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Temperature Dependence of the Surface Tension of He II
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It is shown that the temperature dependence of the surface tension of liquid helium II can be understood
on the ideal gas model for the liquid also, provided we re-enumerate the eigenfunctions in a bounded con-
tinuum so as to take into account the surface term. The maximum deviation of our results from the experi-
mental ones of Allen and Misener is about 7 percent, and from the theoretical calculations of Atkins only

about 2 percent.

HE surface tension of liquid He II, starting from
a value of 0.352 erg cm™ at 0°K, initjally remains
independent of temperature and falls off rapidly as the
A point is approached.! In order to explain this behavior
Atkins? assumed that the effect arises from the thermal
energy associated with the surface modes of vibration
which he took to be similar to the surface tension
waves. He calculated the deviation of the surface
tension ¢ from its value at 0°K (oy) by using the
relation?

a—oo=]éT > e In[1—e e+, (1)

Here ¢ may be understood as the surface part of the
Helmholtz free energy per unit area. Using the appro-
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Fic. 1. Variation of the surface tension of liquid He II with
temperature. Solid line, theoretical curve from present calcula-
tions; dot-dashed line, theoretical curve from Atkins?; @, experi-
mental points of Allen and Misener.!
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priate e—p relation for the surface tension waves, he
obtained
oc—ao=—06.9X1073T" erg cm™. (2)

In this paper we wish to point out that the variation
of the surface tension of liquid helium IT with temper-
ature can also be understood in a much simple manner,
by using the ideal gas model for the liquid He II,
provided we enumerate the eigenfunctions in a bounded
continuum more exactly than is ordinarily done so as
to take into account the surface term also.

The number of eigenfunctions in a bounded con-
tinuum of volume V and surface area A, with their
momentum between p and p+dp, ist

(#)d [W st iyt 3
o(p)p=g —Pippipte- ]G

where g is the relevant weight factor and the eigen-
function ¢ is assumed to have a stationary value at the
boundary. Using Eq. (1), the surface part of Eq. (3),
and the appropriate e—p relation, we get for an ideal
degenerate Bose gas

o—oo=—amk*T% (2)/2h2=—T7.5X1073T? erg cm™2. (4)

In Fig. 1, we plot Eq. (4) with ¢9=0.352 erg cm™.
The experimental results of Allen and Misener and the
theoretical curve from Atkins [Eq. (2)] are also given
for comparison. We find that up to 7~1.3°K our
results agree with Allen and Misener and also with
Atkins. At higher temperatures the variation given by
Eq. (4) is less rapid. However, the maximum deviation
of our results (at the N point) from Allen and Misener
is about 79, and that from those of Atkins is only
about 29
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