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temperatures down to 0.5 °K
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We measured the absorption of the energy of an electromagnetic field by surface electrons in the
temperature interval 0.48-1.9°K at 2.98 and 14.65 MHz. The measurements have made it possible to
determine the mobility of the surface electrons. It was observed that at T< 1I°K the presence of the
surface exerts a substantial influence on the character of the electron motion.

PACS numbers: 67.20.Se

When electrons move along the boundary between lig-
uid helium and its vapor (the surface electrons)t!! they
should interact with the thermal excitations of the sur-
face'® % and with the atoms of the gaseous helium, How-
ever, the data oft*8)indjcate that in the temperature re-
gion where the measurements were made (1-2 °K) it
is impossible to observe the contribution of the surface
oscillations to the electron scattering, and the electron
mobility is determined by the collisions with the heli-
um atoms in the vapor.

It was therefore deemed advisable to assess the in-
fluence of the surface on the electron motion at lower
temperatures, where the vapor density becomes insig-
nificant, To obtain information on the mobility of the
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surface electrons, we investigated in the present study

the absorption of the energy of an electromagnetic field
(2. 98 and 14. 65 MHz) by such electrons in the tempera-
ture interval 0.48-1,9 °K,

The absorption was determined from the change of
the @ of a resonant circuit following admission of the
surface electrons into the measurement space., The
alternating electric field was parallel to the liquid-heli-
um surface. The concentration of the surface elec-
trons was set by means of a weak clamping field and
ranged from 10° to 10® electrons/cm®, The error in
the determination of the absorption and concentration
of the electrons was ~20%.

The experiments on the determination of the absorp-
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Dependence of the relative specific absorption of the electro-
magnetic-field energy by surface electrons on the tempera-
ture: ®—2.98 MHz, 0—04,65 MHz, +—data on the electron
mobility in gaseous helium. ! Solid line—calculated values of
to- 0 Curves 2 and 3—calculated from formulas (1).

tion were first performed at relatively high tempera-
tures, and served simultaneously for calibration pur-
poses, As is well known, the power absorbed by
charged particles in an alternating electric field of am-
plitude E and frequency w is given by!’

p = eNuE? #=-—L. (1)
1+wir?

Here N is the number of charges, pg=(e/m)r is the
mobility of the electrons in a constant electric field,

e and m are the charge and mass of the electron, and

7 is the relaxation time, At w7<<1 the absorption is
directly proportional to ; and does not depend on the
frequency.

It was established experimentally in the present study
that in the interval 1, 3~1,9 °K the temperature depen-
dence of the absorption coincides, for both frequencies,
with the temperature dependence of the electron mo-
bility in the gaseous helium. This is seen from the
figure, which shows the dependence of the relative
specific absorption P on the temperature, as measured
in the present study (curve 1), and the electron-mo-
bility data taken from'™, The P(T) curve was matched
to the po(T) dependence at 1,4 °K. The fact that both
relations have the same character indicates that the
absorption, as expected, is determined down to ~1.1 °K
by the scattering of the electrons by the gaseous-heli-
um atoms. A similar result was obtained in an earlier
measurement!® of the absorption in the interval 1.4~
2.0 °K, with the alternating electric field perpendicular
to the surface of the liquid helium,

In the temperature region 0.48-0.9 °K, however,
the temperature dependence of the absorption begins
to deviate from the expected value, and P varies ap-
proximately like 7-! at both frequencies. The figure
shows for comparison the calculated plots of P(T) de-
scribed by relations (1) in the case when the electrons
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interact only with the helium atoms in the vapor (curves
2 and 3), The corresponding theoretical expression

for 7 was taken from'®, It is seen that at low tempera-
tures there are appreciable differences in the variations
of the experimental and calculated absorption P, in its
temperature dependence, and in its frequency depen-

dence,

This disparity between the calculated and experimen-
tal dependences indicates that at low temperatures
there appears a new electron-scattering mechanism,
which is apparently connected with the existence of the
interface between the vapor and the liquid and is due to
the presence of thermal surface excitations in the lig-
uid helium, The fact that the temperature dependence |
of P(T) is the same at the two employed frequencies
gives grounds for assuming that the condition w71
holds in the entire investigated temperature region,
and consequently P~ p, Therefore the absorption data,
when reconciled with the known value of pg at high tem-
peratures, yield information on the mobility of the sur-
face electrons in the entire investigated temperature
region,

It should be noted that the presented data were ob-
tained at low values of E and N, where the relative
specific absorption, and consequently also the mobility,
do not depend on these values,

The results, unfortunately, cannot be compared with
the theoretical estimates of 1, since the mobility was
calculated there in the presence of a clamping electric
field greatly exceeding that used in the present work.
As to the results of Cole, 7 the value ~ 10° cm®/V-sec
he obtained for the surface-electron mobility is lower
than ours by one order of magnitude. Thus, we have
observed here experimentally the influence of the sur-
face of liquid helium on the motion of the electrons.
The investigations of the observed regularities are
being continued.

The authors thank G, A, Mikhailov for a useful dis-
cussion in the development of the procedure for the
measurement of the absorption,

DThese formulas are valid under the assumption that 1 is in-
dependent of the momentum.
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