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FIG. 2. Plot of <β\ +E\)/4vJpga against h/a.

potential along the surface, which results from their
high mobility, it something new as compared to the
hydrodynamic problem of the gravity-capillary wave
spectrum. For arbitrary parameters, the spectrum
of the vibrations (see Fig. 1) has the form4·5

ω» = fc th (**,) - i £i Cth (**,)•

+ £JCth (**,)]}. (1)

The variation of w!(fe) due to the electrostatic contri-
bution in the right-hand side of (1) is nonmonotonic in
nature. If the thicknesses h are large compared to the
capillary constant a = ̂ aJpg~0.5 mm, the third term
in (1) results in the appearance of a deep minimum at
k^~ a'x, which reaches u = 0 a s the field increases.
This condition will determine the threshold of appear-
ance of shortwave instability, when the turbulent motion
that arises as a result of the instability is characterized
by the scale fej1" a. Another possibility is shown by
(1) to appear at small gaps (kh« 1). In this case, the
coefficient in the expansion of ω2«:£2 in (1) vanishes.
The dependence of the critical value of (E\ + E\) on h
(if hl=h2 = h in Fig. 1) is shown in Fig. 2, where the
region fe> V3a corresponds to the development of short-
wave instability and k «̂ /~3α to that of longwave in-
stability.

2. We investigated the manner of instability de-
velopment in Refs. 5, 6. To formulate the problem, it
is necessary to ascertain whether the turbulent motions
that arise at small excesses over the critical parameter
values are also of small amplitude ("soft" regime) or
whether the abrupt onset of the instability leads at once

to strongly developed irregular oscillations of the sur-
face with amplitudes of the order of the capillary con-
stant ("hard" regime). Investigation shows that in the
case of shortwave instabilities the abrupt onset should
as a rule take place according to the "hard" regime
whereas for k « a the longwave oscillations that de-
velop when the stability threshold is reached are of
small amplitude.

3. The question as to the final state of the system
assumes that the energy stored by the system is ul-
timately dissipated by viscosity. The viscosity of he-
lium is very low at low temperatures. Estimates6

indicate that turbulence can exist for a long time
(several tens of seconds). It is difficult to investigate
the nature of the state of the surface at rest in the gen-
eral case, but a study of certain limiting cases re-
ported in Ref. 6 indicates that for shortwave instability
the surface at rest may be expected to assume the form
of a periodic structure with hexagonal symmetry of the
unit cell. The amplitude and the period of the structure
are both of the order of the capillary constant, a~ 0.5
mm.

It was observed in the experiments of Ref. 7 that as
a result of gradual damping of the oscillations the sur-
face of the helium is discharged rapidly instead of
forming a periodic structure. Although this problem
requires special study, it can be stated even now that
the experiments of Ref. 7 were conducted at tempera-
tures below the λ point of helium, where nondissipative
motion of the superfluid component of the liquid is of
special importance.
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V. S. Edel'man. Investigation of the Resonance
properties of electrons above the surface of liquid
helium. The most effective and direct way to study
the dynamics of electrons localized over the surface
of liquid helium and their interaction with the surrounding
medium is to investigate resonance effects in electric
and magnetic fields. Resonant transitions between
quantum levels and cyclotron resonance in a magnetic
field Η perpendicular to the helium surface were ob-
served by Grimes et al.1>2 at temperatures Τ s 1.3 "K,
Under these conditions, the main interaction deter-

mining the relaxation time is collisions between elec-
trons and helium atoms, whose density in the vapor is
1019 cm"3. Lowering the temperature below ~ 1°K re-
sults in a rapid drop in the density of the vapor, and the
interaction with thermal vibrations of the liquid sur-
face (ripplons) becomes dominant3·4.

Our studies of cyclotron resonance at ~ 18 GHz showed
that the electron relaxation time τ increases at small
restraining fields EL from ~ 10"10 sec at T- 1. 3 °K to
10"8 sec at Τ = 0.4 °K. Since the relative width of the
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resonance line was AH/He~ 10'3, it was possible to
establish that the effective mass of the electrons with
H||N (N is the normal to the helium surface) and Ex <ς 50 V/
cm is within ~ 3 -10*5 of the mass of the free electron.

As EL increases, the interaction of the electrons
with the ripplons becomes stronger, and this broadens
the cyclotron resonance line in strong fields approxi-
mately in proportion to El at a rate ~ (1. 5± 20%) Ί0" 4

(eV/cm)2 at ELs 1 kV/cm. Further increases in EL

were limited by stability loss in the system of electrons
over the surface of 4He. 5 Similar effects have also
been observed for electrons localized over the surface
of 3 H e /

Increasing E± also lowers the effective mass. 7 The
resonance shift 6H in the magnetic field is proportional
to ~El and (for 4He) amounts to (6± 30%) 10"5 Oe/(V/
cm)2. Experiments performed at 37. 8 GHz showed that
δ// does not depend on frequency. A theory of the ef-
fect that agrees qualitatively with experiment (quan-
titative agreement has not yet been obtained) was pres-
ented in Ref. 8, according to which the effective mass
decreased because the electron, localized in the plane
of the liquid by the strong magnetic field, presses on
its surface with a force eEL and forms a well whose
parameters are determined by this force and by the
surface tension of helium. This changes the intrinsic
energy of the electron and with it the effective mass as
well.

The large relaxation times make it possible to ob-
serve a whole series of nonlinear effects even at low
microwave power levels. A peculiarity of the system
under discussion is that the times corresponding to a
mean free path are much larger for excited states than
for the ground state. This is because the average dis-
tance from the helium surface to the electron increases
when the latter is excited, and τ should reach rmax

= 3 Ί0" 4 sec on transition to the continuous spectrum at
T~ 0. 4 °K. This value is determined by the frequency
of collisions with vapor atoms.

Heating of electrons in cyclotron resonance has been
observed in Ref. 9 (see Fig. 1). An additional narrow
resonance line appears when the microwave-signal
power is increased. Its position does not depend on the
angle between Η and N, while for surface electrons the
resonance shifts in accordance with the law HTS!Sa: 1/
cos(HN) (see Fig. 1). Thus, the narrow peak is associ-
ated with cyclotron resonance of free electrons. The

/ΊΖ8 GHz
//'ffSSOe

Ψ1ά* FIG. 1.

-O.Z 0 0,2

smallest linewidth that was observed was ΔΗ- 0.15
Oe and corresponded to τ~Α ·10"7« rm a i. This was due
to strong overheating of the excited electrons, some-
thing that it is fundamentally impossible to avoid in
this excitation method.

It would appear promising to excite the electrons by
applying a secondary electromagnetic field with a fre-
quency corresponding to the energy of the transition
between the quantized levels or their transition to the
continuous spectrum. Observation of these transitions
would broaden the capabilities of low-temperature
spectroscopy. Among other things, we might expect
to be able to observe cyclotron resonance of free elec-
trons with a relative linewidth AH/11 <10~7, which would
make it possible to work on improvement of the values
of the universal constants.

The materials of the paper have been published.6·7·9
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K. I. Zemskov, M. A. Kazaryan, and G. G. Pet-
rash. Optical systems with brightness amplifiers.
In ordinary optical systems, the brightness of the light
beam at the exit is always lower than the brightness at
the entrance. This circumstance places severe limits
on the capabilities of optical systems. It is clear that
they could be increased greatly if it were possible to
use brightness amplifiers extensively in optics.

Quantum electronics is capable in principle of solving

this problem. In fact, the stimulated radiation dupli-
cates all properties of the stimulating radiation, i. e.,
makes it possible to increase the brightness of light
beams in all types of optical systems while introducing
only the noise associated with spontaneous emission.

The present paper sets out to analyze the factors
holding up the developmnet of optical systems with
brightness amplifiers and to survey the prospects for
their development.
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