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(m)  A  stringed  musical  instrument. 
(57)  A  stringed  musical  instrument  such  as  a  guitar,  banjo  or 
the  like  has  a  plurality  of  strings  (15,  16,  17,  18)  stretched  be- 
tween  a  bridge  (19)  and  a  nut  (20).  The  strings  (15,  16,  17,  18) 
are  of  substantially  circular  cross  section  and  made  from  an 
elastomeric  material  such  as  silicone  rubber;  all  strings  are 
monolithic.  The  bridge  (19)  incorporates  one  or  more  piezo- 
electric  transducer  (41,  42)  mounted  as  a  bimorphic  element 
in  a  simple  beam  mounting  between  fixed  supports  (40)  on 
the  bridge  (19)  and  in  acoustic  contact  with  the  body  of  the 
instrument  through  resilient  baffle  pads  (43,  44)  in  contact 
with  the  face  of  the  piezo-electric  element  (41  ,  42)  remote  from 
the  supports  (40).  By  using  elastomeric  strings  the  length  of 
the  fingerboard  of  the  instrument  can  be  reduced  to  about 
0.45  m,  which  is  substantially  less  than  that  of  a  conventional 
instrument  utilising  wire  wound  nylon  or  steel  strings. 
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A  S t r i n g e d   M u s i c a l   I n s t r u m e n t  

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

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

5  m u s i c a l   i n s t r u m e n t .  

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

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

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

10  g e n e r a t e   e l e c t r i c a l   s i g n a l s   w h i c h   can  be  a m p l i f i e d ,   a n d  

in  some  c a s e s   f u r t h e r   m o d i f i e d ,   f o r   r e p r o d u c t i o n .   T h e  

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

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

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

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

s o l e l y   f rom  m e c h a n i c a l   v i b r a t i o n s   h a v e   b e e n   k n o w n .  

T y p i c a l   e x a m p l e s   of  known  s u c h   p i e z o - e l e c t r i c  

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

d i s c u s s e d   in   B r i t i s h   P a t e n t   No.  1  524  833  and  B r i t i s h  

20  P a t e n t   a p p l i c a t i o n   No.  2  070  313 .   V a r i o u s   p r o b l e m s  

h a v e   b e e n   a s s o c i a t e d   w i t h   known  p i e z o - e l e c t r i c  

t r a n s d u c e r s ;   one  s u c h   p r o b l e m   has   b e e n   t h a t   o f  

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

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

25  i n s t r u m e n t .   U n i t e d   S t a t e s   P a t e n t   4  030  396  d i s c l o s e s  

one  p r i o r   a r t   a t t e m p t   to   so  c o n s t r u c t   a  p i c k - u p   f o r   a  

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

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

r e p r o d u c e   f a i t h f u l l y ,   or  more  n e a r l y   f a i t h f u l l y ,   t h e  

30  t o n a l   q u a l i t i e s   of  t h e   o r i g i n a l   v i b r a t i n g   s t r i n g .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to   p r o v i d e   an  e l e c t r i c a l  

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

m u s i c a l   i n s t r u m e n t   of  t h e   p r e s e n t   i n v e n t i o n   has   i t s   own 

f u n d a m e n t a l   q u a l i t i e s .  

5  In  p r i o r   a r t   s t r i n g e d   m u s i c a l   i n s t r u m e n t s   t h e   m a j o r  

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

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

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

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

10  p l a c e d   in   o r d e r   to   v i b r a t e   a t   a  g i v e n   f r e q u e n c y   i n  

o r d e r   t o   be  a b l e   to   o b t a i n   a  d e s i r e d   r a n g e   of  p i t c h .  

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

when  a p p l i e d   to   f o u r   or  s i x   s t r i n g s ,   has   b e e n  

s u f f i c i e n t l y   h i g h   as  to   make  i t   n e c e s s a r y ,   a t   l e a s t   i n  

15  t h e   c a s e   of  i n s t r u m e n t s   s u c h   as  g u i t a r s ,   f o r   t h e  

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

f r e t b o a r d ,   to   be  r e i n f o r c e d   w i t h   a  m e t a l   r o d   to   p r e v e n t  

b o w i n g   . 

20  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   w i l l   be  d e s c r i b e d  

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

to   g u i t a r s   and  l i k e   s u c h   i n s t r u m e n t s   i t   i s   to   b e  

u n d e r s t o o d   t h a t   no  l o s s   of  g e n e r a l i t y   i s   t o   b e  

e n g e n d e r e d   t h e r e b y   and  t h a t   t h e   p r e s e n t   i n v e n t i o n   i s  

25  e q u a l l y   a p p l i c a b l e   t o   any  i n s t r u m e n t   e m p l o y i n g  

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

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

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

30  A l t h o u g h ,   by  u s i n g   r a t h e r   t h i c k   and  s t i f f   s t r i n g s ,   i t  

has   in   t h e   p a s t   b e e n   p o s s i b l e   to   g e n e r a t e   n o t e s   in  t h e  

l o w e r   r e g i s t e r   w i t h   i n s t r u m e n t s   such   a s ,   f o r   e x a m p l e ,  

an  e l e c t r i c   b a s s   g u i t a r   w i t h o u t   a  r e s o n a n c e ,   c h a m b e r ,  
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i n s t r u m e n t s   s u c h   as  t h e   d o u b l e   b a s s   h a v e   s t i l l   r e q u i r e d  

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

p r o d u c e   t h e   low  n o t e s   r e q u i r e d .  

5  The  p r e s e n t   i n v e n t i o n   s e e k s   to   p r o v i d e   a  s t r i n g e d  

m u s i c a l   i n s t r u m e n t   in   w h i c h   i t   i s   p o s s i b l e   to   g e n e r a t e  
s u c h   low  n o t e s   as  w e r e   p r e v i o u s l y   o n l y   p r o d u c e d   f rom  a  

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

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

10  s t r i n g s   of  w h i c h   a r e   d e t e c t e d   by  e l e c t r o - a c o u s t i c  

t r a n s d u c e r s   and  s u i t a b l y   a m p l i f i e d .   The  p r e s e n t  
i n v e n t i o n   a l s o   s e e k s   to   p r o v i d e   an  i n s t r u m e n t   in  w h i c h  

r e i n f o r c e m e n t   of  t h e   n e c k ,   s u c h   as  by  means   of  a  s t e e l  

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

15  b o t h   l i g h t   in  w e i g h t   as  w e l l   as  s m a l l   in   s c a l e .  

A c c o r d i n g   to   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

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

20  a t   one  end  of  t h e   s t r i n g   and  a  s e c o n d   p o i n t   at   t h e  

o t h e r   end  t h e r e o f   and  p a s s i n g   o v e r   a  b r i d g e   i n c o r -  

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

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

s i g n a l s   i s   c h a r a c t e r i s e d   in   t h a t   t h e   s t r i n g   or  s t r i n g s  

25  i s   or  a r e   c o m p o s e d   of  an  e l a s t o m e r i c   m a t e r i a l   and  t h e  

t r a n s d u c e r   e l e m e n t   or  e l e m e n t s   a re   n o t   in  d i r e c t  

m e c h a n i c a l   c o n t a c t   t h e r e w i t h .  

P r e f e r a b l y   t h e   s t r i n g   or  s t r i n g s   have   a  s u b s t a n t i a l l y  

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

o c t a g o n a l ,   h e x a g o n a l   and  e l l i p t i c a l   s e c t i o n s   b u t  

e x c l u d e s   f l a t   b a n d   or  s t r i p - l i k e   s t r i n g s   as  u s e d   o n  
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c h i l d r e n ' s   i n s t r u m e n t s   in   p l a c e   of  p r o p e r   s t r i n g s .  

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

c r o s s - s e c t i o n a l   s h a p e   in   p l a c e   of  t h e   c o n v e n t i o n a l  

5  s t e e l   or  n y l o n   m a t e r i a l s   u s e d   f o r   m u s i c a l   i n s t r u m e n t  

s t r i n g s   ( w h i c h   a r e   o n l y   of  c i r c u l a r   s e c t i o n )   f  i t   i s  

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

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

w h i c h   has   p r e v i o u s l y   b e e n   u n a v o i d a b l e .   The  u s e   of  s u c h  

10  low  t e n s i o n   i s   a l s o   made  p o s s i b l e   by  e m p l o y i n g   a  h i g h l y  

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

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

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

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

15  s u b j e c t e d   to   t h e   h i g h   f o r c e s   e x e r t e d   due  to   t h e   h i g h  

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

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

n o t e d   t h a t   t y p i c a l l y   t h e   m o d u l u s   of  e l a s t i c i t y   of  s t e e l  
11  2 i s   in   t h e   r e g i o n   of  20  x  10  d y n e s   /cm  w h i l s t   t h e  

20  m o d u l u s   of  e l a s t i c i t y   of  e l a s t o m e r i c   m a t e r i a l s   may  be  a  
g f a c t o r   of  10  l e s s   t h a n   t h i s   and  t e s t s   c o n d u c t e d   on  a  

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

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

a  m o d u l u s   of  e l a s t i c i t y   in   t h e   r e g i o n   of  b e t w e e n   5  a n d  
2  2 

15  x  10  d y n e s   /cm  can   p r o d u c e   v e r y   a c c e p t a b l e   r e s u l t ;  

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

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e   l e n g t h ,  

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

30  t h a t   t h e   t e n s i o n   in  t h e   or  e a c h   s t r i n g   d o e s   n o t   e x c e e d  

a  few  kg  when  t h e   s t r i n g   i s   t u n e d   to   t h e   r e q u i r e d   p i t c h  

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

of  an  i n s t r u m e n t   t u n e d   as  a  b a s s   g u i t a r   w o u l d   be  in  t h e  
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r e g i o n   of  up  to   10  k g .  

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

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

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

w h i c h   i s   wound  a  w i n d i n g   of  s t e e l   or  o t h e r   m e t a l   t h e  

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

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

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

10  t h a t   i t   v i b r a t e s   w i t h   a  low  f u n d a m e n t a l   and  t h e   l o w e r  

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

p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   s u c h   c o m p o s i t e   s t r i n g  

s t r u c t u r e s   a re   u n n e c e s s a r y   and ,   e v e n   f o r   t h e   l o w e r m o s t  

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

15  c o m p o s e d   of  an  h o m o g e n e o u s   m o n o l i t h i c   e l e m e n t .   T h i s  

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

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

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

of  u s e .  

2 0  

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

i n s t r u m e n t   of  t h e   p r e s e n t   i n v e n t i o n   may  l i e   in   t h e  

r a n g e   of  1.5  -  6  mm  when  u n s t r e s s e d .   B e c a u s e  

e l a s t o m e r i c   m a t e r i a l   h a v i n g   a  v e r y   low  Y o u n g ' s   m o d u l u s  

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

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

and  a  d i a m e t e r   r e d u c t i o n   in   e x c e s s   of  50  p e r   c e n t   h a s  

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

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

30  

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

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

be  p r o d u c e d   u s i n g   s t r i n g s   v e r y   much  s h o r t e r   t h a n   h a s  
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h i t h e r t o f o r e   b e e n   f o u n d   n e c e s s a r y .   I n d e e d ,   a n  
e l e c t r i c a l   m u s i c a l   i n s t r u m e n t   c a p a b l e   of  p r o d u c i n g  
n o t e s   h a v i n g   a  p i t c h   c o r r e s p o n d i n g   to   t h a t   of  a  b a s s  

g u i t a r   or   a  d o u b l e   b a s s   can   be  p r o d u c e d   u s i n g   s t r i n g s  
5  h a v i n g   a  l e n g t h ,   b e t w e e n   t h e   b r i d g e   and  t h e   f i x e d   s t o p  

of  t h e   n u t   no  g r e a t e r   t h a n   0 . 4 5   m. 

I t   i s   p r e f e r r e d   t h a t   t h e   p i c k - u p   i n c l u d e s   one  or  m o r e  
p i e z o - e l e c t r i c   t r a n s d u c e r s   of  a  b i m o r p h i c   t y p e   h o u s e d  

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

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

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

a p p r o p r i a t e l y   f o r m e d   a c o u s t i c   t r a n s m i s s i o n   e l e m e n t s .  
Such   an  a r r a n g e m e n t   makes   t h e   u se   of  h i g h l y   s e n s i t i v e ,  

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

d a m a g e .   P r e v i o u s   p i e z o - e l e c t r i c   t r a n s d u c e r s   h a v e  

r e q u i r e d   r e l a t i v e l y   h i g h   t e n s i o n   in   t h e   s t r i n g s   a n d  
h a v e   b e e n   s p e c i f i c a l l y   a d a p t e d   to   o p e r a t e   at   s u c h   h i g h  
t e n s i o n .   By  u s i n g   a  b i m o r p h   s t r u c t u r e   i t   has   b e e n   m a d e  

20  p o s s i b l e   to   d e t e c t   v i b r a t i o n s   of  r e l a t i v e l y   low  e n e r g y  
due   to   t h e   g r e a t e r   s e n s i t i v i t y   of  s u c h   a  s t r u c t u r e .  

E m b o d i m e n t 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   now  be  m o r e  

p a r t i c u l a r l y   d e s c r i b e d   by  way  of  e x a m p l e ,   w i t h  
25  r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  an  i n s t r u m e n t  
f o r m e d   as  an  e m b o d i m e n t   of  t h e   i n v e n t i o n  

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

b r i d g e   i l l u s t r a t e d   in   F i g u r e   1  ; 
30  F i g u r e   3  i s   a  s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e  

I I I - I I I -   of  F i g u r e   1  i l l u s t r a t i n g   t h e   c o n s t r u c t i o n   o f  
t h e   c o m b i n e d   b r i d g e   and  p i c k - u p .  
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F i g u r e   4  i s   a  b l o c k   s c h e m a t i c   d i a g r a m   of  t h e  

e l e c t r i c a l   c i r c u i t   of  s u c h   an  i n s t r u m e n t ;   a n d  

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

5  e m b o d i m e n t   of  t h e   i n v e n t i o n .  

R e f e r r i n g   f i r s t   to   F i g u r e   1  t h e r e   i s   shown  a  s t r i n g e d  

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

g e n e r a l l y   i n d i c a t e d   11  and  c o m p r i s i n g   a  n e c k   12 

10  e x t e n d i n g   f rom  a  r u d i m e n t a r y   body  13  to   a  h e a d s t o c k   1 4 .  

As  d i s c u s s e d   a b o v e ,   t he   i n v e n t i o n   i s   e q u a l l y   a p p l i c a b l e  

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

In  t h e   i l l u s t r a t e d   i n s t r u m e n t   f o u r   s t r i n g s   15,  16,  17 

15  and  18  a r e   s t r e t c h e d   a l o n g   t h e   n e c k   12  b e t w e e n   a  b r i d g e  

19  and  a  f i x e d   n e c k   s t o p   or  n u t   20.  The  s t r i n g s   1 5 - 1 8  

a r e   a n c h o r e d   to   t h e   body  13  by  p a s s i n g   t h r o u g h  

a p p r o p r i a t e   a p e r t u r e s   21,  22,  23,  24  and  a r e   s e c u r e d   a t  

t h e   h e a d s t o c k   14  on  c a p s t a n - t y p e   t e n s i o n   a d j u s t i n g  

20  member s   25,  26,  27,  28  w h i c h   b e c a u s e   of  t h e   r e l a t i v e l y  

low  t e n s i o n   and  e l a s t i c i t y   in  t h e   s t r i n g s ,   do  n o t  

r e q u i r e   t h e   c o m p l e x   worm  s c r e w   and  worm  w h e e l  

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

i n s t r u m e n t s   s u c h   as  t h e   g u i t a r ,   b u t   may  be  no  more  t h a n  

25  f r i c t i o n   p e g s .  

The  n e c k   12,  b e t w e e n   t h e   b r i d g e   19  and  t h e   n u t   20,  h a s  

a  l e n g t h   of  a b o u t   0 . 4 5   m  and ,   b e c a u s e   of  t he   l o w  

t e n s i o n   a p p l i e d   by  t h e   s t r i n g s ,   can  be  made  f rom  a  

30  m o n o l i t h i c   l i g h t w e i g h t   e l e m e n t   s u c h   as  wood  or  p l a s t i c s  

w i t h o u t   r e q u i r i n g   any  r e i n f o r c e m e n t   s u c h   as  t h e   s t e e l  

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

M o r e o v e r ,   t h e   n e c k   of  t h e   i n s t r u m e n t   d o e s   n o t   r e q u i r e  



0 2 1 3 8 6 5  

-  8  -  

f r e t   b a r s   as  have   h i t h e r t o f o r e   b e e n   r e q u i r e d   f o r  

g u i t a r s   in   o r d e r   to   d e f i n e   t h e   two  end  p o i n t s   of  t h e  

v i b r a t i n g   s t r i n g   s i n c e   t h e   p r e s s u r e   of  a  p l a y e r ' s  
f i n g e r   on  t h e   s t r i n g ,   p r e s s i n g   i t   to   t h e   f i n g e r   b o a r d ,  

5  i s   s u f f i c i e n t   to   " s t o p "   t h e   s t r i n g   a t   t h e   a p p r o p r i a t e  
p o i n t .   A l t h o u g h   f r e t s   as  s u c h   a r e   n o t   r e q u i r e d   i t   m a y  
be  f o u n d   c o n v e n i e n t ,   as  i l l u s t r a t e d   in   F i g u r e   1,  t o  

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

10  t h e   a p p r o p r i a t e   n o t e s .  

The  s t r i n g s   15  -  18  of  t h e   i n s t r u m e n t   i l l u s t r a t e d   i n  

F i g u r e   1  a r e   made  f rom  a  s i l i c o n s   r u b b e r   e l a s t o m e r   a n d  
t h e   u n s t r e s s e d   d i a m e t e r s   of  t h e   s t r i n g s   1 5 , 1 6 , 1 7   and  18 

15  a r e   3  mm,  2 . 6 4   mm,  2 .4   mm  and  1 .78   mm  r e s p e c t i v e l y .  
The  s t r i n g s   can  be  t u n e d   to   t h e   n o t e s   E  A  D  and  G  b y  
a p p l y i n g   a  t e n s i o n   in  t h e   r e g i o n   of  45  gins,  55  gms,  60  

gms  and  70  gms  r e s p e c t i v e l y   w i t h   a  0 . 38   m  s c a l e   l e n g t h  
( t h a t   i s   t h e   l e n g t h   f r o m   t h e   n u t   s t o p   20  to   t h e   h i g h e s t  

20  f r e t   p o s i t i o n   i n d i c a t e d   29  in   F i g u r e   1  . 

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

g i v e n   by  t h e   f o l l o w i n g   t a b l e :  

2 5  

S t r i n g   D i a m e t e r   (mm)  3  2 . 6 4   2 .4   1 . 7 8  
N a t u r a l   l e n g t h   (cm)  25  25  25  2 5  

E x t e n d e d   l e n g t h   1 ( c m )   40  44  66  55  

(Load   50  g m s )  

E x t e n d e d   l e n g t h   2 ( c m )   56  56  94  70 

(Load   100  g m s )  

30  

The  S h o r e   h a r d n e s s   of  t h e   s i l i c o n e   r u b b e r   m a t e r i a l   u s e d  
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f o r   t h e   s t r i n g s   u n d e r   t e s t   l a y   b e t w e e n   30  and  100  a n d  

c a l c u l a t i o n s   b a s e d   on  t h e s e   f i g u r e s   r e s u l t e d   in   a  
2  2 

Y o u n g ' s   m o d u l u s   v a r y i n g   b e t w e e n   7  x  10  d y n e s   /cm  a n d  

1 2 . 9 9   x  102  d y n e s   / c m 2 .   As  c o m p a r e d ,   f o r   e x a m p l e ,   w i t h  

5  s t e e l   s t r i n g s   h a v i n g   a  Y o u n g ' s   m o d u l u s   of  20  x  10 

d y n e s   /cm2  i t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   m o d u l u s   o f  

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

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

and  i t   i s   t h e   u se   of  s u c h   s t r i n g s   w h i c h   makes   i t  

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

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

a l t e r n a t i v e   e m b o d i m e n t   t h e   s t r i n g   d i a m e t e r s   a r e   6  mm, 

5 .5   mm,  5 . 0 0   mm  and  4 .5   mm  r e s p e c t i v e l y   t u n e d   t o  

p r o d u c e   n o t e s   E,  A,  D  and  G  of  a  b a s s   g u i t a r ,   and  t h e  

15  j o i n t   t e n s i o n   a p p l i e d   by  a l l   f o u r   s t r i n g s   i s   j u s t   u n d e r  

10  kg.   as  d e s c r i b e d .  

A l s o   v i s i b l e   in  F i g u r e   1  a r e   t h r e e   c o n t r o l   k n o b s  

3 0 , 3 1 , 3 2   f o r   v o l u m e   and  t o n e   c o n t r o l   and  a  s w i t c h   33 

20  w h i c h   s e l e c t i v e l y   c o n n e c t s   or  d i s c o n n e c t s   a  p a s s i v e  

t o n e   c o n t r o l   c i r c u i t   i n t e r p o s e d   b e t w e e n   t h e   p i e z o -  

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

t o n e   c o n t r o l   c i r c u i t   s w i t c h e d   o u t   of  c i r c u i t   by  t h e  

s w i t c h   33  t h e   t r a n s d u c e r   i s   c o n n e c t e d   d i r e c t l y   to   a n  

25  a m p l i f i e r .   As  i s   u s u a l ,   c o n n e c t i o n   of  t h e   i n s t r u m e n t  

to   an  a m p l i f i e r   can  be  made  v i a   a  j a c k   p l u g   s o c k e t   34 

w h i c h   can  j u s t   be  s e e n   in   F i g u r e   1  . 

C o n v e r s i o n   of  t h e   m e c h a n i c a l   v i b r a t i o n s   of  t h e   s t r i n g s  

30  1 5 - 1 8   i n t o   e l e c t r i c a l   s i g n a l s   i s   e f f e c t e d   u t i l i s i n g   a  

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

19.  The  s t r u c t u r e   of  t h e   b r i d g e   19  i s   i l l u s t r a t e d   i n  

c r o s s - s e c t i o n   in  F i g u r e   3  w h e r e   i t   can  be  s e e n   t h a t   t h e  

b r i d g e   19,  m o u n t e d   on  t h e   i n s t r u m e n t   body   13  c o m p r i s e s  
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an  o u t e r   c a s i n g   35  of  c h a n n e l   s e c t i o n   c l o s e d   at   t he   t o p  

by  a  c o v e r   p l a t e   36  w h i c h   i s   s e c u r e d   by  a d h e s i v e   to   t h e  

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

r e s i l i e n t   g a s k e t   37  t h e   s h a p e   of  w h i c h   i s   i l l u s t r a t e d  

5  in   F i g u r e   2 .  

The  g a s k e t   37  i s   a  f l a t   s t r i p   of  e l a s t o m e r i c   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  r e c e s s e s   or  n o t c h e s   38  a l o n g   e a c h  

edge   such   t h a t   when  a p p l i e d   o v e r   t h e   c h a n n e l   s e c t i o n  

10  member   35  t h e   r e c e s s e s   38  g i v e   t h e   a s s e m b l y   a  h i g h  

c o m p l i a n c e .   Over   t h e   c o v e r   36  i s   f i t t e d   t h e   b r i d g e  

member   39  w h i c h   i s   c o n t a c t e d   by  t h e   s t r i n g s   15  -  1 8 ,  

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

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

15  d i r e c t l y   on  a  s t r a i g h t   u p p e r   edge   of  t h e   b r i d g e   3 9 .  

S e c u r e d   to   t h e   u n d e r   f a c e   of  t h e   g a s k e t   37  a r e   f o u r  

m o u n t i n g   p a d s   40,  p a i r s   of  w h i c h   a r e   s p a n n e d   b y  

r e s p e c t i v e   p i e z o - e l e c t r i c   t r a n s d u c e r s   41,  42.   T h e s e  

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

20  s u i t a b l e   t r a n s d u c e r   i s   t h a t   s o l d   by  V e r n i t r o n   L i m i t e d  

and  i d e n t i f i e d   by  t y p e   PZT5B.  T h i s   c o m p r i s e s   a  

m o d i f i e d   l e a d   z i r c o n a t e   t i t a n a t e   c e r a m i c   h a v i n g   a  h i g h  

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

c h a r g e   s e n s i t i v i t y .  

2 5  

The  b i m o r p h   s t r u c t u r e   i s   one  i n v o l v i n g   a  f l e x i n g   t y p e  

p i e z o - e l e c t r i c   e l e m e n t   c o n s i s t i n g   of  two  t r a n s v e r s e  

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

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

30  s u r f a c e s .   M e c h a n i c a l   b e n d i n g   of  t h e   e l e m e n t   c a u s e s   a  

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

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

o v e r a l l   c o m p l i a n c e   and  c a p a c i t y ,   t h e r e b y   m a k i n g   t h e  
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t r a n s d u c e r   e x t r e m e l y   s e n s i t i v e .   Such  a  s t r u c t u r e   i s ,  
h o w e v e r ,   t oo   d e l i c a t e   to   b e a r   d i r e c t l y   t h e   f o r c e s  

e x e r t e d   by  a  s t r i n g   u n d e r   t e n s i o n .  

5  A c o u s t i c   c o u p l i n g   of  t h e   t r a n s d u c e r s   4 1 , 4 2   to   t h e  
c h a n n e l   b a s e   35  i s   e f f e c t e d   by  means   of  a  m a l l e a b l e  
b e a d   4 3 , 4 4 .   In  t h e   s p e c i f i c   e m b o d i m e n t   a  s y n t h e t i c  
p l a s t i c s m a t e r i a l   i s   u s e d   s i n c e   t h i s   s i m p l i f i e s  

c o n s t r u c t i o n ,   t h e   b e a d s   4 3 , 4 4   b e i n g   made  s l i g h t l y  
10  o v e r s i z e   and  t h e n   b e i n g   p l a s t i c a l l y   d e f o r m e d   as  t h e  

p i e z o - e l e c t r i c   b i m o r p h   t r a n s d u c e r s   4 1 , 4 2   a re   p r e s s e d  
down  o n t o   t h e m ,   to   be  s e a l e d   in  p o s i t i o n   by  a t t a c h m e n t  
of  t h e   c o v e r   p l a t e   36.   T h i s   c o n s t r u c t i o n   e n s u r e s   t h a t  
t h e   v i b r a t i o n s   of  t h e   s t r i n g s   a r e   d e t e c t e d   by  t h e  

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

a r e   t r a n s m i t t e d   v i a   a  c a b l e   45  to   t h e   p a s s i v e   t o n e  
c o n t r o l   c i r c u i t s   c o n t r o l l e d   by  t h e   k n o b s   3 0 - 3 2   a n d  

l e a d i n g   to   t h e   j a c k   p l u g   s o c k e t   34  f o r   c o n n e c t i o n   to  a n  
a m p l i f i e r .  

2 0  

The  t h i c k n e s s   of  t h e   a c o u s t i c   t r a n s m i s s i o n   m e m b e r s  
4  3 ,44   has   been   shown  s l i g h t l y   g r e a t e r   t h a n   t h a t   of  t h e  
s u p p o r t   p a d s   40.  In  p r a c t i c e ,   t h e s e   may  be  a b o u t   t h e  

same  t h i c k n e s s   a l t h o u g h   r e s u l t s   may  be  i m p r o v e d   b y  
25  u t i l i s i n g   t h i c k e r   s u p p o r t   p a d s   40  and  t h i n n e r   a c o u s t i c  

t r a n s m i s s i o n   e l e m e n t s   4  3 , 4 4 .   In  any  e v e n t   t h e  
t h i c k n e s s   of  b o t h   t h e   s u p p o r t   p a d s   40  and  t h e   a c o u s t i c  
t r a n s m i s s i o n   m e m b e r s   4 3 , 4 4   s h o u l d   be  a t   l e a s t   1  mm  t o  
a l l o w   s u f f i c i e n t   s p a c e   f o r   f l e x u r e   of  t h e   p i e z o -  

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

4 1 , 4 2 .  

The  e l e c t r o n i c   c i r c u i t s   on  t h e   i n t r u m e n t   i t s e l f   a r e  
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shown  in   F i g u r e   4.  T h e s e   c o m p r i s e   a  h i g h   i n p u t  

i m p e d a n c e   p a s s i v e   t o n e   c o n t r o l   c i r c u i t   46  w h i c h   p a s s e s  

t h e   e l e c t r i c a l   s i g n a l   f r o m   t h e   t r a n s d u c e r   41  to   a  

v o l u m e   c o n t r o l   u n i t   47  ( c o n t r o l l e d   by  t h e   knob   30)  f r o m  

5  w h e r e   i t   i s   p a s s d   to   a  low  g a i n   p r e - a m p   48  b e f o r e   b e i n g  

a p p l i e d   to   t h e   j a c k   p l u g   34.  The  p r e - a m p   48  may  h a v e  

an  o p t i o n a l   f i x e d   b a s s   b o o s t .   In  an  a l t e r n a t i v e  

e m b o d i m e n t   ( n o t   shown)   t h e   p r e - a m p   48  i s   d i s p e n s e d  

w i t h .   The  p a s s i v e   t o n e   c o n t r o l   c i r c u i t   46  m o u n t e d   o n  

10  t h e   i n s t r u m e n t   body  13  may  be  of  any  known  t y p e ,  

p a r t i c u l a r l y   i n c o r p o r a t i n g   h i g h   p a s s   and  low  p a s s  

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

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

c o n t r o l   c i r c u i t   i s   n o t   r e q u i r e d   t h i s   can  be  s w i t c h e d  

15  o u t   of  c i r c u i t   by  u s e   of  t h e   s w i t c h   33  ( w h i c h   i s   n o t  

shown  in   F i g u r e   4 ) .   In  a  p r a c t i c a l   e m b o d i m e n t  

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

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

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

20  t h o s e   of  a  b a s s   g u i t a r   or  a  d o u b l e   b a s s .   B e c a u s e   t h e  

t e n s i o n   in   t h e   s t r i n g s   i s   low  t h e   p r e s s u r e   r e q u i r e d   o n  

t h e   f i n g e r   b o a r d   by  t h e   p l a y e r ' s   f i n g e r s   i s   a l s o  

c o r r e s p o n d i n g l y   low  and  t h i s   makes   i t   p o s s i b l e   f o r   t h e  

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

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

p r e s s u r e   and  l a r g e   m o v e m e n t s   b e t w e e n   n o t e s   w e r e  

r e q u i r e d ,   b e c a u s e   of  t h e   l e n g t h   of  t h e   s t r i n g s ,   s u c h  

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

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

30  o v e r c o m e   in  t h e   i n s t r u m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

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

may  be  e m p l o y e d .   For   e x a m p l e ,   t h e   e l a s t o m e r   of  t h e  
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s t r i n g s   may  be  i m p r e g n a t e d   w i t h   f e r r o u s   m a t e r i a l   t o  

e n a b l e   a  m a g n e t i c   t r a n s d u c e r   to   be  u s e d .   A g a i n ,  

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

5  w i t h   s u c h   s t r i n g s ,   a  c a p a c i t a t i v e   t r a n s d u c e r   o r  
t r a n s d u c e r s   may  be  e m p l o y e d ,   and  t h e s e   may  b e  

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

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

10  no  d i r e c t   c o n t a c t   w i t h   t h e   s t r i n g   may  be  u s e d .   F i g u r e  
5  i l l u s t r a t e s   an  a d v a n t a g e o u s   c i r c u i t   c o n f i g u r a t i o n   i n  
w h i c h   t h e   v i b r a t i o n s   of  a  m e t a l   i m p r e g n a t e d   e l a s t o m e r  

s t r i n g   15  i s   d e t e c t e d   by  two  o r t h o g o n a l l y   p o s i t i o n e d  

c a p a c i t o r   p l a t e s   4 9 , 8 0 ,   one  of  w h i c h   i s   g r o u n d e d   b y  
15  l i n e   51  and  t h e   o t h e r   of  w h i c h   i s   c o n n e c t e d   to   a  

t a p p i n g   of  an  i n d u c t a n c e   52  of  a  r e s o n a n t   o s c i l l a t o r  

c i r c u i t   i n c l u d i n g   a  v a r i a b l e   t r i m m e r   c a p a c i t o r   53 

s h u n t e d   a c r o s s   t h e   i n d u c t a n c e   53  and  c o n n e c t e d ,   w i t h  

t h e   i n d u c t a n c e   53  to   t h e   c o l l e c t o r   of  an  NPN  t r a n s i s t o r  
20  54  t h e   e m i t t e r   of  w h i c h   i s   c o n n e c t e d   to   g r o u n d   t h r o u g h  

an  i n d u c t a n c e   55  and  p a r a l l e l   c o n n e c t e d   r e s i s t o r   56  a n d  

c a p a c i t o r   57.  A  t r i m m e r   c a p a c i t o r   58  i s   c o n n e c t e d  

a c r o s s   t h e   c o l l e c t o r - e m i t t e r   j u n c t i o n   of  t h e   t r a n s i s t o r  

54,  and  i t s   b a s e   i s   b i a s e d   by  a  v o l t a g e   d i v i d e r  
25  c o m p r i s i n g   two  s e r i e s   c o n n e c t e d   r e s i s t o r s   5 9 , 6 0  

c o n n e c t e d   b e t w e e n   a  p o s i t i v e   s u p p l y   l i n e   and  t h e   g r o u n d  
l i n e .   The  r e s i s t o r   60  i s   s h u n t e d   to   g r o u n d   by  a  

c a p a c i t o r   61.  T h i s   o s c i l l a t o r   c i r c u i t   g e n e r a t e s   a  h i g h  

f r e q u e n c y   " c a r r i e r "   s i g n a l   w h i c h   can  be  m o d u l a t e d   a t  
30  a u d i o   f r e q u e n c y   by  t h e   c a p a c i t a t i v e   v a r i a t i o n s   of  t h e  

p l a t e s   4 9 , 8 0   at  t h e   f r e q u e n c y   of  v i b r a t i o n   of  t h e  

s t r i n g   15.  T h i s   a u d i o   f r e q u e n c y   m o d u l a t e d   c a r r i e r   m a y  
be  t r a n s m i t t e d   v i a   an  a n t e n n a   s c h e m a t i c a l l y   i n d i c a t e d  
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50.  The  b r o a d c a s t   s i g n a l   i s   t h e n   r e c e i v e d   by  a n  

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

e t c . ,   in   t h e   u s u a l   way.   Such  a  s y s t e m   has   t h e  

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

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

s i m p l i f y i n g   t h e   P.  A.  s y s t e m   v e r y   c o n s i d e r a b l y .  
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C l a i m s : -  

1  .  A  s t r i n g e d   m u s i c a l   i n s t r u m e n t   h a v i n g   one  or  a  

p l u r a l i t y   of  s t r i n g s   ( 1 5 , 1 6 , 1 7 , 1 8 )   s t r e t c h e d   b e t w e e n   a  

5  f i r s t   p o i n t   ( 2 1 , 2 2 , 2 3 , 2 4 )   a t   one  end  of  t h e   s t r i n g   to   a  

s e c o n d   p o i n t   ( 2 5 , 2 6 , 2 7 , 2 8 )   a t   t h e   o t h e r   end  ( 2 0 )  

t h e r e o f   and  p a s s i n g   o v e r   a  b r i d g e   (19)   i n c o r p o r a t i n g   o r  

h a v i n g   a s s o c i a t e d   t h e r e w i t h   one  or  more   t r a n s d u c e r  

e l e m e n t s   ( 4 1 , 4 2 )   f o r   c o n v e r t i n g   m e c h a n i c a l   v i b r a t i o n s  

10  of  t h e   s t r i n g s   ( 1 5 , 1 6 , 1 7 , 1 8 )   i n t o   e l e c t r i c a l   s i g n a l s ,  

c h a r a c t e r i s e d   in  t h a t   t h e   s t r i n g   or  s t r i n g s   ( 1 5 , 1 6 , -  

1 7 , 1 8 )   i s   or  a re   c o m p o s e d   of  an  e l a s t o m e r i c   m a t e r i a l  

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

of  d i r e c t   m e c h a n i c a l   c o n n e c t i o n   t h e r e w i t h .  

15 

2.  A  s t r i n g e d   m u s i c a l   i n s t r u m e n t   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   s t r i n g s   ( 1 5 , 1 6 , 1 7 , 1 8 )   a r e  

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

e l e m e n t .  

2 0  

3.  A  s t r i n g e d   m u s i c a l   i n s t r u m e n t   a c c o r d i n g   to   C l a i m   1 

or   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   d i a m e t e r   of  t h e   o r  

e a c h   s t r i n g   ( 1 5 , 1 6 , 1 7 , 1 8 )   l i e s   in   t h e   r a n g e   1.5  to   6  mm 

when  u n s t r e s s e d .  

2 5  

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

p r e c e d i n g   C l a i m ,   c h a r a c t e r i s e d   in  t h a t   t he   l e n g t h   o f  

t h e   or  e a c h   s t r i n g   ( 1 5 , 1 6 , 1 7 , 1 8 )   i s   in   t h e   r e g i o n   o f  

450  mm. 

30  

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

p r e c e d i n g   C l a i m ,   c h a r a c t e r i s e d   in   t h a t   t h e   S h o r e  

h a r d n e s s   of  t h e   or  e a c h   s t r i n g   l i e s   in   t h e   r a n g e   30  t o  
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1 0 0 .  

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

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

5  (19)   i n c l u d e s   at   l e a s t   one  p i e z o - e l e c t r i c   c r y s t a l  

e l e m e n t   ( 4 1 , 4 2 )   m o u n t e d   as  a  s i m p l e   beam  b e t w e e n  

s u p p o r t s   (40)   m e c h a n i c a l l y   l i n k e d   to   t h e   or  a  s t r i n g  

( 1 5 , 1 6 , 1 7 , 1 8 )   w h e r e b y   to   t r a n s m i t   v i b r a t i o n   f rom  t h e   o r  

a  s t r i n g   ( 1 5 , 1 6 , 1 7 , 1 8 )   to   t h e   s a i d   t r a n s d u c e r   e l e m e n t  

10  ( 4 1 , 4 2 ) .  

7.  A  s t r i n g e d   m u s i c a l   i n s t r u m e n t   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   or  e a c h   s a i d   p i e z o -  

e l e c t r i c   c r y s t a l   e l e m e n t   ( 4 1 , 4 2 )   i s   in   c o n t a c t   w i t h   a  

15  r e s i l i e n t   b u f f e r   e l e m e n t   ( 4 3 , 4 4 )   on  t h e   s i d e   t h e r e o f  

r e m o t e   f rom  t h e   s a i d   t r a n s d u c e r   s u p p o r t s   ( 4 0 ) .  

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

p r e c e d i n g   C l a i m ,   c h a r a c t e r i s e d   in  t h a t   t h e   or  e a c h   s a i d  

20  s t r i n g   ( 1 5 , 1 6 , 1 7 , 1 8 )   i s   of  s u b s t a n t i a l l y   c i r c u l a r  

c r o s s - s e c t i o n   t h r o u g h o u t   i t s   l e n g t h .  

9  .  A  s t r i n g e d   m u s i c a l   i n s t r u m e n t   a c c o r d i n g   to   a n y  

p r e c e d i n g   C l a i m   in  t h e   fo rm  of  a  g u i t a r ,   c h a r a c t e r i s e d  

25  in   t h a t   t h e   s t r i n g s   ( 1 5 , 1 6 , 1 7 , 1 8 )   a re   c o m p o s e d   o f  

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

(12)   a l o n g   a  n e c k   (11)   of  t h e   i n s t r u m e n t ,   w h i c h  

f i n g e r b o a r d   has   no  f r e t s   u p s t a n d i n g   t h e r e f r o m .  

30  10.  A  s t r i n g e d   m u s i c a l   i n s t r u m e n t   as  c l a i m e d   in  a n y  

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

s t r i n g s   ( 1 5 , 1 6 , 1 7 , 1 8 )   i s   or  a re   i m p r e g n a t e d   w i t h  

e l e c t r i c a l l y   c o n d u c t i v e   p a r t i c l e s   and  t h e   t r a n s d u c e r  
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e l e m e n t   ( 4 9 , 8 0 )   i s   p a r t   of  a  t u n e d   h i g h   f r e q u e n c y  

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

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

t h e   s t r i n g   or  s t r i n g s .  
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