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A session of the Division of General Physics and
Astronomy was held on April 26 and 27, 1978 at the
conference hall of the P.N. Lebedev Physics Insti-
tute of the Academy of Sciences of the USSR. The
following papers were delivered:

1. V. B. Shikin, Electrons above the surface of
liquid helium.

2. M. S. Khaikin and A. P. Volodin, Disturbance
of stability of the charged liquid helium surface and
formation of bubblons (film).

3. D, M. Chemikova and L. P. Gor'kov, Instability
of the charged surface of liquid helium.

4. V. S. Edel'man, Investigation of the resonance

properties of electrons above the surface of liquid
helium.

5. K. I. Zemskov, M. A. Kazaryan, and G. G.
Petrash, Optical systems with brightness ampli-
fiers.

6. L.I. Devyatkova, P. M. Lozovskii, V. V.
Mikhallin, S. P. Chernov, A. V. Shepelev, and P. B.
Essel'bakh, Vacuum-ultraviolet luminescence of
LaF3 single crystals

7. L. I. Gvdzenko, I. S. Lakoba, Yu. I. Syts'ko,
and S. /. Yakovlenko, Analysis of the possiblity of
amplifying VUV radiation in a helium plasma.

We publish below brief contents of the papers.

V. B. Shikin. Electrons above the surface of liq-
uid helium. Systematic study of localized electron
states on the surface of liquid helium began compar-
atively recently. The first theoretical results, which
were obtained independently in Refs. 1, 2, and reliable
experimental data of Refs. 3,4 that confirm the exis-
tence of localized electron states on the surface of
liquid helium were published 4-7 years ago. Neverthe-
less, appreciable progress has now been made toward
understanding of the properties of surface electrons
(the term applied for simplicity to electrons localized
on the surface of liquid helium). We refer to studies
of the mobility of electrons along the interface, in-
vestigation of collective phenomena (plasma oscil-
lations, Wigner crystallization) in a system of sur-
face electrons, the stability of a charged helium sur-
face in an external electric field, nonlinear phenomena
at cyclotron resonance, and so forth. The object of
the present report is to discuss the situation in the
problem of electron mobility along the liquid helium
surface.

Formally, the problem of electron mobility along a
liquid helium liquid-vapor boundary is analogous in
many respects to the problem of electron and hole
mobility in semiconductors. However, the situation
is much more definite and simple on the helium sur-
face. Firstly, electron energy is a square-law, iso-
tropic function of the two-dimensional wave number
along the surface, whereas the use of a similar spec-
trum in semiconductors is a far-reaching idealization.
Secondly, the only source of scattering for the low-en-
ergy electrons moving along the helium surface at low
temperatures is thermal vibrations of the surface
(capillary Rayleigh waves or ripplons), whose spectrum
has been thoroughly studied in the longwave approxi-
mation essential for calculation of electron mobility.
As a result, it becomes possible to construct a con-
sistent theory of surface-electron mobility in an ap-
proximation linear in the guiding electric field—a theory

that is free of undetermined parameters—provided that
the form of the interaction between the surface electrons
and the ripplons is clearly defined. The discussions5"9 of
the explicit form of the electron- ripplon interaction even-
tually made it possible to settle on the variant of this
interaction that was proposed in Refs. 6, 7 with limi-
tations on the range of its application. Corresponding
concrete calculations of electron mobility along a liquid
helium surface were made in Refs. 6, 7,10-12 using the
explicit form of the electron-ripplon interaction in
various limiting cases of temperature, the frequency
of the guiding electric field, the strength of the re-
straining electric field, etc. The theoretical results
indicate a high mobility of electrons along the surface
(μ = 107 - 108 cm2/V -sec) and a very low threshold for
the appearance of phenomena nonlinear in the guiding
field.

These peculiarities of surface-electron mobility made
it necessary to abandon standard procedures for mea-
surement of ion mobilities in the volume of liquid
helium (time-of-flight technique) and to resort to new,
high-frequency methods that are usually used in the
study of metals and semiconductors. The experimental
information obtained in this way on electron mobility
in the approximation linear in the guiding field agrees
well with the calculated mobility values obtained without
use of fitting parameters (see Refs. 13-15).
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M. S. Khaikin and A. P. Volodin. Disturbance of
stability of the charged liquid helium surface and
formation of bubblons (film). The density of the two-
dimensional layer of electrons localized in a potential
well on the surface of liquid helium cannot be increased
beyond ~2·109 electrons/cm2 (see Ref. 1). The limiting
electron density at the surface of a film of superfluid
helium on a metallic base may be an order of magni-
tude larger.2 However, when an attempt is made to
exceed this value, the charge vanishes completely from
the helium surface. Theoretical analysis has shown
that the plane surface of the liquid helium becomes un-
stable at a charge density exceeding the above limit. 3 · 4

This paper describes the results of an experimental
study of the conditions under which the charged surface
of liquid helium becomes unstable and the mechanism
by which it loses electrons.5

The experiments were performed in a Dewar with
optical windows for observation and filming with a
high-speed camera. The interior of the instrument is
shown in Fig. 1. The helium level h was adjusted
(with a thermomechanical pump) between the horizontal
plates of a capacitor with a diameter of 40 mm and a
gap d = l-5 mm. The field Ei above the helium and,
consequently, the charge density on the helium surface
were determined from the displacement of the elastically
suspended upper plate 1, which was measured by the
capacitive transducer 2. The critical conditions for
disturbance of the stability of the charged helium sur-
face were reached by lowering the helium level h or by
raising the voltage across the capacitor.

When critical conditions are reached at the helium
surface, capillary-gravity waves with an amplitude of
~0.5 mm are generated for 0. 03-0.1 sec, and the sur-
face charge vanishes within 0.1-0.3 sec. Figure 2
shows a plot of the critical value (E\ + £ 2 ) c r against the
helium level h; this quantity is a single-valued critical
parameter under the conditions h=d/t or h«d-h
that were maintained in the experiments. It is seen that
the experimental results agree satisfactorily with the

FIG. 1. Diagram of in-
strument. 1) Mobile
cathode of capacitor sus-
pended on springs; 2)
electrode of capacitative
transducer for indicating
position of cathode 1.

calculated relation indicated by the solid curve.4 The
change in the nature of the relation at h = 1-1. 5 mm
corresponds to the transition from instability with res-
pect to waves with lengths λ =2-3 cm at h<, 0.7 mm to
instability with respect to waves with lengths of the
order of the capillary length λο = 3.2 mm at As 1.5 mm.
This pattern is clearly evident in the film.

The film showed the mechanism of electron escape
from the helium surface. A quite stable helium sur-
face appears in frame 1 (the top frame) of Fig. 3. In-
stability of the charged surface has begun to develop
in frame 2; sharp depressions have appeared in the
wave troughs. Bubbles (frame 3) with diameters of
0.05-0.3 mm form on these depressions and then dive
into the helium (frame 4). On reaching the bottom—
the capacitor's anode—the bubbles lose their charge;
then the small bubbles with diameters around 0. 05 mm
collapse during a time ·£ 10"4 sec, while the large ones
survive for ~ 103 sec and are able to float up. The ob-
served phenomenon is explained by the fact that each
bubble is a multiply charged (1O7-1O8 electrons) ion—
a "bubblon" (bubble with electrons) in the superfluid he-
lium. Equality of the internal electrostatic pressure
to the capillary pressure yields an estimate for the
bubblon radius: r = ̂ n'ei/16Tra~8 ·10"3 cm, where e is
the electron charge, ο is the surface tension of the
liquid, and η is the number of electrons in the bubblon,
determined from the total charge of the helium surface
and the number of bubblons discharging it (20-100).

In a field E = \ cgs esu, bubblons with small diam-
eters around 0. 05 mm move in the liquid helium at a
velocity of 104 cm/sec, which corresponds to viscous
Stokes motion. Their time to move to the bottom is
~ 10"3 sec, which is much greater than the relaxation
times of electrical and elastic inhomogeneities over the
diameter of a bubblon. At the same time, the lower
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FIG. 2. Values of the cri-
tical parameter and of the
field E2 on reaching which
a charged plane helium
surface loses stability,
plotted against depth h of
helium in the capacitor.
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