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From the knowledge of the distribution function one gets ~ as is well known - all desired thermodynami-
cal properties of a classical system.

For quantum statistics Wigner 1) found a function which has some pertinent features of a distribution
function. This Wigner distribution function (W.d.f.) is defined as a Fourier transform of the density ma-
trix p in the following manner

—ist [expZp v Y Y) dY 1
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b, (g): 3N dimensional momenta (coordinate) vector. The 3N dimensional integration extends over all
space.

In the last years the W.d.f. frequently has been applied to problems in equilibrium statistical mechanics
as well as in non-equilibrium statistical mechanics, e.g. refs. 2 3). For that reason some further terms
of the W.d.f. should be evaluated which are important for systems with large quantum effects. We use a
method of Oppenheim and Ross 4). From the Bloch equation for the density matrix p one gets with (1) the
following equation
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Vg operates on g' only; B = (kT)'l. This equation can be solved by the series expansion:
® 2 2.0
Fyy @, 538) = foy 22 "o (@,0:8), fy~ePamt?) . 3)

U: potential energy. As far as we know, in the literature only the expansion coefficient ®; is given in the
general form for 3N dimensions, and &, for one dimension 1,5). We have calculated ®9 and 4 in the
general form 6), but for the sake of brevity here we will publish the W.d.f. for one dimension only:
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The derivatives of U are marked by Roman numerals.
From the general form we get the Slater sum by a 3N dimensional integration over all momenta:
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The notation is, for example

32U 32U  s2yU
(Vv YV U=22 2

6)
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Applying (4), (5) to special cases the number of terms is reduced, of course, appreciably (see egs. (11),
amn)

As an application the third quantum correction to the second virial coefficient B(T) is calculated. For
completeness we give the first terms too 7). The second virial coefficient has the form

B(T) = 20N fw(l -S@)r2ar. ()
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Table 1
Expansion coefficients and quantum corrections for the second virial coefficient
(s) (s) (s) (s)
s bO b1 b2 b3
0 1.7330010 8.2531933 x 1072 -2.6259064 x 1073 4.1995493 x 10~4
1 -2.563 693 4 6.3011804 x 102 -7.7544522 x 10-3 1.6164985 x 10~3
2 -8.665004 6 x 10-1 7.6279514 x 10-2 -1.2735247 x 10-2 3.2600479 x 10-3
3 -4.2728223 % 10-1 6.7912722 x 10-2 -1.4926595 x 102 4.5809421 x 10-3
4 -2.1662512 x 10-1 5.0818274 x 102 -1.4024409 x 10-2 5.049 7784 X 10-3
5 -1.0682056 x 10-1 3.3524613 x 10-2 -1.1210392 x 10-2 4.6518397 % 10-3
6 -5.054 5860 x 102 2.0017390 X 1072 -7.8985417 x 10-3 3.7221888 x 103
7 ~2.2890119 x 10-2 1.1003265 x 1072 -5.0204886 x 1073 2.654 5767 X 1073
8 -9,9286511 x 103 5.634 9767 x 10-3 -2.926 0994 x 10-3 1.7185376 x 10-3
9 -4.1329382 x 103 2.7125576 x 1073 -1.5826510 x 10-3 1.0237213 x 10-3
10 -1.654 7752 x 1073 1.2358674 x 1073 -8.0171144 x 1074 5.6700616 x 104
11 -6.3872681 x 104 5.3586734 x 1074 -3.8311237 x 104 2.944 0732 x 104
12 -2.3818734 x 10~% 22211883 x 1074 -1.7371654 x 1074 1.4426049 x 1074
13 -8.5982456 x 10-5 8.834 4652 x 107° -7.5101055 x 1079 6.7074222 x 10~5
5
§1
5,
)
Table 2 10 1
Data used for calculation
3 * _ h
No e/k = 8
5 (11€)2
He? 10.06 10,22 2.677 |
H 15.12 37.02 1.730 o4 ! Kitpatrick
D 15.12 37.02 1.224 2 present catculation
4 4
40 50 Bb
Fig. 1. Second virial coefficients of Het,
Table 3
Contributions to second virial coefficients
helium hydrogen deuterium
T* B By By Bg Bigq Ba1 By By Bg B By By
1.2 -58.14 12.81 -2.97 1.28
1.8 -25.71 | 11.49 | -2.85 | 1.56 5.75 -0.71 0.20
8/3 | -5.00 | 9.07 | -3.17 | 2.68 | -0.50 | - 7.52 5.70 | -0.83 | 0.29 2.85 -0.21 0.04
4 243 | 4.92 | -0.98 | 0.54 | -0.27 3.65 3.09 | -0.26 | 0.06 1.55 -0.06 0.01
6 6.80 | 2.76 | -0.33 | 0.12 | -0.15 | 10.23 1.74 | -0.09 | 0.01 0.87 -0.02 0.00,
8 871 | 1.88 | -0.16 | 0.04 | -0.10 | 13.09 1.18 | -0.04 | 0.00g 0.59 -0.01 0.00¢
12 10.29 | 1.12 | -0.06 | 0.01 | -0.05 | 15.46 0.70 | -0.02 | 0.00] 0.35 -0.004 | ©
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N: Avogadro number. Writing B= B.1+ By + By + By + Bjq and using (5) - but in polar coordinates - we
find by partial integration for a general potential U= U (%)
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As is well known, symmetry effects give rise to the following term:
BE_. N ( n2 \3

Bid FD ~ * 16 \7 mkT (12)
Especially for the Lennard-Jones (6-12) potential the integration over all coordinate space gives:
B 21r1:;kr E A* Vo -(3+10v)/12 < E 1_'b(s) T 2’ T+ =£T, (13)
v=0 =0 S €
with
(s) 25t 63
b ='4stT» (14)
b§S) 36s- 11 2 6 (15)
768 7
3
) _ 302452 + 47285 + 767 2 (63+1 (16)
491520 14
»() _ 53 568s3 + 303 216s2 + 4910765 + 180615 zs+6 1,(63+3 (17)
73 400 320 76 s' 12 /-

Table 1 gives the numerical values for these coefficients T. Using the data of the tables 1 and 2 we
have calculated the terms of B for some gases. Some of these values are presented in table 3 6). Finally,
for He fig. 1 shows the conformity of our intermediate-temperature calculation with the low-temperature
quantum-mechanical calculation of Kilpatrick 8),

The author is indebted to Professor Vojta for the suggestion of the theme and for valuable advice
during the work.
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