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(54)  Acoustic  transducers. 
Qs7)  An  acoustic  transducer,  such  as  a  headphone  2,  com- 
prises  a  housing  with  a  vent  16  for  venting  fluid  medium  from 
the  housing.  The  vent  is  dimensioned  to  ensure  that  laminar 
flow  of  the  fluid  medium  through  the  vent  16  is  maintained 
throughout  the  working  range  of  the  drive  unit  14  of  the  trans- 
ducer  so  that  the  amplitude  response  and  phase  response  of 
the  transducer  are  substantially  invariant  throughout  the 
working  range  of  the  drive  unit  14. 

AMPLITUDE  RESPONSE LEVEL 
SAME SHAPE  EFFEET  OF  VENT HOLES  ON  FREQUENCY RESPONSE 
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ACOUSTIC  TRANSDUCERS 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a c o u s t i c  

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

T h e r e   a r e   many  k i n d s   of   a c o u s t i c   t r a n s d u c e r s   s u c h   a s ,  

f o r   e x a m p l e ,   l o u d s p e a k e r s ,   e a r p h o n e s ,   m i c r o p h o n e s ,  

h y d r o p h o n e s   or  u n d e r w a t e r   s o u n d   g e n e r a t o r s .   As  a  r e s u l t   o f  

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

an  i n c r e a s i n g   demand   f o r   a c o u s t i c   t r a n s d u c e r s ,   and  i n  

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

t h e   human  e a r ,   w h i c h   e x h i b i t   an  i n v a r i a n t   p h a s e   r e s p o n s e  

o v e r   a  w ide   r a n g e   of   d r i v e   l e v e l s .   P h a s e   r e s p o n s e   i s  

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

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

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

w h i c h ,   in  s o u n d   p r o d u c i n g   a c o u s t i c   t r a n s d u c e r s ,   is   t h e  

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

can   g e n e r a t e   when  a  d r i v e   v o l t a g e   is   a p p l i e d   to   i t   a g a i n s t  

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

r e l a t i o n s h i p   b e t w e e n   t h e   p h a s e   r e s p o n s e   and  t h e   s h a p e   o f  

t h e   a m p l i t u d e   r e s p o n s e .   In  e a r p h o n e s ,   f o r   e x a m p l e ,   t h e  

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

t h e   e l e c t r i c a l   d r i v e   l e v e l ;   t h a t   i s ,   t h e   e a r p h o n e s   do  n o t  

e x h i b i t   an  i n v a r i a n t   a m p l i t u d e   r e s p o n s e   s h a p e .   The  n o n -  

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

e v i d e n t   a t   low  f r e q u e n c i e s   and  h i g h   d r i v e   l e v e l s   a n d  

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

c o n d i t i o n s   p r e v a i l .   „ 
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I t   i s   an  o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   t o   p r o v i d e   a n  

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

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

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

f o r   u s e   in  a  b u l k   of  a  f l u i d   m e d i u m ,   t he   t r a n s d u c e r  

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

m e d i u m ,   a  d r i v e   u n i t   m o u n t e d   in  t he   h o u s i n g ,   and  v e n t   m e a n s  

p r o v i d i n g   a  l e a k   p a t h ,   f o r   v e n t i n g   t h e   f l u i d   m e d i u m   f r o m  

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

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

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

t h e   a m p l i t u d e   r e s p o n s e   s h a p e   and  t h e   p h a s e   r e s p o n s e   of   t h e  

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

w o r k i n g   r a n g e   of   t h e   d r i v e   u n i t .  

The  h o u s i n g   may  d e f i n e   a  f u r t h e r   c a v i t y   c o n t a i n i n g   t h e  

f l u i d   m e d i u m   and  has   a  w a l l   common  to   b o t h   c a v i t i e s   and  t h e  

d r i v e   u n i t   i s   m o u n t e d   on  t h e   w a l l   common  to   b o t h   c a v i t i e s .  

The  v e n t   means   may  p r o v i d e   a  l e a k   p a t h   f r o m   e i t h e r   o n e  

o r   b o t h   of  t h e   c a v i t i e s   t o   t h e   b u l k   of   t h e   f l u i d   -medium  o r  

may  p r o v i d e   a  l e a k   p a t h   b e t w e e n   t h e   two  c a v i t i e s   or   a n y  

c o m b i n a t i o n   t h e r e o f .  

The   v e n t   means   may  be  l o c a t e d   on  t he   w a l l   o f   t h e  

h o u s i n g   common  to   b o t h   c a v i t i e s .  

The  v e n t   means   may  c o m p r i s e   a  p l u r a l i t y   of   h o l e s .  

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

f i b r o u s   m a t e r i a l   to   p r o v i d e   a  p l u r a l i t y   o f   l e a k   p a t h s  

t h r o u g h   t h e   v e n t   m e a n s .   ^   - 

'  •-  k 
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The  f i b r o u s   m a t e r i a l   may  c o m p r i s e   w o o l ,   s i n t e r e d  

g l a s s ,   m e t a l ,   or   p l a s t i c s   m a t e r i a l .  

The  v e n t   m e a n s   may  c o m p r i s e   a  p l u r a l i t y   of  h o l e s  

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

The  p h o t o s e n s i t i v e   m a t e r i a l   may  c o m p r i s e   g l a s s .  

The  h o l e s   may  be  f o r m e d   in  a  d i s t r i b u t e d   m a n n e r   a r o u n d  

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

p a r t i c u l a r   l o c a t i o n   of  t h e   c a v i t y .  

The  a c o u s t i c   t r a n s d u c e r   may  c o m p r i s e   a  l o u d s p e a k e r ,  

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

g e n e r a t o r s .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   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 he   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 l l u s t r a t e s   a  g r a p h   s h o w i n g   t h e   a m p l i t u d e  

r e s p o n s e   of  an  e a r p h o n e   of  known  d e s i g n   and  t h e   e f f e c t   o f  

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

b u l k   of  t h e   f l u i d   or   t h e   r e a r   c a v i t y   when  f l u i d   f l o w   i s  

l a m i n a r   in  an  e a r p h o n e ;  

F i g u r e   2  i l l u s t r a t e s   a  g r a p h   s h o w i n g   an  e x a m p l e   of  t h e  

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

v a r i o u s   d r i v e   l e v e l s ;  

F i g u r e   3  i l l u s t r a t e s   a  g r a p h   s h o w i n g   an  e x a m p l e   of  t h e  

p h a s e   r e s p o n s e   of   an  e a r p h o n e   of  known  d e s i g n   a t   v a r i o u s  

d r i v e   l e v e l s ;   a n d  

F i g u r e s   4  and  5  i l l u s t r a t e   a  s c h e m a t i c   c r o s s - s e c t i o n a l  

v i e w   of  an  e a r p h o n e   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .  
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R e f   e r r i n g   t o   F i g u r e   1,  i t   i s   known  to   p r o v i d e   a  l e a k  

h o l e   i n   e i t h e r   t h e   f r o n t   o r   r e a r   c a v i t y   of   an  e a r p h o n e .  

The  e f f e c t   o f   t h e   l e a k   h o l e   i s   t o   r o l l   o f f   t h e   l o w  

f r e q u e n c y   r e s p o n s e   of   t h e   e a r p h o n e ,   an  i n c r e a s e   In  t h e   l e a k   ' 

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

e a r p h o n e   to   low  f r e q u e n c y   s i g n a l s .   H e n c e ,   In  F i g u r e   1  an  j 
t 

i n c r e a s e   In  t h e   l e a k   h o l e   s i z e   when  f l u i d   f l o w   Is  l a m i n a r   j 

w i l l   c a u s e   t h e   low  f r e q u e n c y   r e s p o n s e   of   t h e   t r a n s d u c e r   t o  

c h a n g e   f r o m   t h a t   shown  in  r e s p o n s e   A  t o   t h a t   shown  I n  

r e s p o n s e   B.  The  m a i n   r e a s o n   f o r   p r o v i d i n g   t h e   l e a k   h o l e   i s   j 

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

F rom  F i g u r e   2  I t   can   be  s e e n   t h a t   t h e   e a r p h o n e   d o e s  

n o t   e x h i b i t   an  I n v a r i a n t   a m p l i t u d e   r e s p o n s e   s h a p e   as  t h e   ■ 

a m p l i t u d e   r e s p o n s e   a t   low  f r e q u e n c i e s   w i t h   an  a p p l i e d   d r i v e   ; 

l e v e l   o f   4V  d i f f e r s   f rom  t h a t   o b t a i n e d   f o r   a p p l i e d   d r i v e   j 

l e v e l s   o f   | V ,   IV  and  2V.  \ 

The  low  f r e q u e n c y   p h a s e   r e s p o n s e   o f   an  e a r p h o n e   Is  j 
i 

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

A  p a r t i c u l a r   l e a k   h o l e   s i z e   i s   r e q u i r e d   to   a c h i e v e   a  

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

r e s p o n s e   w i l l   o n l y   be  i n v a r i a n t   f o r   d r i v e   l e v e l s   up  to   a  

c e r t a i n   c r i t i c a l   v a l u e ,   as  shown  in  F i g u r e   3 .  

R e f e r r i n g   to   F i g u r e s   4  and   5,  an  a c o u s t i c   t r a n s d u c e r  

In  t h e   f o r m   o f   an  e a r p h o n e   2  c o m p r i s e s   a  h o u s i n g   w h i c h  

f o r m s   an  e a r s h e l l   4.  The  e a r s h e l l   4  h a s   a  c u s h i o n   6  f i x e d  

p e r i p h e r a l l y   a t   t h e   open   end   t h e r e o f   s u c h   t h a t   when  t h e  

e a r p h o n e   2  I s   worn   by  a  u s e r   t h e   e a r s h e l l   4,  In  c o n j u n c t i o n  
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w i t h   a  p a r t i t i o n   8  d e f i n e s   a  f r o n t   c a v i t y   10  and  a  r e a r  

c a v i t y   12.   A  d r i v e   u n i t   14  i s   m o u n t e d   on  t h e   p a r t i t i o n   8 

and  may  be  c o n n e c t e d   to   a  d r i v e   l e v e l   s i g n a l   s o u r c e .  

The  e a r s h e l l   4  i s   p r o v i d e d   w i t h   v e n t   m e a n s   w h i c h ,   i n  

t h e   e m b o d i m e n t   shown  in  F i g u r e   4  c o m p r i s e s   a  p l u r a l i t y   o f  

h o l e s   16 ,   and  in  t he   e m b o d i m e n t   of  F i g u r e   5  c o m p r i s e s   a  

h o l e   18  c o n t a i n i n g   a  p l u g   20  of  f i b r o u s   m a t e r i a l .  

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

med ium  c o n t a i n e d   w i t h i n   t h e   f r o n t   c a v i t y   10  t o   a  b u l k   o f  

t h e   f l u i d   w h i c h   s u r r o u n d s   t h e   e x t e r i o r   of  t he   e a r s h e l l   4 .  

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

14  a  d i a p h r a g m   ( n o t   s h o w n )   i s   c a u s e d   to  v i b r a t e   a t   a  

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

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

t h e   f l u i d   med ium  c o n t a i n e d   in  t h e   f r o n t   and  r e a r   c a v i t i e s  

10  and  12.   The  s o u n d   g e n e r a t e d   in  t h e   f r o n t   c a v i t y   10  w i l l  

c a u s e   a  p r e s s u r e   d i f f e r e n c e   b e t w e e n   the   f l u i d   med ium  in  t h e  

f r o n t   c a v i t y   10 ,   and  t h e   b u l k   of  t he   f l u i d   m e d i u m   e x t e r i o r  

to   t h e   e a r s h e l l   4  w h i c h   p r o d u c e s   a  f l o w   of  t h e   f l u i d   m e d i u m  

t h r o u g h   t he   h o l e s   16  or   1 8 .  

In   d e v e l o p i n g   t he   e a r p h o n e   of  t he   p r e s e n t   i n v e n t i o n   i t  

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

f l o w   t h r o u g h   t h e   l e a k   h o l e   is   l a m i n a r   a t   low  d r i v e   l e v e l s  

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

t u r b u l e n t ,   r e s u l t i n g   in  a  g r e a t e r   i m p e d a n c e   to  t he   f l o w   o f  

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

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

t u r b u l e n t .  

The   e a r p h o n e   o f   t h e   p r e s e n t   i n v e n t i o n ,   as  s h o w n   i n  

F i g u r e s   4  and   5  h a s   t h e   v e n t   means   d i m e n s i o n e d   to   p e r m i t  

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

f r o n t   c a v i t y   10  t h r o u g h   t h e   h o l e s   16  and  18  t h r o u g h o u t   t h e  

w o r k i n g   r a n g e   of   t h e   d r i v e   u n i t   14;   t h a t   i s ,   up  to   t h e  

m a x i m u m   d r i v e   l e v e l   of  t h e   d r i v e   u n i t   14.  H e n c e ,   t h e  

e a r p h o n e   2  can   be  d e s i g n e d   to  h a v e   a  r e q u i r e d   low  f r e q u e n c y  

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

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

g e n e r a t e .  

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

k n o w n   d e s i g n s   w i t h   v e n t   m e a n s   in  t h e   f o r m   of  a  p l u r a l i t y   o f  

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

s i n g l e   l e a k   h o l e   o r   h a v e   s m a l l e r   r a d i i ,   or   b o t h .   T h i s  

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

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

The  v e n t   m e a n s   may  be  f a b r i c a t e d   e i t h e r   by  p r o v i d i n g   a  

p l u r a l i t y   of   h o l e s   16  in   t h e   e a r s h e l l ,   as  shown   in  F i g u r e  

4,  o r   by  t h e   u s e   of  a  s i n g l e   h o l e   18  c o n t a i n i n g   a  p l u g   2 0  

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

p a t h s   to   be  f o r m e d   in  t h e   s i n g l e   h o l e   18  as   s h o w n   in  f i g u r e  

5.  S u i t a b l e   m a t e r i a l s   f o r   t h e   p l u g   20  a r e ,   f o r   e x a m p l e ,  

w o o l ,   g l a s s   or   w i r e   w o o l ,   s i n t e r e d   g l a s s ,   m e t a l   or   p l a s t i c s  

m a t e r i a l .   A l t e r n a t i v e l y   t h e   h o l e s   may  be  f a b r i c a t e d   b y  

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

w h i c h   may  f o r m   a  p a n e l   in   t h e   e a r s h e l l   4 .  
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I n d i v i d u a l   h o l e s   may  be  d r i l l e d   in  a  d i s t r i b u t e d  

m a n n e r   in  t h e   e a r s h e l l   4  o r   in  a  p a r t i c u l a r   l o c a l i s e d   a r e a  

of  t h e   e a r s h e l l   and  d i f f e r e n t   t y p e s   of  m a t e r i a l   may  b e  

i n s e r t e d   i n t o   t h e   h o l e s   to   f o r m   the   p l u g s   2 0 .  

For   any   c y l i n d r i c a l   h o l e   s i z e   and  s o u n d   p r e s s u r e   ,  

f u n d a m e n t a l   f l u i d   f l o w   t h e o r y   may  be  a p p l i e d   to   d e t e r m i n e  

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

is  l a m i n a r   or   t u r b u l e n t   v i a   t h e   use  of  R e y n o l d s '   C o n d i t i o n .  

L a m i n a r   f l o w   o c c u r s   i f  

r 3 p   p   R e y n o l d s '   Number   ( i )  
_  

'   (a  c o n s t a n t )  
4 \ 2 L  

w h e r e   r  is   t h e   r a d i u s   of   t h e   h o l e  

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

y  ̂ is   t h e   v i s c o s i t y   of  t he   f l u i d   m e d i u m  

L  is   t h e   l e n g t h   of  t h e   h o l e  

and  O  is   t h e   d e n s i t y   of  t h e   f l u i d  

From  R e y n o l d s '   C o n d i t i o n   i t   can  be  s e e n   t h a t   t h e   f l o w  

of  a  f l u i d   t h r o u g h   a  h o l e   w i l l   be  l a m i n a r   up  to   a  h i g h e r  

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

or  has   a  s m a l l e r   r a d i u s   or   b o t h .   The  maximum  v a l u e   f o r  

e q u a t i o n   ( i )   a b o v e   i s   when  f l u i d   f l o w   s t a r t s   to   o c c u r  

t h r o u g h   t h e   h o l e   w h e r e   t h e   v a l u e   f o r   t he   p r e s s u r e  

d i f f e r e n c e   p  is   l a r g e s t .   I f   R e y n o l d s '   c o n d i t i o n   is  a p p l i e d  

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

n o t   t h e   f l u i d   f l o w   in  any   h o l e   w i l l   be  t u r b u l e n t .  
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I f   i t   i s   d e t e r m i n e d   t h a t ,   f o r   g i v e n   p a r a m e t e r s ,   t h e  

f l o w   o f   f l u i d   in  t h e   h o l e   i s   t u r b u l e n t ,   t h e   d i m e n s i o n   o f  

t h e   h o l e   can   be  c h a n g e d   e i t h e r   t o   be  l o n g e r   in  l e n g t h ,   o r  

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

t h e   f l u i d   in  t h e   h o l e   i s   m a i n t a i n e d .  

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

h o l e   t o   s a t i s f y   R e y n o l d s '   C o n d i t i o n   t h e   v o l u m e   r a t e   of   t h e  

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

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

The   v o l u m e   r a t e   o f   t h e   f l u i d   f l o w   (V)  t h r o u g h   a  

c y l i n d r i c a l   h o l e   o b e y s   P o i s e u i l l e ' s   Law,  w h e r e b y  

V  =  r i g _   { i i )  

w h e r e   t h e   l e t t e r s   r e p r e s e n t   t h e   same  p a r a m e t e r s   as  t h o s e  

u s e d   i n   e q u a t i o n   ( i ) .   T h e r e f o r e ,   i t   can   be  s e e n   f r o m  

e q u a t i o n   ( i i )   t h a t   t o   m a i n t a i n   t h e   same  f l u i d   t h r o u g h p u t  

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

h a v e   s m a l l e r   r a d i i   o r   b o t h .  

By  a p p l y i n g   e q u a t i o n s   ( i )   and  ( i i )   a b o v e   t h e   h o l e s   c a n  

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

w i t h   a  p h a s e   r e s p o n s e   w h i c h   is   i n v a r i a n t   up  to   t h e   m a x i m u m  

d r i v e   l e v e l   of   t h e   d r i v e   u n i t   in   t h e   e a r p h o n e   as  l a m i n a r  

f l o w   o f   t h e   f l u i d   m e d i u m   f r o m   t h e   c a v i t y   10  t h r o u g h   t h e  

h o l e s   16  o r   18  c an   be  m a i n t a i n e d   up  t o   t h e   maximum  s o u n d  

p r e s s u r e   l e v e l   t h a t   t h e   e a r p h o n e   i s   a b l e   to   g e n e r a t e .  

I t   i s   i m p o r t a n t   t o   r e a l i s e   t h a t ,   as  an  e a r p h o n e  
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u t i l i s i n g   t h i s   i n v e n t i o n   w i l l   e x h i b i t   an  i n v a r i a n t   p h a s e  

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

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

low  f r e q u e n c i e s   w i l l   be  much.   l o w e r   t h a n   c u r r e n t   d e s i g n s   o f  

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

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

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

h i g h   l e v e l s   of  d i s t o r t i o n .  

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

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

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

s c o p e   of   t h e   i n v e n t i o n .   For   e x a m p l e ,   t h e   p r e s e n t   i n v e n t i o n  

may  c o m p r i s e   any   t y p e   of  d r i v e   u n i t   in  any   d e s i g n   o f  

a c o u s t i c   t r a n s d u c e r   w h i c h   has   o n l y   a  f r o n t   or  r e a r   c a v i t y  

and  w h e r e   f l u i d   l e a k s   can  be  i n t r o d u c e d .   F u r t h e r m o r e  

a l t h o u g h   t h e   v e n t   m e a n s   h a s   been   shown  c o n n e c t i n g   the   f l u i d  

med ium  w i t h i n   t h e   f r o n t   c a v i t y   to  the  b u l k   of  t he   f l u i d  

med ium  s u r r o u n d i n g   t h e   e a r s h e l l ,   t he   h o l e s   f o r m i n g   the   v e n t  

m e a n s   may  c o n n e c t   e i t h e r   t h e   f r o n t   or  r e a r   c a v i t i e s ,   o r  

b o t h   t h e   f r o n t   or   r e a r   c a v i t i e s   or  to  t he   b u l k   of  t h e   f l u i d  

m e d i u m ,   or  any   c o m b i n a t i o n .   M o r e o v e r   a c o u s t i c   t r a n s d u c e r s  

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

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

u n d e r w a t e r   s o u n d   g e n e r a t o r s .  
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C L A I H S  

1.  An  a c o u s t i c   t r a n s d u c e r   f o r   use   in  a  b u l k   of   a  f l u i d  

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

c a v i t y   ( 1 2 )   c o n t a i n i n g   t h e   f l u i d   m e d i u m ,   a  d r i v e   u n i t  

(14 )   m o u n t e d   in   t h e   h o u s i n g ,   and  v e n t   means   ( 16 ,   1 8 )  

p r o v i d i n g   a  l e a k   p a t h ,   f o r   v e n t i n g   t he   f l u i d   medium  f r o m  

t h e   c a v i t y ,   c h a r a c t e r i s e d   in   t h a t   t h e   v e n t   means   ( 1 6 ,   1 8 )  

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

o f   t h e   f l u i d   m e d i u m   t h r o u g h   t h e   v e n t   means   ( 16 ,   1 8 )  

t h r o u g h o u t   t h e   w o r k i n g   r a n g e   of   t h e   d r i v e   u n i t   (14)   s u c h  

t h a t   t h e   a m p l i t u d e   r e s p o n s e   s h a p e   and  t he   p h a s e   r e s p o n s e   o f  

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

w o r k i n g   r a n g e   of   t h e   d r i v e   u n i t .  

2.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   1 

c h a r a c t e r i s e d   in   t h a t   t h e   h o u s i n g   d e f i n e s   f i r s t   and  f u r t h e r  

c a v i t i e s   ( 1 0 ,   12)  c o n t a i n i n g   t h e   f l u i d   medium  and  the   d r i v e  

u n i t   (14)   i s   m o u n t e d   on  a  w a l l   (8)  common  to  b o t h  

c a v i t i e s   ( 1 0 ,   1 2 ) .  

3.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   2 

c h a r a c t e r i s e d   in  t h a t   t h e   v e n t   m e a n s   ( 16 ,   18)  is  a r r a n g e d  

t o   p r o v i d e   a  l e a k   p a t h   f r o m   e i t h e r   one  or   b o t h   of  t h e  

c a v i t i e s   ( 1 0 ,   12)  to   t h e   b u l k   o f   t h e   f l u i d   m e d i u m .  
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4.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to   c l a i m   2 

c h a r a c t e r i s e d   in  t h a t   t h e   v e n t   m e a n s   ( 1 6 ,   18)  is   a r r a n g e d  

to   p r o v i d e   a  l e a k   p a t h   b e t w e e n   t h e   f i r s t   and  t h e   f u r t h e r  

c a v i t i e s   ( 1 0 ,   1 2 ) .  

5.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   4 

c h a r a c t e r i s e d   in  t h a t   t h e   v e n t   m e a n s   (16 ,   18)  is   a r r a n g e d  

in   t he   w a l l   (8)  of   t h e   h o u s i n g   common  to  b o t h   c a v i t i e s  

( 1 0 ,   1 2 ) .  

6.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to   any  one  of  c l a i m s  

1  t o   5  c h a r a c t e r i s e d   in  t h a t   t h e   v e n t   m e a n s   (16)   c o m p r i s e s  

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

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

t h e r e t h r o u g h .  

7.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to  any  one  of   c l a i m s  

1  t o   5  c h a r a c t e r i s e d   in  t h a t   t h e   v e n t   m e a n s   (18)  c o m p r i s e s  

a  s i n g l e   h o l e   (18)   c o n t a i n i n g   a  f i b r o u s   m a t e r i a l   (20)   t o  

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

(18 )   a r r a n g e d   f o r   m a i n t a i n i n g   a  s u b s t a n t i a l l y   l a m i n a r   f l o w  

of   t h e   f l u i d   med ium  t h e r e t h r o u g h .  

8.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   7 

c h a r a c t e r i s e d   in  t h a t   t h e   f i b r o u s   m a t e r i a l   (20)   c o m p r i s e s  

woo l   . 
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9.  An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to   c l a i m   7 

c h a r a c t e r i s e d   in  t h a t   t h e   f i b r o u s   m a t e r i a l   (20)   c o m p r i s e s  

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

10 .   An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   6 

c h a r a c t e r i s e d   in  t h a t   t h e   v e n t   m e a n s   (16)   c o m p r i s e s   a  p l a t e  

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

e t c h e d   t h e r e i n .  

11 .   An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to   c l a i m   1 0  

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

g l a s s .  

12 .   An  a c o u s t i c   t r a n s d u c e r   a c c o r d i n g   to   c l a i m   6 

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

a  d i s t r i b u t e d   m a n n e r   a r o u n d   t he   h o u s i n g .  
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