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R e s u l t s are r e p o r t e d for a p u l s e d laser e m p l o y i n g y t t r i u m - a l u m i n u m g a r -
net in a n o n s t a t i o n a r y c a v i t y . K i n e t i c s y n c h r o n i z a t i o n of the a x i a l 
m o d e s o c c u r s in s u c h a laser w h e n the r a t e of change of c a v i t y l e n g t h 
e x c e e d s 2 c m / s e c ; the e s t a b l i s h m e n t of k i n e m a t i c s y n c h r o n i z a t i o n is ex-
a m i n e d . It is found that the u l t r a s h o r t p u l s e s a r i s i n g in such a l a s e r 
h a v e p a r a m e t e r s c l o s e l y r e p r o d u c i b l e from b u r s t to b u r s t . The l e n g t h 
of the u l t r a s h o r t p u l s e s and the shift in the c e n t e r of the l a s i n g s p e c -
t r u m are e x a m i n e d ' i n r e l a t i o n to the r a t e of c h a n g e of c a v i t y l e n g t h . 

T h e r e are f a i r l y m a n y p a p e r s on the e x p e r i m e n t a l and t h e o r e t i c a l a s p e c t s of 
n o n s t a t i o n a r y - c a v i t y l a s e r s . 

H e r e we e x a m i n e some a s p e c t s of the a x i a l - m o d e s y n c h r o n i z a t i o n in a p u l s e d 
s o l i d - s t a t e l a s e r w i t h a n o n s t a t i o n a r y c a v i t y . 

The s y s t e m is a n a l o g o u s to that d e s c r i b e d in [1]. 

T h e b e a m w a s p a s s e d to a b r o a d - b a n d d e t e c t o r and t h e n to S 7 - 1 0 A and S l - 3 1 
o s c i l l o s c o p e s . The l e n g t h of the u l t r a s h o r t p u l s e s a r i s i n g by s y n c h r o n i z a t i o n 
w e r e e x a m i n e d w i t h a p h o t o e l e c t r i c r e c o r d e r . The d y n a m i c s of the e m i s s i o n s p e c -
t r u m w e r e e x a m i n e d w i t h a P a b r y - P e r o t i n t e r f e r o m e t e r h a v i n g a s e p a r a t i o n of 1.2 , 
cm and a h i g h - s p e e d s l o t - s c a n c a m e r a . 

F i g u r e la shows a c h a r a c t e r i s t i c o s c i l l o g r a m for t h e laser w i t h the m i r r o r 
i m m o b i l e . F i g u r e lb shows the c o r r e s p o n d i n g s p e c t r o g r a m . H e r e t h e r e is c h a r a c -
t e r i s t i c time i n s t a b i l i t y in the s p e c t r u m , as is found w i t h s o l i d - s t a t e lasers 
in w h i c h the l u m i n e s c e n c e line is h o m o g e n e o u s l y b r o a d e n e d [2] . The g e n e r a l t e n -
d e n c y for the e m i s s i o n to shift to the l o n g - w a v e r e g i o n , w h i c h is d u e to t h e r m a l 
e f f e c t s , is a c c o m p a n i e d by a t y p i c a l l a d d e r s t r u c t u r e . 

W h e n a n o n s t a t i o n a r y c a v i t y is u s e d , t h e r e are s u b s t a n t i a l c h a n g e s in the 
l a s i n g k i n e t i c s and s p e c t r u m d y n a m i c s . At m i r r o r speeds a b o v e v = 2 cm/sec 
(with a stop of 1.5 m m ) , the m o d u l a t i o n d e p t h at the i n t e r m o d e f r e q u e n c y b e c o m e s 
stable at a c e r t a i n t i m e t ^ a f t e r the start of l a s i n g and r e m a i n s so t h r o u g h o u t 

the p u l s e . The r a d i a t i o n t a k e s the form of a q u a s i p e r i o d i c s e q u e n c e of short 
(2-5 n s e c ) p u l s e s . . The speed at w h i c h this o c c u r s i n c r e a s e s w i t h the e x c e s s of 
the p u m p i n g p o w e r over the t h r e s h o l d n- The s p e c t r u m b e c o m e s m o r e r e g u l a r in 
time b u t s t i l l r e m a i n s split up into s e p a r a t e r e g i o n s . 

The p u l s e s b e c o m e m u c h s h o r t e r as t h e r a t e of c h a n g e of l e n g t h i n c r e a s e s , 
and the l a s i n g s p e c t r u m b r o a d e n s (the s p e c t r u m t h e n b e c o m e s s m o o t h ) . The p u l s e 
l e n g t h b e c o m e s of the order of h u n d r e d s of p i c o s e c o n d s w h e n t h e m i r r o r s p e e d 
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b 
F i g . 1 F i g . 2 

F i g . 1 . C h a r a c t e r i s t i c s of the e m i s s i o n p u l s e for v = 0 (1 m s e c / d i v i -
s i o n , л = 5.4): a ) l a s i n g p u l s e ; b ) s p e c t r u m scan ( F a b r y - P e r o t i n t e r -
f e r o m e t e r , s e p a r a t i o n 1.2 c m ) . 

F i g . 2. C h a r a c t e r i s t i c s of the e m i s s i o n p u l s e for v = 50 c m / s e c (1 
m s e c / d i v i s i o n , л = 5.4): a) l a s i n g p u l s e ; b ) s p e c t r u m s c a n . 

e x c e e d s 10 c m / s e c . 

F i g u r e 2 shows c h a r a c t e r i s t i c t i m e and s p e c t r a l c h a r a c t e r i s t i c s for v = 50 
c m / s e c ; a f t e r some d e l a y t ^ from the s t a r t of l a s i n g , the s e q u e n c e of u l t r a s h o r t 

p u l s e s a r i s e s in a time t^ and p e r s i s t s u n t i l the end of the p u l s e , i . e . , one 

g e t s k i n e m a t i c m o d e s y n c h r o n i z a t i o n . The time for t h e s y n c h r o n i z a t i o n to set in 
m a y be r e c k o n e d from t h e end of the d e l a y to the i n s t a n t w h e n the q u a s i - s t a t i o n -
a r y a m p l i t u d e is r e a c h e d , and this is h i g h l y r e p r o d u c i b l e , b u t the d e l a y v a r i e s 
from f l a s h to f l a s h w i t h i n w i d e l i m i t s (hundreds of u s e e ) and is d e p e n d e n t on the 
a d j u s t m e n t of the c a v i t y . The m i n i m u m v a l u e of t ^ w a s a b o u t 1 m s e c in our e x p e r -
i m e n t s . A l s o , t ^ v a r i e s from 0.2 m s e c at h i g h m i r r o r speeds to t ^ = 0.5 m s e c at 

speeds of a few c m / s e c , w h i c h a g r e e s w i t h the r e s u l t s o b t a i n e d w i t h a c o n t i n u o u s -
w a v e l a s e r [1] . 

F i g u r e 2b shows a t i m e scan of the s p e c t r u m ; c o m p a r i s o n w i t h the l a s i n g 
c u r v e of F i g . 2a shows t h a t d u r i n g the d e l a y , w h i c h is h e r e 1.7 m s e c , the s p e c -
t r u m o s c i l l a t e s w i t h a p e r i o d T ^ a b o u t 0.15 m s e c , w i t h g r a d u a l i n c r e a s e in the 

n u m b e r of s p e c t r a l c o m p o n e n t s . D u r i n g t^» the c e n t e r of the e m i s s i o n s p e c t r u m 

s h i f t s t o w a r d s the c e n t e r of the g a i n l i n e , a f t e r w h i c h a q u a s i - s t a t i o n a r y s t a t e 
sets i n . 

F o r speeds b e t w e e n 25 and 50 c m / s e c , the s p e c t r u m w i d t h and time c h a r a c t e r -
i s t i c s are only s l i g h t l y d e p e n d e n t on the r a t e of c h a n g e of l e n g t h ; t h e shape 
and l e n g t h of the u l t r a s h o r t p u l s e s w e r e m e a s u r e d at h i g h s p e e d s (some t e n s of 
c m / s e c ) and gave the l e n g t h of the p u l s e s at the m i d d l e of the b u r s t s as т ~ 160 
p s e c at h a l f - h e i g h t . F i g u r e 3 shows the form of an i n d i v i d u a l p u l s e , as w e l l as 
the form of the s p e c t r u m d e r i v e d from p h o t o m e t r y of the frame in F i g . 2 b . The 
s p e c t r u m w i d t h at h a l f - h e i g h t is 0,145 c m - 1 . The p r o d u c t of the p u l s e l e n g t h b y 

the s p e c t r u m w i d t h is uAvc~0,67, w h i c h i n d i c a t e s a h i g h d e g r e e o f s y n c h r o n i z a t i o n 
in the m o d e s . T h i s p r o d u c t is 0.44 for a g a u s s i a n p u l s e w i t h o u t f r e q u e n c y m o d u -
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100 t, psec 

F i g . 3 . C h a r a c t e r i s t i c s of u l -
t r a s h o r t p u l s e s : 1) shape of 
u l t r a s h o r t p u l s e ; 2) s p e c t r u m . 

l a t i o n . The h i g h d e g r e e of m o d e s y n c h r o -
n i z a t i o n should c o r r e s p o n d to h i g h c o n -
t r a s t in the r a d i a t i o n , i . e . , h i g h v a l u e 
of the r a t i o of the p e a k p o w e r in t h e u l -
t r a s h o r t p u l s e s to t h e p o w e r in t h e m a x i -
m a l f l u c t u a t i o n e x c u r s i o n s in the a x i a l 
p e r i o d . 

We h a v e t h e r e f o r e s h o w n that a stable 
state of k i n e m a t i c s y n c h r o n i z a t i o n can 
a r i s e a b o v e a c e r t a i n m i n i m u m r a t e of c h a n g e 
in l e n g t h . T h e s e m i n i m a l speeds m a y be 
c o m p a r e d for t h i s p u l s e laser e m p l o y i n g 
Y A G : Nd 3+ a n d for a c o n t i n u o u s - w a v e l a s e r [1]; 
t h e v a l u e s for the f i r s t (fmm=2—8 :cm/sec) , 
are m u c h h i g h e r t h a n t h o s e for the second 

( f m i n = 0 , 0 5 — 0 , 2 c m / s e c ) . 

The r e a s o n for this is t h a t n is h i g h e r in t h e p u l s e d l a s e r . In our e x p e r i -
m e n t s , ri w a s 4 - 1 0 , the e x a c t v a l u e b e i n g d e p e n d e n t on the r e f l e c t i v i t y of the e x i t 
m i r r o r (R = 50-93$)• 

We c o n s i d e r b r i e f l y some s p e c t r a l f e a t u r e s of the k i n e m a t i c s y n c h r o n i z a t i o n 
s t a t e . C o m p a r i s o n and p r o c e s s i n g of the s p e c t r a s h o w e d that the p o s i t i o n of the 
c e n t e r (averaged over the l e n g t h of the s t e p ) for v = 0 d i f f e r e d f r o m t h a t w h e n 
the m i r r o r w a s m o v i n g . As in [3] , the s p e c t r u m w a s s h i f t e d in the sense d e t e r -
m i n e d by the D o p p l e r f r e q u e n c y s h i f t at t h e m o v i n g m i r r o r , and so t h e shift w a s 
d e p e n d e n t on the s p e e d . A l s o , the s p e c t r u m p o s i t i o n for t>#0 is d e p e n d e n t on 
w h e t h e r t h e r e is k i n e t i c m o d e s y n c h r o n i z a t i o n or n o t . F o r e x a m p l e , d u r i n g t ^ = 

= 1.7 m s e c , w h e n t h e r e is no k i n e t i c m o d e s y n c h r o n i z a t i o n , the s h i f t s in the s p e c -
t r u m for v=/=Q and for v = 0 o c c u r at t h e same r a t e (which is d e t e r m i n e d by the 
t e m p e r a t u r e d r i f t in the l u m i n e s c e n c e l i n e ) . D u r i n g the e s t a b l i s h m e n t of the 
k i n e t i c s y n c h r o n i z a t i o n state d u r i n g t ^ , the s p e c t r u m s h i f t s t o w a r d s the center 

of the g a i n l i n e , and the s u b s e q u e n t p o s i t i o n is d e t e r m i n e d by the w i d t h of the ; 
s p e c t r u m d u r i n g k i n e t i c m o d e s y n c h r o n i z a t i o n (or by the l e n g t h of the u l t r a s h o r t : 
p u l s e s ) , and this v a r i e s d u r i n g t h e l a s i n g (Fig. 2 b ) in a c c o r d a n c e w i t h t h e v a r i r 
a t i o n in t h e p u m p i n g p o w e r . T h e r e f o r e , the c e n t e r of the s p e c t r u m in the k i n e t i c 
s y n c h r o n i z a t i o n m o d e is d e t e r m i n e d n o t only b y t h e speed of t h e m o r r o r [3] b u t 
also by the w i d t h of the s p e c t r u m , w h i c h is d e p e n d e n t on the p u m p i n g p o w e r in the 
q u a s i - s t a t i o n a r y s t a t e . 

The a u t h o r s are i n d e b t e d to L . S . K o r n i e n k o for d i r e c t i o n in t h i s w o r k a n d 
to Y u . P . Y a t s e n k o for a s s i t a n c e in the e x p e r i m e n t s . 
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