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c o m p o n e n t t y p e h a v e b y n o w b e e n i n v e s t i g a t e d .

T h e e q u a t i o n s o f n o n l i n e a r e l e c t r o d y n a m i c s ( s e e 1 - 3 - 1 )

a d m i t o f s o l u t i o n s E ( x ) e x p ( i k z z ) i n t h e c a s e o f p l a n a r

g e o m e t r y , a n d m a k e i t p o s s i b l e t o s e p a r a t e t w o t y p e s o f

exact solutions with single-component (0, Ε , 0) and
two-component (E x , 0, E z ) electric vectors, as well as
the more general case of three-component solutions
(E x , E y , E z ) . The system of equations of nonlinear
electrodynamics includes the conservation law

Η = Ρ» - k'E· + [(*«e - *i)> - *«] *-!£» + is [ ε (?) dq,
a

where k = ω/c, Ρ = dE /dx, and e(E2) the nonlinear

dielectric constant. This makes it impossible to deter-
mine in the space (E x , E y , E z ) at Η = 0, which is essen-
tial for self-channeling, a boundary surface
P(EX, E y , E z ) = 0 inside of which all the localized solu-
tions are located. The boundary conditions for the self-
channeling fields are

l im lim (
Ε -* 0

where C is a parameter of the problem proper. A quali-
tative analysis and numerical integration indicate that
there exists a sequence of three-component fields local-
ized in space. The results of a numerical integration,
performed for e = e0 + e 2 E 2 E N , are shown in Figs. 1 and
2, where the projections of the electric-vector motion
are shown together with the spatial distribution of the
field. The self-channeling three-component fields are
characterized by a unique structure with low symmetry.
The localization region of the obtained self-channeling

FIG. 1

waveguides exceeds the characteristic dimension of the
localization region of the one- and two-component states
by several times. However, the largest projections E y

and E x , E z for the three-component localized states
do not exceed the largest values of the corresponding
projections for the localized one- and two-component
states. The reason is that the characteristic dimensions
of the boundary surface P(EX, E y , E z) = 0, which is a
degenerate torus, are determined by the parameters of
one- and two-component localized states. Localized
three-component states of the field can be ordered in
accordance with the number of tangencies of the electric
vector, which describes a closed curve in the space
(E x , E y , and E z ) , with the boundary surface. For ex-
ample, for the states shown in Figs. 1 and 2, the number
of tangencies between the entry and departure points of
the 0-field regions is six and ten, respectively. A
single-component localized state (waveguide of TE type)
corresponds to one tangency, and a two-component state
(waveguide of type TM) corresponds to motion over a
curve lying on the boundary surface. We note that
three-component self-focused waveguides correspond
to allowance for both the transverse and longitudinal
degrees of freedom of the electromagnetic field.

In the case of cylindrical geometry, the equations of
nonlinear electrodynamics admit of solutions
E(p)exp(ikzz + im<p). At m = 0, i.e., for fields that do
not depend on the azimuthal angle, it becomes possible
to separate not only two types of exact solutions with
one- and two-component vectors (0, Εφ, 0) and
(Ε , 0, E z ) , but also a more general three-component
solution (E p , Εφ, Ε ζ ) . A feature of such a three-com-
ponent solution is that at m = 0 the connection between
the electric-vector projections Εφ, Ε ρ , and E z is only
via a nonlinearity, namely the dielectric constant. The
problem is to find the eigenvalues of a pair of param-
eters, namely, the z-projections of the electric and
magnetic fields on the axis of the self-focused wave-
guide. Numerical integration leads to a three-component
localized state with the field distribution shown in Fig.
3. The same figure shows the projections of the motion
of the electric vector, characterizing the peculiar polar-
ization structure of the electromagnetic field. We note
that the characteristic dimension of the localization
region in space, the characteristic values of the projec-
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tions of the e lect r ic vector, and also the energy flux a re
all of the same order as for the f irst non-fundamental
one- and two-component states1-3-1. We indicate that in
the case of cylindrical self-focused waveguides, the
longitudinal fields turn out to be comparable with the
t r a n s v e r s e ones in magnitude.

l r r . F. Volkov, in: " F i z i k a plazmy i problema
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SCIENTIFIC SESSION OF THE DIVISION OF GEN-
ERAL PHYSICS AND ASTRONOMY AND O F THE
DIVISION O F NUCLEAR PHYSICS O F THE USSR
ACADEMY O F SCIENCES (23-24 F e b r u a r y , 1972)

A scientific sess ion of the division of General Phys-
ics and Astronomy and of the Division of Nuclear Phys-
ics of the USSR Academy of Sciences was held on 23 and
24 February , 1972 in the conference hall of the Physics
Institute of the USSR Academy of Sciences. The follow-
ing papers were delivered at the sess ion:

1. S. E. F r i s h , Role of A torn-Atom and Atom-Mole-
cule Collisions in the Excitation and Ionization of Atoms.

2. V. E. Zuev, Laser Sounding of the Atmosphere.
3. M. A. Markov, Global P r o p e r t i e s of Collapsing

Matter .
4. I. D. Novikov, Gravitational Field and Metric of

Collapsing Object.
We publish below brief s u m m a r i e s of three of the

p a p e r s .

5. E. F r i s h . Role of Atom-Atom and Atom-Molecule
Collisions in the Excitation and Ionization of Atoms.
The paper descr ibes a group of investigations per-
formed under the direction of the author at the Optics
Department of the Leningrad State University. The in-
vestigations per ta in to inelastic collisions of part ic les
having thermal velocit ies, one or both par t ic les being in
the excited s tate . The observations show that such colli-
sions a r e character ized by large effective c r o s s sections

1 6 1 5 2that reach values on the o r d e r of ΙΟ' 1 6 — 1(Γ Their
ro le in the aggregate of p r o c e s s e s that occur in a gas-
discharge p lasma can therefore be appreciable in those
cases when the par t ic le concentrations a r e low.

In the main, p r o c e s s e s of the following types were
considered:

A· + Β — A + B* + AE,

A· + Β· — Α + Β " + AE,

A· + B« -+ A + B+· + e + AE,

A· + B2 ->- A + B· + AE,

A· + Bf -+ A + B+J + e + AE.

(1)

(2)

(3)

(4)

(5)

T h e p r o c e s s (1) c o n s t i t u t e s c o l l i s i o n s of t h e s e c o n d
k i n d b e t w e e n e x c i t e d and u n e x c i t e d a t o m s . An e x p e r i -

FIG. 3

m e n t a l i n v e s t i g a t i o n of s u c h a p r o c e s s i s u s u a l l y c a r -
r i e d o u t by one of two m e t h o d s , s e n s i t i z e d f l u o r e s c e n c e
o r s t a t i o n a r y glow of the p l a s m a . H o w e v e r , in s p i t e of
t h e l a r g e n u m b e r of p e r f o r m e d i n v e s t i g a t i o n s , m a n y
a s p e c t s of p r o c e s s (1) r e m a i n u n c l e a r . We h a v e u s e d
i n o u r i n v e s t i g a t i o n s two o t h e r m e t h o d s , n a m e l y , e x c i t a -
t ion with an e l e c t r o n b e a m and o b s e r v a t i o n of t h e c r o s s
s e c t i o n of a d e c a y i n g p l a s m a .

B o g d a n o v a and Marusin '- 1 - 1 h a v e s h o w n t h a t w h e n
l u m i n e s c e n c e i s e x c i t e d in g a s e s o r l i q u i d s b y e l e c t r o n
b e a m s , u n d e r c o n d i t i o n s of su f f ic ient ly good m o n o k i n e -
t i z a t i o n a n d s i n g l e c o l l i s i o n s , the b r i g h t n e s s of c e r t a i n
l i n e s i n c r e a s e s s e l e c t i v e l y , a n d t h i s i n c r e a s e c a n be
e x p l a i n e d by m e a n s of p r o c e s s ( 1 ) . T h e c h a r a c t e r of t h e
d e c r e a s e of t h e b r i g h t n e s s of s u c h l i ght i s a f t e r the
e l e c t r o n i s t u r n e d off c o n f i r m s t h i s p o i n t of v iew. F u r -
t h e r , if the e l e c t r o n v e l o c i t y i s v a r i e d , it i s p o s s i b l e t o
o b s e r v e the o p t i c a l e x c i t a t i o n funct ion of the l i n e s t h a t
a r e a m p l i f i e d by c o l l i s i o n s of the s e c o n d k i n d . It w a s
s h o w n , e . g . , t h a t i n a m i x t u r e of s o d i u m a n d m e r c u r y
v a p o r s t h e o p t i c a l e x c i t a t i o n funct ion of t h e d o u b l e t
Na I, 92S — 3 2 P, λ 442.3/2.0 nm coincides with the exci-
tation function of the m e r c u r y line 6 3 Ρ Χ — 6^0, A253.7
nm. This confirms directly that the indicated doublet of
sodium is excited by transfer of energy from the sixth
3 P i state of mercury . Thus, the electron-beam method
affords additional possibi l i t ies of investigating colli-
sions of the second kind.

Observation of afterglow of the p lasma also offers
many advantages in comparison with observation of a
stat ionary discharge. In the la t ter it i s difficult to
separate the excitations due to atom-atom and atom-
electron coll is ions. In the afterglow, on the other hand,
different p r o c e s s e s a r e character ized by different r e -
laxation t imes , and this makes it possible to separate
them from one another. If, e.g., an excited atom is in a
metastable s ta te , then the damping of the p r o c e s s e s due
to collisions with them will be much slower than that of
p r o c e s s e s due to collisions with fast e lect rons .

Bochkova and Tolmachev1-2-^ have investigated the
afterglow of a mixture of argon with krypton. It was
shown that severa l krypton lines have a damping time
that coincides with the disintegration time of metastable
argon a toms. Similar observations were c a r r i e d out for
a mixture of helium with xenon. In this case, the p r o c -
ess follows the scheme (3). The metastable He atoms
2*S or 23S collide with metastable xenon atoms, as a r e -
sult of which excited xenon ions a r e produced. The
spectrum reveals a number of Xe II l ines, which show a
large damping t ime. In this case , the effective c ross
sections a r e large also at considerable excess energies
ΔΕ. The excess energy is c a r r i e d away by the p r o -
duced free electron.


