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@  Electroacoustic  transducer. 

This  electroacoustic  transducer  comprising  a  casing 
(1)  having  an  opening  portion;  a  sheet  diaphragm  (2)  dis- 
posed  in  said  casing  and  extending  from  said  opening 
portion  side  to  its  opposite  side,  in  which  one  end  (12) 
thereof  is  formed  as  a  fixed  end  and  fixed  in  the  casing,  the 
other  end  (13)  thereof  being  formed  as  a  free  end  while 
being  floatingly  supported  in  the  casing.  A  curved  portion 
(15)  is  formed  in  the  middle  of  the  fixed  and  free  ends  and  a 
coil  (3)  is  provided  in  the  vicinity  of  the  free  end.  Permanent 
magnets  (4,  5)  are  arranged  opposite  relative  to  the  coil  of 
this  diaphragm  in  the  casing. 



BACKGROUND  OF  THE  INVENTION.  

T h i s   i n v e n t i o n   r e l a t e s   to   an  e l e c t r o -  

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

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

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

and  t h e   l i k e .  

As  one  t y p i c a l   e x a m p l e   of  t h e   e l e c t r o -  

a c o u s t i c   t r a n s d u c e r s   t h e r e   i s   u s u a l l y   known  a  s p e a k e r  

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

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

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

d i s p o s e d   so  as  to   make  a  m a g n e t i c   c i r c u i t   a t   f i n e   g a p s  

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

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

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

e m i t s   a  s o u n d   o u t p u t .  

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

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

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

as  a  w h o l e ,   f u r t h e r   i t   i s   i n f e r i o r   in   v i b r a t i o n - p r o o f ,  

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

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



v o i c e   c an   n o t   be  r e p r o d u c e d   w i t h   h i g h   f i d e l i t y .  

The  i n v e n t o r   of  t h i s   i n v e n t i o n   h a s  

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

in   F i g .   1  as  t h e   e l e c t r o a c o u s t i c   t r a n s d u c e r   c a p a b l e  

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

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

c o i l s   23  on  b o t h   end   p o r t i o n s   and   f l o a t i n g l y   s u p p o r t s ,  

a  c o n v e x l y   c u r v e d   s h e e t   d i a p h r a g m   22  by  means   o f  

p e r m a n e n t   m a g n e t s   24  and   25  d i s p o s e d   a d j a c e n t   to   e a c h  

c o i l   23  in   a  c a s i n g   21,  w h e r e i n   when  an  e l e c t r i c  

c u r r e n t   i s   a p p l i e d   to   e a c h   c o i l   23  an  e l e c t r o m a g n e t i c  

f o r c e   e x e r t e d   on  e a c h   c o i l   23  d i s p l a c e s   b o t h   e n d  

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

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

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

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

t h i s   s o u n d   i s   e m i t t e d   to   t h e   o u t s i d e .   T h i s   e l e c t r o -  

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

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

c u r v e d   p o r t i o n   of   t h e   d i a p h r a g m   22  as   c o m p a r e d   to   t h a t   o f  

each  end  p o r t i o n   t h e r e o f .   T h e r e f o r e ,   t h i s   e l e c t r o -  

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

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

can   be  made  t h i n   as   a  w h o l e   and  f u r t h e r   i t   h a s   a  

s u p e r i o r i t y   in   p r o d u c i n g   a  low  s o u n d .  

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



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

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

of   t h e   d i a p h r a g m   22,  t h e r e   i s   r e q u i r e d   a  w i d e   p r i n t i n g  

a r e a   f o r   t h e   c o i l   23,  t h e   n u m b e r   of   p e r m a n e n t   m a g n e t s  

n e e d e d   i s   f o u r   and  t h u s   a  n u m b e r   of  p a r t s   a r e   r e q u i r e d ,  

w h e r e b y   i t   i s   d i f f i c u l t   to   make  i t   s m a l l - s i z e d   as  a  

w h o l e   and  t h e   u s e   i s   l i m i t e d   t h e r e b y .   -  

SUMMARY  OF  THE  I N V E N T I O N .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   t o  

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

e l i m i n a t i n g   t h e   i n h e r e n t   d i s a d v a n t a g e s   in   t h e   a b o v e  

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

e x h i b i t i n g   i t s   a d v a n t a g e s   as  t h e y   a r e ,   in   o t h e r   w o r d s  

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

of  p a r t s ,   i s   e a s i l y   s m a l l - s i z e d   as  a  w h o l e  a n d   i s  

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

A c c o r d i n g   to   t h i s   i n v e n t i o n ,   s a i d   o b j e c t  

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

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

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

e x t e n d i n g   f r o m   s a i d   o p e n i n g   p o r t i o n   s i d e   to   i t s   o p p o s i t e  

s i d e ,   in   w h i c h   one  end   t h e r e o f   i s   f o r m e d   as  a  f i x e d   e n d  

and  f i x e d   in   t h e   c a s i n g ,   t h e   o t h e r   end   t h e r e o f   i s   f o r m e d  

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

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



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

t h e   f r e e   e n d ;   and   p e r m a n e n t   m a g n e t s   a r r a n g e d   o p p o s i t e  

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

I t   i s   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   t o  

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

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

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

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

s i m i l a r   t o   t h a t   of   t h e   u s u a l   h o r n   s p e a k e r   in   s p i t e   o f  

b e i n g   made  t h i n   as   a  w h o l e   due   to   t h e   c a p a b i l i t y   o f  

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

e s p e c i a l l y   s u i t a b l e   as   a  s p e a k e r   f o r   c a r   r a d i o   a n d  

t h e   l i k e .  

A c c o r d i n g   t o   t h i s   i n v e n t i o n ,   s a i d   o b j e c t  

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

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

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

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

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

f r o n t   and   r e a r   e d g e s   i n t o   a  f i x e d   end   and   t h e   o t h e r   i n t o  

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

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

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

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

I t   i s   a  f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n  

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



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

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

b e t w e e n   b o t h   s i d e   e d g e s   of  t h e   d i a p h r a g m   and  t h e   i n n e r  

s u r f a c e s   of  b o t h   s i d e   w a l l s   of   t h e   c a s i n g   so  as   to   p r e v e n t  

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

u n d e r g o i n g   i n t e r f e r e n c e   t h e r e f r o m ,   w h e r e b y   i t   can   r e p r o d u c e  

an  e s p a c i a l l y   l o w - r a n g e d   ( a b o u t   150  Hz)  s o u n d   r e a d i l y  

and  f u r t h e r   i t ,   e s p e c i a l l y   when  u s e d   as  a  c a r   r a d i o  

s p e a k e r   or   t h e   l i k e ,   h a s   no  f e a r   of   b e i n g   h i n d e r e d   b y  

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

A c c o r d i n g   to   t h i s   i n v e n t i o n ,   s a i d   o b j e c t  

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

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

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

of  a  c a s i n g   by  m e a n s   of   a  f l e x i b l e   m a t e r i a l - m a d e   f r e e  

e d g e   m e m b e r .  

'  B R I E F   DESCRIPTION  OF  THE  DRAWING. 

F i g .   1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   f r o n t  

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

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

F i g .   2  i s   a  f r o n t   v i e w   of   a  f i r s t   e m b o d i m e n t  

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

i n v e n t i o n .  

F i g .   3  i s   a  l o n g i t u d i n a l   s e c t i o n a l   s i d e  

v i e w   t a k e n   on  l i n e   3-3  a c c o r d i n g   to   t h e   d i r e c t i o n   o f  

t h e   a r r o w   of   F i g .   2 .  



F i g .   4  i s   a  s l a n t   v i e w   i l l u s t r a t i n g   t h e  

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

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

a  c h a i n   l i n e .  

F i g .   5  i s   a  p l a n   v i e w   of   t h e   d i a p h r a g m  

of  t h e   e l e c t r o a c o u s t i c   t r a n s d u c e r   i l l u s t r a t e d   in   F i g .   2 .  

F i g .   6  i s   a  p a r t i a l l y   e n l a r g e d   s e c t i o n a l  

v i e w   t a k e n   on  l i n e   6-6  a c c o r d i n g   to   t h e   d i r e c t i o n   of   t h e  

a r r o w   of   F i g .   2 .  

F i g .   7  i s   a  s c h e m a t i c   s i d e   v i e w   of   t h e  

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

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

DETAILED  DESCRIPTION  OF  THE  INVENTION.  

F i g s .   2  to   5  i l l u s t r a t e   a  f i r s t   e m b o d i m e n t  

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

i n v e n t i o n   r e s p e c t i v e l y .  

In  t h e s e   f i g u r e s ,   r e f e r e n c e   n u m e r a l   1 

d e n o t e s   a  c a s i n g   i n c l u d i n g   u p p e r   and   l o w e r   w a l l s   7  and   8 ,  

s i d e   w a l l s   9  and  10;  and  an  o p e n i n g   p o r t i o n   6 - a t   t h e  

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

2  a r e   d i s p o s e d   s y m m e t r i c a l l y .  

As  i s   b e s t   e v i d e n t   f r o m   F i g .   5,  e a c h  

d i a p h r a g m   2  c o m p r i s e s   a  p r i n t e d   p l a t e   h a v i n g   t h e r e o n  

f o r m e d   a  r e c t a n g u l a r   and   c i r c u l a r   c o i l   3  by  a p p l y i n g   a  

c o p p e r   f o i l   on  a b o u t   t h e   h a l f   ( t h e   r i g h t   h a l f   in   F i g .   5 )  

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



s h e e t   11  and   s u b j e c t i n g   t h e   same  to   c h e m i c a l   e t c h i n g .  

T h i s   c o i l   3  may  be  f o r m e d   on  t h e   s u r f a c e   of   s h e e t   11 

in  a n o t h e r   way  t h a n   t h e   a b o v e   m e n t i o n e d .  

In  t h e   c a s e   of   t h e   d i a p h r a g m   2  a s  

i l l u s t r a t e d   in   F i g .   2,  i t s   f r o n t   e d g e   12  o p p o s i t e   t o  

t h e   c o i l   3  i s   f i x e d   in   t h e  i n n e r   s u r f a c e   of  e a c h   of  t h e  

u p p e r   and  l o w e r  w a l l s   7  and  8  of  t h e   c a s i n g   1  in   t h e  

v i c i n i t y   of   t h e   o p e n i n g   p o r t i o n   6.  On  t h e  o t h e r   h a n d ,  

t h e   p o r t i o n s   w h i c h   c o n t a i n   c o i l   3  and   w h i c h   a r e   a d j a c e n t  

to   t h e   r e a r   e d g e s   o v e r l a p   e a c h   o t h e r   so  t h a t   t h e   c o i l s   3 

of  b o t h   d i a p h r a g m s   2  a r e   c o n n e c t e d   to   h a v e   a  p l u s   t e r m i n a l  

and  a  m i n u s   t e r m i n a l   in   common.   The  t h u s   o v e r l a p p e d  

r e a r   e d g e   13  i s   s u p p o r t e d   m o v a b l y   in   t h e   h o r i z o n t a l  

d i r e c t i o n   ( t h e   r i g h t   and   l e f t   d i r e c t i o n s   in   F i g .   3)  b y  

a  h o l d i n g   member   14  e r e c t e d   on  t h e   i n n e r   s u r f a c e   of   t h e  

l o w e r   w a l l   8.  The  d i a p h r a g m   2  h a s   c u r v e d   p o r t i o n s   15  

f o r m e d   in   t h e   m i d d l e   of  f r o n t   e d g e s   12  and   t h e   c o i l   3 ,  

and  c o n s e q u e n t l y ,   as   can   be  s e e n   f r o m   F i g .   3,  t a k e s  

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

h o r n   s p e a k e r   v i e w e d   f r o m   t h e   s i d e .  

The  i n n e r   s u r f a c e s   of   t h e   u p p e r   and   l o w e r  

w a l l s   7  and   8  of  t h e   c a s i n g   1  a r e   p r o v i d e d   w i t h  p e r m a n e n t  

m a g n e t s   4  and   5  a t   p l a c e s   o p p o s i t e   to   t h e   c o i l  3  

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

m a g n e t   4  a r e   d e v i s e d   t o  c o n f r o n t   p o l e s   N  a n d   S  o f  

t h e   p e r m a n e n t   m a g n e t   5  and  b o t h   m i n u s   t e r m i n a l s   of   t h e  



c o i l   3  a r e   common  and   c o n n e c t e d   t o   a  s i g n a l   s o u r c e  

( n o t   shown)   s u c h   as   an  a m p l i f i e r   or   t h e   l i k e .   T h e  

p e r m a n e n t   m a g n e t s   4  and   5  a r e   s u r r o u n d e d   w i t h   a  m a g n e t i c  

m a t e r i a l   16  s u c h   as  i r o n   o r   t h e   l i k e .  

The  g a p s   f o r m e d   b e t w e e n   b o t h   s i d e   e d g e s  

17  of   c u r v e d   p o r t i o n s   15  o f   t h e   d i a p h r a g m   2  and  b o t h  

s i d e   w a l l s   9  and   10  of   c a s i n g   1  a r e   c l o s e d   by  m e a n s   o f  

f l e x i b l e   f r e e   e d g e s   18  as  shown  in   d e t a i l   in   F i g .   6 ,  

w h e r e i n   one   s i d e   e d g e   o f   t h e   f r e e   e d g e   18  i s   c o n n e c t e d  

w i t h   t h e   s i d e   e d g e   17  of   t h e   d i a p h r a g m   2  and   t h e   o t h e r  

s i d e   e d g e   t h e r e o f   i s   c o n n e c t e d   w i t h   s i d e   w a l l s   9  and  1 0 .  

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

be  d e s c r i b e d   h e r e i n a f t e r .  

When  an  e l e c t r i c   s i g n a l   i s   i m p r e s s e d  

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

c o i l   3,  r i g h t   and   l e f t   d i r e c t i o n a l   f o r c e s   ( i n   F i g .   3)  

a r e   g e n e r a t e d   in   t h e   c o i l   3  c r o s s i n g   a  l i n e   of   m a g n e t i c  

f o r c e   p r e s e n t   b e t w e e n   p e r m a n e n t   m a g n e t s   4  and   5  a n d  

c o n s e q u e n t l y   t h e   r e a r   e d g e   13  of   t h e   d i a p h r a g m  2   i s  

moved   as   i n d i c a t e d   by  t h e   a r r o w .   T h i s   m o v e m e n t   s u b j e c t s  

t h e   c u r v e d   p o r t i o n   15  t o   a  v e r t i c a l l y   d i r e c t i o n a l  

f l e x i b l e   d e f o r m a t i o n   as   i n d i c a t e d   by  c h a i n   l i n e s   i n ' F i g .   3 

f o r   v i b r a t i n g   t h e   a i r   p r e s e n t   b e t w e e n   b o t h   d i a p h r a g m s   2 

and   e m i t t i n g   t o   t h e   o u t s i d e   t h r o u g h   t h e   o p e n i n g   p o r t i o n   6 ,  

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

can   be  p r o d u c e d .  



In   t h i s   c a s e ,   t h i s   e l e c t r o a c o u s t i c  

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

can   d o u b l e   t h e   a m o u n t   of  m o v e m e n t   of  t h e   c u r v e d  

p o r t i o n   15  in   c o m p a r i s o n   w i t h   t h a t   of  t h e   c o i l   3,  w h e r e b y  

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

be  o b t a i n e d .   F u r t h e r ,   s i n c e   t h e r e   i s   no  n e c e s s i t y   o f  

i n c r e a s i n g   t h e   a m o u n t   of   m o v e m e n t   of   c o i l   3,  t h e  

m o u n t i n g   a r e a   t h e r e f o r   may  be  d e c r e a s e d .   S t i l l   f u r t h e r ,  

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

4  and  5  o n l y   a t   t h e   p l a c e s   c o n f r o n t i n g   t h i s   c o i l   3 ,  

t h e   n u m b e r   of  p a r t s   may  be  d e c r e a s e d   w i t h   r e s p e c t   t o   t h e  

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

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

t r a n s d u c e r   a c c o r d i n g   to   t h i s   i n v e n t i o n   can   be  m a r k e d l y  

s m a l l - s i z e d   as  a  w h o l e .   The  same  i s   t r u e   of   a n  

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

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

p r o v i d e d   and   o n l y   one   p e r m a n e n t   m a g n e t   i s   a l s o   p r o v i d e d .  

T h a t   i s ,   t h i s   e l e c t r o a c o u s t i c   t r a n s d u c e r   c an   be  m a d e  

more   t h i c k   and  s m a l l - s i z e d   t h a n   t h a t   d i s c l o s e d   i n _  

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

By  t h e   way ,   t h e   e l e c t r o a c o u s t i c   t r a n s d u c e r  

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

o w i n g   to   t h e   p r o v i s i o n   of   a  p a i r   of  d i a p h r a g m s   2  t h e r e  

can   be  o b t a i n e d   a  c y l i n d r i c a l   p l a n e   wave  t y p e   s o u n d   t h a t  .  

can   r e l e a s e   a  l i s t e n e r   f r o m   b e i n g   t i r e d   w i t h   h e a r i n g   a s  



c o m p a r e d   w i t h   a  s p h e r i c a l   wave   t y p e   o n e .  

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

t h e r m o r e ,   s i n c e   b o t h   s i d e   e d g e s   17  of   t h e   d i a p h r a g m   2- 

a r e   c o n n e c t e d   w i t h   b o t h   s i d e   w a l l s   9  and  10  by  m e a n s   o f  

t h e   f r e e   e d g e   18,   t h e   v i b r a t i n g   wave  g e n e r a t e d   r e a r w a r d s  

(to  t h e   r i g h t   in   F i g .   3)  by  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  

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

s i d e   e d g e s   17  of   t h e   d i a p h r a g m   2  and   b o t h   s i d e   w a l l s   9 

and   10  of   t h e   c a s i n g   1  so  t h a t   t h e   n o r m a l   v i b r a t i n g   w a v e  

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

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

c o r r e c t l y   and   r e a d i l y   up  to   t h e   low  r a n g e   s u c h   as  a b o u t  

150  Hz  and  e v e n   when  u s e d   as  a  c a r   r a d i o   s p e a k e r   t h e  

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

F i g .   7  i l l u s t r a t e s   a  s e c o n d   e m b o d i m e n t   o f  

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

i n v e n t i o n .   T h i s   e m b o d i m e n t   i s   d i f f e r e n t   f r o m   t h e   f i r s t  

e m b o d i m e n t   in   t h a t   s i n c e   a  f r o n t   e d g e   12'   of   a  d i a p h r a g m  

2'  i s   f o r m e d   in   a  f r e e   end   and   a  r e a r   e d g e   13'   t h e r e o f  

i s   f o r m e d   in   a  f i x e d   e n d ,   a  c o i l   3  i s   p r o v i d e d   in   t h e  

v i c i n i t y   of   t h e   f r o n t   e d g e   1 2 ' ,   p e r m a n e n t   m a g n e t s   4 '  a n d  

5 '  a r e   d i s p o s e d . o n   t h e   i n n e r   s u r f a c e s   of   u p p e r   and   l o w e r  

w a l l s   of   a  c a s i n g   1,  and   t h e   r e a r   e d g e   13'   i s   f i x e d   b y  

means   o f   a  h o l d i n g   member   1 4 ' .  

In   v i e w   of   t h e   f a c t   t h a t   t h e   e l e c t r o -  

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



e m b o d i m e n t   i s   j u s t   t h e   same  as  t h a t   d i s c l o s e d   in   t h e  

f i r s t   e m b o d i m e n t   and  t h e r e   i s   no  d i f f e r e n c e   in   t h e  

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

on  t h e   f o r m e r   w i l l   be  o m i t t e d   as  b e i n g   n e e d l e s s .  



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

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

o p e n i n g   p o r t i o n   (  6 ) ,   a  s h e e t   d i a p h r a g m   (2)  d i s p o s e d   i n  

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

to   i t s   o p p o s i t e   s i d e ,   in   w h i c h   one   end   t h e r e o f   i s   f o r m e d  

as  a  f i x e d   end   (12)  and   f i x e d   in   t h e   c a s i n g ,   t h e   o t h e r  

end  t h e r e o f   b e i n g   f o r m e d   as  a  f r e e   end  (13)  and  i s  

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

p o r t i o n   ( 1 5 ) . i s   f o r m e d   i n   t h e   m i d d l e   of  t h e   f i x e d   a n d  

f r e e   e n d s   and  a  c o i l   (3)  i s   p r o v i d e d   in   t h e   v i c i n i t y   o f  

t h e   f r e e   e n d ;   and   in   t h a t   p e r m a n e n t   m a g n e t s   ( 4 , 5 )   a r e  

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

in   t h e   c a s i n g .  

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

a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   t h e   f i x e d  

end   (12)  of   t h e   d i a p h r a g m   (2)  i s   d i s p o s e d   in   t h e   v i c i n i t y  

of   t h e   o p e n i n g   p o r t i o n   (6)  of   t h e   c a s i n g   (1)  and  t h e  

f r e e   end   (13)  t h e r e o f   i s   d i s p o s e d   o p p o s i t e   to   t h e  

f i x e d   e n d .  

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

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 z e d   in   t h a t   t h e   f r e e  

end   ( 1 2 ' ) o f   t h e   d i a p h r a g m   (2')  -is  d i s p o s e d   in   t h e   v i c i n i t y  

of   t h e   o p e n i n g   of   t h e   c a s i n g   (1)  and  t h e   f i x e d   end   ( 1 3 ' )  

i s   d i s p o s e d   o p p o s i t e   t o   t h e   f r e e   e n d .  

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



a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i z e d   i n   t h a t   t h e   s h e e t  

d i a p h r a g m   (2)  c o m p r i s e s   a  p a i r   of   u p p e r   and   l o w e r  

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

and  t h e i r   p o r t i o n s   a d j a c e n t   to   r e a r   e d g e s   (14)  a r e  

o v e r l a p p e d .  

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

a c c o r d i n g   to   a n y  o n e   of   t h e   c l a i m s   1 - 4 ,   c h a r a c t e r i z e d  

in  t h a t   b o t h   s i d e   e d g e s   of  t h e   c u r v e d   p o r t i o n   (15)  o f  

t h e   d i a p h r a g m   ( 2 , 2 ' )   a r e   c o n n e c t e d   to   t h e   i n n e r  

s u r f a c e s   of   b o t h   s i d e   w a l l s   of  t h e   c a s i n g   (1)  by  m e a n s  

of  a  f r e e   e d g e   r e s p e c t i v e l y .  

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

a c c o r d i n g   t o   c l a i m   4,  c h a r a c t e r i z e d   in   t h a t   t h e   f r o n t  

e d g e s   (12)  of  t h e   p a i r   of  d i a p h r a g m s   (  2  )   a r e   f i x e d  

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

to   t h e   o p e n i n g   p o r t i o n   (6)  of  t h e   c a s i n g   ( 1 ) ,   a  c o i l  

(3)  i s   p r o v i d e d   on  t h e   u p p e r   and  l o w e r   s u r f a c e s   of  a  

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

d i a p h r a g m s ;   p e r m a n e n t   m a g n e t s   ( 4 , 5 ) ' a r e   a r r a n g e d   o n  

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

c a s i n g  o p p o s i t e l y   r e l a t i v e   to   t h i s   c o i l ;   and   t h e  

r e a r   e d g e s   (13)  t h e r e o f   a r e   s u p p o r t e d   f l o a t i n g l y   b y  

m e a n s   of   a  h o l d i n g   member   (14)  p r o v i d e d   in   t h e   c a s i n g .  

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

a c c o r d i n g   t o   c l a i m   4,  c h a r a c t e r i z e d   in   t h a t   t h e   f r o n t  

e d g e s   ( 1 2 ' )   of  t h e   p a i r   of   d i a p h r a g m s   (15)  a r e   s u p p o r t e d  

f l o a t i n g l y   by  means   of  a  h o l d i n g   member   p r o v i d e d   on  t h e  



i n n e r   s u r f a c e s   o f   u p p e r   and   l o w e r   w a l l s   a d j a c e n t   t o  

t h e   o p e n i n g   p o r t i o n   of   t h e   c a s i n g   (1) ;   a  c o i l   (3)  i s  

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

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

t h e   f r o n t   e d g e s   of   t h e   d i a p h r a g m s ;   p e r m a n e n t   m a g n e t s  

( 4 ' , 5 ' )   a r e   a r r a n g e d   on  t h e   i n n e r   s u r f a c e s   of   u p p e r   a n d  

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

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

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

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

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 z e d   in   t h a t   b o t h   s i d e  

e d g e s   of   t h e   c u r v e d   p o r t i o n   of   e a c h   d i a p h r a g m   (2)  a r e  

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

t h e   c a s i n g   (1)  by  m e a n s   of  a  f r e e   e d g e   c o m p r i s i n g   a  

f l e x i b l e   p l a t e   m a t e r i a l   ( 1 8 ) .  

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

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 z e d   in   t h a t   b o t h   s i d e  

e d g e s   of   t h e   c u r v e d   p o r t i o n   o f   e a c h   d i a p h r a g m   (2)  a r e  

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

t h e   c a s i n g   (1)  by  means   of   a  f r e e   e d g e   c o m p r i s i n g   a  

f l e x i b l e   m a t e r i a l .  
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