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Measurements of the absorption of second sound 1 have been :xte?ded to 0.8~ 0 K f or
frequencies from 200 cycles to 4 kc by the method of the determmatlon of the w1dth of
resonance curves in standing waves. Values of the coefficient of ':'olume absorpti?n r::J./ CJ}
and of viscosity 17 of the normal component of He II have been obtamed by separat1o.n of the
volume and surface losses. It is established that the losses due to thermal conduct10n
predominate in the volume absorption. The analogue of the thermal conductivity in He II
has been computed, The results of the experiment completely verify the theory of Landau
and Khalatnikov for He II kinetic coefficients.

INTRODUCTION

METHODS OF MEASUREMENT

T

HE absorption of second sound increases
r!llidly with drop in temperature, as was
shown in a previous paper 1 , and in other confirmatory researches 5 •6 ; in this case the surface
absorption is due primarily to the viscosity, and
the volume absorption to the thermal conductivity
of He II.
The theoretical temperature dependence of the
absorption coefficient has been computed by .
Khalatnikov 3 • 4 , who showed that the absorption
effect increased in the direction of low temperature; here the losses in second sound due to thermal conductivity are significantly greater than
the losses determined by the first and second
viscosity.
For the total coefficient of volume absorption,
Khalanikov obtained the expression
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e the heat capacity and x the analogue of therm
conductivity in He II. Previous measurements of
(l) did not permit a complete compariso.n of
experiment with theory, since the expB'Imental
valuesof r::~./ w 2 were obtained in a comparatively
narrow temperature range ( 1.0 - 1.2 o. K.).
In the present work, we have carried out measurements down to 0.83 ° K, using methods previously
developed. In an attempt to make more precise the
values and the temperature dependence of the
kinetic coefficients we have also carried out more
accurate measurements from 1 to 1.3 ° K.
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As in the previous work, the measurements were
carried out in cylindrical glass resonators by
the method of investigating the widths of the
resonance curves for standing waves at frequencies from 200 cycles to 4 kc. We used three
different resonators; two of them had internal diameters of 5.8 mm and lengths. 91.2 and 44.5 mm,
the third had an internal diameter 5.35 mm and
length 86.2 mm. The plates at the ends of the
resonator were made of glass instead of the plexiglass used previously, and were attoched through
a thin layer of oil to the polished faces of the
'l'esonator by means of a spring. A heater of
constantan wire (50 11) and a resistance thermometer of phosphor bronze (30 11 ) were prepared in
the form of flat, single-layered spools with
bifilar windings, and were fastened to the disks.
Replacement of theplexiglassreflectors by glass
improved the frequency characteristics of the
resonator in the region of the first transverse types
of vibration, where earlier one had always observed an additional increase in the damping. The
frequencies of the transverse resonances are
given by 7

+

(w I U2) 2 = {l1t I 10 ) 2
(r~m I a)2'
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where l = 1, 2, 3, ..• , r'
= roots of the
nm
d .
envatives of the Bessel functions, l 0 is the
length and a the radius of the resonator. At the
minimum velocity of second sound ( at T = 1.1 ° K)
tvo such transverse resonances exist up to 4 kc
in the resonator of diameter 5.35 mm ( v' = 2000
cycles and v "= 3620 cycles), and in the resonator
of diameter 5.8 mm, three ( v' = 1800, v" = 3010
and v"' = 3840 cycles). (The frequencies of
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measured by Peshkov 8 with a high degree of
accuracy. The lowest temperature of 0.83 ° K
obtained in the present work corresponded to a
second sound velocity of 22.9 m I sec.

transverse resonances increase with increase in
the sound velocity.) Testing of the width of the
resonance curves in regions close to transverse
resonances showed that no noteworthy increase in
the absorption of second sound could be observed
at the fundamental resonances. This permitted
us to extend the range of measurement (at not too
low temperatures) to 4 kc. As in the previous
research, the second sound was excited by the
passage of current from the generator through
the heater, and was detected by a resistance thermometer. The circuit described in Ref. l was
used as an amplifier and was capable of measuring
signals of"' 0. l J1 V with ease.
Temperatures below l ° K were obtained by
removing the helium vapor through two diffusion
pumps in series. The arrangement was similar
to that described in Ref. l. Temperatures of the
helium inside the resonator above l ° K were
measured with a resistance thermometer calibrated
in terms of the helium vapor pressure. Below
l ° K (down to 0.85 ° K ), the temperature was
determined from the velocity of second sound as

RESULTS

Measurements of the width of the resonance
curves were carried out for minimum heat flow
densities, usually not exceeding 3-5 x 10 - 3 WI cm 2
since, for greater loading, a dependence of absorption on amplitude was observed. The graph of
this dependence at T = l. 27 ° K is shown in Fig.
l. As is evident from the drawing, the damping
of second sound, relative to the damping at infinitesimal amplitude, was proportional to the
power for three different frequencies. We did not
make any special investigation of this problem
and limited the region of measurement to small
amplitudes, where the nonlinear effects are small.
To separate the volume and surface loss of
second sound, proportional, respectively, to the
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FIG. l. Dependence of the absorption of second
sound on power for T = 1.27
K in the resonator
d = 5.35 mm and l = 86.2 mm; 0-984, • - 2750,
X - 3960 cycles.

°

square and square root of the frequency, the
observed dependence on the frequency of the
resonance width for different t~eratures was
plotted in coordinates ~ J.l / y J.l ; J.l v'J" ,
where J.l is the frequency and~ J.l is the resonance
width in cycles. This dependence is plotted in
Fig. 2 for the resonator d = 5. 8 mm, l 1 = 44.5 mm,
l 2 = 91.2 mm. The intercepte on the
ordinate determ\ne the surface absorption
of second sound, while the slope of the lines
is proportional to the volume absorption. Above
l. 3 ° K, the accuracy of measurement was insufficient to determine the slope of the lines -

they become virtually horizontal, which testifies
to the predominant role of surface absorption at
these frequencies.
Boundary losses in the resonator, which
amount to several per cent at high temperatures
( 1.6 - 2.0 ° K ) are negligible at low temperatures, in comparison with the true absorption.
While the absorption was always higher (at high
temperatures ) in the short resonator than in the
long one (because of wall losses), at low temperatures, beginning about T "' l. 3 ° K, the absorption
no longer depends on the length of the resonator.
We note that below 0.95 ° K, measurements are
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agree quite satisfactorily, down to 0.83 ° K, with
the theoretical values of Khalatnikov. At the
lower temperature, the divergence can he explained by the extraordinarily steep dependence
of T/ on T . It is interesting to note that the
viscosity according to the measurements of Heikkila
and Hollis-Hallet by the method of the rotating
cylinder, which does not require knowledge of

not possible in the longer resonator since the
resonances for adjacent frequencies begin to
overlap, due to the high damping.
The viscosity Tf of the normal component of
He II can he computed from the magnitude of the
surface absorption by the formula
, - ( ~v
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is the ordinate intercept in Fig. 2. The data for
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p , agrees well with our measurements, while
the method of the rotating disk 10 - 12 gives essentially different results in the low temperature
region. One cannot supply the reason for the
divergence, which follows from our experiments,
by errors in the determination of p I p at low
temperatures, as has been assume8 earlier by
several authors. Evidently, in the region of
low temperatures, where the concentration of the
normal component is small, the dissipation of
energy by the method of the rotating disk can increase appreciably, hecuuse of the nonideality
of the suspension system, which leads to an
entrainment of superfluid along with the normal.
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FIG. 2. Dependence of the absorption of second
s<>)md on frequency, in the coordinates ~ 11/
11/V'ii, 0 --resonator, l = 44.5 mm, d = 5.8 mm;
X • A-- resonator, l = 91.2 mm, d= 5.8 mm; Tis equal
to: 1-0.86,2- 0.9, 3-0.95,4- 1.01, 5-1.1° K.

e

,;-y-,

P n I p , computed by Peshkov on the basis of
capacity 9

second sound velocitl and heat
measurements, were employed in this formula. The
values of Tf computed from Eq. (3) down to the
temperature T = 0.83 ° K, along with earlier
measurements in the interval 1.4 - 2.1 ° K, 1 are
shown by the circles in Fig. 3. We note that, in
comparison with the earlier data, the values of
T/ in the region 1.0 - 1.3 ° K are 20 to 30 per
cent higher, which barely goes beyond the limits
of error in the determination of Tf ( rv 20 to 25 per
cent). For comparison, the results of the
measurement of viscosity by means of a rotating
disk (Andronikashvili and others 10 - 12 ) and the
data of Heikkila and Hollis-Hallet 13 , obtained by
the rotating cylinder method, are plotted in the
Figure. The solid line indicates the theoretical
curve of Khalatnikov. 4 As is evident from the.
Figure, the experimental values of the viscosity
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FIG. 3. Viscosity of the normal component of He II
from the data: 0 =present measurements; • = Ref. 12;
X = Ref. II; ~=Ref •. 13; broken line= Ref. 10;
solid lil.le = Ref. 4 ••

The coefficient of volume absorption u. I w 2
was computed from the magnitude of the volume
loss of second sound in the temperature range
0.83 - 1.3 ° K. Computations were m;;tde according
to the formula

(4)

39

COEFFICIENT OF VOLUME ABSORPTION

where ll vI 11 2 is the slope in Fig. 2, u 2 is the
velocity of second sound. The temperature dependence of a. I w 2 is represented in a semilogarithmic plot in Fig. 4. Here we have plotted
the mean results of Hanson and Pellam 5 and the
data of Atkins and Hart, f> along with the theoretical curve of Khalatnikov 4 (solid line). It is
easy to see that our experimental values of a. I w 2 ,
determined to within 20 per cent, agree both with
the theoretical values of Khalatnikov and with the
values obtained by other authors at higher
temperatures.
An estimate of the viscous loss in volume absorption of second sound according to values of
the coefficient of first viscosity Tf , taken from
our experiments (see Fig. 3 ),gives the broken
curve in Fig. 4 . As is evident from the Figure,
tg(~)

The agreement of the experimental data with the
theoretical is excellent. The high values of x.
. h
1
m t e previous measurements must evidently be
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FIG. 4. Temperature dependence of the coefficient
of volume absorption of second sound according to :
0 present work, fl-- Ref. 5; X - Ref. 6; solid
line -Ref. 4; e- computed value of volume absorpticn
tion of second sound, obtained from first viscosity.
viscosity losses are smaller by an order of magnitude than the total losses, and the relative contribution of the viscous loss decreases with
decreasing temperature. Neglecting losses from
second viscosity (in order of magnitude, they are
comparable with losses from first viscosity), and
attributing the remaining amount of absorption
to the thermal conduction losses, we can estimate
the coefficient of heat conductivity x. of He II to
within 25 to 30 per cent. In this estimate, the
values of the heat capacity were taken from the
recent measurements of Kramers, Wasscher and
Gorter 14 which agree well with those of Ref. 9.
The temperature dependence of x. is plotted in
Fig. 5 on a semi-logarithmic scale. The solid
line denotes the theoretical curve of Khalatnikov.

0.8 1,0

(t

1,11

""

1,8

1............

(8

l,O l"M

FIG. 5. Temperature dependence of the coefficient of
thermal conductivity x. in He II: 0 = data of present
work; solid curve = Ref. 4.
explained by the additional increase in damping at
high frequencies because of the effect of transverse vibrations.
The experimental values of a. I w 2 , 71 and x. ,
taken from several experiments on different resonators, together with the data on u 2 , p n I p and c
used by us are given in the Table. (Values of
Tf above 1.4 ° K are taken from the previous
measurements.) From the values of x it is not
difficult to estimate the mean free path length of the
phonons, making use of the elassical formula in
the quantum gas: it = 113 l ph c ph v ph • For the
lowest temperature of our measurements, 0.83 ° K,
the mean free path length of the phonons was
'""0.1 mm.
CONCLUSIONS

l. Experiments on the absorption of second
sound down to 0.83 ° K entirely confirm the
validity of the theory of kinetic coefficients of
He II of Landau and Khalatnikov. 2-4
2. The volume absorption for second sound
below l ° K increases rapidly with decreasing
temperatures, in full agreement with the theory.
The losses due to the thermal conductivity of
He II exceed the viscous losses by an order of
magnitude.
3. The viscosity of the normal component of
He II below l ° K increases extremely rapidly
with decrease in temperature. In absolute
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where the bar indicates averaging over
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