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ments , and the resu l t s could be explained only from the
point of view of the moving foci.

In 1969, a detailed investigation was made1-11-1 of the
propagation of l a s e r radiation in liquids. Single-mode
radiation (one angular mode and one axial mode) passed
through a cell with the investigated liquid. The radia-
tion entering the cell had a plane phase front and ap-
proximately Gaussian t r a n s v e r s e distribution. The
p r o c e s s was reg i s te red with an electron-optical conver-
t e r operating in the l inear scan r e g i m e . Figure l a
shows a typical photograph of a time scan of the end
face of the cell . This photograph shows clear ly the suc-
cess ive passage of the foci of the multifocus s t ructure
through the end face (lower trace) when the l a s e r - r a d i a -
tion power (upper trace) is varied. Figure l b shows a
scan of the sca t tered radiation obtained from the side
of the cell . This photograph shows the motion of the
individual foci in the direction towards the entrance
face. Both the total number of foci and the maximum
r a t e of their motion ( ~ 3 x 109 cm/sec) agree well with
the theoret ical calculated values.

The influence of the shape of the la ser pulse on the
character of the damage in g lasses was investigated
in1-12-1. In the case of a bell-shaped pulse, the damage
was in the form of a long filament severa l microns
in d iameter ; in the case of a rectangular pulse, the
damage was produced in individual points. These r e -
sults a r e likewise in good qualitative agreement with
the concept of the multifocus s t r u c t u r e . Similar con-
clusions a r e reached also by the authors of1-13-1, who
investigated the c h a r a c t e r of the damage in sapphire.

The mult i focus-structure theory has predicted that
in the case of u l t rashor t pulses, with duration τ < Z/c

(where I is the length of the cell), the focus splits after
its production into front and r e a r focal points. The r e a r
point becomes stat ionary relat ive to the medium after a
cer ta in t ime, while the front point moves with super-
luminal velocity. Loy and S h e n [ l o : l have confirmed ex-
perimental ly that the front point moves with a superlum-
inal velocity that reaches a value 2c.

We have investigated in detail the multifocus s t ruc-
ture for the case of u l t rashort pulses . Radiation from a
neodymium l a s e r operating in the axial-mode locking
reg ime, passed through a cell with the investigated
liquids (nitrobenzene or carbon disulfide). A typical
photograph of the scan, obtained with an electron-optical
converter, and taken from the side of the cell, is shown
in Fig. 2a. It is seen from the photograph that the points
where the r e a r foci stop actually exist. The intensity of
scat ter ing from these points is much higher, as it should
be. The number of focal points increases with increas-
ing beam power. These experiments a r e also in sat i s-
factory agreement with the theory (Fig. 2b).

Mention should also be made of changes in the broad-
ening of the spectrum of u l t rashort pulses, which ac-
cording to1-14-1 can also be attributed from the point of
view of the multifocus s t r u c t u r e . Finally, only this
theory can explain certain s t imulated-Raman-scatter ing
features connected with the generation of u l t rashort
p u l s e s C l o C ] .

Thus, summariz ing all the resu l t s , it can be stated
that the mult i focus-structure concept has been experi-
mentally confirmed.
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V. I. Talanov. Certa in Problems in the Theory of
Self-Focusing. The description of stationary self-focus-
ing in the case of nonlinearity of the Kerr type is usually
based on the parabolic equation1-1-1
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for a slowly varying amplitude of the total field E e ~ i k z .
A characteristic feature 1 ^ of this description is the
presence of foci with infinite field intensity at a beam
power Ρ higher than the critical self-focus ing power
P c r . The field divergence at the foci can be naturally
regarded as a consequence of the idealizations on which
Eq. (1) is based. A very simple generalization of this
equation, which leads to a limitation of the field, con-
sists in taking the nonlinearity saturation into account
by replacing |E | 2 by the function | E s a t | 2 f ( | E | 2 / | E s a t |

2 ) ,
such that f(u) — u at u = |E lV |E s a t | < 1 and
(u) — 1 at u » 1.

On the basis of the results ofC3] it is easy to see that
the picture of the self-focusing of a beam with fixed
profile and power Ρ > P c r will go through the following
successive phases when the saturation field E s a j .
changes from 0 to °°: defocusing of the beam, complete
trapping of the beam by the produced periodically- modu-
lated dielectric waveguide, partial trapping of the beam
by a highly irregular waveguide with rescattering of the
power Pf ~ P c r in the vicinities of the first foci.
Finally, in the limiting case E g a(. = °° described by Eq.
(1), the picture of stationary self-focusing can be illus-
tratively represented in the form of energy streamlines
that converge at individual foci and emerge from them
in the form of infinitesimally thin radial scattering
streams (they are infinitesimally thin because the longi-
tudinal diffusion of the field amplitude is neglected). By
changing over from the streams of finite width, it is
easy to show that such radial streams do not influence
the propagation of the peripheral radiation, which indeed
makes up the picture of the successive foci with infinite
intensity. The use of an implicit difference scheme-4-1

automatically excludes from consideration the scattered
streams for any discretization of the coordinate z, and
in this sense is equivalent to taking into account multi-
photon absorption at the foci. Naturally, the self-focus-
ing picture obtained thereby cannot go over continuously
into the picture of self-focusing in a medium with satur-
ating nonlinearity.

Multiphoton absorption can be taken into account also
directly, by supplementing the right-hand side of (1)
with the t e r m - i k x m | E | 2 m E (m = 1, 2, 3, . . . ) . In this
case the picture of the self-focusing changes with in-
creasing coefficient χΠί, from a multifocus beam to a
focal filament that is continuously supplied by a peri-
pheral radiation flux.

The factors influencing the picture of the field in
self-focusing include also stimulated scattering in the
strong-field regions. In particular, at a large thres-
hold increment of SRS, starting with the spontaneous-
noise level, the scattered radiation can be localized
near the axis of the beam of main radiation, causing the
formation of self-focusing filaments.

In a theoretical analysis of the picture of nonstation-
ary self-focusing, one observes the following effects:
formation of converging filaments behind the traveling

fo'cus in the case of inertial nonlinearity Δε ~ J |E |2 dt,
— OO

and production of large frequency shifts Ω upon
"collapse" of the beam, in media having both inertial
and non-inertial nonlinearity, as a result of the trans-

v e r s e c o m p r e s s i o n of t h e s e l f - f o c u s i n g c h a n n e l 1 ^ .

T h e l a t t e r ef fect c a n e x p l a i n t h e e x p e r i m e n t a l l y ob-

s e r v e d b r o a d e n i n g of the s p e c t r u m i n s e l f - f o c u s i n g of

u l t r a s h o r t p u l s e s . T h u s , i n the c a s e of n o n i n e r t i a l n o n -

l i n e a r i t y i t fol lows f r o m t h e a p p r o x i m a t e t h e o r y d e v e l -

o p e d in'· 5-' tha t the b r o a d e n i n g of the s p e c t r u m to one

side of the fundamental frequency at ζ *» z s j and
Ρ 3 P h l d b f th d fP c r s h o u l d be of the o r d e r of

Ω = l(2PPZl - l)/4 (PP^ - i)] Ω horn < ( 2 )

where n h o m = - 2 P [ / P c r ( P P c

1

r - l)1 / f e is the broaden-
ing of the spectrum in a homogeneous channel of radius
a0 over a self-focusing length zgf. It it is assumed that
the limitation of the radius of the focal spot af is due to
the finite time τ of establishment of the nonlinearity,
i.e., a f ~ (v fT/k) l/2, where vf = (z g f ) j is the velocity of
the focal spot, then, taking into account the relation
given for z

s f ( P / l >

c r ) *n (2) we can easily obtain the fol-
lowing estimate oi the broadening of the spectrum:

- 1)1 Ρ p£. (3)

The right-hand side of this equation is determined in
accordance with the aberration-free approximation1-5-5

and has been corrected by the factor P c r / P , with allow-
ance for the fact that the power fed to the focus is
P f < P c r < P. It follows from (3) that when P / P c r > 1
the broadening of the spectrum saturates at the level
Ω ~ 2/T determined only by the nonlinearity relaxation
time T. This time is of the order of 10"12— 10"u sec for
the orientational Kerr effect and of the order of 10" l s

sec for the electronic effect. The small value of τ in
the latter case explains the anomalously large broaden-
ings of the spectrum, which overlap the entire visible
band, in experiments on self-focusing of ultrashort pul-
ses in glasses at the wavelength λ = 1.06 μ.'"8-'

If the medium contains two nonlinearity mechanisms
(e.g., the orientational and electronic Kerr effect) with
relaxation times TX > T2, but P c r i < P c r 2 , then the
broadening of the spectrum of pulses of duration

/ is determined by the time η even

c r 2 · This is due to the fact that the low-
threshold mechanism causes the beam to break up into
regions with power Ρ ~ Ρ ~ Ρ , inside of which
the self-focusing due to the high-threshold mechanism
is impossible.

τ > τΡ,,,, ,/Ρρ ι e n
when Ρ > P
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