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vVestbury  New  York  11590  (US) 

@  Representative  :  Singleton,  Jeffrey  et  al,  Eric  Potter  & 
Clarkson  5  Market  Way  Broad  Street,  Reading  Berkshire, 

@  Designated  Contracting  States  :  DE  FR  GB  IT  NL  SE  RG1  2BN  (GB) 

Multiple  beam  lens  transducer  with  collimator  for  sonar  systems. 

©  A  compact  apparatus  for  transmitting  and  receiving  multiple 
sonar  beams  utilises  an  acoustic  lens  (25)  to  direct  plane  waves 
incident  in  desired  directions  to  collimating  lenses  (32)  for  presen- 
tation  in  phase  to  electroacustic  transducers  (30)  having  planar 
surfaces.  The  electroacoustic  transducers  (30)  emit  sound  waves 
which  are  transformed  by  the  lenses  (32)  into  plane  waves 
emergent  in  the  desired  directions. 

01 
<  

00  
CO 
( 0  

CM 

£L 
HI 

ACTORUM  AG 
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tation  in  phase  to  electroacustic  transducers  (30)  having  planar 
surfaces.  The  electroacoustic  transducers  (30)  emit  sound  waves 
which  are  transformed  by  the  lenses  (32)  into  plane  waves 
emergent  in  the  desired  directions. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

e l e c t r o a c o u s t i c   t r a n s d u c e r s   e m p l o y e d   in  s o n a r   s y s t e m s ,  

and  more  p a r t i c u l a r l y   to  an  e l e c t r o a c o u s t i c   t r a n s d u c e r  

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

u t i l i s e s   c o l l i m a t i n g   a c o u s t i c   l e n s e s .  

S o n a r   s y s t e m s   u t i l i s e   n a r r o w   beams  of  s o u n d   e n e r g y  

p r o j e c t e d   in  c e r t a i n   d e s i r e d   d i r e c t i o n s   f rom  a  m a r i n e  

v e h i c l e ,   and  r e c e i v e   r e f l e c t e d   e n e r g y   f rom  t h e s e  

d i r e c t i o n s ,   as  d e s c r i b e d ,   f o r   e x a m p l e ,   in  U .S .   P a t e n t  

S p e c i f i c a t i o n   N o . 3 , 2 5 7 , 6 3 8 .   C o n v e n t i o n a l l y ,   t h e s e   b e a m s  

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

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

t h e   s o u n d   wave  p r o p a g a t e d   or  to   b e  r e c e i v e d .   When  

m u l t i p l e   beams  a r e   u t i l i s e d ,   t h e   t r a n s d u c e r   a s s e m b l y   m u s t  

be  e n l a r g e d   to   a c c o m m o d a t e   t h e   m u l t i p l i c i t y   of  n e c e s s a r y  
e l e m e n t s .   M u l t i p l e   beam  t r a n s d u c e r s   of  t h e   p r i o r   a r t  

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

s h i p s ,   and  p r o v o k e   i n c r e a s e d   i n s t a l l a t i o n   c o s t s   due  t o  

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

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

f a c i l i t a t e   i n s t a l l a t i o n   and  m i t i g a t e   a t t e n d a n t   c o s t s .  

E u r o p e a n   P a t e n t   S p e c i f i c a t i o n   N o . 0 , 0 8 8 , 5 6 9  

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

r e c e i v i n g   m u l t i p l e   s o n a r   b e a m s .   An  a c o u s t i c   l e n s   d i r e c t s  

p l a n e   waves   i n c i d e n t   in  d e s i r e d   d i r e c t i o n s   t o  

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

s e g m e n t s   c e n t r e d   in  t he   f o c a l   r e g i o n s   of  t he   l e n s  

a s s o c i a t e d   w i t h   t h e   i n c i d e n t   b e a m s .   The  e l e c t r o a c o u s t i c  

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

in  the   d e s i r e d   d i r e c t i o n s .   The  m a n u f a c t u r e   of  t h i s  

t r a n s d u c e r   e n t a i l s   some  d i f f i c u l t y   and  e x p e n s e   r e s u l t i n g  

f rom  the   need   to  f a b r i c a t e   p i e z o c e r a m i c   c r y s t a l   e l e m e n t s  

in  t h e   form  of  s p h e r i c a l   s h e l l   s e g m e n t s .  



An  o b j e c t   of  t h e   i n v e n t i o n   is   to  m a i n t a i n   t h e  

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

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

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

s h e l l   s e g m e n t s .  

The  i n v e n t i o n   is   d e f i n e d   in  t h e   a p p e n d e d   c l a i m s   a n d  

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

p r e s e n t   i n v e n t i o n   i n c l u d e s   means   f o r   c o n v e r t i n g   i n c i d e n t  

p l a n e   s o u n d   w a v e s   to   s o u n d   waves   t h a t   c o n v e r g e   a t   a  f o c a l  

r e g i o n   in  t h e   f o c a l   s u r f a c e   t h e r e o f .   P l a n e   w a v e s  

i n c i d e n t   in   d i f f e r e n t   p r e d e t e r m i n e d   d i r e c t i o n s   a r e  

c o n v e r g e d   to  d i f f e r e n t   f o c a l   r e g i o n s .   Sound   w a v e s  

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

s o u n d   w a v e s   w h i c h   a r e   r a d i a t e d   in  t h e s e   p r e d e t e r m i n e d  

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

s u r f a c e s   may  be  e m p l o y e d   f o r   r e c e i v i n g   and  t r a n s m i t t i n g  

s o u n d   w a v e s   and  means   f o r   p r e s e n t i n g   t h e   f o c u s e d   s o u n d  

w a v e s   in  p h a s e   a t   t h e   p l a n a r   s u r f a c e s   of  t h e   t r a n s d u c e r s  

may  be  p r o v i d e d .   Sound   w a v e s   e m i t t e d   by  t h e   p l a n a r  

s u r f a c e s   of  t h e   t r a n s d u c e r s   a r e   c o n v e r t e d   to  d i v e r g i n g  

beams   w h i c h   a r e   r a d i a t e d   as  p l a n e   waves   in  t h e  

p r e d e t e r m i n e d   d i r e c t i o n s .  

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   c o m p r i s e s   a  

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

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

r e l a t i o n s h i p   w i t h   t h e   i n c i d e n t   d i r e c t i o n s .   A  medium  o f  

s i l i c o n e   r u b b e r   is   b o n d e d   to   t h e   i n n e r   s u r f a c e   of  t h e  

l e n s .   The  low  s p e e d   of  s o u n d   in  r u b b e r   p r o d u c e s   a  s h o r t  

f o c a l   l e n g t h ,   t h u s   d i m i n i s h i n g   a s s e m b l y   d e p t h .   A c o u s t i c  

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

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

a t   t h e   p l a n a r   s u r f a c e   of  t h r e e   p i e z o e l e c t r i c   c e r a m i c  

c r y s t a l   t r a n s d u c e r s .   P o s i t i o n e d   b e t w e e n   t h e   c o l l i m a t i n g  

l e n s e s   and  t h e   p l a n a r   s u r f a c e s   of  t h e   t r a n s d u c e r s   a r e  

e p o x y   m a t c h i n g   s e c t i o n s .   A  m a t c h i n g   s e c t i o n   p r o v i d e s  

f a v o u r a b l e   e l e c t r i c a l   c h a r a c t e r i s t i c s   when  m e a s u r e d   a t  



t h e   e l e c t r i c a l   t e r m i n a l   of  a  c r y s t a l   by  t r a n s f o r m i n g   t h e  

low  a c o u s t i c   i m p e d a n c e   of  a  c o l l i m a t i n g   l e n s   to   a  h i g h e r  

v a l u e   f o r   p r e s e n t a t i o n   to  t h e   c r y s t a l .   A l u m i n i u m   b a c k i n g  

p l a t e s   a r e   p o s i t i o n e d   b e h i n d   t h e   t r a n s d u c e r s .   T h e  

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

t r a n s p o r t   or  c o n d u c t i o n   f o r   t h e   c r y s t a l s .   The  p l a n a r  
s u r f a c e s   of  t h e   t r a n s d u c e r s   a r e   p o s i t i o n e d   to  r e c e i v e   a n d  

t r a n s m i t   beams   w h i c h   a r e   e a c h   i n c l i n e d   15°  f rom  t h e  

c e n t r a l   a x i s   of  t h e   d o u b l y   c o n c a v e   l e n s .  

A p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   f o r  

t r a n s m i t t i n g   and  r e c e i v i n g   a  p l u r a l i t y   of  s o n a r   b e a m s  

w i l l   now  be  d e s c r i b e d   in  g r e a t e r   d e t a i l ,   by  way  o f  

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

w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   d i a g r a m   of  a  d o u b l y   c o n c a v e  

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

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

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

t h e   a c t i o n   of  t h e   l e n s e s ,  

F i g u r e   2  i s   a  s c h e m a t i c   d i a g r a m   of  a  r a y   i m p i n g i n g  

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

c u r v a t u r e   of  t h e   l e n s ,   a n d  

F i g u r e   3  i s   a  c r o s s - s e c t i o n a l   v i e w   of  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 .  

I d e n t i c a l   n u m e r a l s   in  d i f f e r e n t   f i g u r e s   c o r r e s p o n d  

to  i d e n t i c a l   e l e m e n t s .  

The  i n v e n t i o n   i s   c o n c e r n e d   w i t h   t h e   c o n s t r u c t i o n   o f  

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

fo rm  of  an  a c o u s t i c   l e n s   w h i c h   p r o v i d e s   t h e   r e q u i r e d  

a p e r t u r e   to   w a v e l e n g t h   r a t i o .   A  r ay   d i a g r a m   d e p i c i t i n g  

t h e   f o c u s i n g   a c t i o n   of  t h e   a c o u s t i c   l e a n s   is  shown  i n  

F i g u r e   1.  P a r a l l e l   r a y s   of  i n c i d e n t   p l a n e   wave  1 0 ,  

p r o p a g a t i n g   in  w a t e r   medium  11,  i m p i n g e   on  an  a c o u s t i c  

l e n s   12.  To  f o c u s   an  i n c i d e n t   p l a n e   wave ,   t h e   a c o u s t i c  

l e n s   12  is  c h o s e n   d o u b l y   c o n c a v e   and  c o n s t r u c t e d   of  a  

medium  in  w h i c h   t h e   v e l o c i t y   of  s o u n d   is  g r e a t e r   t h a n  

t h a t   in  w a t e r   11  and  an  a d j a c e n t   medium  13.  The  f o c u s i n g  

a c t i o n   r e s u l t s   f rom  t h e   beam  b e i n g   f i r s t   b e n t   away  f r o m  



t h e   n o r m a l   to   t h e   s u r f a c e   of  t h e   l o w e r   r e f r a c t i v e   i n d e x  

l e n s   12  as  i t   e n t e r s   t h e   l e n s ,   and  t h e n   upon   e m e r g e n c e  
f r o m   t h e   l e n s ,   b e i n g   b e n t   t o w a r d s   t h e   n o r m a l .  

A c c o r d i n g l y ,   i n c i d e n t   p l a n e   s o u n d   wave  10  i s   f o c u s e d   to  a  

f o c a l   p o i n t   14  by  t h e   l e n s   12.   C o n v e r s e l y ,   a  p o i n t  

s o u r c e   a t   14  r a d i a t i n g   l e n s   12  w i t h   a  s o u n d   wave  w i l l  

c a u s e   t h e   p r o j e c t i o n   of  a  p l a n e   wave  d e p i c t e d   by  t h e  

p a r a l l e l   r a y s   10.  C h a r a c t e r i s t i c   of   a  l e n s   c o n s t r u c t e d  

in  t h i s   f a s h i o n   i s   a  u n i q u e   c o r r e s p o n d e n c e   b e t w e e n   t h e  

d i r e c t i o n   of  i n c i d e n c e   of   a  p l a n e   w a v e ,   and  t h e  

a s s o c i a t e d   f o c a l   p o i n t   in  t h e   f o c a l   p l a n e   of  t h e   l e n s .  

S i m p l y ,   c o l l i m a t e d   beams   i n c i d e n t   f rom  d i f f e r e n t  

d i r e c t i o n s   have   d i f f e r e n t   f o c a l   p o i n t s .   For   e x a m p l e ,   t h e  

p l a n e   wave  r e p r e s e n t e d   by  p a r a l l e l   r a y s   15  w i l l   b e  

f o c u s e d   a t   a  s e c o n d   f o c a l   p o i n t   16.  Thus  a  m u l t i p l i c i t y  

of  s u c h   f o c a l   p o i n t s   l i e   in  a  f o c a l   p l a n e   16a  of  t h e   l e n s  

12,   e a c h   f o c a l   p o i n t   d e f i n i n g   a  d i f f e r e n t   beam  d i r e c t i o n  

f o r   r e c e p t i o n   or  p r o j e c t i o n   of  s o u n d   w a v e s .   A 

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

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

and  r e c e i v e   s o u n d   beams  s u c h   t h a t   t h e   beam  w i d t h   i s  

c h a r a c t e r i s e d   by  t h e   l e n s   d i a m e t e r .  

A  m a j o r   d e t e r r e n t   to  t h e   i m p l e m e n t a t i o n   of  s u c h   a n  

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

o p e r a t e   a t   s i g n i f i c a n t   power   l e v e l s .   The  s o u n d   i n t e n s i t y  

( w a t t s   p e r   u n i t   a r e a )   in  t h e   med ium  13  in  t h e   v i c i n i t y   o f  

a  t r a n s d u c e r   is  i n t e n s e   b e c a u s e   of  t h e   s m a l l   t r a n s d u c e r  

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

m e d i u m .   In  a d d i t i o n ,   h e a t   d i s s i p a t i o n   p r o d u c e d   b y  

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

s u r f a c e ,   t h u s   c a u s i n g   h i g h   t e m p e r a t u r e s   to  be  g e n e r a t e d  

i f   s i g n i f i c a n t   e l e c t r i c a l   p o w e r   is   s u p p l i e d .   The  p r e s e n t  
i n v e n t i o n   u t i l i s e s   l a r g e r   t r a n s d u c e r s   h a v i n g  

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

f o r w a r d l y   of  t he   f o c a l   p o i n t s .   An  e l e c t r o a c o u s t i c  

t r a n s d u c e r   17,  h a v i n g   a  p l a n a r   s u r f a c e   18  f o r   r e c e i v i n g  

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

p o i n t   14  and  t h e   l e n s   12.  A  l e n s   19,  d i s p o s e d   b e t w e e n  



t h e   e l e c t r o a c o u s t i c   t r a n s d u c e r   17  and  t h e   l e n s   1 2 ,  

p r e s e n t s   r a y s   in  p h a s e   to  t he   s u r f a c e   18  of  t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r   17.  The  l e n s   19  a c h i e v e s   t h i s  

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

p e r p e n d i c u l a r   to   t h e   p l a n a r   s u r f a c e   18  of  t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r   17.  The  m a t e r i a l   of  t h e   l e n s  

19  p o s s e s s e s   a  s o u n d   v e l o c i t y   g r e a t e r   t h a n   t h a t   of  t h e  

medium  13,  and  a  s p e c i f i c   a c o u s t i c   i m p e d a n c e   p r e f e r a b l y  

n e a r   t h a t   of  t h e   med ium  13  in  o r d e r   to  m i n i m i s e   u n w a n t e d  

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

t h e   a c o u s t i c   e n e r g y   r e c e i v e d   by  t h e   l e n s   12  i s   t h u s  

a v a i l a b l e   f o r   c o n v e r s i o n   to   e l e c t r i c a l   e n e r g y   by  t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r   17.  C o n v e r s e l y ,   w h e n  

t r a n s m i t t i n g ,   t h e   t r a n s d u c e r   17  in  c o n j u n c t i o n   w i t h   t h e  

l e n s   19  p r o j e c t s   r a y s   as  t h o u g h   t h e   f o c a l   p o i n t   14  w e r e  

t h e   s o u r c e .   An  a d v a n t a g e   o b t a i n e d   by  t h i s   a r r a n g e m e n t   i s  

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

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

a r e   s t i l l   i n t e r c e p t e d   by  t h e   t r a n s d u c e r   17  w i t h   o n l y  

s l i g h t   o u t   of  p h a s e   i n t e r f e r e n c e .   Wi th   s m a l l   t r a n s d u c e r  

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

c h a n g e s   in  f o c a l   p o i n t   l o c a t i o n   can  p r e c i p i t a t e   l a r g e  

c h a n g e s   in  t h e   c a p t u r e d   e n e r g y .   As  a  f u r t h e r   a d v a n t a g e ,  

t h e   d e p t h   of  t h e   e n t i r e   a p p a r a t u s   i s   r e d u c e d ,   s i n c e   t h e  

a p p a r a t u s   need   n o t   e x t e n d   b e h i n d   t h e   l e n s   12,  in  t h e  

medium  13,  to  t h e   f o c a l   p l a n e .  

The  c u r v a t u r e   of  t h e   l e n s   19  r e q u i r e d   to  p r e s e n t  

t h e   r a y s   in  p h a s e   to   t h e   p l a n a r   s u r f a c e   18  of  t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r   17  may  be  d e t e r m i n e d   w i t h   t h e  

a i d   of  F i g u r e   2.  A  r a y   20  d i r e c t e d   t o w a r d s   t h e   f o c a l  

p o i n t   14  i m p i n g e s   on  t he   s u r f a c e   of  t he   l e n s   19.  A b s e n t  

t h e   l e n s   19,  and  t h e   r a y   20  w o u l d   t r a v e l   t h r o u g h   t h e  

medium  13,  whose   p r o p a g a t i o n   s p e e d   is  CM,  a  d i s t a n c e   R  t o  

t h e   f o c a l   p o i n t   14.  Wi th   l e n s   19  p r e s e n t ,   t h e   r a y   20 

t r a v e l s   t h r o u g h   t he   l e n s   m e d i u m ,   whose   p r o p a g a t i o n   s p e e d  

is  C  ,   a  d i s t a n c e   X  to  Y  a x i s   21  d r a w n   t h r o u g h   f o c a l  

poirTC  14.  For   a l l   t h e   r a y s   r e f r a c t e d   by  l e n s   19  t o  

a r r i v e   a t   t h e   Y  a x i s   21  in  p h a s e ,   t h e   p r o p a g a t i o n   t i m e  



( t  )   t h a t   w o u l d   have   been   e x p e r i e n c e d   in  t he   medium  13  b y  

an  i n d i v i d u a l   r a y ,   i f   t h e   l e n s   19  were   no t   p r e s e n t ,   m u s t  

be  e q u a l   to  t h e   t i m e   ( tL )   t a k e n   by  t h a t   r ay   to  t r a v e r s e  

t h e   l e n s   m a t e r i a l ,   p l u s   an  a d d i t i v e   c o n s t a n t   k .  

A c c o r d i n g l y ,  

T h u s ,  

By  t h e   p y t h a q o r e a n   t h e o r e m   R  =   X2  +  Y ,   so  t h a t  

a n d  

T h i s   is   t h e   w e l l - k n o w n   e q u a t i o n   f o r   a  c o n i c   w i t h  

e c c e n t r i c i t y   e q u a l   to  cm  and  a  d i r e c t r i x   e q u a l   to  c L k  
c  

S i n c e   t h e   m a t e r i a l   of  t h e   l e n s   19  has  a  h i g h e r  

p r o p a g a t i o n   v e l o c i t y   t h a n   t h e   medium  13, cm cL  is  l e s s   t h a n  

one  and ,   t h e r e f o r e ,   t h e   c u r v e   is  an  e l l i p s e .  

The  e l l i p t i c a l   s h a p e   of  t he   l e n s   19  may  b e  

a p p r o x i m a t e d   by  a  s p h e r e   whose   r a d i u s   is  s e l e c t e d   t o  

p r o v i d e   t h e   b e s t   f i t   o v e r   t he   r e g i o n   of  i n t e r e s t .  

A  t y p i c a l   d e s i g n   e m b o d y i n g   t h e   i n v e n t i o n   is  s h o w n  

in  F i g u r e   3.  A  s o l i d   l e n s   25,  of  s y n t a c t i c   foam,   6 . 7 5  

i n c h e s   ( 1 7 . 1 5 c m )   in  d i a m e t e r ,   0 . 3 7 6   i n c h e s   ( 0 . 9 6 c m )  

c e n t r e   t h i c k n e s s ,   w i t h   i n t e r n a l   r a d i u s   7 . 1 8   i n c h e s  

( 1 8 . 2 4 c m s )   and  e x t e r n a l   r a d i u s   2 3 . 8 2   i n c h e s   ( 6 0 . 5 c m s )   i s  

in  c o n t a c t   w i t h   w a t e r   on  i t s   o u t e r   s u r f a c e   and  b o n d e d   o n  

i t s   i n n e r   s u r f a c e   to  a  medium  26  of  s i l i c o n e   r u b b e r .   T h e  

a r r a n g e m e n t   shown  p r o v i d e s   fo r   t h r e e   t r a n s m i t t i n g   o r  

r e c e i v i n g   beams  e a c h   o r i e n t e d   in  t he   w a t e r   15°  o f f   a 

c e n t r a l   a x i s   27  of  the   l e n s   25.  The  low  s p e e d   of  s o u n d  

in  r u b b e r   o r o d u c e s   a  s h o r t   f o c a l   l e n a t h   28  of  1 0 . 9 1  

i n c h e s   ( 2 7 . 7 1 c m s )   t h u s   d i m i n i s h i n g   the   a s s e m b l y   d e p t h .  

The  s u b t e n d e d   a n g l e   29  is  3 3 ° .  



Each  of  t h r e e   p i e z o e l e c t r i c   c e r a m i c   c r y s t a l s   30  h a s  

a  p l a n a r   s u r f a c e   f o r   r e c e i v i n g   and  t r a n s m i t t i n g   b e a m s ,  

and  e a c h   c r y s t a l   has   a  d i a m e t e r   of  2 .5   i n c h e s   ( 6 . 3 5 c m s )  

and  is   d i s p o s e d   1 0 . 5 °   o f f   t h e   c e n t r a l   a x i s   27  of  t h e   l e n s  

25.  The  c r y s t a l s   a r e   e a c h   of  s u c h   a  t h i c k n e s s   t h a t   t h e y  

r e s o n a t e   a t   122  kHz,  and  a r e   b o n d e d   to   a  m e t a l   s u p p o r t  

31.  C o l l i m a t i n g   l e n s e s   32  c o m p r i s e d   of  t h e   same  s y n t a t i c  

foam  m a t e r i a l   as  l e n s   25  and  a s s o c i a t e d   w i t h   r e s p e c t i v e  

c r y s t a l s   30,   c o l l i m a t e   t h e   r a y s   of  a  f o c u s e d   beam  f o r  

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

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

32  i s   a p p r o x i m a t e d   by  a  s p h e r i c a l   s u r f a c e   of  r a d i u s   2 . 1 5  

i n c h e s   ( 5 . 4 6 c m s )   c e n t r e d   1 . 8 5   i n c h e s   ( 4 . 7 c m s )   f o r w a r d l y  

of  t h e   r e l a t e d   f o c a l   p o i n t   33.  I n t e r p o s e d   b e t w e e n   e a c h  

c r y s t a l   30  and  i t s   a s s o c i a t e d   c o l l i m a t i n g   l e n s   32  i s   a  

p l a s t i c   m a t c h i n g   s e c t i o n   34  p r e f e r a b l y   c o m p r i s e d   o f  

e p o x y .   Each  m a t c h i n g   s e c t i o n   has   a  d i a m e t e r   of  2 . 5  

i n c h e s   ( 6 . 3 5 c m s )   and  has   a  t h i c k n e s s   of  0 . 2 1   i n c h e s  

( 0 . 5 3 c m s )   e q u a l   to  an  odd  m u l t i p l e   of  a  q u a r t e r  

w a v e l e n g t h ,   in  t h i s   e m b o d i m e n t   a  q u a r t e r   w a v e l e n g t h .   T h e  

m a t c h i n g   s e c t i o n   34  p r o v i d e s   f a v o u r a b l e   e l e c t r i c a l  

c h a r a c t e r i s t i c s   when  m e a s u r e d   a t   t h e   e l e c t r i c a l   t e r m i n a l s  

of  a  c r y s t a l   30  by  t r a n s f o r m i n g   a  low  a c o u s t i c   i m p e d a n c e  

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

s e c t i o n   34  c r e a t e s   an  a c o u s t i c   i m p e d e n c e   m a t c h   b e t w e e n   a  

c r y s t a l   30  and  i t s   c o l l i m a t i n g   l e n s   32.  E s s e n t i a l l y   t w o  

p u r p o s e s   a r e   s e r v e d   by  t h e   m a t c h i n g   s e c t i o n   34:  i t  

b r o a d e n s   b a n d w i d t h ,   and  i t   i n c r e a s e s   e f f i c i e n c y   of  t h e  

t r a n s d u c e r   ( s e e   The  E f f e c t   of  B a c k i n g   and  M a t c h i n g   on  t h e  

P e r f o r m a n c e   of  P i e z o e l e c t r i c   C e r a m i c   T r a n s d u c e r s ,   b y  

G e o r g e   K o s s o f f ,   I . E . E . E .   T r a n s a c t i o n s   on  S o n i c s   a n d  

U l t r a s o n i c s ,   Volume  S U - 1 3 ,   No.  1,  March   1966)   D i s p o s e d  

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

s u r f a c e   is  a  m e t a l l i c   b a c k i n g   p l a t e   35,  p r e f e r a b l y  

a l u m i n i u m ,   h a v i n g   a  d i a m e t e r   of  2 .5   i n c h e s   ( 6 . 3 5 c m s )   a n d  

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

t h i s   c a s e   1 . 0 2   i n c h e s   ( 2 . 5 9 c m s ) .   The  b a c k i n g   p l a t e   35 



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

s i n k   f o r   t h e   c r y s t a l s   30  and  i s   e s s e n t i a l l y   t r a n s p a r e n t  

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

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

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

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

( s e e ,   f o r   e x a m p l e ,   F u n d a m e n t a l s   of  A c o u s t i c s ,   p age   149  t o  

153 ,   by  K i n s l e r   and  F r e y ,   W i l e y ,   1 9 5 0 ) .   I f   o n l y   h e a t  

c o n d u c t i o n   i s   d e s i r e d   f r o m   t h e   b a c k i n g   p l a t e   35,  i t   m a y  
be  made  t h i n n e r .   The  p l a t e   35  may  a l t e r n a t i v e l y   b e  

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

s u r f a c e   of  a  c r y s t a l   30,   w h e r e b y   a  m a t c h i n g   s e c t i o n   m a y  

t h e n   be  u t i l i s e d   b e t w e e n   t h e   p l a t e   and  a  c o l l i m a t i n g   l e n s  

to  p r o v i d e   an  a c o u s t i c   i m p e d a n c e   m a t c h   b e t w e e n   t h e   p l a t e  

and  t h e   l e n s .  

S i n c e   a  c o l l i m a t i n g   l e n s   has   b e e n   c o n s t r u c t e d   ( s e e  

F i g u r e   2)  s u c h   t h a t   r a y s   t r a v e r s i n g   i t s   medium  a r e   i n  

p h a s e   a t   t h e   Y  a x i s   21.  t h e   r a y s   a r e   n e c e s s a r i l y   in  p h a s e  

in  t h e   med ium  a t   any  l i n e   p a r a l l e l   to  t h e   Y  a x i s   2 1 .  

A c c o r d i n g l y ,   r a y s   i m m e d i a t e l y   e m e r g i n g   f rom  t h e   p l a n a r  

s u r f a c e   of  a  l e n s   a r e   in  p h a s e ,   and  r e m a i n   so  as  t h e y  

p a s s   t h r o u g h   m e d i u m s   of  u n i f o r m   t h i c k n e s s   en  r o u t e   to  t h e  

p l a n a r   s u r f a c e   of  a  c r y s t a l .  



1.  A p p a r a t u s   f o r   t r a n s m i t t i n g   and  r e c e i v i n g   a  

p l u r a l i t y   of  s o n a r   beams   c h a r a c t e r i s e d   in  t h a t   i t  

c o m p r i s e s   l e n s   means   (25)   h a v i n g   a  c e n t r a l   a x i s   (27)   f o r  

c o n v e r t i n g   i n c i d e n t   p l a n e   s o u n d   waves   to  s o u n d   w a v e s  

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

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

p r e d e t e r m i n e d   d i r e c t i o n s   c o n v e r g e   to   d i f f e r e n t   f o c a l  

r e g i o n s ,   and  f o r   c o n v e r t i n g   s o u n d   w a v e s   e m i t t e d   f rom  s a i d  

f o c a l   r e g i o n s   to  p l a n e   s o u n d   w a v e s   r a d i a t i n g   f rom  s a i d  

l e n s   means   in  s a i d   p r e d e t e r m i n e d   d i r e c t i o n s ;   a  p l u r a l i t y  

of  e l e c t r o a c o u s t i c   t r a n s d u c e r s   (30)   h a v i n g   p l a n a r  

s u r f a c e s   f o r   r e c e i v i n g   and  t r a n s m i t t i n g   s o u n d   w a v e s ;   a n d  

i n - p h a s e   means   (32)   f o r   p r e s e n t i n g   r a y s   of  s o u n d   waves   i n  

p h a s e   to   t h e   p l a n a r   s u r f a c e s   of  t h e   e l e c t r o a c o u s t i c  

t r a n s d u c e r s   (30)   t h e   r a y s   d e r i v i n g   f r o m   t h e   s o u n d   w a v e s  

p r o d u c e d   by  t h e   f o c u s i n g   a c t i o n   of  t h e   l e n s   means   (25)   o n  

t h e   p l a n e   waves   i n c i d e n t   on  t h e   l e n s   means   in  t h e  

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

waves   e m i t t e d   by  t h e   p l a n a r   s u r f a c e s   of  t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r s   (30)   to   s o u n d   waves   w h i c h   a r e  
c o n v e r t e d   by  t h e   l e n s   means   (25)   to   t h e   p l a n e   s o u n d   w a v e s  

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

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   l ,   c h a r a c t e r i s e d   i n  

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

(25)  c o n s t r u c t e d   of  a  m a t e r i a l   w i t h   an  a c o u s t i c  

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

p r o p a g a t i n g   v e l o c i t y   of  w a t e r ;   and  an  a c o u s t i c  

p r o p a g a t i n g   med ium  (26)   h a v i n g   an  a c o u s t i c   p r o p a g a t i n g  

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

v e l o c i t y   of  t h e   l e n s   m a t e r i a l ,   p o s i t i o n e d   b e t w e e n   t h e  

l e n s   and  t he   i n - p h a s e   means   ( 3 2 ) .  

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   1  or  2,  c h a r a c t e r i s e d  

in  t h a t   t he   i n - p h a s e   means   c o m p r i s e s   a  p l u r a l i t y   o f  

c o l l i m a t i n g   a c o u s t i c   l e n s e s   (32)   w h i c h   s u b s t a n t i a l l y  

c o l l i m a t e   r a y s   of  t he   s o u n d   w a v e s   p r o d u c e d   by  t h e  

f o c u s i n g   a c t i o n   of  t h e   l e n s   means   (25)   on  t h e   p l a n e   w a v e s  

i n c i d e n t   on  the   l e n s   means   in  t he   p r e d e t e r m i n e d  



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

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

e l e c t r o a c o u s t i c   t r a n s d u c e r s   ( 3 0 ) .  

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   3,  c h a r a c t e r i s e d   i n  

t h a t   t h e   i n - p h a s e   means   f u r t h e r   c o m p r i s e s   m a t c h i n g   m e a n s  

(34)   p o s i t i o n e d   b e t w e e n   t h e   e l e c t r o a c o u s t i c   t r a n s d u c e r s  

(30)   and  t h e   c o l l i m a t i n g   a c o u s t i c   l e n s e s   (32)   f o r  

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

e l e c t r o a c o u s t i c   t r a n s d u c e r s   and  t h e   c o l l i m a t i n g   a c o u s t i c  

l e n s e s .  

5.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   3  or  4,  c h a r a c t e r i s e d  

in  t h a t   i t   f u r t h e r   c o m p r i s e s   b a c k i n g   p l a t e   means   ( 3 5 )  

p o s i t i o n e d   a d j a c e n t   t h e   s u r f a c e s   of  t h e   t r a n s d u c e r s   ( 3 0 )  

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

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

s t r e n g t h .  

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

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

p o s i t i o n e d   b e t w e e n   t h e   e l e c t r o a c o u s t i c   t r a n s d u c e r s   ( 3 0 )  

and  t h e   c o l l i m a t i n g   a c o u s t i c   l e n s e s   ( 3 2 ) ,   f o r  

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

p r o v i d i n g   s t r u c t u r a l   s t r e n g t h ;   and  m a t c h i n g   m e a n s ,  

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

a c o u s t i c   l e n s e s   ( 3 2 ) ,   f o r   p r o v i d i n g   an  a c o u s t i c   i m p e d a n c e  

m a t c h   b e t w e e n   t h e   w indow  means   and  t h e   c o l l i m a t i n g  

a c o u s t i c   l e n s e s .  

7.  A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   3  to   6 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   c o l l i m a t i n g   a c o u s t i c   l e n s e s  

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

c o n c a v e   a c o u s t i c   l e n s   ( 2 5 ) ,   and  p l a n a r   s u r f a c e s   f a c i n g ,  

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

e l e c t r o a c o u s t i c   t r a n s d u c e r s   ( 3 0 ) .  

8.  A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   3  to  6 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   c o l l i m a t i n g   a c o u s t i c   l e n s e s  

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

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

and  b e i n g   d i s p o s e d   p a r a l l e l   to  t he   p l a n a r   s u r f a c e s   of  t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r s .  



9.  A p p a r t u s   a c c o r d i n g   to   c l a i m   5  and  any  c l a i m s  

a p p e n d e d   t h e r e t o ,   c h a r a c t e r i s e d   in  t h a t   t he   t r a n s d u c e r s  

(30)   c o m p r i s e   c y l i n d e r s ,   t h e   m a t c h i n g   means   ( 3 4 )  

c o m p r i s e s   c y l i n d e r s   h a v i n g   a  t h i c k n e s s   t h a t   i s   an  o d d  

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

w a v e ,   and  t h e   b a c k i n g   p l a t e   means   (35)   c o m p r i s e s  

c y l i n d e r s   h a v i n g   a  t h i c k n e s s   t h a t   i s   an  i n t e g r a l   m u l t i p l e  

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

10.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   6  and  any  c l a i m  

a p p e n d e d   t h e r e t o ,   c h a r a c t e r i s e d   in  t h a t   t h e  

e l e c t r o a c o u s t i c   t r a n s d u c e r s   (30)   c o m p r i s e   c y l i n d e r s ,   t h e  

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

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

c y l i n d e r s   h a v i n g   a  t h i c k n e s s   t h a t   i s   an  odd  m u l t i p l e   of  a  

q u a r t e r   w a v e l e n g t h   of  s a i d   i n c i d e n t   s o u n d   w a v e .  

l l .   A p p a r a t u s   a c c o r d i n g   to   any  of  t h e   p r e c e d i n g   c l a i m s ,  

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

c o m p r i s e   t h r e e   p i e z o e l e c t r i c   c e r a m i c   c r y s t a l s   (30)   e a c h  

i n c l i n e d   1 0 . 5 °   f rom  t h e   c e n t r a l   a x i s   of  t h e   l e n s   m e a n s  

( 2 5 ) .  






	bibliography
	description
	claims
	drawings

