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T h e f i n i t e - e l e m e n t m e t h o d h a s b e e n u s e d in a p r o g r a m for n u m e r i c a l so-
l u t i o n of the e q u a t i o n s d e s c r i b i n g laser s e l f - f o c u s s i n g in the i s o t r o p -
ic p h a s e for n e m a t i c l i q u i d c r y s t a l s . It is s h o w n that the s p a t i a l d i s -
p e r s i o n in the n o n l i n e a r s u s c e p t i b i l i t y a r i s i n g f r o m the t h e r m a l and 
o r i e n t a t i o n m e c h a n i s m s s t a b i l i z e s the time e n v e l o p e of the l a s e r p u l s e , 
w h i l e s h a r p e n i n g the l e a d i n g e d g e and r e d u c i n g the c h a r a c t e r i s t i c s e l f -
f o c u s s i n g l e n g t h . 

1 . S p a t i a l d i s p e r s i o n in the cubic n o n l i n e a r i t y has a c o n s i d e r a b l e e f f e c t 
on the s e l f - f o c u s s i n g of a h i g h - p o w e r light b e a m In the i s o t r o p i c p h a s e of a 
l i q u i d c r y s t a l (T > T * , w h e r e T* is the t e m p e r a t u r e of t h e p h a s e t r a n s i t i o n f r o m 
n e m a t i c c r y s t a l to i s o t r o p i c l i q u i d ) [1-3]. T h e m o s t i m p o r t a n t m e c h a n i s m s are 
the t h e r m a l one (change in the r e l a x a t i o n time of t h e order p a r a m e t e r w h e n the 
l i q u i d c r y s t a l is h e a t e d by the l a s e r r a d i a t i o n [4]) and the o r i e n t a t i o n mecha-• 
n i s m ( i n c r e a s e in the c o r r e l a t i o n r a d i u s for the f l u c t u a t i o n s in the o r d e r p a r a -
m e t e r n e a r the t r a n s i t i o n r e g i o n ) . The q u a l i t a t i v e l y n e w e f f e c t s (all of t h e m 
in some w a y r e l a t e d to i n c r e a s e d s t a b i l i t y in s e l f - f o c u s s i n g ) a r e d u e to the 
s p a t i a l d i s p e r s i o n in the n o n l i n e a r i t y as f o l l o w s : 1) i n c r e a s e d s t a b i l i t y of the 
s e l f - f o c u s s i n g a g a i n s t d i v i s i o n of the b e a m into s e p a r a t e f i l a m e n t s (the e f f e c t 
h a s b e e n o b s e r v e d by e x p e r i m e n t [5]) and 2) q u a s i - w a v e g u i d e p r o p a g a t i o n o c c u r s In 
the s t e a d y s t a t e for a c e r t a i n r a n g e in the p a r a m e t e r s of the r a d i a t i o n a n d the 
m e d i u m , w h i c h is a c c o m p a n i e d by s t a b i l i z a t i o n of the m i n i m u m w i d t h of the f o c u s s e d 
b e a m as the r a d i a t i o n p o w e r i n c r e a s e s [6]. 

The q u a l i t a t i v e f e a t u r e s of the s e l f - f o c u s s i n g that o c c u r in the s t e a d y state 
[3] p e r s i s t a l s o in the n o n s t a t i o n a r y state; h e r e of c o u r s e the e f f e c t s of the 
s p a t i a l d i s p e r s i o n are w e a k e r . A n e w e f f e c t of s p a t i a l d i s p e r s i o n in the n o n -
l i n e a r i t y in the n o n s t a t i o n a r y s t a t e is of i n t e r e s t in c o n t r o l l i n g the o u t p u t 
p a r a m e t e r s of l a s e r , n a m e l y s t a b i l i z a t i o n of the time e n v e l o p e w i t h s h a r p e n i n g 
of the l e a d i n g edge and r e d u c t i o n in the c h a r a c t e r i s t i c s e l f - f o c u s s i n g l e n g t h . 

2 . The s e l f - f o c u s s i n g in the i s o t r o p i c p h a s e of a l i q u i d c r y s t a l is d e s -
c r i b e d by a p a r a b o l i c e q u a t i o n for n o n l i n e a r d i f f r a c t i o n , the r e l a x a t i o n e q u a -
t i o n for the o r d e r p a r a m e t e r Q , and the t h e r m a l - c o n d u c t i o n e q u a t i o n [2, 3]: 

( 1 ) 

^ P r e l i m i n a r y r e s u l t s w e r e p r e s e n t e d at an A l l - U n i o n c o n f e r e n c e [1]. 
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(23) 

дТ 
C p = T + 6 m l E 12/8л- (з) 

H e r e к is w a v e n u m b e r , v is g r o u p v e l o c i t y , 5 is a b s o r p t i o n c o e f f i c i e n t , А± = д
2/дх2 + 

+ д2/ду2; n is the l i n e a r r e f r a c t i v e i n d e x , x a is t h e a n i s o t r o p y in the s u s c e p t i -

b i l i t y , n is the v i s c o s i t y , a is a c o n s t a n t i n d e p e n d e n t of T , b = a (T — T*) 4; L q 

is the c o r r e l a t i o n r a d i u s for the f l u c t u a t i o n s in Q , and x, C , a n d p are r e s p e c -
t i v e l y the t h e r m a l c o n d u c t i v i t y , the s p e c i f i c h e a t , and d e n s i t y of the l i q u i d 
c r y s t a l . We a s s u m e t h a t the slow a m p l i t u d e E of the e l e c t r o m a g n e t i c w a v e at the 
b o u n d a r y of the m e d i u m (z = 0) takes the form 

E (t, r,z = 0) = E0 exp ( - rV2rl ~ 2tWx), г2 = + y\ (4 ) 

The p r o g r a m of [3] for n u m e r i c a l s o l u t i o n of ( l ) - ( 3 ) can be u s e d w i t h cer-
t a i n m i n o r c h a n g e s for the n o n s t a t i o n a r y s t a t e , w h i c h o c c u r s if t h e l e n g t h т^ of 

the i n c i d e n t p u l s e is c o m p a r a b l e w i t h the r e l a x a t i o n time of the o r d e r p a r a m e t e r 
tr = v\la(T—T*) a n d is m u c h less t h a n t h e t i m e n e e d e d to e s t a b l i s h t h e t e m p e r a t u r e 
d i s t r i b u t i o n тт=Срго/4х. We c o n s i d e r s e p a r a t e l y the t h e r m a l m e c h a n i s m of s p a t i a l 
d i s p e r s i o n in t h e n o n l i n e a r i t y (6=^0, Lc=0) and the o r i e n t a t i o n m e c h a n i s m (6=0, ЬсфО) 

3 . In the f i r s t c a s e , the d y n a m i c s of the s e l f - f o c u s s i n g m a y b e d e f i n e d 
the r a t i o of the p o w e r in the i n c i d e n t 
b e a m P = cnE%ri/8 to t h e t h r e s h o l d p o w e r for 
s e l f - f o c u s s i n g w i t h o u t a l l o w a n c e for the 
s p a t i a l d i s p e r s i o n : Рл =27лся3а(Г0—Г*)/2(8я£ха)2 

(Tq is the t h e r m o s t a t t e m p e r a t u r e ) , p = 

= Pi/P2 the s p a t i a l - d i s p e r s i o n p a r a m e t e r 
for the t h e r m a l m e c h a n i s m (Р2=2пк{Т0—Т*)1б), 
and 8r=Tr/Tj, 7=4тг/тг. E x p e r i m e n t s w i t h 
l i q u i d c r y s t a l s are u s u a l l y p e r f o r m e d 
for f i x e d v a l u e s of т^ and x T , w h i l e 

m a y b e v a r i e d b y m o r e t h a n two o r d e r s o f 
m a g n i t u d e by s m o o t h v a r i a t i o n of T q . T h e 

n u m e r i c a l s o l u t i o n g i v e s the n o r m a l i z e d 
l a s e r i n t e n s i t y |£|2 at the axis (n = 0 ) in 
t e r m s of the d i m e n s i o n l e s s t i m e 0 = (t—z/v) 
/г, for v a r i o u s v a l u e s of the p a r a m e t e r s 
and of the d i m e n s i o n l e s s l e n g t h \~z\Lc. 

F i g u r e 1 shows a s e r i e s of t y p i c a l 
c u r v e s for v a r i o u s 3 (<z=12, 8r = 0,l; -у=104, g = l); 
the v a l u e 3 = 0 (Fig. la) c o r r e s p o n d s to 
s e l f - f o c u s s i n g in a m e d i u m w i t h s l o w K e r r 
n o n l i n e a r i t y . C h a r a c t e r i s t i c o s c i l l a t i o n s 

a p p e a r on the t i m e p r o f i l e [7], w h i c h a r e a b s e n t if 5 and a are s m a l l . The a m -
p l i t u d e and f r e q u e n c y of t h e s e i n c r e a s e w i t h a . The d i s t o r t i o n i n c r e a s e s and the 
p u l s e b r o a d e n s as is r e d u c e d . The s p a t i a l d i s p e r s i o n a l s o s t a b i l i z e s t h e t i m e 

e n v e l o p e of the p u l s e . F i g u r e 1 shows that the o s c i l l a t i o n s are g r a d u a l l y sup-
p r e s s e d as 3 i n c r e a s e s ; t h e p u l s e is s m o o t h w h e n 3 = 1 . The s u p p r e s s i o n o f the 
o s c i l l a t i o n s b e g i n s at the end of the p u l s e ; the r a t e of s m o o t h i n g i n c r e a s e s as 

from the f o l l o w i n g p a r a m e t e r s : a=P!Px 

29 л / Y • / \ J: \ 
Л 1 

20 

c / \ 

J, V V I "Г . . 1. r-

F i g . 1 . S t a b i l i z a t i o n of t h e 
t i m e e n v e l o p e of a l a s e r p u l s e 
for v a l u e s of 3 of: a ) 0; 
b ) 0.2; c) 0.4; d ) 1 . 
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P i g . 2 

О 0,1 0,2 P 0 0,25 0,5 | 
Ь 

F i g . 3 

F i g . 2 . B e h a v i o r of the time e n v e l o p e of a laser p u l s e in the p r e s e n c e 
of s p a t i a l d i s p e r s i o n in the n o n l i n e a r i t y : 1) £ = 0; 2) £ = 0 . 2 5 ; 
3) 5 = 0.5; and 4) £ = 0 . 7 5 . 

F i g . 3- M a x i m u m i n t e n s i t y in a p u l s e in r e l a t i o n to : a) s p a t i a l -
d i s p e r s i o n p a r a m e t e r for £ of: 1) 0 . 2 5 ; 2) 0 . 5 ; 3) 0 . 7 5 ; b ) in r e l a -
t i o n to d i m e n s i o n l e s s l e n g t h for a of: 1) 6; 2) 10; 3) 14; 4) 2 0 . 

is r e d u c e d . The s p a t i a l d i s p e r s i o n (p=r^0) r e s u l t s in the first o s c i l l a t i o n s ; 

o c c u r r i n g w h e n a are £ are l a r g e r t h a n in the case of the slow K e r r n o n l i n e a r i t y . 
T h e s e r e s u l t s are the time a n a l o g of the s t a b i l i z a t i o n of s e l f - f o c u s s i n g a g a i n s t 
d i v i s i o n into f i l a m e n t s [2] and m a y be u s e d in p r o d u c i n g s m o o t h h i g h - i n t e n s i t y 
p u l s e s . 

4 . If the m a i n s p a t i a l d i s p e r s i o n m e c h a n i s m is t h e o r i e n t a t i o n one (6=0, L c ^ 0 ) , 
t h e n the d y n a m i c s of the s e l f - f o c u s s i n g m a y be d e t e r m i n e d by a , 0 , and p== (Lc/2r0)

2. 
- 2 Г 

If p is of the order of 10 , the v a r i a t i o n in the t i m e e n v e l o p e as £ i n c r e a s e s 
is as in a m e d i u m w i t h o r d i n a r y Kerr n o n l i n e a r i t y , for w h i c h t h e r e is s h a r p e n i n g 
of the t r a i l i n g e d g e . If p is s u f f i c i e n t l y l a r g e , one gets some s p e c i a l f e a t u r e s . 
T h e p e a k i n t e n s i t y s h i f t s t o w a r d s the start of the p u l s e from a c e r t a i n o n -
w a r d s , i . e . , t h e l e a d i n g edge is s h a r p e n e d . F i g u r e 2 s h o w s a s e r i e s of c h a r a c -
t e r i s t i c c u r v e s (a=40, 0 r = 2 , p=0,2). The o s c i l l a t i o n s (see S e c t i o n 3) are a b s e n t 
for t h e s e v a l u e s of the p a r a m e t e r s . 

One can o b t a i n t h e m a x i m u m p o s s i b l e p u l s e i n t e n s i t y in two w a y s for g i v e n 
5 and : by o p t i m i z i n g t h e s p a t i a l - d i s p e r s i o n p a r a m e t e r and. b y r a i s i n g a . 

F i g u r e За shows the m a x i m u m i n t e n s i t y I (a=28, 0r==2, p, r= 0) as a f u n c t i o n of p 
for v a r i o u s v a l u e s of The v a l u e of P o p t d e f i n e d from dT(p)/dp=0, d e c r e a s e s as 

£ i n c r e a s e s . The I (£) r e l a t i o n is s h o w n in F i g . 3b for v a r i o u s a (8:r = 2, p=0,2). 

T h e r e f o r e , t h e r e is a m a r k e d i n c r e a s e in I on i n c r e a s i n g p and a for E, s m a l l . 

The d a s h e d line in F i g . 3 shows the a b s o l u t e m a x i m u m i n t e n s i t y /м(а, 0г, p) as 

a f u n c t i o n of p ( / к = / ( £ м ) , w h e r e С M is d e f i n e d by 3/(|)/dg=0) . H e r e I M i n c r e a s e s w i t h 

p , w h i l e the p e a k p o i n t shifts to s m a l l e r i . e . , s p a t i a l d i s p e r s i o n 

in the n o n l i n e a r i t y c a u s e s a n i n c r e a s e d r a t e of s e l f - f o c u s s i n g . A l s o , is p r o -

p o r t i o n a l to the square of a . T h e s e c a l c u l a t e d t i m e e n v e l o p e s can b e c o m p a r e d ' 

w i t h e x p e r i m e n t [6] for s e l f - f o c u s s i n g in l i q u i d c r y s t a l s w i t h O,l<0f<lO, t h e r e 
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is q u a l i t a t i v e a g r e e m e n t . 

The a u t h o r s are i n d e b t e d to S . A . A k h m a n o v for s u p p o r t in t h i s w o r k and va-
l u a b l e c r i t i c i s m s , and to G . A . L y a k h o v and Y u . S . C h i l l i n g a r y a n for v a l u a b l e 
d i s c u s s i o n s . 
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