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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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is not the start of the suggested waveguide filament, but
the first focus. A detailed investigation11 s b l of the influ-
ence of different types of nonlinear absorption in the
medium (i.e., the imaginary part of the refractive in-
dex) on the picture of the beam propagation has shown
that, independently of the concrete form of this absorp-
tion, a multifocus structure is produced. Recently
Dyshko, Lugovoi, and Prokhorov investigated also the
influence of deviations from a quadratic field dependence
of the real part of the refractive index, which can be
caused under real conditions by the so called "satura-
tion" of the Kerr nonlinearity (see^7-1) or by nonlinear
absorption in the medium. Numerical calculations have
shown not only that the multifocus structure is pre-
served qualitatively, but that the corrections to the
parameters of the foci are small even quantitatively.
Thus, for media with Kerr nonlinearity the multifocus
picture of the propagation of light beams turned out to
be quite universal, i.e., it should be observed under
various physical conditions.

The indicated results pertain to a beam that is sta-
tionary in time. Under real conditions, however, the
beam power varies with time in accordance with the en-
velope of the laser pulse. As shown by Lugovoi and
Prokhorov'-8-', for giant laser pulses, i.e., pulses with
duration on the order of 10"* sec, the foci should move
along the beam axis with velocities on the order of
10* cm/sec (under typical conditions). Superimposed
photographs of the beam propagation, taken from the
side, should show thin filaments that are the tracks of
the motion of the foci. Thus, the filaments previously
observed in the experiment were explained not as being
due to waveguide propagation, but as trajectories of
moving foci.

Simultaneously with the first experimental confirma-
tions1-8'9·1 of the moving-foci theory, this theory was
further extended1-Ba'10-1 to include the case of so-called
ultrashort laser pulses. It was shown there that the
previously established picture of moving foci is re-
tained in this case, too. The only difference lies in the
character of the onset and motion of the foci. Accord-
ing to the theory, the velocity of the foci can greatly
exceed in this case the velocity of light in vacuum, as
was confirmed experimentally i n [ 8 b ^ . The multifocus
structure in picosecond laser pulses (with duration
~ 3 χ 10'12 sec) was also registered recently in experi-
ments.

Many experimental results have by now been ex-
plained on the basis of the theory of moving foci.
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V. V. Korobkin. Experimental Investigation of the
Propagation of Powerful Radiation in Nonlinear Media.
One of the central problems of nonlinear optics is the
investigation of the propagation of bounded light beams
in nonlinear media, i.e., in media in which the refractive
index η depends on the field intensity Ε of the propagat-
ing beam:

η = n0 + Δη (Ε1).

T h i s p r o b l e m h a s n o w a r a t h e r l o n g h i s t o r y , but s t i l l

r e m a i n s t i m e l y .

A b u n d a n t e x p e r i m e n t a l m a t e r i a l o n t h i s p r o b l e m h a s

b e e n a c c u m u l a t e d b y n o w . W e n o t e f i r s t t h e w o r k o f

H e r c h e r ^ 1 3 , w h o w a s t h e f i r s t t o o b s e r v e f i l a m e n t - l i k e

d a m a g e i n g l a s s e s . H e d i d n o t c o n n e c t t h e f o r m a t i o n o f

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

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

c a t e d b y P i l i p e t s k i i a n d R u s t a m o v ' - 2 - ' , w h o o b s e r v e d t h e

f o r m a t i o n of l o n g r a d i a t i o n " f i l a m e n t s " i n l i q u i d s .

S u b s e q u e n t l y , T o w n e s a n d c o - w o r k e r s 1 ^ h a v e s h o w n

e x p e r i m e n t a l l y t h a t t h e c h a n g e i n t h e t r a n s v e r s e d i s t r i -

b u t i o n of t h e i n t e n s i t y i n t h e w a v e b e a m a s i t p r o p a g a t e s

i n t h e n o n l i n e a r m e d i u m i s c o n n e c t e d w i t h a c h a n g e of

t h e r e f r a c t i v e i n d e x . In 1 9 6 6 , B r e w e r a n d Li fs i tz 1 - 4 - '

r e p o r t e d 1 - 4 - 1 o b s e r v a t i o n of s o - c a l l e d s m a l l - s c a l e

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

w i t h l i f e t i m e s h o r t e r t h a n 1 0 " * s e c . W e n o t e a l s o t h e

i n t e r e s t i n g w o r k b y S h i m i z u 1 - 5 - ' a n d b y Z v e r e v a n d c o -

w o r k e r s ' - 8 - ' . I n i t i a l l y , t h e p r e d o m i n a n t c o n c e p t i n n o n -

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

with Δη > 0, and the results of the first experiments
were treated precisely from this point of view. This
concept, however, could not explain all the experimental
results, particularly the short lifetimes of the "fila-
ments."

In 1967, Lugovoi and Prokhorov (see11"0) advanced
the concept of multifocus structure. In accordance with
this concept, a system of focal points is produced in the
nonlinear medium during the course of propagation, and
these foci move relative to the medium when the radia-
tion power changes. The "filaments" observed in dif-
ferent experiments are indeed the results of such a dis-
placement.

The subsequent experiments were aimed to a consid-
erable degree at an explanation of the validity of one
concept or another. Korobkin and Alcock'-9-1 have ob-
served moving foci, apparently for the first time, in an
investigation of a laser spark in air.

Loy and Shen1-10-1, in a study of the propagation of
laser radiation in nonlinear liquids, have shown that the
waveguide regime was not realized in their experi-


