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©  Optically  achromatized  acoustooptic  deflection  apparatus. 

©  An  optically  achromatized  acoustooptic  deflection 
apparatus. 

Acoustooptic  deflectors  scan  light  through  a  scan  angle 
which  is  a  direct  function  of  wavelength.  In  multicolor  sys- 
tems,  the  scan  angles  must  be  equalized. 

According  to  the  invention,  equalization  is  accomplished 
by  one  prism  (26,  Figure  2)  or  more  prisms  which  magnify 
the  scan  angles  by  an  amount  which  is  an  inverse  function  of 
the  specific  wavelengths  involved.  At  least  two  beams  are 
passed  through  the  same  prism  so  that  the  beams  do  not 
have  to  be  separated  to  equalize  the  scan  angles.  The  prism 
can  also  provide  separation  of  the  beams  for  insertion  of 
optical  elements  in  separate  beams. 
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TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to   a c o u s t o o p t i c   l i g h t  
d e f l e c t i o n   a p p a r a t u s .   More  p a r t i c u l a r l y   i t   r e l a t e s   t o  

a p p a r a t u s   f o r   d e f l e c t i n g   two  or  more  beams  of  l i g h t   o f  

d i f f e r e n t   w a v e l e n g t h   t h r o u g h   s u b s t a n t i a l l y   t h e   same  s c a n  

a n g l e .  

BACKGROUND  ART 

I t   i s   w e l l   known  t h a t   t h e   p a s s a g e   of  a c o u s t i c  

waves   t h r o u g h  a   t r a n s p a r e n t   medium  p r o d u c e s   a  d i f f r a c t i o n  

g r a t i n g   by  p e r i o d i c   v a r i a t i o n   of  t h e   i n d e x   of  r e f r a c t i o n  

of  t h e   m e d i u m .   L i g h t   d i r e c t e d   t h r o u g h   t h e   m e d i u m ,   o r  

c e l l ,   i s   d i f f r a c t e d   t h r o u g h   a  d i f f r a c t i o n   a n g l e   a,  b e t w e e n  

t h e   u n d i f f r a c t e d   and  d i f f r a c t e d   b e a m s ,   a c c o r d i n g   to   t h e  

f o l l o w i n g   f o r m u l a :  

f o r   s m a l l   v a l u e s   of  a  and  w h e r e . 1   i s   t h e   vacuum  w a v e  

l e n g t h   of  t h e   l i g h t ,   f  i s   t h e   f r e q u e n c y   of   t he   a c o u s t i c  

w a v e ,  a n d   v  i s   t h e   a c o u s t i c   v e l o c i t y .   In  a c o u s t o o p t i c  

d e f l e c t o r s ,   l i g h t   i s   d e f l e c t e d   or  s c a n n e d   t h r o u g h   a  s c a n  

a n g l e  Δ @   by  v a r y i n g   t h e   a c o u s t i c   f r e q u e n c y   f .  

H o w e v e r ,   i t   can  be  s e e n   t h a t   e q u a t i o n   (1)  d e -  

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

to   t h e   s a m e ' a c o u s t i c   wave .   I f   f r e q u e n c y   f  i s  c o n t i n u o u s l y  

v a r i e d   t h r o u g h   a  b a n d w i d t h  Δ f ,  l i g h t   beams  of  d i f f e r e n t  

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

i n g   t o  



T h e s e   c h a r a c t e r i s t i c s   a r e   i l l u s t r a t e d   in   F i g .   1 .  

A  c o n v e n t i o n a l   d i f f r a c t i o n   c e l l   10  c o n t a i n s   a c o u s t i c  

w a v e s   12  of  f r e q u e n c y   f l   p r o d u c e d   by  a  t r a n s d u c e r   1 4 ,  
w h i c h   i s   in   t u r n   e n e r g i z e d   by  a  s i g n a l   s o u r c e   16.   Two 

beams   of  l i g h t   h a v i n g   w a v e l e n g t h s  λ 1  a n d  λ 2   w h e r e   λ 1 < λ 2  
t r a v e l   a l o n g   a  p a t h   18 ,   e n t e r   t h e   c e l l   10  and  a r e   d i f -  

f r a c t e d   by  t h e   a c o u s t i c   w a v e f r o n t s .   S i n c e   t h e   a n g l e   o f  

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

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

t i o n   a n g l e s   a  1  and  a  2 .  
I f   t h e   f r e q u e n c y   of  a c o u s t i c   w a v e s   12  i s   c h a n g e d  

f rom  f1  to   a  h i g h e r   f r e q u e n c y   f22  t h e   d i f f r a c t i o n   a n g l e s  

w i l l   c h a n g e   in   a c c o r d a n c e   w i t h   e q u a t i o n   (2)   b y  Δ @ 1   Δ@2, 

r e s p e c t i v e l y ,   w h e r e  Δ @ 1 < Δ @ 2 .   T h u s ,   i t   i s   a p p a r e n t   t h a t ,  

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

be  made  c o - l i n e a r   a t   one  c h o s e n   f r e q u e n c y , s u c h   a s ,   f o r  

e x a m p l e ,   by  i m p i n g i n g   beams   of  d i f f e r e n t   w a v e l e n g t h s  

a t   d i f f e r e n t   r e s p e c t i v e   i n c i d e n t   l i g h t   a n g l e s ,   t h e y  

w o u l d   n o t   r e m a i n   c o - l i n e a r   as  t h e   f r e q u e n c y   i s   v a r i e d .  

In  t h e i r   a r t i c l e   " E q u a l i z a t i o n   of  A c o u s t o o p t i c  

D e f l e c t i o n   C e l l s   in  a  L a s e r   C o l o r   TV  S y s t e m " ,   A p p l i e d  

O p t i c s ,   Vo l .   9,  N o .  5 ,   May  1 9 7 0 ,   W.  H.  W a t s o n   and  A. 

K o r p e l   s u g g e s t   t h e   use   of  an  a c o u s t o o p t i c   d e f l e c t o r  i n   a  

t h r e e   c o l o r   l a s e r   t e l e v i s i o n   a p p a r a t u s .   They  r e c o g n i z e  

t h a t   t h e   d i s p e r s i v e   c h a r a c t e r i s t i c s   of  a c o u s t o o p t i c  

d e f l e c t i o n   r e q u i r e   some  fo rm  of  e l e c t r i c a l   or  o p t i c a l  

c o m p e n s a t i o n   b e f o r e   t h r e e   p r i m a r y   c o l o r   i m a g e s   w i l l   r e -  

ma in   in  r e g i s t e r   as  t h e   a c o u s t i c   f r e q u e n c y   i s   v a r i e d  

o v e r   a  b a n d w i d t h  Δ   f .   E l e c t r i c a l   c o m p e n s a t i o n   r e q u i r e s .  

d i f f e r e n t   a c o u s t i c   s i g n a l s   f o r   e a c h   beam,   t h e r e b y   a p p a r -  

e n t l y   r e q u i r i n g   a  s e p a r a t e   a c o u s t o o p t i c   c e l l   f o r   e a c h  

beam.   W a t s o n   and  K o r p e l   o p t i c a l l y   e q u a l i z e   t h e   s c a n  

a n g l e s   u s i n g   s e p a r a t e   c o m p e n s a t i n g   p r i s m s   t o   m a g n i f y  

t h e   s m a l l e r   b l u e   and  g r e e n   s c a n   a n g l e s   to   m a t c h   t h e   s c a n  

a n g l e   of  t h e   r e d   b e a m .  

The  o p t i c a l   s o l u t i o n   s u g g e s t e d   by  W a t s o n   a n d  

K o r p e l   r e q u i r e s   d i f f e r e n t   p r i s m s   f o r   d i f f e r e n t   b e a m s .  

T h i s   r e q u i r e s   s p a t i a l l y   s e p a r a t e   b e a m s .   W a t s o n   and  K o r p e l  



p r o v i d e   s p a t i a l l y   s e p a r a t e  b e a m s   by  u s i n g   t h r e e   s e p a r a t e  

a c o u s t o o p t i c   d e f l e c t o r s   d r i v e n   by  t h e   same  s i g n a l .  

DISCLOSURE  OF  THE  INVENTION 

I t   i s   t h e   o b j e c t   of  t h e   i n v e n t i o n   t o   e q u a l i z e  

t h e   s c a n   a n g l e s   of  two  or  more  a c o u s t o o p t i c a l l y   d e f l e c t e d  

beams   u s i n g   an  o p t i c a l   means   w i t h o u t   t h e   need   of   s p a t i a l l y  

s e p a r a t i n g   t h e   beams  p r i o r   to   t h e   o p t i c a l   m e a n s .   W i t h  

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

u s e d   to   d e f l e c t   two  or  more  beams  w h i l e   t h e   p r i o r   a r t   u s e s  

s e p a r a t e   d e f l e c t o r s   f o r   e a c h   b e a m .  

T h i s   o b j e c t   i s   a c c o m p l i s h e d   by  p r o v i s i o n   o f  

p r i s m   means   p o s i t i o n e d   in  t h e   p a t h   of  b o t h   beams  w h i c h  

p r i s m   means   m a g n i f i e s   t h e   s c a n   a n g l e s   of  b o t h   beams  b y  

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

of  the   b e a m s .  

A c c o r d i n g   to   a  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n -  

v e n t i o n ,   a  s i n g l e   p r i s m   h a v i n g   i n d e x e s   of   r e f r a c t i o n  

n1  and  n2  f o r   t h e   w a v e l e n g t h s   in   q u e s t i o n   and  an  a p e x  
a n g l e   A  i s   p o s i t i o n e d   w i t h   t h e   d e f l e c t e d   l i g h t   beams  i n -  

c i d e n t   on  i t s   f r a n t   s u r f a c e   a t   a p p r o x i m a t e l y   t h e   s a m e  
i n c i d e n t   a n g l e   @.  The  p a r a m e t e r s   n1 ,   n2 ,   A  and  @  a r e  

c h o s e n   so  t h a t   t h e   p r o d u c t   of  t h e   w a v e l e n g t h   and  t h e  

m a g n i f i c a t i o n   of  s c a n   a n g l e   of  one  beam  i s   e q u a l   to   t h a t  

of  t he   o t h e r   b e a m .  

A c c o r d i n g   to   a  f u r t h e r   p r e f e r r e d   e m b o d i m e n t   a  

s i n g l e   p r i s m   i s   u s e d   to   e q u a l i z e   t h e   s c a n   a n g l e s   f o r   t h r e e  

l i g h t   beams  of   d i f f e r e n t   w a v e l e n g t h ,   by  p r o p e r   c h o i c e   o f  

n1 ,   n2 ,   n 3 ,  A   and  @. 

Even  i f   t h e   l i g h t   beams  a r e   e v e n t u a l l y   s e p a r a t e d ,   f o r  

e x a m p l e ,  t o   i n s e r t   o t h e r   o p t i c a l   e l e m e n t s   to   e q u a l i z e   t h e  

d i f f r a c t i o n   a n g l e s ,   i t   i s   an  a d v a n t a g e   of  t h e   i n v e n t i o n   t h a t  

t h e   p r i s m   means   p r o v i d e s   s u c h   s e p a r a t i o n   or  g r e a t l y   s h o r t e n s  

t h e   o p t i c a l   p a t h   n e c e s s a r y  f o r   s u c h   s e p a r a t i o n .   T h e r e f o r e ,  

a c c o r d i n g   t o  a n o t h e r   e m b o d i m e n t ,   t h r e e   beams  of   d i f f e r e n t  

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

t h e   s c a n   a n g l e   of   two  o f  t h e   beams  and  c o n t r i b u t e s   to   t h e  

s e p a r a t i o n   of   t h e   t h i r d   beam  f rom  t h e   f i r s t   t w o .   The  s c a n  

a n g l e   of  t h e  t h i r d   beam  i s   e q u a l i z e d   w i t h   t h e   f i r s t   two  b y  



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

p o s i t i o n e d   o n l y   i n   t h e   t h i r d   b e a m .  

BRIEF  DESCRIPTION  OF THE  DRAWINGS 

In  t h e   d e s c r i p t i o n   of   t h e   e m b o d i m e n t s   of   t h e  
i n v e n t i o n   p r e s e n t e d   b e l o w ,   r e f e r e n c e   i s   made  t o   t h e   a c c o m -  

p a n y i n g   d r a w i n g s   in   w h i c h :  

F i g .   1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   f i r s t   r e f e r -  
r e d   to  a b o v e , o f   two  l i g h t   beams   of  d i f f e r e n t   w a v e l e n g t h   p a s s i n g  

t h r o u g h   a  d i f f r a c t i o n   c e l l ,   w i t h   g r e a t l y   e x a g g e r a t e d   s c a n   a n d  
d i f f r a c t i o n   a n g l e s ;  

F i g .   2  i s   a  s c h e m a t i c   v i e w   of   an  o p t i c a l   a c h r o -  

m a t i z a t i o n   s y s t e m   a c c o r d i n g   to   t h e   i n v e n t i o n ,   w i t h   g r e a t l y  

e x a g g e r a t e d   s c a n   and  d i f f r a c t i o n   a n g l e s ;  

F i g .   3  i s   a  p l o t   of   l i g h t   d e v i a t i o n   of  a  p r i s m   v s . .  
i n c i d e n t   a n g l e ;  

F i g .  4   i s   a  p l o t   of  s c a n   a n g l e   m a g n i f i c a t i o n   of  a  

p r i s m   v s .   p r i s m   a p e x   a n g l e ;  

F i g .   5 '  i s   a  p l o t   of   s c a n   a n g l e   m a g n i f i c a t i o n   of   a  

p r i s m   v s .   i n c i d e n t   a n g l e ;  

F i g .   6  i s   a  p l o t   of  t h e   m a g n i f i c a t i o n   r a t i o s  

of   a  p r i s m   f o r   two  o p t i c a l   w a v e l e n g t h s   v s . i n c i d e n t   a n g l e ;  

a n d  

F i g .   7  i s   a  s c h e m a t i c   v i e w   of  an  o p t i c a l   a c h r o -  

m a t i z a t i o n   s y s t e m   a c c o r d i n g   to   a n o t h e r   e m b o d i m e n t   o f  

t h e   i n v e n t i o n ,   w i t h   g r e a t l y   e x a g g e r a t e d   s c a n   and  d i f f r a c t i o n  

a n g l e s .  

DETAILED  DESCRIPTION  OF  EMBODIMENTS 

A c o u s t o o p t i c   d e f l e c t o r s   n o r m a l l y   f u n c t i o n   a t  

v e r y   s m a l l   s c a n   and  d i f f r a c t i o n   a n g l e s ,   f o r   e x a m p l e ,   l e s s  

t h a n   10  in   e a c h   c a s e .   H o w e v e r ,   t h e s e   a n g l e s   a r e   s h o w n  

much  g r e a t e r   t h a n   t h i s   in   t h e   d r a w i n g s   f o r   i l l u s t r a t i v e  

p u r p o s e s .  

R e f e r r i n g   to   F i g .   2,  a  s c h e m a t i c   r e p r e s e n t a t i o n  

of   l i g h t   d e f l e c t o r   a p p a r a t u s ,   c o n s t r u c t e d   in   a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n ,   i s   s h o w n .   D i f f r a c t i o n   c e l l  1 0   i s  

i d e n t i c a l   t o   t h a t   shown  in   F i g .   1,  d e s c r i b e d   a b o v e .   As  i n  



F i g .   l , t h e   a c a n   a n g l e s   of   beams  e x i t i n g   f rom  c e l l   10  v a r y   i n  
d i r e c t  p r o p o r t i o n   w i t h   w a v e l e n g t h .   The  a p p a r a t u s  i s   o p t i c a l l y  
a c h r o m a t i z e d   by  p r i s m   m e a n s ,   f o r   e x a m p l e ,   s i n g l e   p r i s m   2 6  

p o s i t i o n e d   in   t h e   p a t h   of  t h e   d e f l e c t e d   beams  to  d i f f e r -  

e n t i a l l y   m a g n i f y   and  t h u s   e q u a l i z e   t he   s c a n   a n g l e s   of  t h e  
d i f f e r e n t   w a v e l e n g t h   l i g h t .   A  p a i r   of  c e n t e r i n g   m i r r o r s   2 6  

and  30  r e a l i g n   t h e   beams   so  t h a t   a l l   r a y s   i m p i n g i n g   upon   a n  

i m a g i n g   l e n s   31  a t   any  i n s t a n t   a r e   p a r a l l e l .   The  l e n s  

f o c u s e s   t he   p a r a l l e l   beams  to   a  p o i n t   at  p l a n e   32,   w h i c h  

p o i n t   v a r i e s   a c c o r d i n g   to  t h e   s c a n   a n g l e .  

The  p a r a m e t e r s   of  p r i s m   26  a r e   s e l e c t e d   i n  

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   so  t h a t  - t h e   s c a n  

a n g l e   A  a  of  e a c h   beam  i s   m a g n i f i e d   by  an  amoun t   n e c e s s a r y  

to  e q u a l i z e   t h e   s c a n   a n g l e s   of  t he   two  b e a m s .   In  t h e  

f o l l o w i n g   s e c t i o n s   of  t h i s   s p e c i f i c a t i o n ,   we  w i l l   d i s c u s s  

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

how  s u c h   p a r a m e t e r s   a r e   u s e d   to  a c h r o m a t i z e   t h e   b e a m s .  

B e c a u s e   t h e   p r i s m   means   i s   p l a c e d   in   t h e   p a t h  

of  b o t h   b e a m s ,   i t   i s   no t   n e c e s s a r y   to  s p a t i a l l y   s e p a r a t e  

t he   beams   p r i o r   to  e n t e r i n g   t h e   p r i s m   as  in  t h e   p r i o r   a r t .  

H o w e v e r ,   an  a d v a n t a g e   of  t he   i n v e n t i o n   i s   t h a t   t h e   p r i s m  

g r e a t l y   s h o r t e n s   t he   p a t h   r e q u i r e d   to   s e p a r a t e   t h e   b e a m s  

f o r   o p t i c a l   e l e m e n t s   s u c h   as  c e n t e r i n g   m i r r o r s   28  and  3 0 .  

In  f a c t ,   i f   t h e   s c a n   a n g l e s   of  t he   o r i g i n a l   d i f f r a c t e d  

beams  o v e r l a p   and  e m a n a t e   f rom  t h e   same  p o i n t   in   c e l l   1 0 ,  

t h e y   w i l l   n e v e r   s e p a r a t e   w i t h o u t   t h e   p r i s m   or  o t h e r   o p t i c a l  

e l e m e n t s .  

Scan   Ang le   M a g n i f i c a t i o n  

The  a n g l e  b e t w e e n   t h e   p a t h   of  t h e   i n c i d e n t   a n d  

e m e r g e n t   r a y s   of  a  l i g h t   beam  p a s s i n g   t h r o u g h   a  p r i s m   i s  

t h e   a n g l e   of  d e v i a t i o n   D.  The  a m o u n t   of  d e v i a t i o n   i s   d e -  

p e n d e n t   upon  t h e   i n d e x - o f   r e f r a c t i o n   n  of  t h e   p r i s m   m a t e r i a l  

f o r   t h e   p a r t i c u l a r   w a v e l e n g t h ,   t h e   apex   a n g l e   A  o f  t h e  

p r i s m   and  t h e  i n c i d e n t   a n g l e  @  ( t h e   a n g l e   b e t w e e n   t h e  

i n c i d e n t   l i g h t   beam  and  t h e   n o r m a l   to   t h e   i n c i d e n t   p r i s m  

f a c e ) .   The  r e l a t i o n s h i p   b e t w e e n   t h e s e   p a r a m e t e r s   i s :  



' F r o m  e q u a t i o n  ( 3 ) ,   i t   i s   s e e n   t h a t ,  f o r   a  g i v e n  

p r i s m   and  w a v e l e n g t h ,   d e v i a t i o n   of   a  l i g h t   beam  i s   a  
f u n c t i o n   s o l e l y   o f  t h e   i n c i d e n t   a n g l e   @.  F i g .   3  i s   a  

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

λ 1  a n d   λ2  of  d e v i a t i o n   v e r s u s   i n c i d e n t   a n g l e .   No te   t h a t  

as  t h e   a n g l e   of   i n c i d e n c e   i s ,   s a y ,   d e c r e a s e d   f rom  a  l a r g e  

v a l u e   ( m o v i n g   f rom  r i g h t   to   l e f t ) ,   t h e   a n g l e   of  d e v i a t i o n  

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

mum  d e v i a t i o n   Dm  i s   r e l a t e d   to   t h e   a p e x   a n g l e   of   t h e   p r i s m  

and  i t s   i n d e x   of  r e f r a c t i o n   as  d i s c u s s e d   in   S e a r s   a n d  

Z e m a n s k y ,   U n i v e r s i t y   P h y s i c s ,   2nd  E d i t i o n ,   A d d i s o n -  

W e s l e y   P u b l i s h i n g   Company ,   page   7 3 6 .  

The  m a g n i f i c a t i o n   M  of  t h e   p r i s m   a t   any  v a l u e  

of   i n c i d e n t   a n g l e  @  i s   e q u a l   t o   t h e   s l o p e   d D / d @ .  

Of  c o u r s e ,   t h e   c h a n g e   in   i n c i d e n t   a n g l e  Δ @  o f   a  

beam  a r r i v i n g   a t   a  p r i s m   f a c e   f rom  an  a c o u s t o o p t i c   d e f l e c -  

t o r   c e l l   as  in   F i g .   2  i s   l i n e a r l y   r e l a t e d   to   t h e   c h a n g e  

Δ a i n   t h e   d i f f r a c t i o n   a n g l e   a  of  t h e   c e l l .   From  e q u a t i o n  

( 2 ) ,   t h e   s c a n   a n g l e s  Δ @ 1 ,  Δ @ 2 , . . . , Δ @ n   c o r r e s p o n d i n g   t o  

l i g h t   of  w a v e l e n g t h s  λ 1 ,  λ 2 ,   . . .  λ n   a r e   d i r e c t l y   p r o p o r -  

t i o n a l   to   w a v e l e n g t h s .   M a t h e m a t i c a l l y ,   s u c h   a  r e l a t i o n s h i p  

can  be  e x p r e s s e d   as  f o l l o w s :  

A c c o r d i n g l y ,   i f   t h e   s c a n   a n g l e s  Δ @ 1   ( w h e r e   i  i s   any  i n t e g e r  

a r e   m u l t i p l i e d   by  a  f a c t o r   M1  w h i c h   i s   c o n s t a n t   o v e r   t h e  

s c a n   a n g l e  Δ @ 1   and  i n v e r s e l y   p r o p o r t i o n a l   t o   t h e   a s s o c i a t e d  

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

t h e   s ame .   A n o t h e r   way  to   e x p r e s s   t h e   same  r e l a t i o n s h i p   i s :  

w h e r e  

From  t h i s   r e l a t i o n s h i p   and  f r o m   F i g .   3  i t   can   be  d e d u c e d  

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



v e r s e l y   w i t h   w a v e l e n g t h .   T h a t   i s ,   t h e   p r i s m   m a g n i f i c a t i o n   M cam 
be  g r e a t e r   f o r   s h o r t e r   o p t i c a l   w a v e l e n g t h s .   In   t he   r e g i o n   t o  

t h e   l e f t   of  t h e   p o i n t   of  min imum  d e v i a t i o n   in   F i g .   3,  t h e  

s l o p e   f o r   t h e   s h o r t e r   w a v e l e n g t h  λ 1   -s   more  n e g a t i v e  t h a n  

t h a t   f o r   t he   l o n g e r   w a v e l e n g t h  λ 2 .   U n f o r t u n a t e l y ,  t h e  

r e l a t i o n s h i p   i s   no t   l i n e a r .   H o w e v e r ,   i f   s p e c i f i c   v a l u e s  

f o r   t h e   p a r a m e t e r s   can   be  f o u n d   w h e r e   t h e   r e l a t i o n s h i p  

h o l d s   f o r   two  or  more  s p e c i f i c   w a v e l e n g t h s ,   v e r y   c l o s e  

a c h r o m a t i z a t i o n   o v e r   s m a l l   d i f f r a c t i o n   and  s c a n   a n g l e s   c a n  

be  e f f e c t e d .  

S e l e c t i o n   of  Apex  A n g l e  

D e v i a t i o n   as  a  f u n c t i o n   of  t h e   apex   a n g l e   can  b e  

c o m p u t e d   f rom  e q u a t i o n   (3)  f o r   a  g i v e n   p r i s m   m a t e r i a l   a n d  

a  f i x e d   i n c i d e n t   a n g l e  @ .   In  f i g .   4,  m a g n i f i c a t i o n  

(dD/d@)  is   p l o t t e d   a g a i n s t   apex   a n g l e   f o r   r e d   and  b l u e  

l i g h t   beams  ( r e s p e c t i v e   w a v e l e n g t h s   of  6328A  and  4 4 1 6 A )  

at   an  i n c i d e n t   a n g l e   of  3 5 ° ;   u s i n g   a  p r i s m   h a v i n g   a n  

i n d e x   of  r e f r a c t i o n   ND=  1 . 6 8 8 9 3   and  a  d i s p e r s i v e   i n d e x  

vD=  3 1 . 0 8 .  

For  l a r g e   apex   a n g l e s ,   t h e   a b s o l u t e   m a g n i t u d e   o f  

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

c r e a s e s ,   a  d e s i r a b l e   e f f e c t   to  c o m p e n s a t e   f o r   t he   d i f f e r -  

e n c e s   in  s c a n   a n g l e s  Δ @ 1   f rom  a c o u s t o o p t i c   c e l l   10.  T h u s ,  

in   o r d e r   to   o b t a i n   p r i s m   m a g n i f i c a t i o n s   t h a t   a r e   an  i n v e r s e  

f u n c t i o n   of  a  wide   r a n g e   of  o p t i c a l   w a v e l e n g t h s ,   we 

must   c h o o s e   r e l a t i v e l y   l a r g e   p r i s m   apex   a n g l e s .  

H o w e v e r ,   as  t h e   apex   a n g l e   g e t s   l a r g e r ,   t h e  

c r i t i c a l   a n g l e   w i l l   e v e n t u a l l y   be  r e a c h e d  f o r   t h e   b l u e  

beam.   T h e r e f o r e ,   t h e   c h o s e n   apex   a n g l e  c a n n o t   be  so  l a r g e  

t h a t   any  l i g h t   beam  w i l l   s u f f e r   t o t a l   i n t e r n a l   r e f l e c t i o n  

w i t h i n   t h e   p r i s m .  

I n c i d e n c e   Ang le   f o r   Two  C o l o r   Scan   E q u a l i z a t i o n  

Once  a  p r i s m   apex   a n g l e   i s   c h o s e n ,   t he   r e l a t i v e  

m a g n i f i c a t i o n   can  be  a d j u s t e d   to  t he   d e s i r e d   v a l u e   b y  

c h o o s i n g   t h e  a p p r o p r i a t e   a n g l e   of  i n c i d e n c e   0.  A c o u s t o o p t i c  

d e f l e c t o r s   commonly   f u n c t i o n   at   v e r y   s m a l l   s c a n   and  d i f f r a c -  

t i o n   a n g l e s .   For   e x a m p l e ,   b o t h  a n g l e s   may  b e  l e s s   t h a n   1 ° .  



For   t h i s   r e a s o n ,   a  s i n g l e   a n g l e  @   i s   u s e d   f o r   a l l   w a v e -  
l e n g t h s  i n   d e t e r m i n i n g . p r i s m   p a r a m e t e r s   and  o r i e n t a t i o n .  

I f   t h e   a n g l e  @   v a r i e s   s u b s t a n t i a l l y   b e t w e e n   b e a m s ,  

t h e n   a l l o w a n c e   f o r   s u c h   v a r i a n c e   mus t   be  m a d e ,  w h i c h  

a l l o w a n c e   i s   w i t h i n   t h e   s k i l l   of  t h e   a r t .  

F i g .   5  shows   a  p a i r   of   p l o t s   of  m a g n i f i c a t i o n  

v e r s u s   i n c i d e n t   a n g l e   f o r   a  40°  apex   a n g l e   p r i s m   h a v i n g  

i n d e x e s   of  r e f r a c t i o n   n1  and  n2  of  2 . 0 8 5 3 7   and  2 . 1 6 7 9 0  

f o r   r e d   ( λ 1  =   6328A)  and  b l u e   ( λ 2  =   4416A)  r e s p e c t i v e l y .  

I t   can  be  shown  t h a t   at   @ =  3 2 ° ,  M  =   c o n s t a n t   /λ   f o r  

t h e   r e d   ( 6 3 2 8   A)  and  b l u e   ( 4 4 1 6   A)  l i n e s   f o r   s u c h   a  p r i s m .  

T h u s ,   t h e r e   i s  a n   i n c i d e n t   a n g l e   at   w h i c h   t h e   m a g n i f i c a -  

t i o n   w i l l   be  i n v e r s e l y   p r o p o r t i o n a l   to   t h e   o p t i c a l   w a v e -  

l e n g t h s   6328  A  and  4416  A  f o r   t h a t   p a r t i c u l a r   p r i s m .  
In  d e t e r m i n i n g   t h e   i n c i d e n t   a n g l e   a t   w h i c h   t h e  

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

e x i s t s ,   we  d e f i n e   R i j  ≡   M i / M j ,   w h e r e   i  a n d  j   a r e   i n t e g e r s .  

I f   o n l y   two  c o l o r s   λ 1  a n d  λ 2   a r e   to   be  d e f l e c t e d ,   a c h r o -  

m a t i z a t i o n   w i l l   be  a c h i e v e d   w h e r e   M1λ1  = M2  λ 2 ,   or  R12  = 

λ 2 / λ  1 .  
C o n s i d e r   t h e   t h r e e   w a v e l e n g t h s   λ 1  =   6328  A,  

λ 2  =   4416  A,  λ 3  =   5210  A.  For   t h e   p a i r   λ1  and  λ 2 ,   or  t h e  

F a i r  λ 3   and  λ 2 ,   r e s p e c t i v e l y   we  r e q u i r e   t h a t :  

a n d  

In  F i g u r e  6 ,   c o m p u t e d   m a g n i f i c a t i o n   r a t i o s   M1 Mj 

or  R i j ,   a r e   p l o t t e d   v s .   p r i s m   i n c i d e n t   a n g l e   @  f o r   a  p r i s m  

of  t h e   same  g l a s s   as  in   F i g .   5  ( n 3  =   2 . 1 1 4 9 3 )   w i t h   3 0 °  

a p e x   a n g l e   f o r   t h e   t h r e e   o p t i c a l   w a v e l e n g t h s   λ 1  =   6328  A ,  

λ 2  =   4416  A  and  λ 3  =   5210  A.  The  c i r c l e d   p o i n t s   i n d i c a t e  

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



e q u a t i o n   (6)  or  (7)   i s   f u l f i l l e d ,  i . e . ,  w h e r e   R i j  =  

λ j / λ i   ( R 1 2  =   0 . 6 9 7 9 a n d   R 3 2  =   0 . 8 4 7 6 ) .   T h u s ,   i f - o n e   u s e s  

t h i s   p r i s m   at   an  i n c i d e n t   a n g l e   o f  2 9 . 6 ° ,   s c a n   e q u a l i z a t i o n  
i s   a c h i e v e d   f o r   t h e   two  c o l o r s   λ2  =  4416  A  a n d   λ 1  =   6328  A. 

S i m i l a r l y ,   a c h r o m a t i z a t i o n   of   t h e  s c a n s   of  t he   two  c o l o r s  

λ3  =  5210  A  and  λ2  =  4 4 1 6  A   i s   a c h i e v e d   by  c h o o s i n g   @  = 
2 8 . 0 ° .   Of  c o u r s e ,   as  t h e   d e f l e c t i o n   a n g l e   a  v a r i e s   o v e r   a  

r a n g e   Δ@,  t h e   i n c i d e n c e   a n g l e   0  w i l l   v a r y   o v e r   a  c o r r e -  

s p o n d i n g   r a n g e Δ @ ,   and  o p t i m u m   p e r f o r m a n c e  w i l l   r e s u l t   i f   t h e  

c h a n g e   in   Ri j   i n   F i g . -  6   i s   as  s m a l l   as  p o s s i b l e   o v e r  

t h e  r a n g e  Δ @ .   Two  c o l o r   a c h r o m a t i z a t i o n   h o l d s   o v e r   a  

l a r g e r   s c a n   r a n g e  A  a   in   t h e   c a s e   of  t h e   u p p e r   c u r v e   s i n c e  

t h e   s l o p e   of   t h a t   c u r v e   a t  @   =  2 8 . 0 °   i s   s m a l l e r   t h a n  t h e  
s l o p e   of  t h e   l o w e r   c u r v e   a t  @   =  2 9 . 6 ° .   P e r f e c t   two  c o l o r  

a c h r o m a t i z a t i o n   o v e r   t he   e n t i r e   s c a n   r a n g e   r e q u i r e s   t h a t   t h e  

c h a n g e   of  Ri j   be  z e r o   o v e r   t he   r a n g e   of  v a l u e s  Δ @   c o r r e -  

s p o n d i n g   to   t h e   s c a n   r a n g e   o f  A a .  

T h r e e   C o l o r   A c h r o m a t i z a t i o n   By  C h o i c e   of  W a v e l e n g t h s  

I f   t h e   two  c i r c l e d   p o i n t s   in   F i g u r e   6  were   v e r -  

t i c a l l y   a l i g n e d ,   i . e . ,   i f   b o t h   e q u a t i o n s   (6)  and  (7)  w e r e  

s a t i s f i e d   a t   a  s i n g l e  @  v a l u e ,   t h e n   at   t h a t   v a l u e   of  @,  Mi  = 

c o n s t a n t / λ i ,   o r  

T h e r e   a r e   s e v e r a l   ways  t h i s   can  b e  d o n e .   One  way  c o n s i s t s  

of  c h o o s i n g   t h e   t h i r d   w a v e l e n g t h  λ 3   to   f i t   t h e   a c h r o m a -  

t i z a t i o n   c o n d i t i o n s   of  t h e   o t h e r   two  w a v e l e n g t h s .   F o r  

e x a m p l e ,   when  e q u a t i o n   (6)  i s   s a t i s f i e d ,   R12  =  0 . 6 9 7 9   f o r  

λ2  =  4 4 1 6   A  a n d  λ 1   =  6 3 2 8   A,  and  f rom  F i g .   6,  t h i s   i s   t r u e .  

a t   @  =  2 9 . 6 ° .   H o w e v e r ,   f o r   t h e  @   v a l u e  2 9 . 6 ° ,   R32  = 

0 . 8 0 5 0   and  d o e s   n o t   s a t i s f y   e q u a t i o n   (7)  w i t h   λ2  =  5210  A. 

W e  c a n   use   e q u a t i o n   (7.)  to  f i n d   a  v a l u e   f o r   λ 3  

a t  @   =  2 9 . 6 ° .   L e t t i n g   R32  =  0 . 8 0 5 0   and  λ 2  =   4 4 1 6  Å ,  

e q u a t i o n   (7)   can   be  s o l v e d   f o r  λ 3 ;   and  we  have   λ3  = 

λ2  R 3 2  =   5486  A .   T h u s ,   i f  R 3 2   d i d   n o t   c h a n g e  w i t h   t h e  

c h a n g e   in   λ 3 ,   s i m p l y   c h a n g i n g   f r o m  λ 3   =  5 2 1 0   A  t o  λ 3   = 



5 4 8 6  A   w o u l d   a c c o m p l i s h   t h r e e   c o l o r   a c h r o m a t i z a t i o n .   O f  

c o u r s e ,   c h a n g i n g   λ3  d o e s   make  a  s l i g h t  s h i f t   i n . t h e   u p p e r  

c u r v e   of   F i g .   6  and  t h u s   an  i t e r a t i v e   p r o c e s s   of  s o l v i n g   f o r  

λ3 '   p l o t t i n g   R32,  s o l v i n g   f o r   a  new  λ 3 ,   e t c . ,   m u s t   be  f o l -  

l o w e d   t o   a p p r o x i m a t e   t h e   c o r r e c t   v a l u e  o f  λ 3 .  
T h r e e   C o l o r   A c h r o m a t i z a t i o n   By  a  T r i m m i n g   P r i s m  

A n o t h e r   t e c h n i q u e ,   w h i c h   d o e s   n o t   r e q u i r e   c h a n g -  

i n g   t h e   w a v e l e n g t h   of   any  b e a m ,   i s   shown  in   F i g .   7.  ' A  

s e c o n d   " t r i m m i n g "   p r i s m   34  has   b e e n   u s e d   to   c o m p e n s a t e   f o r  

t h e   h o r i z o n t a l   d i s t a n c e   b e t w e e n   t h e   c i r c l e d   p o i n t s   i n  F i g u r e  
6  by  p r o v i d i n g   a n  a d d i t i o n a l   c o n t r o l   on  t h e   m a g n i f i c a t i o n  

f o r   one  w a v e l e n g t h .   E s s e n t i a l l y ,  t h i s   i n v o l v e s   s e p a r a t i n g  

o n e  o f   t h e   t h r e e   b e a m s   f o r   i n d i v i d u a l   m a g n i f i c a t i o n .   A 

p r i s m   o p e r a t i n g   n e a r   n o r m a l   i n c i d e n c e   (@  =  0)  has   a  m a g n i -  

f i c a t i o n   Mo  g i v e n   b y  

S o l v i n g   f o r   a p e x   a n g l e   A ,  

C a l c u l a t i n g   as  an  e x a m p l e   t h e   v a l u e   of  A  f o r   a  

c o r r e c t i n g   p r i s m   n e e d e d   in   t h e   e x a m p l e   of  F i g u r e   6,  we 

r e m e m b e r   t h a t  a t   @  =  2 9 . 6 °   ( t h e   i n c i d e n t   a n g l e  @   w h i c h  

p r o v i d e s  s c a n   e q u a l i z a t i o n   f o r   w a v e l e n g t h s   λ1  6328  A  a n d  

λ2=  4416  A),  t h e  m a g n i f i c a t i o n   r a t i o  R 3 2   mus t   b e  

0 . 8 0 5 0   to   e q u a l i z e   t h e   s c a n   of   a  t h i r d   w a v e l e n g t h   λ3 .   F o r  

two  c o l o r   s c a n   e q u a l i z a t i o n   w i t h   λ3   =  5210  A  a n d  λ 2   = 

4 4 l 6 A   i t   has   b e e n   shown  t h a t   R32  must   e q u a l   0 . 8 4 7 6 .  

H e n c e ,   we  see   t h a t   we  can   have   t h r e e   c o l o r   s c a n  

e q u a l i z a t i o n   w i t h o u t   c h a n g i n g   t h e   o p t i c a l   w a v e l e n g t h s   ( a s  

was  r e q u i r e d   by  t h e   t e c h n i q u e   of  t h e   p r e c e d i n g   s e c t i o n )   at   @ 

=  2 9 . 6 °   i f   R32  i s  i n c r e a s e d   f r o m   0 . 8 0 5 0   to   0 . 8 4 7 6 .   I n  

d o i n g   so ,   M2  c a n n o t   c h a n g e   b e c a u s e   a  c h a n g e   in   t h e   m a g -  

n i f i c a t i o n   of  t h e   λ2   w a v e l e n g t h   l i g h t   s c a n   a n g l e   w o u l d  



e f f e c t   R12  a l s o .   T h e r e f o r e ,   o n l y  M 3   may  be  a d j u s t e d .   T h e  
a m o u n t   of  a d j u s t m e n t   in   ou r   e x a m p l e   i s   d e t e r m i n e d   by  m u l t i -  
p l y i n g   t h e   m a g n i f i c a t i o n   r a t i o   0 . 8 u 5 0   by  a  f a c t o r   w h i c h  
w o u l d   b r i n g   i t   to   0 . 8 4 7 6 ,   or   by  1 . 0 5 3 .   T h i s   can  be  a c c o m -  
p l i s h e d   by  m a g n i f y i n g   t h e   s c a n   a n g l e  o f   t h e  λ 3   beam  b y  
1 . 0 5 3   by  p l a c i n g   a  " t r i m m i n g "   p r i s m   of   m a g n i f i c a t i o n   M o =  

1 . 0 5 3   in  t h e   p a t h   of  t h a t   b e a m .  

I f   t h e   same  g l a s s   i s   u s e d   f o r   b o t h   p r i s m s ' 2 6   a n d  
34  t h e n  

T h u s ,   a  t r i m m i n g   p r i s m   of  a p e x   a n g l e   e q u a l   t o  
9 . 5 °   in  t h e   p a t h   of  t h e   λ3  beam  w o u l d   p r o v i d e   c o r r e c t  

a d d i t i o n a l   m a g n i f i c a t i o n   of  one  w a v e l e n g t h .  

T h i s   e x a m p l e   i l l u s t r a t e s   an  a d v a n t a g e   of  t h e  

i n v e n t i o n .   P r i s m   26  b o t h   e q u a l i z e s   t h e   s c a n   a n g l e s   o f  

λ1  and  λ2  and  s h o r t e n s   g r e a t l y   t h e   o p t i c a l   p a t h   r e q u i r e d  

b e f o r e   t h e   b e a n s   s e p a r a t e   e n o u g h   to  use   p r i s m   3 4 .  

The  i n v e n t i o n   has   b e e n   d e s c r i b e d   in  d e t a i l   w i t h  

p a r t i c u l a r   r e f e r e n c e   to   c e r t a i n   p r e f e r r e d   e m b o d i m e n t s  

t h e r e o f ,   bu t   i t   w i l l   be  u n d e r s t o o d   t h a t   v a r i a t i o n s   a n d  

m o d i f i c a t i o n s   can   be  e f f e c t e d   w i t h i n   t h e   s p i r i t   and  s c o p e  
of   t h e   i n v e n t i o n .   For   e x a m p l e ,   a d d i t i o n a l   d e g r e e s   o f  

f r e e d o m   can  be  o b t a i n e d   in   m a t c h i n g   t h r e e   w a v e l e n g t h   l i g h t  

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

f o r   e x a m p l e ,   w i t h   two  p r i s m s   of  d i f f e r i n g   d i s p e r s i v e  

c h a r a c t e r i s t i c s   e i t h e r   c e m e n t e d   t o g e t h e r   or  a i r s p a c e d .  

INDUSTRIAL  APPLICATION 

The  i n v e n t i o n   can   be  u s e d   in   a p p l i c a t i o n s   r e -  

q u i r i n g   s c a n n i n g   m u l t i - c o l o r   l i g h t .   I t   i s   p a r t i c u l a r l y  

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

s u c h   a s  t h o s e   p r o d u c e d   by  l a s e r s .   A c c o r d i n g l y ,   i t   can   b e  

u s e d   in   l a s e r   c o l o r   t e l e v i s i o n   r e c e i v e r s ,   l a s e r   c o l o r  

p r i n t e r s   and  l a s e r   c o l o r   c o p i e r s .  



'1 .   A p p a r a t u s  f o r   d e f l e c t i n g   two  beams   of   l i g h t  

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

t i a l l y   t h e   same  s c a n   a n g l e ,   i n c l u d i n g :  

a c o u s t o o p t i c   means   (10)   f o r   d e f l e c t i n g   t h e   b e a m s  

t h r o u g h   d i f f e r e n t   s c a n   a n g l e s ,   t h e   s c a n   a n g l e   f o r   e a c h   b e a m  

b e i n g   p r o p o r t i o n a l   t o   i t s   w a v e l e n g t h ,   a n d  

o p t i c a l   e q u a l i z a t i o n   ( 2 6 ;   26,   34)  means   f o r  

e q u a l i z i n g   t h e   s c a n   a n g l e s   of   t h e   b e a m s ,  

c h a r a c t e r i z e d   in   t h a t   t h e   o p t i c a l   e q u a l i z a t i o n  

m e a n s   i n c l u d e s   p r i s m   means   ( 2 6 )   ih   t h e   p a t h   of  b o t h   d e -  

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

e a c h   beam  by  an  a m o u n t   w h i c h   v a r i e s   as  an  i n v e r s e   f u n c t i o n  

of   t h e   w a v e l e n g t h   of   e a c h   b e a m .  

2.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   t h e   p r i s m   means   i n c l u d e s   a  s i n g l e  

p r i s m   (26)   t h r o u g h   w h i c h   b o t h   beams  p a s s ,   s a i d   p r i s m   h a v i n g  

i n d e x e s   of  r e f r a c t i o n   n 1  a n d   n2  f o r   s a i d   p r e d e t e r m i n e d  

w a v e l e n g t h s ,   r e s p e c t i v e l y ,   and  an  apex   a n g l e   A  and  w h i c h  

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

t h e   same  i n c i d e n t   a n g l e  @   to   b o t h   b e a m s ,   f u r t h e r   c h a r a c -  

t e r i z e d   in   t h a t   t h e   p a r a m e t e r s   n 1 ,   n 2 ,  A   and  @  a r e   c h o s e n  

s u c h   t h a t   t h e   p r o d u c t s   of  t h e   s c a n   a n g l e   m a g n i f i c a t i o n s   b y  

t h e   p r i s m   and  t h e   w a v e l e n g t h s   of  t h e   r e s p e c t i v e   beams   a r e  

e q u a l .  

3 . .   A p p a r a t u s   a c c o r d i n g   to  C l a i m   2,  f u r t h e r  

c h a r a c t e r i z e d   i n   t h a t   s a i d   a p p a r a t u s   i s   c o n s t r u c t e d   t o  

d e f l e c t   a  t h i r d  b e a m   of  l i g h t   of  d i f f e r e n t   p r e d e t e r m i n e d  

w a v e l e n g t h   t h r o u g h   s u b s t a n t i a l l y   t h e   same  s c a n   a n g l e   as  t h e  

s a i d   two  beams   of  l i g h t ,   t h e   s a i d   p r i s m   h a v i n g   an  i n d e x   o f  

r e f r a c t i o n   n3  f o r   t h e   t h i r d   beam,   and  t h a t   t h e   p a r a m e t e r s  

n1,   n2 ,   n3 ,   A  and  6  a r e   c h o s e n   s u c h   t h a t   t h e   p r o d u c t   of  t h e  

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

of   t h e   r e s p e c t i v e   beams   a r e   e q u a l .  



4.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   2,  f u r t h e r  

c h a r a c t e r i z e d   i n   t h a t   s a i d   a p p a r a t u s   i s   c o n s t r u c t e d   t o  

d e f l e c t   a  t h i r d   beam  of  l i g h t   of  d i f f e r e n t   p r e d e t e r m i n e d  

w a v e l e n g t h   t h r o u g h   s u b s t a n t i a l l y   t he   same  s c a n   a n g l e   a s  

t h e   s a i d   two  beams   of  l i g h t ,   t h e   s a i d   p r i s m   h a v i n g   a n  
i n d e x   of  r e f r a c t i o n   n3  f o r   t h e   t h i r d   b e a m ,  i h   t h a t   t h e  

p a r a m e t e r s   n l ,   n2 ,   n3 ,   A  and  6  a r e   c h o s e n  t o   s p a t i a l l y  

s e p a r a t e   one  beam  f rom  t h e   o t h e r   two  b e a m s ,   and  in   t h a t   a  

s e c o n d   p r i s m   (34)   i s   p o s i t i o n e d   i n   t h e   o p t i c a l l y  

s e p a r a t e d   beam  to  m a g n i f y   t h e   s c a n  a n g l e   of  t h e   o p t i c a l l y  

s e p a r a t e d   b e a m .  
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