
as to the structure of these stars. General confidence in
the theory of the late stages in evolution was enhanced.

The theoreticians played the next round: two years
prior to the corresponding observations, Schwartzmann
predicted that a pulsar in a binary system would period-
ically radiate x-ray pulses due to accretion.

Much work was done within a short time after the
observations of binary (including eclipsing-binary)
x-ray sources—in Hercules, in Cygnus, and elsewhere.
Syunyaev and Basko examined the vaporization of a gas
under the action of a flux of x-rays. Syunyaev and Shak-
ura considered the spectrum of the disk. Syunyaev sug-
gested quasiperiodic fluctuations as offering a way to
investigate the "black hole."

Novikov and the American physicist Thorne developed
a consistent relativistic theory of disk accretion. Lyutyi,
Cherepashchuk, and Kurochkin, specialists on variable
and binary stars at the Shternberg Institute (the State
Astronomical Institute of Moscow State University),
became involved and, together with members of our
group, interpreted the optical observations of the
"ordinary companions" of relativistic stars. A new and
extremely rapidly developing branch of astronomical
science, to which Soviet astrophysicists have rendered
meritorious service, has emerged.

General information may be found in "The Theory of
Gravitation and the Evolution of the Stars," by Ya. B.
Zel'dovich and I. D. Novikov (Nauka, 1972). This book
is significantly stronger in the area that is the subject
of this paper than the book by the same authors "Rela-
tivistic Astrophysics" (Nauka, 1967). On the other hand,
recent results are being set forth in a steadily rising
stream of communications in "Astrophysical Journal
Letters," "AstrophysicalJournal," "Astronomy and
Astrophysics," "Astrophysics and Space Science,"
"Astronomicheskii Tsirkulyar," "Astronomicheskii
Zhurnal," "Astrofizika," and other journals and to an
even greater degree in preprints of the work of Soviet
and foreign scientists.

F. I. Fedorov. The Development of Physics in
Belorussia.

Before the October Revolution, there were no higher
educational institutions or scientific-research agencies
on the territory of Belorussia. The Belorussian State
University was opened in 1921 by decree of V. I. Lenin.
The Belorussian Academy of Sciences was founded in
1929, but it was a long time before it acquired scien-
tific-research facilities in the physicomathematical
profile. Only in 1955 was the Institute of Physics and
Mathematics organized in the Belorussian Academy of
Sciences, and before that date research in these
sciences was pursued only in the department of the
Belorussian State University.

Note should be taken of the great assistance rendered
our republic in the matter of staff training by the scien-
tific agencies and colleges of Moscow and Leningrad,
where young Belorussian physicists completed their
graduate studies under the guidance of prominent sci-
entists.

At the present time, the principal scientific centers
in the BSSR at which physical research is done are the
Institute of Physics (IP) and the Institute of Solid-State

and Semiconductor Physics (ISSSP) of the Belorussian
Academy of Sciences, together with the Physics Depart-
ment of the V. I. Lenin Belorussian State University.

The Institute of Physics of the Belorussian Academy
of Sciences is one of the foremost scientific agencies of
our country in the fields of optics and spectroscopy.
Many of the results obtained here have been widely
recognized both in the USSR and abroad. We shall
enumerate a few of them. The Institute has developed
engineering methods for computing the optical proper-
ties of lasers that are now generally accepted and
widely used. A new class of active substance for lasers
—complex organic compounds of the dyestuff type—has
been discovered. Lasers with smooth output-frequency
tuning have been developed on the basis of these sub-
stances. For this discovery, the Director of the Institute
of Physics of the Belorussian Academy of Sciences,
Academician of the Belorussian Academy B.I . Stepanov,
was awarded a 1972 USSR State Prize jointly with A. N.
Rubinov and V. M. Mostovnikov.

A general consistent phenomenological theory of the
optical properties of transparent, absorbing, magnetic,
and optically active anisotropic media was developed on
the basis of direct tensor-calculus methods. A theory of
the propagation of elastic waves in crystals was devel-
oped, and an effective method of calculating Debye tem-
peratures for crystals of arbitrary symmetry was
elaborated.

The foundations of a theory of the luminescence of
complex molecules have been laid. A spectroscopy of
negative luminous fluxes has been created. A universal
relation has been established between the absorption
and luminescence spectra of complex molecules and
semiconductors.

The phenomenon of vapor-fluorescence extinction by
foreign gases was discovered. A new type of lumines-
cence—sensitized anti-Stokes annihilation fluorescence-
has been observed.

Dispersion filters of a qualitatively new type have
been created for the infrared region of the spectrum,
where they offer substantial advantages.

New methods have been developed for the production of
shock waves and supersonic erosive plasma jets.
Machines that model complex plasma formations have
been built. Spectroscopic and laser methods for low-
temperature-plasma diagnostics have been developed.

Theoretical research in quantum-field theory and the
general theory of relativity is conducted at the Theoreti-
cal Physics Laboratory of the Institute of Physics and
in the Belorussian State University Theoretical Physics
Department. A general method of projective operators
has been developed in the theory of particles with arbi-
trary spin. A new parametrization, with the aid of
three-dimensional complex vector parameters, has been
proposed for real and complex Lorentz groups. The
tetradic formalism in GTR has been developed in com-
bination with the method of stratified spaces.

Extensive research is being done in solid-state
physics at the ISSSP of the Belorussian Academy of
Sciences. The nature of the chemical bond in solids and
their physical and chemical constants are objects of
study; phase transitions, crystal-growth processes, and
the optical properties of semiconductors are being in-
vestigated. The ISSP is the foremost scientific agency
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working on the problem of the chemical bond in solids. which have been translated and published abroad.

Since 1964, the Institute of Physiqs of the Belorus-
sian Academy of Sciences has been publishing the All- Although the scientific agencies of the BSSR that
Union "Journal of Applied Spectroscopy," which is deal with physics do not have a long history, the results
translated in the United States. Belorussian physicists that they have produced indicate that we may relay on
have published about 20 original monographs, many of new achievements in the future.

Joint Scientific Session of the Division of General Physics and
Astronomy with the Nuclear Physics Division, USSR Academy of
Sciences (27-28 December 1972)

Usp. Fiz. Nauk 110, 444-452 (July 1973)

A joint scientific Session of the Division of General
Physics and Astronomy with the Division of Nuclear
Physics of the USSR Academy of Sciences was held on
December 27 and 28, 1972 at the conference hall of the
P. N. Lebedev Physics Institute. The following papers
were delivered:

1. N. G. Basov, E. M. Belenov, V. A. Danilychev, and
A. F. Suchkov. Compressed-Gas Lasers.

2. Yu. V. Afanas'ev, N. G. Basov, O. N. Krokhin,
V. B. Rozanov, G. V. Sklizkov, and S. I. Fedotov.
Theoretical and Experimental Investigations of Laser-
Plasma Dynamics.

3. V. I. Gol'danski? and Yu. M. Kagan. Feasibility of
the Nuclear-Transition y Laser (Gaser).

4. Yu. A. Il'inskii and R. V.Khokhlov. The Possibility
of Observing Stimulated y Radiation.

5. V. S. Letokhov. Use of Lasers in Nuclear Spectro-
scopy.

We publish below the contents of some of the papers.

N. S. Basov, E. M. Belenov, V. A. Danilychev, and
A. F. Suchkov. Compressed-Gas Lasers

Interest in compressed gases as laser active media
arises out of their high optical homogeneity, the possi-
bility of attaining high active-particle densities, and the
existence of gas-laser designs with efficiencies up to
50%. In addition, it is possible at high pressure to ob-
tain smooth frequency tuning, to generate ultrashort
pulses, and obtain high power and coherence in the radi-
ation. These properties of compressed gases have at-
tracted attention to them as possible active media for
powerful lasers, which are needed particularly urgently
at the present time in connection with the development
of research on controlled thermonuclear fusion, guided
stimulation of chemical reactions, and other applications
of lasers.

The following difficulties arise in the design of com-
pressed-gas lasers. Firstly, because of the instability
of the discharge at high pressures, the traditional elec-
tric-discharge method of exciting gas lasers cannot be
used for volume excitation of compressed gases. Sec-
ondly, the collision broadening of the laser levels,
which is proportional to the gas pressure, requires a
substantial increase in the pumping rate as the pressure
rises. Finally, it has been hypothesized that it may not

be possible to obtain lasing at all at high pressures be-
cause of the increased importance of triple quenching
collisions.

An electroionization method for volume excitation of
compressed gases has been developed during the last
few years as a result of research done in the Quantum
Radiophysics Laboratory of the Institute of Physics,
USSR Academy of Sciences[1]. This method has made it
possible to obtain generation with a number of com-
pressed gases, e.g., carbon dioxide compressed to 60
atm. The electroionization CO2 laser demonstrated
the advantages of compressed gases as laser active
media. High efficiency (~30%) and a high active-
particle density of ~1018 cm"3/atm were obtained, the
possibility of continuous tuning of the generating fre-
quency was demonstrated, and ultrashort pulses lasting
~10"9 sec and high powers (>107 W/cm3) and energies
(>10-1 J/cm3) were obtained in the radiation; diffrac-
tively divergent radiation was produced[1)2]. At the
present time, the electroionization excitation method is
the only known method for pumping high-power lasers
with high efficiencies.

In the electroionization excitation method, the pump-
ing energy is taken from the energy of an electric field.
In contrast to the gas-discharge method, however, the
conductivity that the working medium must have to
transmit an electric current is created by irradiating
the medium from an external source of ionizing radia-
tion (fast electrons[1'2), light C3>4], or nuclear fission
products'-51). This makes it possible to place the value
of the electric field in the range of most efficient exci-
tation of rotational-vibrational levels—a field that is, as
we know, weaker than the discharge-initiating field.
Here the energy expended on ionization does not exceed
1% of the electrical energy. Elimination of the independ-
ent discharge makes it possible to excite compressed
gases with no restrictions in principle on pressure and
volume. If the ionizing radiation and the independent
discharge were to act simultaneously on the active
medium, the deficiencies of the gas-discharge method
would remain and excitation of the compressed gases
would be impossible K The influence of a space charge
on the current through an ionized working medium may
render electroionization excitation practically unwork-
able[3 '7]. Under the conditions of strong ionization of the
gas, however, the space-charge effect is found to be in-
significant and, as has been shown by experiments'1'81,
the electrical energy W to be invested in the gas is
determined by Ohm's law
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