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and signs of the energy and p r e s s u r e in three axes and
with consideration of the reciprocal influence of the
newly produced matter on the m e t r i c . Finally, we take
note of problems that constitute p a r t s of the general
problem but require new ideas : 1) general covariant
formulation of the theory; 2) consideration of the direct,
nongravitational interaction of the par t ic les with one
another; 3) the most difficult and important problem:
the cosmological problem of emergence from the singu-
larity, of the formulation of initial data in the singular
state. It is possible that this last problem will be insep-
arable from the general problem of quantization of the
m e t r i c .
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A. B. Migdal. Vacuum Stability and Limiting Fields.
In studies of the polarization of vacuum, the field, in

which there a re deep bound part icle s tates , i s usually
left out of consideration. In this paper, we discuss the
phenomena that ar i se when a strong external field leads
in the single-particle problem to the appearance of a
bound state with energy approaching the energy of
formation of par t ic le s from the vacuum.

The best-known examples of the appearance of such
cri t ical levels are the point nucleus with charge Z c

= 137 and the finite nucleus of radius R = roA1 3 with
charge Z c = 170. It can be shown that when Ζ > Z c , the
state with the lowest energy corresponds to an energy
with a charge. This charge is situated in the region
B/mc. Owing to the Pauli principle, which forbids ac-
cumulation of par t ic les in a dangerous state, a weak
screening field appears . A more important reconstruc-
tion of the vacuum occurs in the fields in which produc-
tion of Bose par t ic les is possible. Consideration of the
interaction between par t ic le s guarantees stability of the
vacuum. Owing to the existence of the Bose par t ic les ,
the effective field cannot exceed the value at which the
cri t ical part ic le-energy value is reached.

A part icular ly interest ing effect appears in the field
real ized in nuclear mat ter . The field acting on mesons
in nuclear mat ter is determined by the formula V = 47rnf,
where η i s the nucleon density and f is the amplitude of
zero-angle scattering of the u- meson. At a sufficiently
high density η (when V > μ 2 ο 4 ) , the meson vacuum is
reconstructed and a phase transit ion occurs in which
the equation of state of the nuclear matter changes.
This phase transit ion can apparently be accomplished
in neutron s t a r s , in the region of high neutron density.
In ordinary nuclei, the dense phase is separated from
the ordinary phase by an enormous potential b a r r i e r .
Attempts might be made to find such superdense nuclei
in cosmic rays . The charge-to-mass rat ios of such
nuclei are substantially higher than the ordinary.
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Λ scientific sess ion of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was
held on June 23 and 24, 1971, in the Conference Hall of
the P. N. Lebedev Physics Institute. The following pa-
p e r s were delivered:

1. A. Z. Dolginov, Physical P r o c e s s e s in Comets.
2. V. I. Moroz, The Atmosphere of Mars .
3. A. F. Aleksandrov and A. A. Rukhadze, Heavy-

current Electr ic-discharge Light Sources.
4. V. N. Andreev, A. G. Aronov, and F. A. Chudnov-

skii, The Phase Transformation in V2O3 in an Electr ic
Field.

We publish below brief contents of some of the p a p e r s .

A. Z. Dolginov. Physical P r o c e s s e s in Comets.
Despite the long history of the study of comets, a

number of fundamental aspects sti l l remain unclear in
the physics of cometary phenomena. One of the ser ious
difficulties is the absence of direct data on the nature of
the molecules vaporized from the surface of the comet

24, 1971)

—786 (December, 1971)

nucleus, since all of the observed molecules C2, CN, OH,
etc . , a re products of chemical react ions and dissocia-
tion p r o c e s s e s in the vicinity of the nucleus. Neverthe-
less , an attempt can be made to determine the conditions
at the boundary of this region from observations of the
more remote regions of the coma. To this end, we
solved the kinetic equation describing the spatial and
velocity distributions of the par t ic les that are emitted by
the region around the nucleus and move under the p r e s -
sure of sunlight. It was taken into account that a region
of frequent collisions exists near the nucleus and that
the hydrodynamic outflow regime is supplanted at a cer-
tain distance by free molecular outflow. Various hypo-
theses as to the distribution of part icle velocities at the
boundary of the frequent-collision region were examined,
and the finite lifetime of the molecules with respect to
dissociation and ionization p r o c e s s e s was taken into ac-
count. Es t imates of the physical p a r a m e t e r s in the vic-
inity of the nucleus were arr ived at from comparison of
the resulting part ic le distribution with the observed dis-
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tribution (see the table). It is seen from the table, in
part icular , that molecules moving toward the sun have
s h o r t e r l i fetimes than those moving away from the sun.
This suggests a high optical thickness of the coma with
respect to the radiation causing the decay of the mole-
cules. The theoretical isophots of the coma were found
to agree well with the observed ones. A comparison
for the hydrogen atmosphere of Comet Bennett (with
allowance for the charge exchange of solar-wind pro-
tons) made it possible to es t imate the solar wind flux
outside the plane of the ecliptic (heliocentric latitude
37.5° at a distance of 0.6 a.u.). It was found equal to
6 χ 108 c m ' 2 - sec" 1 . The theory had also predicted that
pulling of individual isophots toward the sun was possi-
ble at the high hydrodynamic outflow velocity that may
a r i s e in dust-poor comets. This was indeed observed
for Comets Encke and Ikeya-Seki.

Conditions near the nucleus a r e such that many
cometary gases, such as C 2 , should be in a strongly
supersaturated state and should condense into dust par-
t ic les . An investigation of the condensation kinetics in-
dicates that the dust par t ic les reach dimensions of
ΙΟ"5—10"4 cm. Such par t ic le s a r e observed in the
atmospheres of comets and in meteor s t r e a m s . This
makes it possible to explain the entire dust component
of comets by condensation, without resort ing to the
hypothesis that the dust par t ic les a r e already present
in the nucleus in their final form.

When it is remembered that the surface of the
nucleus may consist of two (or more) zones with widely
differing heats of evaporation, it becomes possible to
explain the appearance and grouping of synchrones in
type II tai ls . If such a nucleus rotates , the quantity of
matter evaporated is modulated with the period of the
rotation. For example, this yielded a period of rotation
of ~ 0.6 day for Comet 1910 I.

Cometary dust par t ic les acquire a charge as a result
of the photoeffect and collisions with e lectrons and pro-
tons. This re su l t s in formation of a p lasma in which the
dust par t ic le s act as heavy ions. The propagation veloc-
ity of perturbations, e.g., Alfven waves, in a dust plasma
differs from the velocity of the waves in an electron-
proton plasma.

The orientation of the dust par t ic les must be taken
into consideration in analyzing data on the scattering and

Values of the p a r a m e t e r s character iz ing
the region near the nucleus and the
corresponding theoretical isophots

Comet

1955 g,
0.93 a.u.,
Cj
1956 h,
0.64 a.u.,
c2

1959 k,
1.055 a.u.,

1051 I,
1.2 a.u.,
CN
1956 h,
0.64 a.u..
CN

v, cm/sec

105

9.6-104

8.1-104

1.2-105

1.36-101

1

1

1

2

3.

Γ, °K

.7-103

.0-103

,1-103

.5-103

15-103

t», cm/sec1

0 395

0 844

0.308

0.365

1.28

τ

τ
τ

1

τ

1

)
[

τ, sec"1

.35-105

= 3· 10»
-3.4-105

.48-105

2,105

= 1.8-103
= 1.26-105

polarization of light in dust tai ls . Orientation under the
action of the directional luminous flux from the sun i s
possible. It i s especially effective if the dust par t ic les
have optical activity and the probabilit ies of absorption
of right-hand and left-hand quanta a r e different. How-
ever, it i s evident that orientation under the influence of
solar-wind-proton impacts i s most effective.

An oriented dust medium i s anisotropic and, in many
cases , gyrotropic. There a re many common features in
the scattering of light (see, for example, Astrophys. J .
160, L101 (1970)) by cometary dust par t ic les and by dust
part ic les of the inters te l lar medium and those of nebu-
lae. The cometary dust medium might be a convenient
model for study of the galactic dust. For example, in-
t e r e s t attaches to observations of s t a r s (and especially
of the polarization of their radiation) through the den-
sest p a r t s of the coma.

The mater ia l s of the paper a r e being published in the
collected t ransact ions of the 45th IAU Symposium
(Leningrad, 1970). E a r l i e r p a p e r s by the author were
also used: Astron. Zh. 44, 434 (1967) [Sov. Astron.-AJ
11, 345 (1967)]; Dokl. Akad. Nauk SSSR 179, 1070 (1968)
[Sov. Phys.-Doklady 13, 281 (1968)]; Transact ions of
the 39th IAU Symposium (Crimea, 1969); Transact ions
of the Sixth Winter School on Space Physics (Apatity,
1969), as were papers written jointly with Yu. N. Gnedin
and G. G. Novikov: Planet, and Space Sci. 19, 143 (1971);
Astron. Zh. 47, 870 (1970); 43, 181 (1966) [Sov. Astron.-
AJ 14, 700 (1971); 10, 143 (1966)]; Icarus 5, 64 (1966).

A. F. Aleksandrov and A. A. Rukhadze. Heavy-cur-
rent Electr ic-discharge Light Sources.

With the increasing demand witnessed in recent years
for high-powered ultraviolet sources for l a s e r pumping,
interest has grown in the heavy-current self-com-
p r e s s e d discharges (the pinch e f f e c t ) ^ . Investigations
of such discharges with the purpose of obtaining con-
trolled thermonuclear fusion have shown that owing to
the development of force instabil i t ies such a s constr ic-
tions and bends, such discharges break down during a
time T C ss R/v s , where v s i s the speed of sound and R
is the radius of curvature of the discharge surface.
Under thermonuclear conditions, T C is no more than a
few microseconds, while in radiating discharges with a
heavy-element plasma temperature To » 2—5 eV and a
density Ν « 1O1 8-1O2 0 cm" 3, we have T C « R/v s

= 30—100 μ sec, which i s of the same o r d e r or even
g r e a t e r than the t ime necessary to pump l a s e r s . The
basic requirements made of the radiating d i s c h a r g e s -
near-black-body p lasma radiation, uniformity of tem-
pera ture , and optimum efficiency of transformation of
the energy invested in the discharge into radiant
energy—place l imits on the total discharge c u r r e n t 1 ^ :

For the ζ pinch in a plasma with multiply ionized atoms
(silver, tungsten, lead, aluminum, etc.), I m i n « 105 A
and I

m a x

4.3 χ 105 A. At cur rent s I n < I m i n , the dis-
m a x

c h a r g e b e c o m e s o p t i c a l l y t r a n s p a r e n t a n d s u b j e c t t o a

dangerous and rapidly developing (τ η < T C ) overheating
instability, and when I n > I m a x , the r a d i a t o r ' s efficiency
drops off sharply a s a resul t of p la sma-tempera ture
nonuniformity. Experiments with e lectr ical explosion of
short metallic wires in a vacuum, carr ied out on appar-




