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Multi-driver-loudspeaker. 

A  multi-driver  loudspeaker  assembly  having  one  or  more 
high  frequency  transducer  (30,  38)  (130,  138)  (229)  and  a  low 
frequency  transducer  (14,  18,  20,  22,  24)  in  which  the  high 
frequency  transducer(s)  is  directly  coupled  to the diaphragm  (14) 
of  the  low  frequency  transducer  and  is  movable  therewith. 



T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

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

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

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

i s   w e l l   known  t h a t   t he   s i z e ,   c o n f i g u r a t i o n ,   and  even   t h e  

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

l o w - f r e q u e n c y   t r a n s d u c e r s .   S e p a r a t e   and  i n d e p e n d e n t l y  

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

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

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

s o u n d   f o r   t he   human  e a r s   have   t a r g e t e d   q u e s t i o n s   such   a s  

w h e r e   t he   f r e q u e n c y   d i v i s i o n   s h o u l d   be  made ,   how  a  

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

r a n g e ,   how  many  f r e q u e n c y   d i v i s i o n s   and  t r a n s d u c e r s  

s h o u l d   be  u s e d ,   how  the   t r a n s d u c e r s   s h o u l d   be  p h y s i c a l l y  

a r r a n g e d   and  a s s o c i a t e d   w i t h   one  a n o t h e r ,   and  p e r h a p s  

many  o t h e r   c o n s i d e r a t i o n s   of  b o t h   b r o a d   and  n a r r o w  

s c o p e .  
I t   has   been   a  p r a c t i c e   fo r   some  t i m e   t o  

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

d i v i d e d   i n t o   u p p e r   and  l o w e r   f r e q u e n c i e s   and  d i s t r i b u t e d  

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

low  or  h i g h   f r e q u e n c y   s o u n d .   I t   has  a l s o   been   c o m m o n ,  



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

a s s e m b l y   a  c o m b i n a t i o n   of  two  or  more  t r a n s d u c e r s   i n  

w h i c h   the   h i g h   f r e q u e n c y   t r a n s d u c e r   is  c o a x i a l l y   m o u n t e d  

w i t h   r e s p e c t   to  t he   low  f r e q u e n c y   t r a n s d u c e r .  

C o a x i a l   l o u d s p e a k e r s   h a v e ,   in  t he   p a s t ,  

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

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

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

e f f e c t s   w h i c h   r e s u l t   t h e r e f r o m .   T y p i c a l l y   " c o a x i a l "  

s p e a k e r   s y s t e m s   e m p l o y   one  or  more  h i g h   f r e q u e n c y  

d r i v e r s   m o u n t e d   above   t h e   l o w e r   f r e q u e n c y   s y s t e m   by  a  

p o s t   or  b r i d g e - l i k e   s u p p o r t ,   and ,   as  a  r e s u l t ,   o f t e n  

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

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

e f f e c t s   c a u s e d   by  the   s u p p o r t   a p p a r a t u s .  

T y p i c a l   of  t he   a b o v e   f e a t u r e s   of  t he   p r i o r  

a r t ,   bu t   by  no  m e a l s   a l l - i n c l u s i v e ,   a r e   U . S .   P a t e n t s  

Nos .   4 , 1 4 6 , 1 1 0   ( M a l o n e y ) ;   3 , 7 9 6 , 8 3 9   ( T o r n ) ;   3 , 1 5 8 , 6 9 7  

( G o r i k e ) ;   and  2 , 2 5 9 , 9 0 7   ( O l n e y ) .   T h e s e   p a t e n t s   a l l  

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

a b o v e .  

I t   is   a l s o   w e l l   known  t h a t   in  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   at   l e a s t   two  t y p e s   of  d r i v e  

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

t h e   p i e z o e l e c t i r c   t y p e .   U .S .   P a t e n t   No.  4 , 2 4 6 , 4 4 7  

( V o r i e )   i s   an  e x a m p l e   of  t he   p i e z o e l e c t r i c   m e c h a n i s m .  

The  s p e a k e r   s y s t e m   of  t he   p r e s e n t   i n v e n t i o n  

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

t r a n s d u c e r   or  w o o f e r   and  one  or  more  h i g h e r   f r e q u e n c y  

t r a n s d u c e r ( s )   or  t w e e t e r ( s )   m o u n t e d   in  a  s i n g l e  

a s s e m b l y ,   b u t   no t   r e q u i r i n g   t he   e l a b o r a t e   and  c o s t l y  

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

w o o f e r   u n i t   t y p i c a l l y   is   of  t he   p e r m a n e n t - m a g n e t ,  

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

d i a p h r a g m .   The  t w e e t e r   is  m o u n t e d   in  t he   s p a c e   d e f i n e d  



by  the   a f o r e s a i d   d i a p h r a g m ,   and  c o m p r i s e s   a  s m a l l e r  

d i a m e t e r   d i a p h r a g m   h a v i n g   s i t u a t e d   a t   i t s   apex   a  d r i v e r  

m e c h a n i s m   c o m p r i s i n g   a  p i e z o e l e c t r i c   e l e m e n t ,   or  o t h e r  

d r i v i n g   e l e m e n t .  

In  t h i s   c o n f i g u r a t i o n ,   t he   e n t i r e   m e c h a n i s m  

w h i c h   c o n s t i t u t e s   t he   t w e e t e r   moves   in  u n i s o n   w i t h   t h e  

low  f r e q u e n c y   d i a p h r a g m   in  t he   p i s t o n   r a n g e   and  f o r m s   a  

p a r t   of  t he   t o t a l   m o v i n g   mass   of  t he   low  f r e q u e n c y  

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

u s e d   m o u n t i n g   p o s t   or  b r a c k e t s   w h i c h   s u p p o r t   t he   h i g h  

f r e q u e n c y   u n i t ( s )   and  a l s o   i m p r o v e s   t he   o v e r a l l  

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

c h a r a c t e r i s t i c s   of  t he   l o u d s p e a k e r   s y s t e m .  

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

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

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

I t   is   a l s o   an  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  

to  p r o v i d e   an  i m p r o v e d   m u l t i - d r i v e r   l o u d s p e a k e r  

c o n s t r u c t i o n   w h i c h   e l i m i n a t e s   t he   need   fo r   a  s e p a r a t e  

m o u n t i n g   a p p a r a t u s   fo r   t he   mid  or  u p p e r   f r e q u e n c y  

d r i v i n g   u n i t s .  

T h e s e   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e  

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

s k i l l e d   in  the   a r t   upon  r e a d i n g   t he   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   in  c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g  

in  w h i c h :  

F i g .   1  i s   a  c r o s s - s e c t i o n a l   v i ew  of  a  

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

t he   p r e s e n t   i n v e n t i o n ;  

F i g .   2  is   a  f r o n t   e l e v a t i o n a l   v i ew  of  a  

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

t he   p r e s e n t   i n v e n t i o n ;  

F i g .   3  is  a  s e c t i o n a l   v i ew  of  t he   s y s t e m   o f  

F i g .   2,  t a k e n   g e n e r a l l y   a l o n g   s e c t i o n   l i n e s   3-3  t h e r e o f ;  



F i g .   4  i s   a  f r o n t   e l e v a t i o n a l   v iew  of  a  
m u l t i - d r i v e r   l o u d s p e a k e r   s y s t e m   c o n s t r u c t e d   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g s .   5-7  a r e   f r e q u e n c y   r e s p o n s e  
c h a r a c t e r i s t i c s   of  a  p r i o r   a r t   s p e a k e r   and  two  s p e a k e r s  
c o n s t r u c t e d   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n .  

In  t he   e m b o d i m e n t   of  the   i n v e n t i o n   i l l u s t r a t e d  

in  F i g .   1,  t he   low  f r e q u e n c y   t r a n s d u c e r   or  w o o f e r   i s   o f  

the   p e r m a n e n t - m a g n e t ,   m o v i n g - c o i l   t y p e   and  c o m p r i s e s   a  

p e r m a n e n t - m a g n e t   a s s e m b l y   10  to   w h i c h   is  s e c u r e d   a  f r a m e  

12  h a v i n g   a  g e n e r a l l y   s o m e w h a t   c o n i c a l   c o n f i g u r a t i o n .  

The  f r a m e   12  d e f i n e s   an  a p e r t u r e   13  w h i c h   d e f i n e s  

g e n e r a l l y   t he   f r o n t a l   s h a p e   and  a r e a   of  t he   t r a n s d u c e r .  

The  s h a p e   of  t he   a p e r t u r e   13  f o r m e d   by  t he   f r a m e   can   b e  

o t h e r   t h a n   c i r c u l a r ,   fo r   e x a m p l e ,   o v a l .   The  w o o f e r  

d i a p h r a g m   14  e x t e n d s   or  f l a r e s   g e n e r a l l y   c o n i c a l l y  

o u t w a r d l y   and  has  i t s   o u t e r   edge   s e c u r e d   to  t h e  

p e r i p h e r y   of  t he   f r a m e   12  by  means   of  a  c o m p l i a n t  

s u s p e n s i o n   16.  The  i n n e r   p o r t i o n   of  t he   d i a p h r a g m   14  i s  

s e c u r e d   to  a  v o i c e   c o i l   form  18  upon  the   l o w e r   p o r t i o n  

of  w h i c h   is  t he   v o i c e   c o i l   20  w h i c h   s u r r o u n d s   the   c e n t e r  

p o l e   22  of  t he   p e r m a n e n t - m a g n e t   a s s e m b l y   10  w i t h   t h e  

v o i c e   c o i l   p o s i t i o n e d   in  t he   m a g n e t i c   a i r   gap  24  in  t h e  

c u s t o m a r y   f a s h i o n .   Up  to  t h i s   p o i n t   in  t he   d e s c r i p t i o n ,  

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

The  h i g h   f r e q u e n c y   t r a n s d u c e r   or  t w e e t e r  

c o m p r i s e s   t he   t w e e t e r   cone   30,  t h e   c e n t r a l   a x i s   of  w h i c h  

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

cone   14.  The  t w e e t e r   cone   30  has   a  s o m e w h a t   g r e a t e r  
f l a r e   r a t e   and  is   of  s u b s t a n t i a l l y   s m a l l e r   d i m e n s i o n  

t h a n   the   w o o f e r   cone   14.  At  t he   o u t e r   p e r i p h e r y   of  c o n e  

30,  a  foam  c o m p l i a n c e   r i n g   34  may  be  p o s i t i o n e d   b e t w e e n  

the   edge   of  cone   30  and  the   s u r f a c e   of  d i a p h r a g m   1 4 .  

B e h i n d   the   d i a p h r a g m   30  and  e x t e n d i n g   a l o n g   a  p o r t i o n   o f  



t he   s u r f a c e   t h e r e o f ,   d a m p e n i n g   or  s t i f f e n i n g   m a t e r i a l   32  

and  36  can  be  p r o v i d e d   to  s m o o t h   r e s p o n s e   and  i s o l a t e  

t h e   l e a d   w i r e s   i f   d e s i r e d .   The  d r i v e r   e l e m e n t   38  i s  

p o s i t i o n e d   a t   t he   apex   of  cone   30.  T h i s   d r i v e r   e l e m e n t  

38  c o m p r i s e s   a  p i e z o e l e c t r i c   c r y s t a l   c o m m o n l y   known  i n  

t h e   t r a d e   as  a  b i m o r p h   or  m u l t i m o r p h .   The  e l e c t r i c a l  

l e a d s   40  a r e   c o u p l e d   to  t he   c r y s t a l   38,  and  e x t e n d   o u t  

t h r o u g h   the   w o o f e r   cone   14  in  c o n v e n t i o n a l   m a n n e r   t o  

i n p u t   t e r m i n a l s   44  m o u n t e d   upon  a  p o r t i o n   of  t he   f r a m e  

12.  The  l e a d s   40  f rom  t he   c r y s t a l   38  j o i n   l e a d s   43  

w h i c h   c o u p l e   t e r m i n a l s   44  to   t he   v o i c e   c o i l   20.  T h e  

c r y s t a l   38  and  v o i c e   c o i l   20  a r e   t h u s   e l e c t r i c a l l y  

c o u p l e d   in  p a r a l l e l .  

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

l e a d s   to  b o t h   d r i v e r s   38  and  20  w i t h o u t   u t i l i z a t i o n   of  a  

c r o s s o v e r   n e t w o r k   is  made  p o s s i b l e   b e c a u s e   t he   c r y s t a l  

d r i v e r   38  f u n c t i o n s   as  a  h i g h - p a s s   f i l t e r   as  w e l l   as  a  

t w e e t e r   d r i v e r ,   and  d e p e n d i n g   upon  t he   t h i c k n e s s ,  

c o u p l i n g   c o e f f i c i e n t   and  d i a m e t e r   of  t he   c r y s t a l   38  a n d  

t h e   d i a m e t e r   of  cone   30  and  i t s   s h a p e ,   e t c . ,   p r o v i d e s   a n  

e f f e c t i v e   c r o s s o v e r   f r e q u e n c y   in  t he   r a n g e   a n y w h e r e   f r o m  

one  to  t en   k i l o h e r t z .   An  e x t e r n a l   f i l t e r   n e t w o r k   can  b e  

u s e d   i f   d e s i r e d .  

The  d a m p i n g   r i n g s   32  and  36,  w h i c h  

i l l u s t r a t i v e l y   can  be  f o r m e d   of  f i b e r g l a s s   i n s u l a t i n g  

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

w h i l e   t he   foam  c o m p l i a n c e   r i n g   34  p r o v i d e s   a  means   t o  

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

t w e e t e r   c o n e s   14,  30  in  t he   c r o s s o v e r   r e g i o n   o f  

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

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

d i m e n s i o n s ,   t he   s y m m e t r y ,   and  t he   p o s i t o n   of  t he   t w e e t e r  

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

34  and  d a m p i n g   r i n g s   32  and  36.  The  t w e e t e r   cone   30  c a n  

be  s u s p e n d e d   in  f r o n t   of  t he   w o o f e r   cone   in  s e v e r a l  



w a y s .   The  t w e e t e r   cone   30  p e r i m e t e r   can  be  a t t a c h e d   t o  

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

The  t w e e t e r   cone   30  can  be  s u s p e n d e d   in  f r o n t   of  t h e  

w o o f e r   c o n e ,   w i t h   no  p h y s i c a l   c o n t a c t   b e t w e e n   t he   c o n e s ,  

by  s u p p o r t i n g   the   t w e e t e r   cone   30  f rom  i t s   c r y s t a l  
d r i v e r   38  and  a t t a c h i n g   t he   c r y s t a l   d r i v e r   38  d i r e c t l y  

to  t he   v o i c e   c o i l   form  18  of  t he   w o o f e r ,   or  to  t h e  

w o o f e r   cone   a p e x .   The  t w e e t e r   cone   30  can  a l s o   b e  

m o u n t e d   to  any  s u i t a b l e   p o r t i o n   of  t he   w o o f e r   cone   1 4  

b o d y ,   in  o r d e r   to  p r o v i d e   wide   a n g l e   d i s p e r s i o n .  

When  o p e r a t i n g   in  r e s p o n s e   to  low  f r e q u e n c y  
e l e c t r i c a l   s i g n a l s ,   t he   t r a n s d u c e r   a s s e m b l y   a p p e a r s   m u c h  

as  i f   i t   were   a  s i n g l e   p i s t o n .   The  o p e r a t i o n   i n  

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

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

f r e q u e n c y   cone   30  e s s e n t i a l l y   as  i f   i t   were   a c t i n g   a l o n e  

e x c e p t   t h a t   i t   i s ,   in  e f f e c t ,   m o u n t e d   upon  a  s u p p o r t  
w h i c h   e x h i b i t s   l i t t l e   or  no  m o v e m e n t   a t   t h e s e   h i g h  

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

b e t w e e n   the   w o o f e r   cone   14  and  t w e e t e r   cone   30  p r o v i d e s  

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

b e t w e e n   the   two  c o n e s   in  t he   m i d b a n d   and  u p p e r   b a n d  

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

e l e c t r o m e c h a n i c a l   f e e d b a c k   to  t he   t w e e t e r   d r i v i n g  

e l e m e n t ,   as  d e s c r i b e d   by  the   r e c i p r o c i t y   p r i n c i p l e .  

T h i s   p r o v i d e s   a  s m o o t h   f r e q u e n c y   r e s p o n s e   c h a r a c t e r i s t i c  

in  t he   m id -   and  u p p e r   band  r e s p o n s e   r e g i o n s .   T h i s  

m o u n t i n g   a r r a n g e m e n t   b e t w e e n   the   d i a p h r a g m s   14,  30  l e a d s  

to  i m p r o v e d   f r e q u e n c y   r e s p o n s e   and  d i s p e r s i o n   fo r   t h e  

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

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

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

s y s t e m s   to  s u p p o r t   t he   h i g h e r   f r e q u e n c y   d r i v e r s .  



In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n  

i l l u s t r a t e d   in  F i g s .   2  and  3,  a  p e r m a n e n t - m a g n e t  

a s s e m b l y   l10  i s   s e c u r e d   to  a  f r a m e   112  h a v i n g   a  

g e n e r a l l y   e l l i p t i c a l   or  o v a l   f r o n t a l   o p e n i n g ,  

i l l u s t r a t i v e l y   6  i n c h e s   by  9  i n c h e s   ( 1 5 . 2 4   cm  by  2 2 . 8 6  

cm) .   The  w o o f e r   d i a p h r a g m   114  e x t e n d s   g e n e r a l l y  

c o n i c a l l y   o u t w a r d l y .   The  o u t e r   r im  of  d i a p h r a g m   114  i s  

s e c u r e d   to  t he   o v a l   f r o n t a l   o p e n i n g   of  t he   f r a m e   112  b y  

means   of  a  c o m p l i a n t   s u s p e n s i o n   116 .   The  i n w a r d  

p o r t i o n   of  t he   d i a p h r a g m   114  i s   s e c u r e d   to  a  v o i c e   c o i l  

form  l18   to   w h i c h   is   a t t a c h e d   a  w o o f e r   v o i c e   c o i l   1 2 0  

p o s i t i o n e d   in  t he   m a g n e t i c   a i r   gap  124  in  t he   c u s t o m a r y  
f a s h i o n .  

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

t w e e t e r   cone   130 ,   t he   c e n t r a l   a x i s   of  w h i c h   is   a b o u t  
45°  o f f   the   a x i s   of  t he   w o o f e r   cone   114 ,   as  b e s t  

i l l u s t r a t e d   in  F i g .   3.  A  j u n c t i o n   a r e a   131  i s   p r o v i d e d  

a t   t he   o u t e r   p e r i m e t e r   of  cone   130 .   T h i s   j u n c t i o n   a r e a  

131  is   g l u e d   or  o t h e r w i s e   a t t a c h e d ,   w i t h   or  w i t h o u t   a  

c o m p l i a n t   m e m b e r ,   to  t he   p e r i m e t r a l   edge   135  of  a n  

o p e n i n g   133  p r o v i d e d   in  t he   w o o f e r   cone   114 .   A 

p i e z o e l e c t r i c   b i m o r p h   c r y s t a l   d r i v e r   e l e m e n t   138  i s  

p o s i t i o n e d   at   t he   apex   of  cone   130 .   E l e c t r i c a l   l e a d s  

140  a r e   c o u p l e d   to  t he   c r y s t a l   138  and  e x t e n d   t o  

t e r m i n a l s   145  p r o v i d e d   on  the   o u t s i d e   s u r f a c e   of  w o o f e r  

c o n e   114 .   The  l e a d s   140  f rom  t h e   c r y s t a l   138  a r e  

c o u p l e d   by  l e a d s   142  to   t he   i n p u t   t e r m i n a l s   144  p r o v i d e d  

on  the   s u p p o r t i n g   f r a m e   112.   L e a d s   142  a l s o   c o u p l e  

t e r m i n a l s   144  to   t he   w o o f e r   v o i c e   c o i l   120 .   The  w o o f e r  

v o i c e   c o i l   120  and  t w e e t e r   d r i v e r   138  t h u s   a r e   c o u p l e d  

in  p a r a l l e l .  

A g a i n ,   t he   c o u p l i n g   of  t he   s i n g l e   p a i r   o f  

i n p u t   l e a d s   142  to   b o t h   d r i v e r s   138  and  120  w i t h o u t   a  

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

t he   c r y s t a l   d r i v e r   138  a c t s   as  a  h i g h   p a s s   f i l t e r .  



In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n  

i l l u s t r a t e d   in  F i g .   4,  a  p e r m a n e n t - m a g n e t   a s s e m b l y   ( n o t  

shown)   is   s e c u r e d   to  a  f r a m e   212  h a v i n g   a  g e n e r a l l y  

c i r c u l a r   f r o n t a l   o p e n i n g .   The  t w e e t e r   c o n e s   230  can   b e  

m o l d e d   i n t o   the   w o o f e r   cone   body  214,   m a k i n g   t h e  

s u r r o u n d i n g   p o r t i o n   of  t he   w o o f e r   cone   214  an  e x t e n s i o n  

of  t he   t w e e t e r   cone   b o d y .   A  w o o f e r   d i a p h r a g m   2 1 4  

f l a r e s   g e n e r a l l y   c o n c i a l l y   o u t w a r d l y .   I t s   o u t e r  

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

p r o v i d e d   in  the   f r a m e   212  by  means   of  c o m p l i a n t  

s u s p e n s i o n   216.   The  i n n e r   p o r t i o n   of  t he   d i a p h r a g m   2 1 4  

is  s e c u r e d   to  a  v o i c e   c o i l   form  upon  w h i c h   is   p r o v i d e d   a  

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

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

p o s i t i o n e d   in  t he   a i r   g ap ,   a l l   in  a  m a n n e r   p r e v i o u s l y  

d i s c u s s e d .  

Four   h i g h   f r e q u e n c y   t r a n s d u c e r s   or  t w e e t e r s  

229  a r e   m o u n t e d   in  the   w o o f e r   d i a p h r a g m   214  in  a  m a n n e r  

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

F i g .   3.  Each  t w e e t e r   229  c o m p r i s e s   a  t w e e t e r   cone   2 3 0 ,  

the   c e n t r a l   a x i s   of  w h i c h   is   i l l u s t r a t i v e l y   45°  o f f   t h e  

c e n t r a l   a x i s   of  t he   w o o f e r   cone   214 ,   as  in  t h e  

e m b o d i m e n t   of  F i g s .   2  and  3.  The  t w e e t e r   c o n e s '   a x e s  

a r e   a l s o   p o s i t i o n e d   at  90°  i n t e r v a l s   a b o u t   t he   w o o f e r  

cone   214  a x i s .   As  b e f o r e ,   t he   t w e e t e r   c o n e s   230  h a v e  

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

d i m e n s i o n   t h a n   t he   w o o f e r   cone   214 .   A  p i e z o e l e c t r i c  

d r i v e r   e l e m e n t   ( no t   shown)  i s   p o s i t i o n e d   a t   the   apex   o f  

each   cone   230 .   The  e l e c t r i c a l   t e r m i n a t i o n s   ( n o t   s h o w n )  

to  t he   c r y s t a l s   w h i c h   d r i v e   t w e e t e r   c o n e s   230  a r e   m a d e  

as  in  t he   p r e c e d i n g   e m b o d i m e n t s .   A g a i n ,   t he   c r y s t a l  

d r i v e r s   f u n c t i o n   as  h i g h - p a s s   f i l t e r s ,   and  t he   f r e q u e n c y  

r e s p o n s e s   of  the   d r i v e r s   a re   s e l e c t a b l e   in  p a r t   b y  

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

v a r i o u s   d r i v e r s   and  t w e e t e r   c o n e s   2 3 0 .  



The  a d v a n t a g e s   of  t he   o f f - a x i s   p l a c e m e n t   o f  

t h e   t w e e t e r   a x e s   f rom  t he   w o o f e r   a x i s   in  t he   e m b o d i m e n t s  

of  F i g s .   1-4  can   b e s t   be  a p p r e c i a t e d   w i t h   r e f e r e n c e   t o  

F i g s .   5 - 7 .  

F i g .   5  i l l u s t r a t e s   t h e   f r e q u e n c y   r e s p o n s e   of  a  

p r i o r   a r t   6"  by  9"  ( 1 5 . 2 4   cm  by  2 2 . 8 6   cm)  o v a l   s p e a k e r  

w i t h   a  c o a x i a l   s e c o n d a r y   cone   c a l l e d   a  " w h i z z e r . "   T h e  

t h r e e - f r e q u e n c y   r e s p o n s e   c u r v e s   c o r r e s p o n d   to  t h e  

o n - a x i s   (0°)  f r e q u e n c y   r e s p o n s e   of  t he   s p e a k e r ,   t h e  

30°  o f f - a x i s   f r e q u e n c y   r e s p o n s e   of  t he   s p e a k e r ,   and  t h e  

45°   o f f - a x i s   f r e q u e n c y   r e s p o n s e   of  t he   s p e a k e r .   I t   w i l l  

be  a p p r e c i a t e d   t h a t ,   even   w i t h   t he   w h i z z e r   c o n e ,   t h e  

o f f - a x i s   (30°   and  45°  o f f - a x i s )   r e s p o n s e   of  t he   s p e a k e r  

is   s i g n i f i c a n t l y   b e l o w   t he   o n - a x i s   r e s p o n s e   (1-3   dB) 

even   at   such   low  f r e q u e n c i e s   as  2  KHz.  At  a b o u t   4  K H z ,  

t h e   o f f - a x i s   p e r f o r m a n c e   has   d e g r a d e d   even   m o r e  

s e r i o u s l y   (30°   o f f - a x i s   down  a b o u t   5  dB,  45°  o f f - a x i s  

down  14  dB) .   AT  15  KHz,  30°  o f f - a x i s   is  down  13  dB,  a n d  

45°   o f f - a x i s   is   down  a b o u t   t he   same  a m o u n t .  

F i g .   6  i l l u s t r a t e s   t he   f r e q u e n c y   r e s p o n s e s   o f  

a  6"  by  9"  ( 1 5 . 2 4   cm  by  2 2 . 8 6   cm)  e l l i p t i c a l   c o n s t r u c t e d  

in  a c c o r d a n c e   w i t h   F i g .   1.  A l t h o u g h   the   o f f - a x i s  

r e s p o n s e   at   2  KHz  r e m a i n s   down  a b o u t   1  a n d   3  dB  ( a t  

30°  o f f - a x i s   and  45°  o f f - a x i s ,   r e s p e c t i v e l y ) ,   a t   5  KHz ,  

t h e   30°  o f f - a x i s   r e s p o n s e   is   down  o n l y   a b o u t   1 - 1 . 5   dB,  a  

3 . 5 - 4   dB  i m p r o v e m e n t   o v e r   F i g .   5,  and  the   45°  o f f - a x i s  

r e s p o n s e   is  o n l y   down  8 - 8 . 5   dB,  a  5 . 5 - 6   dB  i m p r o v e m e n t  

o v e r   F i g .   5.  At  15  KHz,  t he   i m p r o v e m e n t   is  e q u a l l y   a s  

s i g n i f i c a n t ,   w i t h   t he   30°  o f f - a x i s   r e s p o n s e   b e i n g   d o w n  

o n l y   a b o u t   1 0 . 5   dB,  a  2 .5   dB  i m p r o v e m e n t   o v e r   F i g .   5 ,  

and  t he   45°  o f f - a x i s   o n l y   b e i n g   down  8 .5   dB,  a  5 .5   dB 

i m p r o v e m e n t   o v e r   F i g .   5 .  

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

F i g s .   2  and  3  e m b o d i m e n t   of  t he   i n v e n t i o n   a r e  

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



F i g .   7,  t he   apex   of  t he   t w e e t e r   cone   p r o j e c t e d   i n t o   t h e  

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

the   w o o f e r   cone   a x i s   to  t he   c o m p l i a n c e   r i n g .   In  o t h e r  

w o r d s ,   the   t w e e t e r   was  m o u n t e d   h a l f - w a y   o u t   t he   w o o f e r  

cone   f rom  the   a x i s   to  the   c o m p l i a n c e   r i n g .   AT  2  KHz ,  

t he   30°  o f f - a x i s   r e s p o n s e   was  down  a b o u t   1 .5   -2  dB  a n d  

t h e   45°  o f f - a x i s   r e s p o n s e   was  down  5  dB.  At  4  KHz,  t h e  
30°  o f f - a x i s   p e r f o r m a n c e   was  a c t u a l l y   1 - 1 . 5   dB  a b o v e   t h e  

o n - a x i s   p e r f o r m a n c e   and  t he   45°  o f f - a x i s   p e r f o r m a n c e   w a s  

o n l y   a b o u t   1 . 5 - 2   dB  l o w e r   t h a n   o n - a x i s ,   b o t h   s u b s t a n t i a l  

i m p r o v e m e n t s   o v e r   t he   e m b o d i m e n t   of  F i g .   5.  At  15  KHz ,  

t he   30°  o f f - a x i s   p e r f o r m a n c e   and  45°  o f f - a x i s  

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

o n - a x i s   p e r f o r m a n c e   w i t h   30°  b e i n g   a b o u t   4-5  dB  a b o v e  

and  45°  b e i n g   a b o u t   10  dB  a b o v e   the   o n - a x i s   p e r f o r m a n c e .  



1.  A  m u l t i - d r i v e r   l o u d s p e a k e r   c o m b i n a t i o n  

c o m p r i s i n g   a  f i r s t   t r a n s d u c e r   ( 1 4 , 1 8 , 2 0 , 2 2 )   of   t h e  

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

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

r a d i a t o r   b e i n g   a  d i a p h r a g m   ( 1 4 ) ,   a n d  

a  s e c o n d   t r a n s d u c e r   ( 3 0 , 3 8 )   d e s i g n e d   t o  

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

f r e q u e n c y   r a n g e ,   c h a r a c t e r i z e d   in   t h a t   s a i d   s e c o n d  

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

s a i d   d i a p h r a g m   ( 1 4 ) ,   and   i s   m o u n t e d   u p o n   s a i d   f i r s t  

d i a p h r a g m   (14)   and   m o v a b l e   t h e r e w i t h .  

2.  The  l o u d s p e a k e r   c o m b i n a t i o n   of  C l a i m   1 ,  

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

d r i v i n g   m e a n s   (38)   c o m p r i s i n g   a  p i e z o e l e c t r i c   c r y s t a l .  

3.  The  l o u d s p e a k e r   c o m b i n a t i o n   of  C l a i m   1 ,  

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

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

t h e   d r i v i n g   m e a n s   ( 2 2 , 2 4 )   of  s a i d   f i r s t  

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

t y p e ,   a n d  

t h e   d r i v i n g   m e a n s   (38)   of  s a i d   s e c o n d  

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

4.  The  l o u d s p e a k e r   c o m b i n a t i o n   of  a n y  o n e   o f  

C l a i m s   1  to   3,  c h a r a c t e r i z e d   in   t h a t   s a i d   s e c o n d  

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

i n t e r m e d i a t e   c o u p l i n g   m e a n s   ( 3 2 , 3 4 , 3 6 ) .  

5.  The  l o u d s p e a k e r   c o m b i n a t i o n   of   a n y  o n e   o f  

C l a i m s   1  to   4,  c h a r a c t e r i z e d   in   t h a t   s a i d   s e c o n d  

t r a n s d u c e r   ( 1 3 0 , 1 3 8 )   i s   m o u n t e d   n o n - c o n c e n t r i c a l l y   w i t h  

r e s p e c t   to   s a i d   f i r s t   t r a n s d u c e r   ( 1 1 0 , 1 1 4 , 1 2 4 ) .  

6.  The  l o u d s p e a k e r   c o m b i n a t i o n   of  a n y  o n e   o f  

C l a i m s   1  to   5,  c h a r a c t e r i z e d   in   t h a t   s a i d   f i r s t  

t r a n s d u c e r   ( 1 1 0 , 1 1 4 , 1 2 4 )   i n c l u d e s  s a i d   s e c o n d   t r a n s d u c e r  



( 1 3 0 , 1 3 8 )   as  an  i n t e g r a l   p a r t ,   t h e r e o f ,   t h e   s e c o n d  

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

7.  The  l o u d s p e a k e r   c o m b i n a t i o n   of  a n y  o n e   o f  

C l a i m s   1  to   6,  c h a r a c t e r i z e d   in   t h a t   t h e r e   i s   a  

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

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

t h e   s a i d   d i a p h r a g m .  
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