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Third virial coefficient for helium is calculated using the
realistic Beck pair potential. The first quantum correction
and the triple-dipole dispersion interaction are included.
The results are compared with experimental data and with
theoretical values obtained using the MDD-2 pair potential.

Some years ago we published [1] a computation of
the third virial coefficient for helium using the
MDD-2 pair potential proposed by Bruch and
McGee [2]. We included the first quantum correc-
tion and the contribution due to the triple-dipole
dispersion interaction. We planned to extend our
calculations using the pair potential proposed by
Beck [3]. But simultaneously Ram and Singh [4]
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published similar computations using the Lennard-
Jones pair potential for helium and suggested that
further improvement in the calculated values of the
third virial coefficient could be achieved by using
a more realistic pair potential such as that of Beck.
So we stopped our calculations.

As we are not aware of calculations of the third
virial coefficient using the Beck potential since, we
now give our results for that potential.

Since we consider this work as a complement of
the previous one [1] we are giving directly the
equations used and the results obtained. The third
virial coefficient Bg(T) is given by

B3(T) = Bs(ad) + 4 Bs(ddd)
+ A*2 By(I), (1)

where Bg(ad) is the classical additive third virial
coefficient, /1 B3(ddd) is the classical non-additive
third virial coefficient where the triple-dipole dis-
persion interaction [5] is used, and Bs(I) is the
first quantum correction to the third virial coef-
ficient. The quantum correction to the non-additive
third virial coefficient is negligible. The little con-
tribution due to the triple-dipole dispersion inter-
action [1] makes the contribution due to other triple
interactions negligible.
The Beck potential is given by:

v(r) = A exp{—ar — fr8} (2)
Cs 2.709 -+ 3a2
T (24 a2)P mﬁ_-_ﬁi?“}

Fig. 1. The third virial coefficient Bj
of helium plotted against the absolute
temperature 7. Curve 1: Bs(ad) ob-
tained using Beck’s potential; curve 2:
B3 (classical additive +- classical ddd
term -+ first quantum correction)
obtained using Beck’s potential; curve
3: B3 (classical additive -+ classical
ddd term -+ first quantum correction)
obtained using MDD-2 potential.
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Experiment data: [ ref.(6); » ref. (7).
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The well depth & of the potential is 1.43 x 10-22.J
at a distance rp = 2.969 % 1010 .

In Fig. 1 the theoretical values for the third virial
coefficients are compared with the experimental
ones. The values for the third virial coefficients
computed with the MDD-2 pair potential are also
shown. It is seen that there is not much differences
between the results obtained using realistic pair
potentials such as the MDD-2 or Beck’s potential.
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Our final comment in the discussion of the previous
work [1] remains still valid.
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