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A Scientific session of the Division of General Phys-
ics and Astronomy of the Academy of Sciences of the
USSR was held on May 31 and June 1 in the conference
hall of the P. N. Lebedev Physics Institute. The fol-
lowing papers were delivered:

1. /. D. Novikov, Space-time in a black hole.

2. P. V. Shcheglov and A. A. Tokovinin, Prospects
for the attainment of high angular resolution in ground-
based optical astronomy.

3. M. A. Liberman. A contribution to the theory of
ionizing shock waves in magnetic fields.

4. V. A. Bazylev cmdN. K. Zhevago, Electromag-
netic radiation emitted by particles channeled in a
crystal.

5. M. A. Kumakhov, Spontaneous and induced emis-
sion by relativistic particles in a crystal and possibili-
ties for utilization of this effect in physics.

We publish below brief contents of four of the papers.

P. V. Shcheglov and A. A. Tokovinin. Prospects
for the attainment of high angular resolution in ground-
based optical astronomy,° The resolving power of
large first-quality ground-based telescopes in classi-
cal photographic work is now limited by atmospheric
turbulence and seldom exceeds 1"; siting of such tele-
scopes at places with good atmospheric conditions
sharply improves their efficiency in the sense that they
can operator for longer times with good resolution.
Atmospheric conditions are now studied both by optical
methods and by analysis of temperature fluctuations
throughout the entire depth of the atmosphere; sur-
face-layer (2-30 meters) turbulence is not detrimental
to the images at night at good locations. The atmos-
pheric aspect of securing good resolution in modern
observational astronomy has definitely been neglected.
Resolution may be much better in short-exposure visu-
al observations than it is in photography, and some-
times reaches 0".05. Visual observations of double
stars are made systematically with 0".15 resolution.
It is also helpful to use short exposures in photographic
observations.

Nonclassical methods of improving angular resolu-
tion and their sensitivity are discussed. It is shown
that the sensitivity of the Michelson interferometer and

speckle interferometry is limited in principle only by
the atmosphere. Their limiting magnitude increases
sharply with improvement of atmospheric conditions.
Given modern techniques for recording and analysis
of the images, these two observing methods should
have magnitude limits of 15-20 under realistic atmos-
pheric conditions and therefore appear highly promis-
ing. At the moment, the intensity interferometer gives
higher resolution (0".001), but it is much less sensi-
tive, and therefore suitable only for measuring the
diameters of comparatively bright stars (down to 2m.5
at present and perhaps down to 6™ in the near future).
Active compensation of wavefront distortions with the
aid of flexible mirrors is possible for stars no fainter
than 10m in a narrow field of view, so that this method
will probably not find astronomical applications.

It would therefore seem expedient to develop speckle
interferometry (which will be most productive in the
study of double stars) and to build updated long-baseline
Michelson interferometers, which will make possible
record-high resolution of faint, including extragalatic,
objects. The main components of such an interfero-
meter (precision optics and mechanics, laser instru-
ments for measuring distances, computers, and multi-
element light detectors) can be built even now on the
basis of existing technology.

M. A. Liberman. A contribution to the theory of
ionizing shock waves in magnetic fields. The develop-
ment of high-power electro-magnetic shock tubes in
which a dense hot plasma is formed behind the front of
a strong ionizing shock wave (SW) in a magnetic field,
has become a promising trend in the field of controlled

"A more detailed exposition of this problem will be found in
the paper, which the authors have submitted to Uspekhi
Flzicheskikh Nauk [Soviet Physlcs-Uspekhi].

thermonuclear fusion.1 In nature, such waves are for-
med in the ionosphere and in outer space. In spite of
more than twenty years of study of ionizing SW in mag-
netic fields, aspects of the problem still remain un-
clear. Moreover, the calculated structures of such
waves disagree even qualitatively with observations.2

Whereas theory3'* predicts that compression of the
magnetic field should be observed behind the gas-dy-
namic discontinuity in the structure of the wave, the
experimentally observed magnetic-field compression5

leads the pressure pulse.6
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Special theoretical interest in the problem is associa-
ted with formulation of boundary conditions. Since the
three conservation equations (mass flux, momentum,
and energy) are insufficient for derivation of the Hugo-
niot relations for the four variables that characterize
the state of the gas (density, velocity, temperature,
and magnetic field), an additional equation is needed.
A generalized Chapman-Jouguet condition for normal
ionizing waves was used as this supplementary condi-
tion in Refs. 7 and 8, while in Refs. 3, 4, and 9 the
supplementary condition was treated as a corollary of
the existence of wave structure.

In solving these problems, it is natural to seek an
additional relation as a consequence of the stability
requirement, in much the same way as is done in blast
theory. Then ionization stability of the gas before the
wavefront is necessary in addition to hydrodynamic

stability.
10.11 Let us consider the elementary case of a

transverse shock wave. If vt and Hu v2 and H2 are the
velocities and magnetic fields in front of and behind the
wave, the magnitude of the induced electric field (as
yet undetermined) in the nonmoving gas ahead of the
front is Ε = (υχΗχ — viH2)/c. The ionization-stability
principle means that not only the temperature, density,
and velocity, but also the electron density must be
homogeneous in the gas ahead of the ionization-wave
front. (The conductivity σ of the gas can be regarded
as zero at a given electron concentration if the magnet-
ic Reynolds number is small: Rm = 4vaviL/c2« 1.)

Thus, the rate of production of electrons in the in-
duced electric field should be zero ahead of the wave-
front, i .e . , the induced electric field should be equal
to the threshold value of the breakdown field Eb of the
gas. Thus the sought additional relation is

— vtH, (1)

The possible magnetic structures of the ionizing wave
depend on the relation between the intensity of the wave
and the value of Eb for the particular gas. If the lar-
gest value of the induced field is Emax = (vi~v2)Hi/c
> Eb, the boundary condition is given by formula (1).
Then the structure of the wave consists of a region of
compressed magnetic field behind which there may be
a gasdynamic (viscous) discontinuity if the shock-wave
intensity is above critical. (The appearance of a gas-
dynamic discontinuity is necessary for high-intensity
waves because more energy than Hz/8ir cannot be dissi-

i20 no

FIG. 1.

pated on compression of the magnetic field.)8 Figure
1 shows experimental values of v2H2/v\ll\ for an ioni-
zing shock wave in hydrogen and the values calculated
from (1).

At low magnetic fields and high gas densities, when
Emax<Ebt the ionization-stability principle can be sat-
isfied only if the degree of ionization of the gas ahead
of the front equals zero everywhere up to the gasdy-
namic discontinuity. Then if the magnetic field is not
compressed in the gasdynamic discontinuity, we have
H1--=H2 as the supplementary boundary condition in-
stead of (1). Estimates show that nontrivial magnetic
structure (with magnetic-field compression in the gas-
dynamic discontinuity) is possible only in a very dense
gas in weak magnetic fields:

Να (cm' 3 ) > - • 10" Ht, H1 ( O e ) < ΙΟ-1 , ~ 10-·.
»<m V Tin
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V. A. Bazylev and Ν. Κ. Zhevago. Electromagnetic
radiation emitted by particles channeled in a crystal.
In the effect in which a relativistic particle is channel-
ed in a crystal, it travels macroscopic distances along
planes or chains of the crystal's atoms without being
scattered through relatively large angles.1 The parti-
cle's transverse motion is limited approximately to
interatomic distances and is relatively slow (nonrela-
tivistic).

In this case, the total energy of the particle «an be
represented as the sum of the energy of longitudinal
motion E» and the energy of transverse motion Ei«Elu

The latter takes on discrete values by virtue of the
finiteness of the transverse motion. It is found that the
"transverse" energy levels are determined by a Schro-
dinger equation in which the longitudinal energy takes
the part of the mass of the particle. Therefore the
transverse-energy levels depend parametrically on
the longitudinal energy.

Electromagnetic emission occurs on spontaneous
transfer of the particle from an initial state i of the
transverse motion to a final state /. The energy of the
emitted photon does not, generally speaking, agree
with the difference f, - Wf between the energy levels.
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