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We note that the dispute " f i lament or multifocus
s t r u c t u r e " does not affect the question of waveguide
limitation of the beam divergence, which was observed
in many experiments both in the optical band and in the
radio band in a p lasma (such experiments were per-
formed recent ly by Litvak and co-workers^ 1 2 -').

The multifocus s t r u c t u r e is highly inefficient in p r a c -
t ice, s ince it distr ibutes the energy over a large volume
and does not c a r r y it over large dis tances, s ince the
power is absorbed and sca t tered in the foci, and only a
power close to the threshold value, i .e. , the s a m e power
that is incident on one focus, r e a c h e s the r e c e i v e r .
Therefore calculations for the multifocus s t r u c t u r e can
be useful only insofar as they determine the range of
conditions in which one should not operate .

The energy fed to a single focus or to the waveguide
can be increased by sett ing an initial beam divergence

f> s o t n a t t n e Tapping conditions a re θ 2 ~ i^E 2

f^. The problem of gathering energy into one
focus is quite interest ing in p r a c t i c e .

Self-focusing of powerful beams can be used to ob-
tain pre- thermonuclear t e m p e r a t u r e s . The fast motion
of the focus1-13-1 makes it possible to use concentrated
field regions for par t ic le acceleration 1 1 1 4- 1 .

It is possible that meandering of the focus in the
target leads to the appearance of an overheated group
of par t ic les and to hard x-ray or neutron emiss ion.

Intensive studies have been made recently of self-
focusing of acoustic waves with allowance for s trong
nonlinearity of acoustic waves in dense media as a r e -
sult of heating11 l b 3 , cav i ta t ion C l c 1 1 , changes in the com-
press ibi l i ty, change in the c a r r i e r dens i ty^ 1 5 3 , etc.
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V. E. Zakharov. Theory of Self-Focusing. Stationary
self-focusing1-1-1 of waves of nonlinear media, including
self-focusing of electromagnetic waves in a nonlinear
die lectr ic , is described by the equation for the complex
envelope of the wave1-2'3-1

T h i s e q u a t i o n d e s c r i b e s , i n p a r t i c u l a r , b e a m s ( w a v e -

g u i d e s ) t h a t a r e h o m o g e n e o u s a l o n g t h e p r o p a g a t i o n

axis : plane 1 1 2 3 Φ = V2~77e4lT?2X/ch 2TJX, and cylindrical 1 1 3 3

Φ = e i zA2x" 1R( r/x). The functions R(?) were calculated
in this case with a computer.

The problem of the theory is to determine what hap-
pens to a wave with transverse distribution * 0 (r) at
ζ = 0 incident on a nonlinear half-space ζ > 0, and in
par t icu lar determine the feasibility of trapping the wave
energy in a waveguide propagation mode, and also the
possibility of the formation of s ingulari t ies (foci) at fin-
ite values of z.

The theory is entirely different for two-dimensional
(x, z) and three-dimensional (x, y, z) beams. In the two-
dimensional case the beam energy is trapped in the
waveguide propagation mode1 1 4-1. A s z - « , a finite
number of p lanar waveguides is produced, which gen-
eral ly speaking a r e inclined to the axis. The waveguide
p a r a m e t e r s can be calculated from the initial distribu-
tion of the field Ψ0(χ). To this end it is necessary to
solve the eigenvalue problem

Γ id/dx -Ψο/ν2]Γχι]

As ζ - « , each complex eigenvalue £^ = 4j + irjj c o r r e -
sponds to a waveguide with amplitude TJJ and slope (rela-
tive to the axis) tan φ ί = 4ξ Α .

Actually, however, such two-dimensional waveguide
propagation can be real ized only in a strongly aniso-
tropic medium (e.g., in a p lasma with propagation t r a n s -
verse to the magnetic field), s ince a planar waveguide
in an isotropic medium is unstable to t r a n s v e r s e modu-
lation.

In the three- dimensional case , the description of the
nonlinear medium with the aid of Eq. (1) is not accurate
enough, for in the case of sufficiently intense beams it
leads to the formation of a s ingularity of a pointlike
focus1 1 5 1 1. Near the focus, the field behaves l i k e C e a : l

ψ » λ"ΐ (ζ) Λ (r/λ (ζ)) exp I i f λ-2 (ζ) dz + \ir*Vj2\ (ζ))1 +Αα;
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) 2 / 3λ(ζ) ~ ( z 0 - z ) 2 / 3 , where z0 is the point of singularity.
The power concentrated in the singularity is equal to
the cr i t ica l value:

[ ψ [2 r ^ 2 n f №rdr~l 86.

ϋ

N e a r t h e s i n g u l a r i t y i t i s n e c e s s a r y t o t a k e - i n t o a c -

c o u n t t h e i n f l u e n c e o f f a c t o r s t h a t w e r e n o t t a k e n i n t o

a c c o u n t i n t h e d e r i v a t i o n o f ( 1 ) . I n a c o n s e r v a t i v e m e d -

i u m w i t h p u r e l y c u b i c n o n l i n e a r i t y , t h e f i r s t t o c o m e i n t o

p l a y i s v i o l a t i o n o f t h e q u a s i o p t i c a l a p p r o x i m a t i o n . T h i s

l e a d s t o t h e a p p e a r a n c e o f a b a c k w a r d w a v e r e f l e c t e d

f r o m t h e f o c u s . A s i m i l a r e f f e c t ( b u t w i t h c h a n g e o f f r e -

q u e n c y ) i s o b t a i n e d w h e n a c c o u n t i s t a k e n o f s t i m u l a t e d

R a m a n s c a t t e r i n g . S o m e i n f l u e n c e o n t h e b e h a v i o r n e a r

t h e f o c u s c a n b e e x e r t e d b y t h e v e c t o r s t r u c t u r e s o f t h e

e l e c t r o m a g n e t i c f i e l d , n a m e l y t h e a p p e a r a n c e o f i t s

l o n g i t u d i n a l c o m p o n e n t . T h e c a s e s m o s t i n v e s t i g a t e d ,

h o w e v e r , a r e t h o s e i n w h i c h t h e f i e l d a t t h e f o c u s i s

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

t h e n o n l i n e a r i t y . N o n l i n e a r d a m p i n g ( t w o - p h o t o n o r

h i g h e r ) o f t h e e n e r g y l e a d s t o a b s o r p t i o n o f t h e e n e r g y

t h a t e n t e r s i n t h e f o c u s . F o r i n t e n s e b e a m s t h i s p r o -

d u c e s t h e s e q u e n c e o f f o c i f i r s t d e s c r i b e d in 1 - 7 -^. Q u a s i -

s t a t i o n a r y v a r i a t i o n o f t h e b e a m a m p l i t u d e a t t h e e n -

t r a n c e t o t h e m e d i u m g i v e s r i s e t o m o t i o n o f t h e f o c i ' - .

I f t h e n o n l i n e a r i t y i s s a t u r a t e d ( d e v i a t e s f r o m c u b i c ) ,

t h e d i f f r a c t i o n e f f e c t s t u r n o u t t o b e s t r o n g e r t h a n t h e

n o n l i n e a r - f o c u s i n g e f f e c t s , a n d t h e d i m e n s i o n o f t h e

f o c u s i s f i n i t e . H o w e v e r , t h e r a y s e m e r g i n g f r o m t h e

f o c u s a r e a g a i n g a t h e r e d i n t o a f o c u s s o m e d i s t a n c e

a w a y , s o t h a t a p u l s a t i n g w a v e g u i d e i s p r o d u c e d 1 - 6 .

S e v e r a l r a n d o m l y o s c i l l a t i n g w a v e g u i d e s c a n b e p r o -

d u c e d i f t h e i n i t i a l - b e a m p o w e r i s h i g h e n o u g h .

F r o m t h e p o i n t o f v i e w o f e x p e r i m e n t a l o b s e r v a t i o n ,

t h e p i c t u r e o f o s c i l l a t i n g w a v e g u i d e s a n d t h e p i c t u r e o f

a b s o r b i n g f o c i a r e d i f f i c u l t t o d i s t i n g u i s h , a n d t h e i r

i d e n t i f i c a t i o n c a l l s f o r o r g a n i z a t i o n o f s p e c i a l e x p e r i -

m e n t s . I t i s p r o b a b l e , h o w e v e r , t h a t a b s o r p t i o n f o c i a r e

p r o d u c e d w h e n l i g h t p r o p a g a t e s i n K e r r - t y p e d i e l e c t r i c s ;

t h e w a v e g u i d e s s h o u l d b e o b s e r v e d i n t h e c a s e o f s e l f -

f o c u s i n g i n a p l a s m a .

N o t i c e s h o u l d a l s o b e t a k e n o f t h e r o l e o f n o n s t a t i o n -

ary p r o c e s s e s of nonlinearity relaxation and of para-
m e t r i c four-photon instability. Whereas these p r o c e s -
ses a r e negligible for long pulses (τ ~ 1CT9 sec) , they
may become decisive for shor t pulses (τ ~ 10" *—10~12

sec) .
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V. N. Lugovoi. Theory of Propagation of Giant Laser
Pulses in a Nonlinear Medium. The propagation of in-
tense light beams in nonlinear media has recently at-
tracted much attention. The greatest interes t attaches
to light beams obtained in pulsed l a s e r s , in which the
main contribution to the nonlinearity of the medium is
made by the Kerr effect. Consequently, most papers
dealing with the propagation of light in nonlinear media,
following the first (1964) paper of Chiao, G a r m i r e , and
Townes1-1-1, deal with a Kerr-type nonlinearity, where
the refractive index of the medium is a function of the
light intensity.

The concept of cr i t ica l beam power was introduced
in'-1-1, and it was subsequently shown by Kelley in
19651-2-1 that a light beam with above-crit ical power
begins to propagate in a medium with K e r r nonlinearity
in the following manner. The intensity on the axis of
this beam increases without limit (within the framework
of the employed parabolic equation) when it approaches
a certa in point on the axis (the " c o l l a p s e " point). The
propagation of the beam beyond the collapse point, how-
ever, was not considered. The point of view commonly
accepted at that t ime was that self-trapping of the beam
in the waveguide-propagation regime takes place beyond
the collapse point* 1 ] (the beam-intensity profile in the
waveguide regime in a K e r r medium was calculated
in1-1-1). The experimentally observed thin luminous fila-
ments in liquids, g lasses , and subsequently also in gases
were regarded as real izat ion of such a reg ime. We note
that the possibility of self-trapping of an electromag-
netic beam in the waveguide regime was noted back in
1958 by VolkovL 3 : l, who was the first to calculate the
beam intensity profile in the case of self-trapping in a
plasma. Subsequently, such a possibility was mentioned
also in1-4-1 (the intensity profile considered in1-4"^ coin-
cides with that obtained in1-3-1).

Many experimental r e s u l t s , however, could not be
explained by the hypothesis of self-trapping of the beam
in the waveguide reg ime beyond the collapse point. In
1967 Dyshko, Lugovoi, and Prokhorov^ 5 a ^ have pro-
posed, on the basis of a numerical solution of the prob-
lem, a new (multifocus) picture of the propagation of
light beam beyond this point in media with Kerr non-
linearity, and in 1968 Lugovoi and Prokhorov1-6-1 ex-
plained the thin luminous filaments previously observed
in experiment not as being due to waveguide propaga-
tion, but as t ra jector ies of moving foci.

The multifocus s t r u c t u r e of a light beam is a finite
s e r i e s of individual foci produced on the beam axis as a
r e s u l t of success ive focusing of different annular zones
of the beam. The multifocus s t r u c t u r e is shown
schematical ly in the figure. The collapse point itself
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