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©  Travelling  wave  electrical/acoustic  transducer  system  and  a  microphone  and  loudspeaker  incorporating  such  a  system. 
©  A  high  efficiency  electrical/acoustic  transducer  system 
formed  from  a  plurality  of  electrical/acoustic  transducer 
stages  (6,  26,  8;  8,  28,  10;  etc.)  electrically  and  mechanically 
connected  in  succession  to  propagate  electric  and  acoustic 
signals  through  the  successive  stages.  An  inductance  net- 
work  {*-/2,  L,  L,  L/2)  is  connected  in  circuit  with  the 
transducer  (6,  26,  8;  8,  28,  10;  etc.)  stages  to  slow  the 
electrical  signal  propagation  speed  through  the  system  to  a 
speed  which  is  substantially  synchronous  with  the  acoustic 
signal  propagation  speed,  enabling  the  travelling  electrical 
and  acoustic  waves  to  interact  and  to  efficiently  transform 
one  form  of  energy  into  the  other.  In  the  preferred  embodi- 
ment  a  plurality  of  acoustically  transparent  screens  (6,  8,  10, 
12,  14,  16,  18,  20,  22)  form  the  transducer  plates,  each 
successive  stage  sharing  a  screen  (8,  10,  12,  14,  16,  18,  20)  in 
common  with  the  previous  stage,  and  the  inductance 
network  renders  the  input  impedance  substantially  resistive. 
The  invention  is  applicable  to  both  acoustic  speakers  and 
microphones. 
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A   high  efficiency  electrical/acoustic  transducer  system 
formed  from  a  plurality  of  electrical/acoustic  transducer 
stages  (6,  26,  8;  8,  28,  10;  etc.)  electrically  and  mechanically 
connected  in  succession  to  propagate  electric  and  acoustic 
signals  through  the  successive  stages.  An  inductance  net- 
work  (L/2,  L,  L,  L,  L/2)  is  connected  in  circuit  with  the 
transducer  (6,  26,  8;  8,  28,  10;  etc.)  stages  to  slow  the 
electrical  signal  propagation  speed  through  the  system  to  a 
speed  which  is  substantially  synchronous  with  the  acoustic 
signal  propagation  speed,  enabling  the  travelling  electrical 
and  acoustic  waves  to  interact  and  to  efficiently  transform 
one  form  of  energy  into  the  other.  In  the  preferred  embodi- 
ment  a  plurality  of  acoustically  transparent  screens  (6,  8,  10, 
12,  14,  16,  18,  20,  22)  form  the  transducer  plates,  each 
successive  stage  sharing  a  screen  (8, 10, 12, 14, 16, 18, 20)  in 
common  with  the  previous  stage,  and  the  inductance 
network  renders  the  input  impedance  substantially  resistive. 
The  invention  is  applicable  to  both  acoustic  speakers  and 
microphones. 



T h i s   i n v e n t i o n   r e l a t e s   to  e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r s ,  

and   more   p a r t i c u l a r l y   to  a  t r a v e l i n g   wave  t r a n s d u c e r   i n   w h i c h  

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

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

E l e c t r i c a l / a c o u s t i c   t r a n s d u c e r s   can   be  u s e d   e i t h e r   a s  

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

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

s i g n a l s   i n t o   o u t p u t   e l e c t r i c a l   s i g n a l s .   One  v a r i e t y   of  e l e c -  

t r i c a l / a c o u s t i c  , t r a n s d u c e r   i s   an  e l e c t r o s t a t i c   t r a n s d u c e r   w h i c h  

c o n s i s t s   of  a  p a i r   of   p a r a l l e l   p l a t e s ,   b e t w e e n   w h i c h   a  f l e x i b l e  

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

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

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

p l a t e s ,   or   i n p u t   a c o u s t i c   w a v e s   s t r i k i n g   t h e   m e m b r a n e .  

F u n c t i o n i n g   as  an  a u d i o   s p e a k e r ,   a  v o l t a g e   d i f f e r e n t i a l   c o r r e -  

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

p l a t e s .   T h i s   c a u s e s   t h e   c h a r g e d   m e m b r a n e   to  f l e x   t o w a r d   t h e  

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

a t   t h e   i n p u t   f r e q u e n c y   f o r   an  AC  e l e c t r i c a l   i n p u t .   The  m o v e -  

men t   of   t h e   m e m b r a n e   s e t s   up  a c o u s t i c   w a v e s ,   w h i c h   a r e   p e r c e i v e d  

as  an  a u d i o   o u t p u t .   A  s i m i l a r   a p p a r a t u s   c a n   be  u s e d   as  a  m i c r o -  

p h o n e ,   w i t h   t h e   i n p u t s   and  o u t p u t s   r e v e r s e d .   In   t h e   m i c r o p h o n e  
mode ,   an  i n p u t   a c o u s t i c   s i g n a l   c a u s e s   t h e   c h a r g e d   m e m b r a n e   t o  

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

of  c u r r e n t   b e t w e e n  t h e   p l a t e s   and   a  l o a d   w h i c h   c an   be  p e r c e i v e d  

as  an  e l e c t r i c a l   o u t p u t .  

S u c h   e l e c t r o s t a t i c   t r a n s d u c e r s   a r e   t h e o r e t i c a l l y   q u i t e  
e f f i c i e n t .   H o w e v e r ,   t h e   t h e o r e t i c a l   e f f i c i e n c y   i s   n o t   a v a i l a b l e  

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

as  an  e l e c t r i c a l   l o a d .   T h i s   r e s u l t s   i n   a  r e q u i r e m e n t   f o r   a  



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

o u t p u t   of  t he   s y s t e m   in  t he   fo rm  of  e i t h e r   a c o u s t i c   or  e l e c -  

t r i c a l   s i g n a l s .   T h u s ,   t h e r e   is  a  need  f o r   an  e l e c t r i c a l  

/ 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  o p e r a t i n g   a t   h i g h e r   e f f i c i e n c i e s  

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

SUMMARY  OF  THE  INVENTION 

In  v iew  of  t h e s e   and  o t h e r   p r o b l e m s   a s s o c i a t e d   w i t h   t h e  

p r i o r   a r t ,   i t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

a  n o v e l   and  i m p r o v e d   e l e c t r i c a l / 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 

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

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

t r a n s d u c e r s .  

A n o t h e r   o b j e c t   of  t he   i n v e n t i o n   is  t h e   p r o v i s i o n   of  a 

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

as  a  s u b s t a n t i a l l y   r e s i s t i v e   l o a d   to  an  i n p u t   s i g n a l ,   t h e r e b y  

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

A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is  t he   p r o v i s i o n  

of  a  t r a v e l i n g   wave  e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r   in  w h i c h  

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

t r a n s d u c e r   in  s y c h r o n i s m ,   e n a b l i n g   e n e r g y   to  be  c o u p l e d   b e t w e e n .  

t he   e l e c t r i c a l   s y s t e m   and  t h e   a c o u s t i c   w a v e ,   and  r e s u l t i n g   i n  

an  e n e r g y   e f f i c i e n t   t r a n s d u c e r   d e v i c e .  

T h e s e   and  o t h e r   o b j e c t s   a r e   a c h i e v e d   in  t he   p r e s e n t   i n v e n -  

t i o n   by  e l e c t r i c a l l y   and  m e c h a n i c a l l y   c o u p l i n g   a  p l u r a l i t y   o f  

e l e c t r i c a l / a c o u s t i c . e l e c t r o s t a t i c   t r a n s d u c e r   s t a g e s   in  s u c c e s s i o n ,  

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

s u c c e s s i v e   s t a g e s .   I m p e d a n c e   means   in  t he   fo rm  of  i n d u c t a n c e  

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

t h e   t r a n s d u c e r   c a p a c i t a n c e s   fo rm  an  e l e c t r i c a l   d e l a y   l i n e   w h i c h  

m a t c h e s   t he   p r o p a g a t i o n   of  an  e l e c t r i c a l   s i g n a l   t h r o u g h   s u c c e s -  

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



t he   p r o p a g a t i o n   s p e e d   of  an  a c o u s t i c   s i g n a l   t h r o u g h   the   t r a n s -  

d u c e r . .   By  t h u s   m a t c h i n g   t he   p r o p a g a t i o n   of  e l e c t r i c a l   a n d  

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

a  m a r k e d   i n c r e a s e   in  t r a n s d u c e r   e f f i c i e n c y   is  a c h i e v e d .   A 

t e r m i n a l   r e s i s t o r   is  a l s o   m a t c h e d   w i t h   t h e   c h a r a c t e r i s t i c  

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

e n e r g y   t h a t   wou ld   o t h e r w i s e   be  d i s s i p a t e d   in  t he   r e s i s t o r .  

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

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

p l a t e   m e m b e r s   w h i c h   a r e   s p a c e d   a p a r t   f rom  e a c h   o t h e r   and  e s t a -  

b l i s h   an  e q u i v a l e n t   s t a g e   c a p a c i t a n c e ,   and  a  f l e x i b l e   c h a r g e -  

s u p p o r t i n g   m e m b r a n e   s u p p o r t e d   midway   b e t w e e n   t he   p l a t e s .   E a c h  

s u c c e s s i v e   s t a g e   s h a r e s   a  p l a t e   w i t h   t he   p r e v i o u s   s t a g e ,   so  t h a t  

e a c h   p l a t e   e x c e p t   f o r   t h e   one  a t   e ach   end  of  t he   a r r a y   f o r m s  

a  p a r t   of  two  s t a g e s .   By  c o n n e c t i n g   e v e r y   o t h e r   p l a t e   i p  

a s s o c i a t i o n   w i t h   an  e l e c t r i c a l   s i g n a l   of  one  p o l a r i t y ,  c o n n e c t i n g  

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

o p p o s i t e   p o l a r i t y ,   a p p l y i n g   a  s t a t i c   c h a r g e   of  one  p o l a r i t y   t o  

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

p o l a r i t y   to  the   r e m a i n i n g   m e m b r a n e s ,   a  c o m p a c t   and  h i g h l y  

e f f i c i e n t   d e v i c e   is  a c h i e v e d ,   I n d u c t a n c e   n e t w o r k s   a r e   c o n n e c t e d  

in  c i r c u i t   w i t h   t he   p l a t e   m e m b e r s   to  form  an  e l e c t r i c a l   d e l a y  

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

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

t r a n s d u c e r   t h u s   a p p e a r s   as  a  n o n - r e a c t i v e   l o a d   to  t he   d r i v i n g  

s o u r c e ,   I f   a  g r e a t e r   m e m b r a n e   e x c u r s i o n   is   d e s i r e d ,   the   s p a c i n g  

b e t w e e n   s u c c e s s i v e   p l a t e   member s   can  be  e n l a r g e d   by  a d d i n g   a 

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

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

s i g n a l   p r o p a g a t i o n   s p e e d ,   I f ,   on  the   o t h e r   h a n d ,   t he   a c o u s t i c  

s i g n a l   f a l l s   w i t h i n   a  f r e q u e n c y   s p e c t r u m   c h a r a c t e r i z e d   by  w a v e -  

l e n g t h s   w h i c h   a re   much  g r e a t e r   t h a n   the   s p a c i n g   b e t w e e n   s u c c e s -  

s i v e   p l a t e   m e m b e r s ,   s y n c h r o n i z a t i o n   of  t he   e l e c t r i c a l   and  a c o u s t i c  



p r o p a g a t i o n   s p e e d s   can  he  a d e q u a t e l y   a c h i e v e d   by  s i m p l y   m a k i n g  

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

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

w i l l   become   a p p a r e n   to  t h o s e   s k i l l e d   i n  t h e   a r t   by  a  c o n s i d -  

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

e m b o d i m e n t s   of   t h e   i n v e n t i o n ,   a l o n g   w i t h   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 ;  

DESCRIPTION  OF  THE DRAWINGS.  

F i g .   1  is  a  s c h e m a t i c   d i a g r a m   of  an  e l e c t r i c a l   d e l a y   l i n e ,  

t h e   p r i n c i p l e   of  wh.ich  is  e m p l o y e d   in  t h e   i n v e n t i o n s  

F i g .   2  is   a  c o m b i n e d   s i d e   v i ew   and  e l e c t r i c a l   s c h e m a t i c  

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

i n v e n t i o n ;   . 
F i g .   3  i s  a n   end  v iew  of  t h e   d e v i c e   shown  in  F i g .  2 ;  

F i g .   4  . is   a  s c h e m a t i c   d i a g r a m   s h o w i n g   an  e q u i v a l e n t  

e l e c t r i c a l   c i r c u i t   f o r   t h e   d e v i c e   of  F i g ,   2 ;  

F i g .   5  is  a  c o m b i n e d   s i d e   v i e w   and  s c h e m a t i c   d i a g r a m  

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

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

F i g .   6  is   a  s c h e m a t i c   d i a g r a m   of  a  t h i r d   e m b o d i m e n t   o f  

t he   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

R e f e r r i n g   f i r s t   to  F i g .   1,  an  e l e c t r i c a l   d e l a y  l i n e   i s  

shown  w h i c h   f o r m s   one  of  the   t h e o r e t i c a l   u n d e r p i n n i n g s   of  t h e  

p r e s e n t   i n v e n t i o n .   A  g e n e r a l  r e f e r e n c e   on  d e l a y   l i n e s   i s  

p r o v i d e d   in  C h a p t e r   22  of  t h e   t e x t   "The  Feynman  L e c t u r e s   on 

P h y s i c s , "   F e y n m a n ,   L e i g h t o n   and  S a n d s ,   C a l i f o r n i a   I n s t i t u t e   o f  

T e c h n o l o g y .   C o n n e c t e d   a c r o s s   i n p u t   t e r m i n a l s   2  and  4  a re   a 

s e r i e s   of  i n d u c t a n c e   e l e m e n t s   of  s u b s t a n t i a l l y   e q u a l   v a l u e ,  

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

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

c o n n e c t e d   b e t w e e n   each   s u c c e s s i v e   p a i r   of  i n d u c t o r s   and  t e r m i n a l  

4.  The  d e l a y   l i n e   is  t e r m i n a t e d   by  a  r e s i s t o r   R1  in  s e r i e s  

w i t h   the   l a s t   i n d u c t a n c e   e l e m e n t .   I t   is   known  t h a t   in  s u c h  



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

√ 4 / L C ,   the   c h a r a c t e r i s t i c   i m p e d a n c e   of  t he   l i n e   is  a p p r o x i m a t e l y  

t h e   s q u a r e   f o o t   of  L /C ,   L  b e i n g   i n d u c t a n c e   in  h e n r y s   and  C 

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

a r e   each   1 0 - 8 f a r a d s   ( . 0 1 µ f )   and  e a c h   i n d u c t o r   L  is  10  m i l l i -  

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

be  a b o u t   1 , 0 0 0   ohms  w i t h i n   t he   g i v e n   f r e q u e n c y   r a n g e ,   T h a t   i s ,  

f o r   f r e q u e n c i e s   of  up  to  a b o u t   2 0 k H z ,   t he   c i r c u i t   w o u l d   a c t   a s  

a  1 , 0 0 0   ohm  r e g i s t e r   a c r o s s   t e r m i n a s l   2  and  4,  when  t e r m i n a t e d  

w i t h   a  m a t c h i n g   1000Ω  r e s i s t o r   RI,   The  p r o p a g a t i o n   of  a n  

e l e c t r i c a l   i n p u t   s i g n a l   at   t e r m i n a l s   2  and  4  t h r o u g h   t he   d e l a y  

l i n e   would   be  d e l a y e d   by  the   s q u a r e   r o o t   of  LC  at  e ach   s u c c e s -  

s i v e   LC  s t a g e ,   or  in  the   a b o v e   e x a m p l e   by  a b o u t   10-5   s e c o n d s  

p e r   s t a g e .  

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

330  m e t e r s   pe r   s e c o n d   w o u l d   t r a v e l   a b o u t   3 ,3   mm  in  a  1 0 - 5  

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

s y n c h r o n i z e   the   p r o p a g a t i o n   of  e l e c t r i c a l   and  a c o u s t i c   s i g n a l s  

t h r o u g h   a  t r a n s d u c e r   s y s t e m   by  c o n s t r u c t i n g   the   s y s t e m   t o  

e m u l a t e   a  d e l a y   l i n e ,   w i t h   each   s t a g e   of  t h e   d e l a y   l i n e  

p h y s i c a l l y   s p a c e d   3 ,3   mm  a p a r t   f r om  t he   n e x t   s u c c e e d i n g   s t a g e ,  

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

e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r   s t a g e s   a r e   e l e c t r i c a l l y   a n d  

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

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

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

t o  s y n c h r o n i z e   t he   t r a v e l   of  t he   e l e l c t r i c a l   s i g n a l   t h r o u g h   t h e  

s y s t e m   w i t h   the   t r a v e l i n g   a c o u s t i c   w a v e s ,   I t   has  been   f o u n d  

t h a t ,   when  the   p r o p a g a t i o n   of  t he   e l e c t r i c a l   and  a c o u s t i c   s i g n a l s  

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

s t a t i c   e l e c t r i a l / a c o u s t i c   t r a n s d u c e r   s t a g e s ,   the   r e s u l t i n g   s i g n a l  

e n e r g y   o u t p u t   of  t h e  c o u p l e d   s e t   of  s t a g e s   t a k e n   t o g e t h e r   e x c e e d s  

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

of  each   o t h e r ,   The  e n e r g y   n o r m a l l y   l o s t   to  a  t e r m i n a t i n g   r e s i s t o r  



in  c o n v e n t i o n a l   e l e c t r o s t a t i c   s p e a k e r   s y s t e m s   is  i n s t e a d   p a s s e d  

on  to  t he   n e x t   s t a g e   in  the   p r e s e n t   i n v e n t i o n ,   The  r e s u l t  

is   a  more  e f f i c i e n t   t r a n s d u c e r   s y s t e m   w h i c h   r e q u i r e s   a  s m a l l e r  

e n e r g y   i n p u t   f o r   a  g i v e n   o u t p u t   l e v e l ,   and  w h i c h   is  c a p a b l e  

of   p r o d u c i n g   a  g r e a t e r   o u t p u t   f o r   a  g i v e n   i n p u t   l e v e l .  

An  i m p l i m e n t a t i o n   of  t he   i n v e n t i o n   as  a  p l u r a l i t y   o f  

e l e c t r i c a l l y   and  m e c h a n i c a l l y   c o u p l e d   e l e c t r o s t a t i c   e l e c t r i c a l /  

a c o u s t i c   t r a n s d u c e r   s t a g e s   is  shown  in  F i g .   2.  A  p l u r a l i t y   o f  

p l a t e   m e m b e r s   in  t he   form  of  g r i d s   or  w i r e   mesh  s c r e e n s   6,  8 ,  

10,  12,  14,  16,  18,   20  and  22  ( s h o w n   w i t h   e x a g g e r a t e d   w i d t h s  

in  F i g .   2)  a r e   s u p p o r t e d   in  a  p a r a l l e l   a r r a y   by  a  p l u r a l i t y   o f  

n o n - c o n d u c t i v e   s p a c i n g   and  s u p p o r t   m e m b e r s   24  w h i c h   s u p p o r t   t h e  

p e r i p h e r y   o f  t h e   s c r e e n s   and  s p a c e   them  e q u i d i s t a n t l y   a p a r t .  

S p a c i n g   and  s u p p o r t   m e m b e r s   24  a l s o   h o l d   a  p l u r a l i t y   of  f l e x i b l e  

m e m b r a n e   m e m b e r s   26 ,   28,   30,  32,  34 ,   36,   38  and  40  e q u i d i s t a n t l y  

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

The  m e m b r a n e s   a r e   p r e f e r r a b l y   f o r m e d   f rom  a  t h i n   m y l a r   m a t e r i a l  

w h i c h   has  been   l i g h t l y   a l u m i n i z e d   s u f f i c i e n t l y   f o r   t h e   m e m b r a n e  

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

f l e x   t o w a r d s   one  or  t h e   o t h e r   of  t h e i r   a d j a c e n t   s c r e e n s   i n  

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

Each  m e m b r a n e   t o g e t h e r   w i t h   t h e   a d j a c e n t   s c r e e n s   on  e i t h e r  

s i d e   fo rm  an  e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r   s t a g e   c a p a b l e   o f  

t r a n s d u c i n g   e l e c t r i c a l   s i g n a l s   on  t h e   s c r e e n   to  an  a c o u s t i c  

s i g n a l   f rom  t he   r e s u l t i n g   m e m b r a n e   m o v e m e n t ,   or  of  t r a n s d u c i n g  

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

e l e c t r i c a l   s i g n a l   on  the   s c r e e n s ,   E x c e p t   f o r   t he   o u t e r m o s t  

s c r e e n s   6  and  22,   i t   can  be  s e e n   t h a t   e a c h   s c r e e n   is   common  t o  

two  t r a n s d u c e r   s t a g e s ,  t h e r e b y   s a v i n g   b o t h   m a t e r i a l s   and  s p a c e .  

As  s t a t e d   a b o v e ,   i t   is  a  f e a t u r e   of  t he   i n v e n t i o n   t h a t   a 

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

3 



p e r f o r m   as  an  e l e c t r i c a l  d e l a y   l i n e   to  e n a b l e   a  s y c h r o n i z a t i o n  

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

t r a n s d u c e r   s y s t e m .   To  a c c o m p l i s h   t h i s   o b j e c t ,   a  p l u r a l i t y   o f  

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

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

w i t h   h a l f   v a l u e   i n d u c t o r s   L/2  c o n n e c t e d   b e t w e e n   s c r e e n   8  and  a n  

e l e c t r i c a l   i n p u t ,   and  b e t w e e n   s c r e e n   10  and  a  t e r m i n a t i o n  

r e s i s t o r   R 1 .  

I t   is  d e s i r e a b l e   t h a t   the   e n t i r e   t r a n s d u c e r   s y s t e m   be  a s  

a c o u s t i c a l l y   t r a n s p a r e n t   as  p r a c t i c a b l e ,   to  m i n i m i z e   l o s s e s   i n  

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

open   s c r e e n s ,   f o r   e x a m p l e   of  1  mm  m e s h ,   f o r m e d   f rom  w i r e   a r e  

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

a b o u t   6  m i c r o m e t e r s   t h i c k n e s s   or  l e s s .   As  m e n t i o n e d . a b o v e ,   t h e  

s p a c i n g   b e t w e e n   s u c c e s s i v e   s t a g e s ,   t h a t   i s ,   t he   s p a c i n g  b e t w e e n  

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

to  s y n c h r o n i z e   the   e l e c t r i c a l   and  a c o u s t i c   p r o p a g a t i o n   s p e e d s .  

Wi th   an  i n d u c t a n c e   n e t w o r k   and  t r a n s d u c e r   s t a g e s   p r o d u c i n g   a 

d e l a y   of  10 -5   s e c o n d s   pe r   s t a g e ,   t he   d i s t a n c e   b e t w e e n   s t a g e s  

w o u l d   be  3 . 3   mm  f o r   an  a s s u m e d   a c o u s t i c   v e l o c i t y   of  330  m e t e r s  

p e r   s e c o n d .  

The  e m b o d i m e n t   of  F i g .   2  i l l u s t r a t e s   an  e l e c t r i c a l   t o  

a c o u s t i c   c  t r a n s d u c e r .   E v e r y   o ther   m e m b r a n e   26,  30,  34  and  38  is  s 

c h a r g e d   to  one  p o l a r i t y   t h r o u g h   r e s p e c t i v e   c o u p l i n g   r e s i s t o r s   R2 

by  a  f i r s t   v o l t a g e   s o u r c e   42,   w h i l e   t he   r e m a i n i n g   m e m b r a n e s  

28,   32,   36  and  40  a re   c h a r g e d   to  t he   o p p o s i t e   p o l a r i t y   t h r o u g h  

r e s p e c t i v e   c o u p l i n g   r e s i s t o r s  R 2   by  a  s e c o n d   DC  v o l t a g e   s o u r c e  

44.  In  g e n e r a l ,   t he   o p e r a t i n g   e f f i c i e n c y   of  t h e   s y s t e m  w i l l  

i n c r e a s e   as  t he   c h a r g e   on  t he   m e m b r a n e   is  i n c r e a s e d ,   bu t   a 

t e n d e n c y   of  t he   m e m b r a n e s   to  a r c   l i m i t s   t he   c h a r g e   t h a t   can  be  

a p p l i e d   to  t h e m ,   I m m e r s i n g   t h e   m e m b r a n e s   in  a  n o n - a r c i n g  

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



In  t h e   use  of  the   i n v e n t i o n   as  a  s p e a k e r   as  in  F i g .   2 ,  

an  e l e c t r i c a l   i n p u t   s i g n a l   f rom  an  AC  s o u r c e   46  to  be  t r a n s d u c e d  

to  an  a c o u s t i c   s i g n a l   is  a p p l i e d   t h r o u g h   t h e   u p p e r   i n d u c t i v e   n e t -  

work  to  e v e r y   o t h e r   s c r e e n   8,  12,  16  and  20,   w h i l e   t he   p o l a r  

m i r r o r   of  t he   i n p u t   e l e c t r i c a l   s i g n a l   is  a p p l i e d   f rom  e q u i v a l e n t  

AC  s o u r c e   48  t h r o u g h   t he   l o w e r   c o n d u c t a n c e   n e t w o r k   to  t h e  

r e m a i n i n g   s c r e e n s   6,  10,  14 ,   18  and  22;   s o u r c e s   46  and  48  may 

c o n v e n i e n t l y   be  p r o v i d e d   f rom  a  c e n t e r   t a p p e d   t r a n s f o r m e r .   I n  

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

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

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

two  s c r e e n s   to  f l e x   away  f rom  t he   s c r e e n   of  l i k e   p o l a r i t y   a n d  

t o w a r d s  t h e   s c r e e n   of  o p p o s i t e   p o l a r i t y ,   T h i s   i n  t u r n   c r e a t e s  

an  a c o u s t i c   wave  w h i c h   a r r i v e s   a t   t he   n e x t   m e m b r a n e   a t   t he   s a m e  

t i m e  t h e  e l e c t r i c   i n p u t ' s i g n a l s   h a v e  r e a c h e d   t h e   s c r e e n s . : :  

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

in  t h e   f i r s t   t r a n s d u c e r   s t a g e .   T h u s ,   t he   s e c o n d   m e m b r a n e   i s  

a c t e d   upon  by  bo th   a  t r a v e l i n g   e l e c t r i c   f i e l d   and  t he   a c o u s t i c  

w a v e s   s e t - u p   by  the  p r e c e e d i n g   m e m b r a n e ,   and  p r o d u c e s   a n  

a c o u s t i c   wave  wh ich   is  c o n s i d e r a b l y   g r e a t e r   t h a n   t h a t   p r o d u c e d  

by  t he   f i r s t   s t a g e .   The  a c o u s t i c   wave  c o n t i n u e s   to  t r a v e l  

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

same  t i m e   t h e   e l e c t r i c a l   i n p u t   s i g n a l s   c a u s e   t h e   s c r e e n s   on  

e i t h e r   s i d e   of  the   m e m b r a n e   to  e s t a b l i s h   an  e l e c t r i c a l   f i e l d  

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

a s s o c i a t e d   m e m b r a n e .  

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

s h o u l d   a p p r o a c h   the   s q u a r e   of  the   a r i t h m e t i c   sum  of  the   o u t p u t  

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

a c t i n g   i n d e p e n d e n t   of  e a c h   o t h e r .   A n a l y t i c a l l y ,   t h i s   may  b e  

a t t r i b u t e d   to  two  f a c t o r s .   F i r s t ,   e a c h   t r a n s d u c e r   s t a g e   a r i t h -  

m e t i c a l l y   a d d s   to  the   p r e s s u r e   of  t he   t r a v e l i n g   a c o u s t i c   w a v e ,  

so  t h a t   t h e   o u t p u t   p r e s s u r e   f rom  t he   e i g h t   s t a g e   d e v i c e   s h o w n  

in  F i g .   2  w o u l d   be  e i g h t   t i m e s   as  g r e a t   as  t he   o u t p u t   p r e s s u r e  

f r o m  a   s i n g l e   s t a g e .   H o w e v e r ,   t he   e n e r g y   in  an  a c o u s t i c   w a v e  

is  p r o p o r t i o n a l   to  the   s q u a r e   of  t he   p r e s s u r e .   T h u s ,   e i g h t  

s t a g e s   c o n n e c t e d   in  s u c c e s s i o n - w o u l d   p r o d u c e   an  o u t p u t   o f  

s i x t y - f o u r   u n i t s   of  a c o u s t i c   e n e r g y ,   w h i l e   t he   same  s t a g e s  



o p e r a t i n g   i n d e p e n d e n t   of  each   o t h e r   w o u l d   e a c h   p r o d u c e   o n l y  

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

S e c o n d l y ,   t h e   t r a n s d u c e r   s y s t e m   of  F i g ,   2  a p p e a r s   s u b s t a n t i a l l y  

as  a  p u r e l y   r e s i s t i v e   l o a d   to  the   i n p u t ,   p a s s i n g   e l e c t r i c a l  

e n e r g y   s t o r e d   in  t h e   r e a c t i v e   c a p a c i t a n c e   of  one  s t a g e  o n   t o  

the   n e x t   i n s t e a d   of  d i s s i p a t i n g   i t   i m m e d i a t e l y   in  a  d a m p i n g  

r e s i s t o r   as  i s  n e c e s s a r y   w i t h   c o n v e n t i o n a l   e l e c t r o s t a t i c   s p e a k e r s ,  

T h i s   c o n s i d e r a t i o n   a g a i n   i n c r e a s e s   t he   e f f i c i e n c y   of  t he   s y s t e m  

by  a  f a c t o r   a p p r o x i m a t e l y   e q u a l   to  t h e   n u m b e r   of  s t a g e s ,  

a s s u m i n g   t he   e f f i c i e n c y   of  e a c h   s t a g e   is  l ow ,   The  c o m b i n e d  

e f f e c t   is  to  i n c r e a s e   t he   e f f i c i e n c y   of  t h e   d e s c r i b e d   s y s t e m   by  

a p p r o x i m a t e l y   t he   s q u a r e   of  the   n u m b e r   of  s t a g e s ,   c o m p a r e d   w i t h  

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

the   a b o v e   s i t u a t i o n   a p p l i e s   to  a  l o s s l e s s   d e v i c e ,   and  i n  

p r a c t i c e   some  l o s s e s   a r e   e x p e r i e n c e d   due  to  t h e   r e s i s t i v e   l o a d  

and  the   m o v e m e n t   of  t he   i n d i v u a l   m e m b r a n e s ,   t h e   e f f i c i e n c y   o f  

the   s y s t e m   w i l l   s t i l l   g r e a t l y   e x c e e d   t h a t   of  i n d i v i d u a l   s i n g l e  

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

The  t r a n s d u c e r   d e s c r i b e d   t h u s   f a r   has  an  u p p e r   f r e q u e n c y  

l i m i t a t i o n   of  a p p r o x i m a t e l y - √ 4 / L C .   At  h i g h e r   f r e q u e n c i e s ,   t h e  

e l e c t r i c a l   s i g n a l   is   e x p o n e n t i a l l y   a t t e n u a t e d   as  i t   p r o g r e s s e s  

t h r o u g h   the   s y s t e m ,   For  t he   e x a m p l e   g i v e n   a b o v e   in  w h i c h   t h e  

c a p a c i t a n c e   b e t w e e n   t h e   p l a t e s   of  e a c h   s t a g e   was  1 0 - 8 f a r a d s   a n d  

i n d u c t o r s   of  10  m i l l i h e n r y s   were  u sed   (5  m i l l i h e n r y s   f o r   t h e  

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

be  a b o u t   32  kHz,  S i n c e   the   c a p a c i t a n c e   a s s o c i a t e d   w i t h   e a c h  

s t a g e   is  d i r e c t l y   p r o p o r t i o n a l   to  t he   a r e a   of  t he   e l e m e n t s   a n d  

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  d i s t a n c e   b e t w e e n   s t a g e s ,   t h e  

u p p e r   f r e q u e n c y   l i m i t a t i o n   can  be  m o d i f i e d   by  a d j u s t i n g   t h e  

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

An  end  v iew  of  t he   t r a n s d u c e r   s y s t e m   i l l u s t r a t e d   in  F i g .   2 

is  shown  in  F i g ,   3,  In  t h i s   c o n f i g u r a t i o n ,   s p a c e r   and  s u p p o r t  



e l e m e n t s   24  a r e   s e e n   to  be  g e n e r a l l y   r e c t a n g u l a r ,   Smal l   p a d s  

50  a r e   shown  in  p l a c e   b e t w e e n   t h e   s c r e e n s   and  m e m b r a n e s ,   l i m i t i n g  

t h e   a r e a   of  m e m b r a n e   m o v e m e n t   e s s e n t i a l l y   to  the   r e g i o n   b e t w e e n  

p a d s .   S m a l l e r   a r e a   e l e m e n t s   c o u l d   a l s o   be  u s e d ,   and  t h e  p a d s  

e l i m i n a t e d ,  

R e f e r r i n g   now  to  F i g .   4,  an  e q u i v a l e n t   c i r c u i t   of  t h e   s y s t e m  

of  F i g ,   2  is  d e p i c t e d ,   i n c l u d i n g   an  e q u i v a l e n t   r e s i s t a n c e   R e q  

a s s o c i a t e d   w i t h   e a c h   t r a n s d u c e r   s t a g e .   In  t h i s   c i r c u i t   t h e  

c a p a c i t a n c e   a s s o c i a t e d   w i t h   e a c h   s t a g e   is  r e p r e s e n t e d   by  an  e q u i -  

v a l e n t   c a p a c i t o r   Ceq .   B e c a u s e   t h e   e l e c t r o s t a t i c   e l e m e n t s   i n t e r a c t  

w i t h   t h e   a c o u s t i c   f i e l d ,   t h e y   do  n o t   a p p e a r   as  p u r e - c a p a c i t a n c e s  

in  t h e   e q u i v a l e n t   c i r c u i t ,   but   r a t h e r   a p p e a r   as  c a p a c i t o r s   C e q  

b r i d g e d   by  r e s i s t o r s   Req  in  t he   c a s e   of  a  s p e a k e r ,   or  a s  

c a p a c i t o r s   b r i d g e d   by  p o w e r   s o u r c e s   in  t h e   c a s e   of  a  m i c r o p h o n e ,  

For   a  s p e a k e r ,   i t   can  b e  s h o w n   t h a t   Req  is  to  t h e   f i r s t . o r d e r  

p r o p o r t i o n a l   to  t h e   s q u a r e   of  the   spacing;  b e t w e e n   s u c c e s s i v e   s t a g e s ,  

and  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   s q u a r e   of  t he   e l e c t r o s t a t i c  

c h a r g e s   on  t he   m e m b r a n e s ,   Req  e x i s t s ,   b e c a u s e   of  and  r e p r e s e n t s  

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

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

t h e   d e l a y   l i n e ,   i f   t h e   e f f i c i e n c y   of   t h e   t r a n s d u c e r   is   f a i r l y  

l o w .   As  t he   e f f i c i e n c y  r i s e s ,   a s - i s   t h e   c a s e   w i t h   a  w e l l   d e s i g n e d  

e x a m p l e   of  t he   i n v e n t i o n ,   Req  b e c o m e s   s m a l l e r   and  has  a  s i g n i f i -  

c a n t   e f f e c t   on  t he   c h a r a c t e r i s t i c   i m p e d a n c e .   of  t he   e l e c t r i c a l  

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

The  f i r s t   o r d e r   s q u a r e   r e l a t i o n s h i p   d e s c r i b e d   a b o v e   is  m o s t  

a c c u r a t e l y   a p p l i e d   to  l o w e r   f r e q u e n c i e s ,   In  the   c a s e   of  h i g h e r  

f r e q u e n c i e s ,   on  t h e   o t h e r   h a n d ,   t he   a c o u s t i c   waves   r a d i a t e d   b a c k  

to  t h e   f i r s t   s t a g e s   by  t h e   l a t e r   e x c i t e d   s t a g e s   w i l l   be  d e l a y e d ,  

c a u s i n g   the   p r o p a g a t i o n   of  t he   e l e c t r i c a l   s i g n a l   to  go  ou t   o f  

p h a s e   w i t h   t he   a c o u s t i c   p r o p a g a t i o n ,   The  p r i n c i p a l   e f f e c t   is   t h a t  

a t   h i g h e r   f r e q u e n c i e s   some  v a r i a t i o n   in  i n p u t   i m p e d a n c e   a n d  

s i g n a l   p r o p a g a t i o n   may  be  e x p e c t e d ,  



. T h e   above   f r e q u e n c y   l i m i t a t i o n   may  be  a l l e v i a t e d   to  a  g r e a t  

e x t e n t   by  a  j u d i c i o u s   s e l e c t i o n   of  t he   s p a c i n g   b e t w e e n   t he   t r a n s -  

d u c e r   e l e m e n t s   and  of  t he   s i z e   of  t h e   i n d u c t o r s .   The  r e l a t i o n -  

s h i p   s t a t e d   above   w h e r e b y   Req  is  p r o p o r t i o n a l   to  the   s q u a r e   o f  

t he   s p a c i n g   b e t w e e n   s u c c e s s i v e   s c r e e n s   or  m e m b r a n e s   ( w h i c h  

s p a c i n g s   in  the   p r e f e r r e d   e m b o d i m e n t   a r e   e q u a l )   s u g g e s t s   t h a t   t h e  

e f f i c i e n c y   of  the   s y s t e m   can  be  i n c r e a s e d   by  r e d u c i n g   t h e  

s p a c i n g   b e t w e e n   t he   s c r e e n s   and  m e m b r a n e s .   H o w e v e r ,   a s . t h e  

s p a c i n g   is  made  s m a l l e r ,   Ceq  i n c r e a s e s   s i n c e   i t   is  i n v e r s e l y  

p r o p o r t i o n a l   to  t he   s p a c i n g .   With  c o n v e n t i o n a l   s i n g l e   s t a g e  

e l e c t r o s t a t i c   t r a n s d u c e r s   such   an  i n c r e a s e   in  c a p a c i t a n c e   w o u l d  

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

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

In  t he   p r e s e n t   i n v e n t i o n ,   on  the   o t h e r   h a n d ,   t he   e f f i c i e n c y  

p r o b l e m   may  be  c o m p e n s a t e d   f o r   by  an  i n c r e a s e   in  t he   s i z e   o f  

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

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

f r e q u e n c y   of  the   d e v i c e .  

W h i l e   the   i n v e n t i o n   t h u s   f a r   has  been   d e s c r i b e d   in  t e r m s   o f  

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

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

r i g h t   in  F i g s .   2  and  4,  i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   p r i n -  

c i p l e s   of  the   i n v e n t i o n   a r e   e q u a l l y   a p p l i c a b l e   to  a  m i c r o p h o n e  

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

c o u l d   be  c o n s t r u c t e d   by  m e r e l y   r e p l a c i n g   v o l t a g e   s o u r c e s   46  a n d  

48  w i t h   a  l o a d   and  p r o p a g a t i n g   i n p u t   a c o u s t i c   s i g n a l s   f rom  r i g h t  

t o  l e f t ,  

R e f e r r i n g   now  to  F i g ,   5 ,  a n o t h e r   e m b o d i m e n t   of  the   i n v e n t i o n  

is  shown  w h i c h . a l l o w s   f o r   g r e a t e r   m e m b r a n e   e x c u r s i o n s   and  t h e r e b y  

h i g h ' e r   p r e s s u r e ,   more  e f f i c i e n t   a c o u s t i c   w a v e s ,   In  t h i s   e m b o d i -  

men t   i n t e r m e d i a t e   i n d u c t i v e - c a p a c i t i v e   d e l a y   s t a g e s   a re   c o n n e c t e d  

b e t w e e n   s u c c e s s i v e   m e m b r a n e s   in  t he   d e l a y   l i n e   to  r e t a r d   t h e  

p r o p a g a t i o n   s p e e d   of  an  e l e c t r i c a l   s i g n a l   t h r o u g h   the   s y s t e m .   As 

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



e x c u r s i o n   b e c o m e s   p o s s i b l e .   In   t h e   i m p l e m e n t a t i o n   of   t h i s  

c o n c e p t   shown  i n   F i g .   5,  an  i n t e r m e d i a t e   i n d u c t o r   L'  a t   t h e  

t o p   of  t he   d e l a y   l i n e   and   i n t e r m e d i a t e   s c r e e n   8'  a r e   a d d e d  

b e t w e e n   m e m b r a n e s   26  and   28,   w h i l e   i n t e r m e d i a t e   i n d u c t o r   L '  

a t   t h e   b o t t o m   of   t h e   d e l a y   l i n e   and   i n t e r m e d i a t e   s c r e e n   101 

a r e   a d d e d   b e t w e e n   m e m b r a n e s   28  and  30.  Each   a d d e d   s c r e e n  

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

s c r e e n .   S i m i l a r   i n d u c t o r s   a n d   s c r e e n s   a r e   a d d e d   to  t h e   r e m a i n i n g  

s t a g e s   in   t h e   s y s t e m ,   t h e   s i z e   of   e a c h   i n d u c t o r   and  s p a c i n g  

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

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

The  i n v e n t i v e   c o n c e p t   of   i n c o r p o r a t i n g   an  e l e c t r o s t a t i c  

e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r   i n   a  d e l a y   l i n e   w i t h   an  e s s e n t i a l l y  

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

t r a n s d u c e r   s t a g e ,   as   shown  i n   F i g .   6.  I n   t h i s   e m b o d i m e n t  

a  s i n g l e   e l e c t r o s t a t i c   s p e a k e r   s t a g e   r e p r e s e n t e d   by  Ceq  i s   t h e  

f i r s t   e l e m e n t   o f   an  i m m e d i a t e l y   t e r m i n a t e d   d e l a y   l i n e .   C e q  

r e p r e s e n t s   t h e   e q u i v a l e n t   c a p a c i t a n c e   of   a  c o n v e n t i o n a l  

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

e l e m e n t   of  L/2   v a l u e   to  an  i n p u t   s i g n a l   s o u r c e   52.   The  s y s t e m  

i s   t e r m i n a t e d   by  a n o t h e r   i n d u c t o r   e l e m e n t   of   L/2  v a l u e  

c o n n e c t e d   in   s e r i e s   w i t h   a  t e r m i n a t i o n   r e s i s t o r   R2  a c r o s s  

Ceq .   For   m o s t   e f f i c i e n t   o p e r a t i o n ,   t h e   v a l u e   of   R2  i s   √ L / C .  

The  s y s t e m   shown  i s   c a p a b l e   o f   e f f i c i e n c i e s   up  to  d o u b l e   t h e  

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

A g a i n ,   t h e   s y s t e m   c o u l d   be  u s e d   as  a  m i c r o p h o n e   by  s i m p l y  

r e p l a c i n g   s i g n a l   s o u r c e   52  w i t h   a  l o a d .  



1.  An  e n e r g y   e f f i c i e n t   e l e c t r i c a l / a c o u s t i c  

t r a n s d u c e r   s y s t e m ,   c o m p r i s i n g :  

a  p l u r a l i t y   of  e l e c t r o s t a t i c   e l e c t r i c a l /  

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

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

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

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

i m p e d a n c e ,   a n d  

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

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

e l e c t r i c a l   s i g n a l   t h r o u g h   t h e   s u c c e s s i v e   s t a g e s   to   a  

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

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

s u c c e s s i v e   s t a g e s ,  

w h e r e b y   an  i n p u t   s i g n a l   to  t h e   s y s t e m   i s  

t r a n s d u c e d   to   an  o u t p u t   s i g n a l ,   t h e   e n e r g y   o u t p u t   o f  

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

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

2.  The  e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r   s y s t e m   o f  

c l a i m   1,  s a i d   i m p e d a n c e   means   c o m p r i s i n g   a  p l u r a l i t y   o f  

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

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

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

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

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

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

3.  The  e l e c t r i c a l / a c o u s t i c   t r a n s d u c e r   s y s t e m   o f  

c l a i m   2,  f u r t h e r   c o m p r i s i n g   i n t e r m e d i a t e   e l e c t r i c a l   d e l a y  

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

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

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



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

f r e q u e n c y   r e s p o n s e   r a n g e .  

4.  An  e n e r g y   e f f i c i e n t   e l e c t r i c a l / a c o u s t i c  

t r a n s d u c e r   s y s t e m ,   c o m p r i s i n g :  

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

s t a g e s ,   e a c h   s t a g e   c o m p r i s i n g :  

1)  a  p a i r   of   o p p o s e d ,   s u b s t a n t i a l l y  

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

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

a n d  

2)  a  f l e x i b l e   m e m b r a n e   member   c a p a b l e   o f  

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

member   b e i n g   p o s i t i o n e d   b e t w e e n   s a i d   p l a t e   means   f o r  

f l e x i n g   t o w a r d s   e i t h e r   one   of  s a i d   p l a t e   means   i n  

r e s p o n s e   to   a p p l i e d   e l e c t r i c   f i e l d   f o r c e ,  

b)  means   s u p p o r t i n g   s a i d   t r a n s d u c e r   s t a g e s   i n   a  

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

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

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

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

c)  means   f o r   a p p l y i n g   a  s t a t i c   e l e c t r i c a l   c h a r g e  

to   t h e   m e m b r a n e   member   of   e a c h   t r a n s d u c e r   s t a g e ,   a n d  

d)  i n d u c t a n c e   m e a n s   c o n n e c t e d   i n   c i r c u i t   w i t h   t h e  

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

e l e c t r i c a l   p r o p a g a t i o n   s p e e d   a l o n g   s a i d   d e l a y   l i n e   b e i n g  

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

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

s t a g e s ,   w h e r e b y   an  i n p u t   s i g n a l   a p p l i e d   a t   one  end  o f  

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

s i g n a l   a t   t h e   o t h e r   end   of  t h e   a r r a y .  

5.  The  t r a n s d u c e r   s y s t e m   of  c l a i m   4,  f u r t h e r  

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

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



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

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

t h e r e b y   p e r m i t t i n g   a  g r e a t e r   s p a c i n g   b e t w e e n   s t a g e s   a n d  

a  g r e a t e r   m e m b r a n e   member   e x c u r s i o n   f o r   a  g i v e n   f r e q u e n c y  

r e s p o n s e   r a n g e .  

6.  An  a c o u s t i c   s p e a k e r ,   c o m p r i s i n g :  

a)  a  p l u r a l i t y   of  s u b s t a n t i a l l y   a c o u s t i c a l l y   t r a n s -  

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

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

e q u i v a l e n t   c a p a c i t a n c e ,  

b)  a  p l u r a l i t y   of  f l e x i b l e ,   c h a r g e   s u p p o r t i n g  

m e m b r a n e s   r e s p e c t i v e l y   s e c u r e d   s u b s t a n t i a l l y   e q u i -  

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

c)  an  i n d u c t a n c e   c i r c u i t   c o n n e c t e d   i n   c i r c u i t   w i t h  

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

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

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

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

s u c c e s s i v e   m e m b r a n e s ,   s a i d   i n d u c t a n c e   c i r c u i t   c o m p r i s i n g :  

1)  a  f i r s t   i n d u c t a n c e   n e t w o r k   c o m p r i s i n g   o n e  

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

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

2)  a  s e c o n d   i n d u c t a n c e   n e t w o r k   c o m p r i s i n g   o n e  

or  more   i n d u c t a n c e   e l e m e n t s   c o n n e c t e d   b e t w e e n   t h e  

r e m a i n i n g   p l a t e   m e m b e r s ,   r e s p e c t i v e l y ,   a n d  

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

of   one   p o l a r i t y   to   e v e r y   o t h e r   m e m b r a n e ,   and  a  s t a t i c  

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

m e m b r a n e s ,  

e)  one  of   s a i d   i n d u c t a n c e   n e t w o r k s   b e i n g   a d a p t e d   t o  

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

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

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

an  i n p u t   A.C.   e l e c t r i c a l   s i g n a l   i n d u c e s   a  c o r r e s p o n d i n g  



a c o u s t i c   m o v e m e n t   of  t h e   m e m b r a n e s ,   and   t h e   e l e c t r i c a l  

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

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

t h e r e b y   i n c r e a s i n g   t h e   s p e a k e r ' s   e l e c t r o - a c o u s t i c  

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

a  s i m i l a r   s i n g l e - m e m b r a n e   e l e c t r o s t a t i c   s p e a k e r .  

7.  An  a c o u s t i c   m i c r o p h o n e ,   c o m p r i s i n g :  

a)  a  p l u r a l i t y   of  s u b s t a n t i a l l y   a c o u s t i c a l l y  

t r a n s p a r e n t ,   e q u i d i s t a n t l y   s p a c e d ,   p a r a l l e l   p l a t e  

m e m b e r s ,   e a c h   s u c c e s s i v e   p a i r   of   m e m b e r s   h a v i n g   a n  

a s s o c i a t e d   e q u i v a l e n t   c a p a c i t a n c e ,  

b)  a  p l u r a l i t y   of   f l e x i b l e ,   c h a r g e   s u p p o r t i n g  

m e m b r a n e s   s e c u r e d   r e s p e c t i v e l y   b e t w e e n   a d j a c e n t   p a i r s  

of   p l a t e   m e m b e r s ,  

c)  an  i n d u c t a n c e   c i r c u i t   c o n n e c t e d   w i t h   t h e   p l a t e  

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

s p e e d   of  an  i n p u t   a c o u s t i c   s i g n a l   b e t w e e n   s u c c e s s i v e  

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

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

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

1)  a  f i r s t   i n d u c t a n c e   n e t w o r k   c o m p r i s i n g  

one  or  more  i n d u c t a n c e   e l e m e n t s   c o n n e c t e d   b e t w e e n   e v e r y  

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

2)  a  s e c o n d   i n d u c t a n c e   n e t w o r k   c o m p r i s i n g  

one  or  more   i n d u c t a n c e   e l e m e n t s   c o n n e c t e d   b e t w e e n   t h e  

r e m a i n i n g   p l a t e   m e m b e r s ,   r e s p e c t i v e l y ,   a n d  

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

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

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

m e m b r a n e s ,  

e)  an  o u t e r   one  of  s a i d   m e m b r a n e s   b e i n g   a d a p t e d   t o  

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

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

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



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

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

l i n e   s u b s t a n t i a l l y   in   s y n c h r o n i s m   w i t h   t h e   a c o u s t i c  

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

e l e c t r i c a l   s i g n a l   e x c e e d s   t h e   a r i t h m e t i c   sum  of  t h e  

a m p l i f i c a t i o n s   i m p a r t e d   by  a  s i m i l a r   number   of  s i n g l e -  

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

of  e a c h   o t h e r .  

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

s y s t e m ,   c o m p r i s i n g :  

an  e l e c t r o s t a t i c   e l e c t r i c a l / a c o u s t i c   t r a n s -  

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

c a p a c i t a n c e ,   a n d  

i n d u c t i v e   c i r c u i t   means   c o n n e c t e d   i n   c i r c u i t  

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

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

9.  The  t r a n s d u c e r   s y s t e m   of  c l a i m   8,  s a i d  

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

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

i n d u c t o r   e l e m e n t s   each   h a v i n g   an  i n d u c t a n c e   of  L / 2  

to  one  s i d e   of  t h e   t r a n s d u c e r   s t a g e ,   and  f u r t h e r  

c o m p r i s i n g   a  t e r m i n a t i n g   r e s i s t o r   means   h a v i n g   a  

r e s i s t a n c e   of   L / C   c o n n e c t e d   i n   s e r i e s   w i t h   one  of  s a i d  

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

10.  The  a p p a r a t u s   of   c l a i m s   2,  4,  6,  7  or  8 ,  

w h e r e i n   t h e   i n d u c t a n c e   means   t o g e t h e r   w i t h   t h e  

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

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

11.  An  e n e r g y   e f f i c i e n t   e l e c t r i c a l / a c o u s t i c  

t r a n s d u c e r   s y s t e m ,   c o m p r i s i n g :  

a t   l e a s t   one  e l e c t r o s t a t i c   e l e c t r i c a l /  



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

s u c c e s s i o n   to   p r o p a g a t e   e l e c t r i c a l   and  a c o u s t i c  

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

a t   one  e n d ,  

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

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

s t a g e s   a  c o m b i n e d   c h a r a c t e r i s t i c   i m p e d a n c e ,   a n d  

a  t e r m i n a l   r e s i s t a n c e   means   c o n n e c t e d   i n  

c i r c u i t   w i t h   s a i d   t r a n s d u c e r   s t a g e s   and  i m p e d a n c e   m e a n s  

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

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

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

i n   s a i d   r e s i s t a n c e   m e a n s .  
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