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C o l l i n e a r a c o u s t o o p t i c f i l t r a t i o n in a long c r y s t a l is c o n s i d e r e d , w h e r e 
the a c o u s t i c p o w e r d e n s i t y v a r i e s on a c c o u n t of d a m p i n g a n d d i v e r g e n c e . 
An e s t i m a t e is m a d e of the l i m i t i n g p a s s b a n d for s u c h a f i l t e r in t h e 
v i s i b l e r a n g e . It is s h o w n for a q u a r t z c r y s t a l t h a t a l e n g t h of a b o u t 
20 cm m a y be t a k e n as o p t i m a l , w h i l e the r e a l i s t i c a l l y a t t a i n a b l e p a s s -
b a n d is 0 . 1 n m . 

C o l l i n e a r a c o u s t o o p t i c i n t e r a c t i o n in an o p t i c a l l y a n i s o t r o p i c m e d i u m c a n be 
u s e d in l i g h t f i l t r a t i o n [1-3]. T h e b a s i c p a r a m e t e r s of s u c h a f i l t e r a r e the 
p a s s b a n d AA and the d i f f r a c t i o n p e r f o r m a n c e . T h e s e q u a n t i t i e s a r e c a l c u l a t e d 

from a s y s t e m of l i n e a r d i f f e r e n t i a l e q u a t i o n s for the c o l l i n e a r i n t e r a c t i o n [1]: 

J£±. = _ J_ c.e/v; J£±- = S - C 0 ( l ) 
dx 2 1 dx 2 V ' 

C,( 0 ) = 1 , c1(0) = 0. 

w h e r e Cq and C^ are the a m p l i t u d e s of the i n c i d e n t and d i f f r a c t e d l i g h t w a v e s , 

x is c o o r d i n a t e , q c h a r a c t e r i z e s the a m p l i t u d e of the e l a s t i c w a v e and t h e photo-
e l a s t i c p r o p e r t i e s of t h e m e d i u m , a n d n is the s y n c h r o n i s m c o e f f i c i e n t for t h e 
w a v e v e c t o r s of the light and u l t r a s o u n d , w h i c h is d e f i n e d by the d i f f e r e n c e of 
t h e p r o j e c t i o n s of t h e s p e e d s on the x a x i s . 

The i n t e n s i t y I of the d i f f r a c t e d l i g h t can b e d e r i v e d by i n t e g r a t i n g (1): 

(2) 

w h e r e I is the l e n g t h of t h e a c o u s t i c c o l u m n , w h i c h i m p l i e s t h a t t h e m a x i m u m 
i n t e n s i t y 1^ = 1 is a t t a i n e d for q t = IT and Л Z = 0. T h e p a s s b a n d AX is d e f i n e d 

by |R]/| =0,8я for q I = IT, w h e r e is h a l v e d , As 

1 1 1 A.2 AX 

w h e r e An is the d i f f e r e n c e in r e f r a c t i v e i n d i c e s of t h e m a t e r i a l , X is w a v e l e n g t h 
of the l i g h t , and Аф is t h e d i v e r g e n c e of t h e light or u l t r a s o u n d [1], we get 
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the p a s s b a n d as 

Ал/ 4 

E x p r e s s i o n s (2) and ( 4 ) s h o w t h a t h i g h r e s o l u t i o n k=<k/AX and h i g h e f f i c i e n c y 
a r e o b t a i n e d b y i n c r e a s i n g the i n t e r a c t i o n l e n g t h I a n d t h e a p e r t u r e o f t h e b e a m s a n d 
u l t r a s o u n d d . It f o l l o w s f r o m ( 4 ) t h a t it Is n e c e s s a r y to u s e a c r y s t a l w i t h a l o n g i n t e r -
a c t i o n r e g i o n (over 10 c m ) on o p e r a t i n g w i t h h i g h l y c o l i m a t e d b e a m s . W h e n the l e n g t h is 

it 

F i g . 1 F i g . 2 

F i g . 1 . D i f f r a c t e d l i g h t i n t e n s i t y in r e l a t i o n to l e n g t h of i n t e r -
a c t i o n r e g i o n for q of: 1) 0 . 2 ; 2 ) 0 . 3 4 ; 3 ) 0 . 5 . 

F i g . 2 . F i l t e r p a s s b a n d c a l c u l a t i o n . 

of t h i s o r d e r , one h a s to c o n s i d e r e f f e c t s s u c h a s the a b s o r p t i o n of t h e a c o u s t i c 
a n d o p t i c a l w a v e s , t h e r e d u c t i o n in t h e u l t r a s o n i c p o w e r d e n s i t y on a c c o u n t of 
d i v e r g e n c e in t h e a c o u s t i c b e a m , h e a t i n g of t h e m e d i u m by t h e l i g h t and u l t r a -
s o u n d , and so o n . A c o u s t o o p t i c f i l t e r s h a v e b e e n b u i l t w i t h r e s o l u t i o n i?>103 

t h a t e m p l o y c o l l i n e a r d i f f r a c t i o n in q u a r t z c r y s t a l s of l e n g t h o v e r 10 cm [ 4 ] . 
It is t h e r e f o r e n e c e s s a r y to c a l c u l a t e t h e t r a n s m i s s i o n b a n d on t h e b a s i s of t h e 
f a l l in t h e c o n t r o l a c o u s t i c p o w e r [ 4 ] . 

If w e a s s u m e that t h e a c o u s t i c w a v e p r o p o g a t e s a l o n g the x a x i s of t h e c r y s -
t a l , t h e n the c o e f f i c i e n t q a p p e a r i n g in (1) d e c r e a s e s in p r o p o r t i o n to the s q u a r e 
of d a n d is a l s o d e p e n d e n t o n x . T h e c o o r d i n a t e d e p e n d e n c e of q is d u e to t h e 
r e d u c t i o n in t h e a c o u s t i c p o w e r d e n s i t y , b e c a u s e t h e c r o s s s e c t i o n of t h e a c o u s t i c 
c o l u m n is n o t c o n s t a n t in a r e a l d e v i c e b u t v a r i e s w i t h the l e n g t h o n a c c o u n t o f 
d i v e r g e n c e . If the a p e r t u r e is d e p e n d e n t on t h e a c o u s t i c d i v e r g e n c e Л<р an d the 
p a t h l e n g t h x in a c c o r d a n c e w i t h d{x)=d0 +Дфя, t h e n we get t h e f o l l o w i n g c o o r d i n a t e 
d e p e n d e n c e of q on t h e b a s i s o f t h e d a m p i n g : 

e—ax 

ч(.х) = я ( i + N 2 • ( 5 ) 
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w h e r e р=Д<рjd0 and a is the u l t r a s o u n d 
a t t e n u a t i o n c o e f f i c i e n t . S y s t e m (1) c a n -
not b e solved on t h e b a s i s of (5) in a 
g e n e r a l f o r m , b u t it can b e s o l v e d n u m e r -
ically for s p e c i f i e d v a l u e s of a , 3 and 
q , so ДX can be c a l c u l a t e d as a f u n c t i o n 
of I. 

Here we c o n s i d e r an e x a m p l e of the 
p a s s b a n d of a v i s i b l e - r e g i o n f i l t e r em-
p l o y i n g a q u a r t z c r y s t a l and a l o n g i t u d i -
n a l a c o u s t i c w a v e p r o p a g a t i n g a l o n g the 
x a x i s . The d i m e n s i o n s of the t r a n s -
d u c e r are t a k e n as dg = 0.3 c m , w i t h the 

u l t r a s o u n d d a m p i n g a = 0.02 d B / c m and 
Л = 600 n m . 

F i g u r e 1 shows the c a l c u l a t e d e f f i -
c i e n c y in r e l a t i o n to i n t e r a c t i o n l e n g t h 

n = и (a=0,003 cm " a n d p = 0,008 cm ~ for s e v e r a l v a l u e s of q; (1) w i t h (5) and 
q = 0.34 shows that the c o n d i t i o n |rj/1 = 0,8л;, for w h i c h is h a l v e d f r o m the m a x i -
m u m v a l u e , a l t e r s as I i n c r e a s e s . F i g u r e 2 shows the i n c r e a s e in |ri/| w i t h d i s -
t a n c e , w h i c h d e t e r m i n e s the p a s s b a n d . 

The r e l a t i o n b e t w e e n J-rj/J and ДА of (3) a l l o w s one to c a l c u l a t e the v a r i a t i o n 
of the p a s s b a n d w i t h d i s t a n c e (Fig. 3 ) . The c a l c u l a t i o n h a s b e e n p e r f o r m e d for 
A=600 n m and a=0,003 and |3=0,08 c m ~ l . For c o m p a r i s o n , the d a s h e d line of F i g . 3 shows 
t h e - v a r i a t i o n In ДА w i t h o u t a l l o w a n c e for the d i v e r g e n c e and d a m p i n g , i . e . , for 
a = 0.and 3 = 0 . It is clear that one is n o t j u s t i f i e d in u s i n g q u a r t z c r y s t a l s 
w i t h I in e x c e s s of 20 cm for the p u r p o s e . If />20 cm the r e s o l v i n g p o w e r b e g i n s 
to b e a f f e c t e d by the r e d u c t i o n in the c o n t r o l p o w e r d e n s i t y , and as a r e s u l t 
the p a s s b a n d a l t e r s little as I i n c r e a s e s . A l s o , ДА is i n v e r s e l y p r o p o r t i o n a l 
to the l e n g t h for any £ if a = g = 0 . If q = 0.34 and />20 c m , F i g . 1 shows t h a t 
t h e r e is no m a j o r i n c r e a s e in the p e r f o r m a n c e . T h e r e f o r e , a l e n g t h of about 20 
cm m a y be t a k e n as o p t i m a l , w h i l e the r e a l i s t i c a l l y a t t a i n a b l e p a s s b a n d isAA,^0,l 
n m . 

S i m i l a r c a l c u l a t i o n s h a v e b e e n p e r f o r m e d for c o l l i n e a r f i l t r a t i o n in l i t h i -
um n i o b a t e c r y s t a l s . T h e b i r e f r i n g e n c e of l i t h i u m n i o b a t e is l a r g e r by about an 
order of m a g n i t u d e t h a n t h a t for a - S i 0 2 and СаМоОц. T h e r e f o r e , the w o r k i n g 

u l t r a s o n i c f r e q u e n c i e s in an L i N b O ^ c r y s t a l are s u b s t a n t i a l l y h i g h e r [2]. A 

m a j o r c o n t r i b u t i o n to w i d e n i n g the p a s s b a n d is the r e d u c t i o n in the a c o u s t i c 
9 

p o w e r due to d a m p i n g . H o w e v e r , e v e n at f r e q u e n c i e s of the o r d e r of 10 H z t h e r e 
is r e l a t i v e l y low d a m p i n g in l i t h i u m n i o b a t e . T h e r e f o r e , the b r o a d e n i n g of the 
p a s s b a n d in L I N b O ^ sets in at i n t e r a c t i o n l e n g t h s t h a t c o n s i d e r a b l y e x c e e d the 

r e a l d i m e n s i o n s of the c r y s t a l s . In p r i n c i p l e , L i N b O ^ can g i v e h i g h e r r e s o l u t i o n 

that d o e s q u a r t z . The l i m i t i n g r e s o l u t i o n is d e t e r m i n e d in the m a i n by the size 
of the s p e c i m e n , t h e o p t i c a l q u a l i t y , and the h e a t i n g of t h e c r y s t a l d u e to loss 
in the p i e z o e l e c t r i c t r a n s d u c e r . 

H e r e w e h a v e u s e d a scheme for c o l l i n e a r f i l t r a t i o n in w h i c h the l i g h t b e a m 
and the u l t r a s o u n d p a s s only once t h r o u g h t h e c r y s t a l , i . e . , w i t h o u t r e f l e c t i o n 
[1]. If a d o u b l e - p a s s s y s t e m is u s e d for the light [2] it is p o s s i b l e to d o u b l e 
the r e s o l u t i o n by c o m p a r i s o n w i t h a s i n g l e p a s s . T h e r e f o r e , a p a s s b a n d of 0.05 
n m can be o b t a i n e d w i t h t h e o p t i m u m i n t e r a c t i o n l e n g t h . 

I, cm 

F i g . 3- P a s s b a n d in r e l a t i o n 
to l e n g t h of i n t e r a c t i o n r e g i o n . 
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