
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
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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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1. It is a peculiarity of optical systems that they op-
erate simultaneously with a large volume of information
that is present in the amplitude and phase distributions
over the field, whose linear dimension usually contains
of the order of 103 resolvable elements. This imposes
certain requirements on the dimensions of the amplifying
elements and their angular aperture. It would be
desirable to have an ampliyf ing element with a gain such
that saturation of the active medium is attained in one
pass. In this case, the efficiency of energy conversion
to energy of the output beam that carries the image or
other optical information would approach the energy
conversion efficiency in the active medium. This would
make it possible to develop optical systems with ef-
ficiencies far above the conventional levels.

2. To reach saturation in one pass, it is necessary
to have a gain of the order of 0.1-1. 0 cm'1 for typical
active-medium lengths. This is what makes it dif-
ficult to create amplifying elements, since such gains
can be attained only with very high pumping rates.
Amplification in the visible region within the limits of
the Doppler linewidth requires pumping in the kW/
cm3 range at existing laser efficiencies in continuous
operation. Adequately high gains can be obtained com-
paratively easily with pulsed lasers.

3. The use of metal-vapor pulsed lasers, and es-
pecially the copper-vapor laser, which works in the
green region of the spectrum, made it possible to create
the first optical systems with brightness amplifiers
that were suitable for practical use and to investigate
these systems. A laser projection microscope with a
copper-vapor laser amplifier made it possible to pro-
duce images of microscopic objects on a screen with an

area greater than 10 m2 with linear magnifications up
to 15 · 103, which is far beyond the capabilities of con-
ventional projection systems. In this case the ampli-
fying element uses a substantial part of the stored in-
version, since it operates near saturation.

Gold- and barium-vapor lasers have been used to ob-
tain brightness-enahnced images of microscopic objects
in the red, ultraviolet, and infrared regions of the
spectrum. It is also possible to use lead-, manga-
nese-, and europium-vapor pulsed lasers for the same
purpose.

4. There are good prospects for the use of optical
systems with brightness amplifiers in large-screen
projection television, in data processing systems, for
high-speed microcinematography (at 10 000-20 000
frames per second), to amplify light beams formed on
reconstruction of dynamic holograms, and for various
other purposes.

5. Further development of optical systems with
brightness amplifiers requires the creation of new
highly efficient active media with high gains at large
diameters and angular apertures of the amplifying ele-
ment.
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L. L Devyatkova, P. M. Lozovskii, V. V. Mikhailin,
S. P. Chernov, A. V. Shepelev. and P. B. Essel'bakh.
Vacuum-ultraviolet luminescence of LaFs single crys-
tals. Doped LaF2 single crystals are of great interest
as possible active media for ultraviolet (UV) lasers.
This paper investigates the luminescence of these crys-
tals.

The luminescence-exciting source was a hydrogen
laser with the following parameters: lasing wavelength
1610 A, pulse duration less than 1 nsec, peak power
50 kW, pulse frequency up to 400 Hz.

The radiation of the exciting laser was focused on the
surface of the test specimen, which had been placed in
a cryostat. The luminescent emission was analyzed
with a Seya-Namioka vacuum monochromator. The
spectra of the luminescence were measured in the range
from 1600 to 2860 A. Those of LaF 3 : Nd, LaF 3 :
Pr, LaF 3 : Er, CeF3 and pure LaF3 were recorded.

Strong luminescence in the vacuum ultraviolet was
first observed for LaF3 :Nd (Fig. 1) in the 1740 A
region. The quantum yield of the luminescence in this
band is estimated at above 50%. The position of this
luminescence line does not change as the Nd concen-

tration is varied from 0. 05 to 2% by weight. With the
transition to liquid-nitrogen temperatures, it becomes
clearly evident that the 1740 A band is complex and that
the luminescence efficiency varies insignificantly.

The luminescence spectra of LaF 3 : Pr single crystals
(Fig. 2) have two strong groups of lines at 2500 and

50 ΙΰΟ
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FIG. 1.
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