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We present calculations of the velocity of second sound #, below 1 K as a function of pres-
sure. These calculations show that u, rises above the Landau limit in the presence of positive
phonon dispersion. The effect should be experimentally observable in a suitably designed ap-

paratus.

In a recent article Saslow observed that phonon
dispersion should affect the second-sound velocity
u, at low temperatures.’ In this Comment we
present the results of calculations which explore
this observation, and which describe the pressure-
dependent deviation of u, from the Landau limit
u,/V3 (where u, is the first-sound velocity) as
T~ 0. We find that phonon dispersion may affect
u, as much as 3%, whereas a direct determina-
tion of first-sound dispersion yields only a 0.01%
effect in the frequency range 10°-10° MHz.? This
pronounced enhancement of Awu,/u, over Au,/u,
should prove valuable in further experimental
investigations of the first nonlinear terms in the
excitation spectrum.

To facilitate our calculations, we have utilized
a series representation of the HelIl excitation
curve in momentum p which includes the variation
of the spectrum parameters with temperature and
pressure, and is given by

€(p) =u,p +03[)3 +a4P4 +a5P5 +aepe "'a7p7 +aaP8»
(1)

where the coefficients a; —a, are determined
from constraints imposed by the results of neu-
tron scattering data.® In particular, Eq. (1) has
dispersion in the phonon region which changes
from positive (a;>0) to negative (a,<0) at a pres-
sure of about 11 atm.

The second-sound velocity can be calculated
from Eq. (1) in several ways, assuming thermal

equilibrium is maintained among excitations (the
hydrodynamic regime). Saslow' provides an ex-
pression for the deviation of u, from the zero-
temperature value »,/V3 , which is given as

Au 15 21rkT>2 945 <2nkTY
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(2)

where 7 =3.0047X107%, y=-a,/u,, and v'=-a,/u,.
Alternatively, u, can be calculated directly from
€(p) by an expression described by Kwok* which
assumes energy- and momentum-conserving
three-phonon processes:
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Here S3=n(p)n(p) +1]; n(p)=e<®/*T - 1. A third
method is to compute u, from the relation

u3=p,T5*/p,C, (4)

(3)

where the normal and superfluid densities, p, and
ps, and the entropy S and specific heat C can be
calculated by integration over €(p).

In the temperature range 0< 7<0.5 K, all three
expressions predict a rise in %, for q,>0. For
a, <0, no rise in u, appears, and the normal
asymptotic behavior (u,-u,/V3, as T~ 0) is
evident. Figure 1 shows results from Eq. (4)
at the vapor pressure. The lowest curve is based
on the Landau approximation to the dispersion
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FIG. 1. Temperature dependence of second sound as
calculated with no phonon dispersion (Landau), and with
Eq. (4) (model dispersion curve or MDC). Also plotted
are the data of Peshkov (Ref. 5) and de Klerk et al. (Ref.
6). The limit u,=u/V3 is indicated.

curve, €=u,p in the phonon region, and €=A

+(p = po)?/2u in the roton region; u, approaches
the Landau limit as shown. The curve above

uses Eq. (1) and shows that in the region of 0.5

K, u, exceeds u,/V3 by about 5 m/s. Peshkov's
measurements® agree within a few percent with
our calculations down to 0.55 K. Data of de Klerk,
Hudson, and Pellam® are shown in the upper
curve. While there is a discrepancy in absolute
magnitude, the data show a pronounced tendency
to follow the calculated curve with phonon dis-
persion. At the lowest temperatures, in a limited
geometry, heat pulses will consist of ballistic
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FIG. 2. Velocity of second sound at several pressures
below 0.6 K as calculated with Eq. (4). The dotted lines
indicate u, calculated with no phonon dispersion.

phonons of velocity %,, and the data clearly ap-
proaches this limit. Figure 2 shows the pressure
dependence of u, from Eq. (4). The rise in u,
disappears above 10 atm.

The effects of an increasing phonon mean-free
path at low temperatures can be avoided by using
large second-sound chambers. (Saslow’® suggests
dimensions 210 cm.) With modern cryogenics,
such an apparatus is feasible. We propose that
a careful search be made under pressure to
ascertain the disappearance of the effect of phonon
dispersion in the manner predicted by the pres-
sure dependece of ¥, shown in Fig. 2.
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