ®(r) is the two-particle potential, which

taken in the Leénnard-Jones form _
(D(r)=4s[(—‘:—’)'12~j (%)6]
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I
TK Ne Ar Kr Xe a7
1 8,9t 1,21 | 0,60/ 0,37 a2
6 8,911 1,21 | 0,60 | 0,37
8 8,91 ]1,2110,60]| 0,37 L
10 8,9111,21]06010,37 91
15 §,9111,2110,5 0,36
20 8,80 | 1,20 | 0,58 { 0,35
25 8,81 11,19]0,56{ 0,33
- 30 8,64 11,17 0,52 0,30 0
35 8,34 | 1,131 0,47 | 0,26
40 7,92 [ 1,07 [ 0,40 1 0,20 Fig. 1

where the parameters e and o are taken from [3], a is the distance between nearest
neighbors, 2, is the number of atoms in coordination sphere k, and Vi is the co-

ordination number.

From (1) we get an expression for the specific heat of a crystal at constant
volume
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Equations (1) and (2) are taken as the initial ones for numerical purposes;
the contribution of the correlation terms to the free energy is derived from
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The table gives numerical results for AF.

The observed values for the specifiv heat CV were taken from [2]; Cv is

given in relative terms C = Cv/3R in Figs. 1-3, where R is the universal gas

constant. The observed points are denoted by circles. The spread of the mea-
surements at a given point does not exceed the diameter of the circle. The CV
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in the self-consistent approximation are denoted by the dot-dash curve, while
the solid line denotes the result with incorporation of the correlation.

The numerical estimates show that incorporation of the correlation produces
improved agreement between theory and experiment for all substances. At suffi-
ciently high temperatures, the specific-heat curves for the self-consistent field
approximation are in agreement with those where correlation is incorporated (40 X
for Ar, 30 K for Kr, and 20 for Xe). In the case of Ar, the self-consistent
approximation gives reasonably good agreement with experiment down to 20 X {(the
error is 10%). Incorporation of the correlation results in good agreement with
experiment down to 9 K, and good qualitative agreement down to 5 K. Similar re-
sults were obtained for Kr and Xe. The Einstein temperature for Ne is above the
melting point, and therefore a comparison with experiment is possible only when
higher-crder anharmonicity 3is incorporated.

The values of AF in the table showthat AF is very closely constant even at
T = 10 K; the contribution from the correlation terms to the free energy of Ne
in this region is about 9% (1.5 for Ar, 0.6 for Kr, and 0.4% for Xe). Therefore,
the correlations are most important for crystals of the light inert gases.

The authors are indebted to Professor I. P. Bazarov for suggesting the pro-
blem and for discussing the resultis.
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