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keys  each  coupled  to  means  for  sensing  key  operation  and  key 
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instrument  for  receiving  the  string  percussing  signal,  the 
arrangement  being  operable  in  response  to  the  signal  to  pro- 
duce  an  audible  sound  corresponding  to  the  operation  of  the 
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T h i s   i n v e n t i o n   r e l a t e s   to  a  r e m o t e   c o n t r o l   s y s t e m   f o r  

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

i n v e n t i o n   r e l a t e s   to   a  r e m o t e   c o n t r o l   and  t r a n s m i s s i o n  

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

t h a t ,   i n   o r d e r   to  m e e t   p l a y e r ' s   r e q u i r e m e n t ,   t h e   k e y b o a r d  

or   t h e   s h a p e   of   t h e   d i s c r e t e   k e y b o a r d   a n d  t h e   s h a p e   of   e a c h  

key  h a v e   b e e n   r e - d e s i g n e d ;   f u r t h e r ,   a  s t r i n g - p e r c u s s i o n  

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

u n d e r n e a t h   e a c h   k e y .   S a i d   s i g n a l   g e n e r a t o r   w i l l   be  d r i v e n  

u p o n   t h e   key   b e i n g   p l a y e d ;   s i m u l t a n e o u s l y ,   a  s i g n a l   s e n s e d  

(an   a n a l o g   s i g n a l   or   a  s e r i e s   of   d i g i t a l   s i g n a l )   c o r r e s -  

p o n d i n g   to   t h e   p l a y e r ' s   f i n g e r i n g   s k i l l   and  f i n g e r i n g   f o r c e  

w i l l   be   g e n e r a t e d   and  u s e d   as  a  s t r i n g - p e r c u s s i o n   s e r v o -  

s i g n a l .   S u b s e q u e n t l y ,   s a i d   s t r i n g - p e r c u s s i o n   s i g n a l   w i l l  

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

as  to   h a v e   s a i d   s i g n a l   m o d u l a t e d ,   w i t h   RF,  i n t o   FM,  A M , o r  

PCM  f o r   f u r t h e r   t r a n s m i s s i o n ,   o r   to  h a v e   s a i d   s i g n a l   t r a n s -  

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

f l u i d   p i p e   s y s t e m   in   an  a n a l o g   or   d i g i t a l   m e t h o ,   or   s c a n n -  

i ng   m e t h o d .   The  s a i d   s i g n a l   may  a l s o   be  t r a n s m i t t e d   to  o n e  

or   m o r e   t h a n   one  t e r m i n a l   p i a n o   a t   a  r e m o t e   p l a c e ,   w h e r e  



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

d r i v i n g   c i r c u i t   in  t h e   t e r m i n a l   p i a n o   so  as   to  g e n e r a t e   a  

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

hammer   and   t h e   key  of   a  t e r m i n a l   p i a n o   f o r   o b t a i n i n g   a  

c o r r e s p o n d i n g   o p e r a t i o n ;   t h e   t e r m i n a l   p i a n o s   may  be  c o n n e c t e d  

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

r e n d i t i o n   r e s u l t .  

A n o t h e r   f e a t u r e   o f   t h e   p r e s e n t   i n v e n t i o n   i s   t h a t ,   i n  

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

m o r e   t h a n   two  p i a n o s   ( o r   d i s c r e t e   k e y b o a r d s )   to   o b t a i n   a  

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

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

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

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

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

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

o b t a i n   t h e  s t e r e o   r e s u l t .  

A  f u r t h e r   f e a t u r e   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   t h e  

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

p r e n d i t i o n   p i a n o   or   t h e   d i s c r e t e   k e y b o a r d ,   o r   t h e   s t r i n g -  

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

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

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

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



d a t a - c o n t r o l l e d - a n d - d r i v i n g   p i a n o .  

A n o t h e r   f u r t h e r   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

c o n t r o l   f u n c t i o n   so  as  to  i n c r e a s e   t h e   f i d e l i t y   of   t h e  

p i a n o   t o n e ,   and   to  h a v e   t h e   t e r m i n a l   p i a n o   become   a  t e r m i n a l  

s e r v o - p i a n o .  

A  s t i l l   f u r t h e r   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

may  be  i n s t a l l e d   to  i n d i c a t e   t h e   key  s p e e d   and  t h e   f o r c e  

a p p l i e d   to   t h e   key   so  as  to  p r o v i d e   a  r e f e r e n c e   to  t h e  

p i a n o   b e g i n n e r   o r   a  r e g u l a r   p l a y e r .  

A  s t i l l   a n o t h e r   f e a t u r e   o f   t h e   p r e s e n t   i n v e n t i o n   i s  

t h a t   b o t h   t h e   p r i m a r y   r e n d i t i o n   p i a n o   and  t h e   t e r m i n a l   p i a n o  

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

t h e   t o n e   s c a l e   of   e a c h   s t r i n g ;   i n s t e a d ,   a  r e s o n a n t   l e a f  

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

p i a n o   f o r   m e a s u r i n g   t h e   v i b r a t i n g   f r e q u e n c y   of  e v e r y   s t r i n g ;  

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

t o   a d j u s t   t h e   t e n s i o n   of   t h e   s t r i n g   by  w i n d i n g   i t   f o r   t u n i n g  

p u r p o s e .  

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

i s   t h a t   one   or   more   t h a n   one  s e t   of   c o n s t a n t   t e m p e r a t u r e  

m e a n s   and   c o n s t a n t   h u m i d i t y   m e a n s   may  be  i n s t a l l e d   in   t h e  



r e s o n a n t   c h a m b e r  o f   t h e   p r i m a r y   r e n d i t i o n   p i a n o   or   t h e  

t e r m i n a l   p i a n o   so  as  to   m a i n t a i n   a  c o n s t a n t   t e m p e r a t u r e  

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

a  s t a b l e   t o n a l i t y .  

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

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

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

c o u p l e d   to   m e a n s   f o r   s e n s i n g   k e y   o p e r a t i o n   and  key  v e l o c i t y  

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

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

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

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

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

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

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

t h e   k e y b o a r d .   P r e f e r a b l y ,   t h e   s t r i n g   p e r c u s s i n g   s i g n a l   i s  

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

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

a r r a n g e m e n t .   C o n v e n i e n t l y ,   t h e   r e m o t e   c o n t r o l   s y s t e m  

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

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

t h e   r e s p e c t i v e   s t r i n g   p e r c u s s i n g   a r r a n g e m e n t s .  



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

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

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

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

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

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

c o i l s   and  m o v a b l e   c o r e   e l e m e n t s ,   e ach   key  b e i n g  

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

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

e l e m e n t .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS. 

F i g .   1  i s   t h e   s y s t e m   b l o c k   d i a g r a m   of  one  of  t h e  

e m b o d i m e n t s   in   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   t h e   b l o c k   d i a g r a m   of  t h e   embod imen t   of   a  

f o u r - t e r m i n a l - p i a n o   s y s t e m   in  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  shows  15  d i f f e r e n t   c o n v e n t i o n a l   a n a l o g   o r  

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

s i g n a l   g e n e r a t o r   in   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   4  shows  a  d i f f e r e n t i a l   v o l t a g e - v a r y i n g   s e n s i n g  

m e a n s ,   in   w h i c h   (A)  i s   a  s e c t i o n a l   v i e w   t h e r e o f ,   (B)  i s   a  

c h a r a c t e r i s t i c   c u r v e   t h e r e o f ,   and  (C)  i s   t h e   c i r c u i t   of  t h e -  

s e n s i n g   m e a n s ;  

F i g .   5  i s   a  b l o c k   d i a g r a m   of  t h e   p h o t o c e l l   s e n s i n g  



m e a n s   as   shown  in   F i g .   3F,  i n c l u d i n g   t h e   c i r c u i t   of  t w o  

p h o t o d e t e c t o r s   b e i n g   u s e d   f o r   i d e n t i f y i n g   t h e   m o v i n g   d i r e c t -  

i o n   o f   t h e   p i a n o   k e y s .  

F i g .   6  to   8  show  r e s p e c t i v e l y   t h e   s t r u c t u r e   and  c h a r -  

a c t e r i s t i c s   o f   t h r e e   s e n s i n g   m e a n s   as   shown  in   F i g .   3 1 ,  

3E  a n d   3M. 

F i g .   9A  to   9E  sho  how  t h e   f i v e   s e n s i n g   m e a n s   to  be  i n -  

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

o f   t h e   k e y s ;   i n   t h o s e   F i g u r e s ,   (A)  i s   a  t h r o w - l i g h t   s e n s i n g  

m e a n s ,   (B)  i s   a  r e f l e c t i n g   t y p e   of   t h r o w - l i g h t   s e n s i n g   m e a n :  

(C)  i s   an  e l e c t r o - i n d u c t i o n   s e n s i n g   m e a n s ,   (D)  i s   a n  

i n d u c t o s y n   s e n s i n g   m e a n s ,   and  (E)  i s   a  m a g n e t i c   s e n s i n g  

m e a n s .  

F i g .   10  s h o w s   e i g h t   (8)   e l e c t r o - m a g n e t i c   m e a n s  

( A - F , H - I )   w h i c h   c an   c o n v e r t   t h e   a n a l o g   c u r r e n t   s i g n a l   i n  

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

(G)  t h a t   c an   c o n v e r t   t h e   i n p u t   f l u i d   p r e s s u r e   or   v o l u m e   v a r  

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

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

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

F i g .   11  s h o w s   a  p r i n t i n g   c i r c u i t   s o l e n o i d   t h a t   may  b e  

u s e d   as   t h e   s t r i n g - p e r c u s s i n g   h a m m e r   d r i v i n g   means   in  t h e  

s e r v o - s t r i n g   p e r c u s s i n g   d e v i c e   as  shown  in   F i g .   1  and  2 .  



F i g .   12  shows   an  a r c - s h a p e d   p r i n t i n g   c i r c u i t   s o l e n o i d ,  

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

p r e s e n t   i n v e n t i n .  

F i g .   13  i s   a  v i e w ,   in  w h i c h   t h r e e   w i n d i n g s   Wl,  W2  a n d  

W3  a r e   e x c i t e d   in   s e q u e n c e   to  d r i v e   t h e   s t r i n g - p e r c u s s i n g  

h a m m e r .  

F i g .   14  shows   s e v e r a l   e m b o d i m e n t s   of   t h e   i n s t a l l i n g  

p o s i t i o n   and  t h e   way  of   d r i v i n g   f o r   t h e   s t r i n g - p e r c u s s i n g  

h a m m e r   d r i v i n g   m e a n s ;   and  t h e   way  of   d r i v i n g   in   t h e   F i g . ,  

(A)  shows  t h e   s t r i n g - p e r c u s s i n g   hammer   d r i v i n g   means   b e i n g  

i n s t a l l t e d   u n d e r n e a t h   t h e   k e y ,   (B)  shows   t h e   s t r i n g - y e r c u s s i n g  

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

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

(C)  shows  t h e   s t r i n g - p e r c u s s i n g   hammer   and  t h e   key  b e i n g  

d r i v e n   i n d i r e c t l y   by  means   of  a  s t e e l   c a b l e .  

F i g .   15  i s   s h o w i n g   f o u r   e m b o d i m e n t s   of   t h e   way  o f  

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

F i g .   16  i s   an  e m b o d i m e n t   s h o w i n g   how  t h e   s t r i n g -  

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

r e n d i t i o n   p i a n o   and  t h e   t e r m i n a l   p i a n o ;   in   s a i d   F i g . ,   o n l y  

one  means   of   t r a n s m i t t i n g   t h e   key  o p e r a t i o n   s i g n a l   s e n s e d  

i s   s h o w n .  

F i g .   17  i s   an  e m b o d i m e n t   s h o w i n g   t h e   s t r i n g -  



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

t e r m i n a l   p i a n o   by  m e a n s   of   w i r e .  

F i g .   18  i s   an  e m b o d i m e n t   o f   a  s e r v o - a m p l i f i e r   in   t h e  

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

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

m e a n s .  

F i g .   19  i s   ghe   b l o c k   d i a g r a m   of   t h e   s e r v o - s y s t e m   s h o w n  

in  F i g .   2 0 .  

F i g .   20  shows   an  A.C.   s y n c h r o n i z e r   b e i n g   u s e d   as  a  s e n s -  

i n g   a n d   d r i v i n g   m e a n s .  

F i g .   21  shows   t h e   p h o t o c e l l   s e n s i n g   m e a n s   shown  i n  

F i g .   5  to   be   u s e d   as  a  s t r i n g - p e r c u s s i n g   s i g n a l   g e n e r a t o r ,  

and   a l s o   s h o w s   t h e   p r i n t i n g   c i r c u i t   s o l e n o i d   shown  in   F i g .   1 1  

to   be   u s e d   as  t h e   s t r i n g   p e r c u s s i n g   hammer   d r i v i n g   m e a n s .  

F i g .   22  i s   t h e   s e r v o   b l o c k   d i a g r a m   of   t h e   e m b o d i m e n t  

shown  i n   F i g .   2 1 .  

F i g .   23  i s   a  b l o c k   d i a g r a m   of   t h e   r e s o l v e r   shown  i n  

F i g .   3K,  w h i c h   i s   u s e d   as  a  s e n s i n g   means   of   t h e   d i s p l a c e -  

m e n t   o f   t h e   s t r i n g - p e r c u s s i n g   hammer   in   t h e   t e r m i n a l   p i a n o ;  

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

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

F i g .   24  shows   a  l i n e a r   t y p e   o r   a  r o t a r y   t y p e   o f  

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



p e r c u s s i n g   hammer   of   t e r m i n a l   p i a n o .  

F i g .   25A  shows   a n o t h e r   e m b o d i m e n t   of  t h e   s e r v o - s t r i n g -  

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

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

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

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

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

F i g .   25B  i s   a  s p e e d s e r v o   b l o c k   d i a g r a m   of   s a i d  

e m b o d i m e n t .  

F i g .   26A  i s   t h e   b a s i c   b l o c k   d i a g r a m   of   t h e   s e r v o   v a l v e  

shown  in   F i g .   2 5 A .  

F i g .   26B  shows   t h e   a s s e m b l i n g   r e l a t i o n s h i p   among  t h e  

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

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

F i g .   27  i s   a  b b c k   d i a g r a m   of   t h e   p o s i t i o n   s e r v o   i n  

s e r v o - s t r i n g - p e r c u s s i n g   m e a n s   shown  in  F i g .   2 5 A .  

F i g .   28  i s   a  b l o c k   d i a g r a m   of   t h e   s e r v o - s t r i n g -  

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

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

shown  i n   F i g .   2 5 A .  

F i g .   29  i s   an  e m b o d i m e n t   to   i l l u s t r a t e   t h e   s t r i n g -  

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

w i r e .  



F i g .   30  shows   a  t r a n s m i s s i o n   m e t h o d ,   in   w h i c h   a  l i n e a r  

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

F i g .   31  i s   an  e m b o d i m e n t   to  d i r e c t l y   t r a n s m i t   t h e  

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

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

F i g .   32  i s   an  e m b o d i m e n t   of   r a d i o   t r a n s m i s s i o n   b y  

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

F i g .   33  i s   an  e m b o d i m e n t ,   in   w h i c h   a  m u l t i - c h a n n e l  

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

t o n e s   o f   t h e   k e y s   s i m u l t a n e o u s l y .  

F i g .   34  i s   an  e m b o d i m e n t ,   w h i c h   u s e s   a  s c a n n i n g   m e t h o d  

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

p e r c u s s i n g   s i g n a l .  

F i g .   35  s h o w s   t h e   wave   f o r m s   on  t h e   v a r i o u s   p o i n t s   o f  

t h e   t r a n s m i s s i o n   and   r e c e p t i o n   s y s t e m   shown  in  F i g .   3 4 .  

F i g .   36  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  p a r a l l e l   a n d  

r e m o t e   r e n d i t i o n   s y s t e m   by  u s i n g   one  p i a n o   o r   one  g r o u p  

of   k e y   b o a r d .  

F i g .   37  i s   a  b l o c k   d i a g r a m   of   r e m o t e   r e n d i t i o n   s y s t e m  

by  u s i n g   two  g r o u p s   of   key  b o a r d s   and  two  t e r m i n a l   p i a n o s  

i n s t a l l e d   a t   two  o p p o s i t e   s i d e s .  

F i g .   38  s h o w s   a  p a r a l l e l   and  r e m o t e   r e n d i t i o n   s y s t e m  

by  u s i n g   f o u r   g r o u p s   of   key  b o a r d s   and  f o u r   t e r m i n a l   p i a n o s  



a r r a n g e d   in   t h e   f o u r   c o r n e r s   of   a  s q u a r e   a r e a   so  as  t o  

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

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

F i g .   39  shows  e i g h t   t e r m i n a l   p i a n o s   b e i n g   a r r a n g e d   i n  

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

e i g h t   d i s c r e t e   g r o u p s   of   key   b o a r d s   so  as  to  h a v e   t h e  

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

e f f e c t .  

F i g .   40  i s   a  d i s t r i b u t i o n   c i r c u i t   of  s t r i n g - p e r c u s s i n g  

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

p o i n t   o f   c o m b i n e d   sound  of  t h e   t e r m i n i   p i a n o s .  

F i g .   41  i s   a  b l o c k   d i a g r a m   of  t h e   r e m o t e   r e n d i t i o n  

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

shown  i n   F i g .   4 0 .  

F i g .   42  i s   a  d i s t r i b u t i o n   c i r c u i t   of  s t r i n g - p e r c u s s i n g  

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

a  t w o - d i m e n s i o n a l   s p a c e .  

F i g .   43  i s   a  s y s t e m   Bock  d i a g r a m   i n c l u d i n g   t h e   c i r c u i t  

shown  in   F i g .   4 2 .  

F i g .   44  i s   t h e   c i r c u i t   of   t h e   a u t o m a t i c   s t r i n g - t u n i n g  

m e a n s   i n   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   45  shows  a  r e s o n a n t   l e a f   s p r i n g   a s s e m b l y   t i g h t l y  

a t t a c h e d   to  t h e   p i a n o   r e s o n a n t   c h a m b e r   so  as  to  t e s t   t h e  



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

a u t o m a t i c   s t r i n g   t u n i n g .  

F i g .   46  to   48  show  t h r e e   d i f f e r e n t   e m b o d i m e n t s   of  t l  

c o n f i g u r a t i o n   o f   p i a n o   k e y s .   F i g .   46  and  47  a r e   t h e   f r o i  

v i e w   o f   t h e   k e y   b o a r d ;   F i g .   48  i s   a  p a r t i a l   f r o n t   v i e w  

of   t h e   k e y   b o a r d s .  

F i g .   49  i s   t h e   m a t r i x   c o n f i g u r a t i o n   e m b o d i m e n t   of   t l  

k e y b o a r d   i n   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   50  and   51  show  two  d i f f e r e n t   s h a p e s   o f   t h e   k e y :  

in   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   52  s h o w s   a  c o n s t a n t   t e m p e r a t u r e   m e a n s   and   a  

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

c h a m b e r .  

DETAILED  DESCRIPTION 

The   s y s t e m   f e a t u r e ,   and  t h e   s t r u c t u r e   of   t h e  

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

d e t a i l ,   by  r e f e r r i n g   to   t h e   d r a w i n g s ,   as   f o l l o w s : -  

T h i s   i n v e n t i o n   r e l a t e s   to   a  " R e m o t e   C o n t r o l   a n d  

T r a n s m i s s i o n   S y s t e m   f o r   P i a n o   R e n d i t i o n " ,   w h i c h   c o m p r i s e  

1.  One  o r   m o r e   t h a n   one  s e t   of  d i s c r e t e   k e y - b o a r d ,  

o r   o n e   o r   m o r e   t h a n   one   p r i m a r y   p i a n o   f o r   m a n u a l   r e n d i t i  

2.  One  o r   m o r e   t h a n   one  s e t   of   s t r i n g - p e r c u s s i n g  

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



of  t h e   s a i d   key  b o a r d ,   and  f o r   d e l i v e r i n g   a  c o r r e s p o n d i n g  

s i g n a l   d i r e c t l y   or  i n d i r e c t l y   to  d r i v e   t h e   s t r i n g -  

p e r c u s s i n g   hammer   of  t e r m i n a l   p i a n o .  

3.  A  t r a n s m i s s i o n   and   p r o c e s s i n g   c i r c u i t   f o r  

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

s i g n a l .  

4.  One  or   m o r e   t h a n   one   t e r m i n a l   p i a n o   w h i c h   m a y  o r  

may  n o t   be  p r o v i d e d   w i t h   a  s e r v o - c o n t r o l   m e a n s .  

5.  A  r e c e p t i o n   c i r c u i t   of   t h e   s t r i n g - p e r c u s s i n g  

s i g n a l ,   w h i c h   w i l l   d e l i v e r   s a i d   s i g n a l   to   t h e   s t r i n g -  

p e r u c c i n g   means   in   t h e   t e r m i n a l   p i a n o .  

6.  A  s t r i n g - p e r c u s s i n g   m e a n s ,   w h i c h   m a y  o r   may  n o t  

be  p r o v i d e d   w i t h   a  s e r v o - c o n t r o l   f u n c t i o n ,   and   c o m p r i s e s  

a  s t r i n g - p e r c u s s i n g   h a m m e r   d r i v e r   so  as  to   a c t u a t e   t h e  

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

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

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

n o t   be  u s e d   by  d e p e n d i n g   u p o n   t h e   t r a n s m i s s i o n   m e t h o d   t o  

be  u s e d .  

R e f e r r i n g   to  F i g .   I ,   t h e r e   i s   shown  an  e m b o d i m e n t ,  

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

of   d i s c r e t e   k e y b o a r d ,   and  a  t e r m i n a l   p i a n o   f o r   r e m o t e  

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



Ls  t h a t   when  t h e   k e y b o a r d   ( 1 )   o f   one   p i a n o   o r   a  s e t   o f  

d i s c r e t e   k e y b o a r d   ( 1 )   i s   p l a y e d   m a n u a l l y ,   a  s t r i n g   p e r c u s s i n g  

s i g n a l   g e n e r a t o r   ( 3 )   i n s t a l l e d   u n d e r n e a t h   t h e   key  w i l l   s e n s e  

the  o p e r a t i o n   o f   t h e   k e y s ,   and  w i l l  ¾  e n e r a t e   an  a n a l o g  

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

a  s e r i e s   o f   d i g i t a l   s i g n a l ;   t h e n ,   s a i d   s i g n a l   w i l l ,   t h r o u g h  

t h e   t r a n s m i s s i o n   a n d   p r o c e s s i n g   c i r c u i t   ( 4 )   be  t r a n s m i t t e d  

to  t h e   r e c e p t i o n   c i r c u i t   (5 )   f o r   d r i v i n g   t h e   s t r i n g - p e r c u s s i n g  

means   ( 6 )   i n   t h e   t e r m i n a l   p i a n o   to   h a v e   t h e   s t r i n g -  

p e r c u s s i n g   h a m m e r   ( 7 )   s t r i k e   t h e   s t r i n g   so  as   to  o b t a i n   a  

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

and   f o r c e , t o n a l i t y ,   and   m e l o d y .  

P a r t i c u l a r l y ,   s i n c e   t h e   key   o p e r a t i o n s   d u r i n g   r e n d -  

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

s p e e d   o f   t h e   k e y s   w i l l   a l l   be  s e n s e d   by  t h e   s t r i n g - p e r c u s s i n g  

s i g n a l   g e n e r a t o r   ( 3 ) ,   w h i c h   w i l l   t h e n   d e l i v e r   an  a n a l o g  

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

and  s p e e d   to   t h e   t r a n s m i s s i o n   and  p r o c e s s i n g   c i r c u i t   ( 4 ) ;  

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

a  r e m o t e   p l a c e   by  m e a n s   of   RF  in   FM,  AM  or   PCM  ( p u l s e - c o d e  

m o d u l a t i o n ) ,   o r   w i l l   be   t r a n s m i t t e d   d i r e c t l y   by  m e a n s   o f  

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

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



m e a n s   of   s c a n n i n g   m e t h o d .  

Upon  t h e   t e r m i n a l   p i a n o   r e c e i v i n g   t h e   s t r i n g -  

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

w i l l   p a s s   a  d e t e c t o r   and  an  a m p l i f i e r   ( o r   d i r e c t l y )  

b e f o r e   d r i v i n g   t h e   s t r i n g - p e r c u s s i n g   m e a n s   ( 6 ) ,   in  t h e  

p i a n o   so  as   to   h a v e   t h e   n o n - p l a y e r   t e r m i n a l   p i a n o s   i n  

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

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

p i a n o .   F u r t h e r ,   s a i d   s t r i n g - p e r c u s s i n g   s i g n a l   may  a l s o  

be  t r a n s m i t t e d   to   a  r e c o r d e r   (8 )   f o r   l a t e r   t r a n s m i s s i o n  

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

a t i o n   r e n d i t i o n .  

F i g .   2  i s   a  b l o c k   d i a g r a m   shoWhg  a  s y s t e m   i n c l u d i g  

f o u r   t e r m i n a l   p l a n s .  

R e f e r r i n g   to   F i g .   3  t h e r e   a r e   shown  16  v a r i o u s  

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

in   s a i d   s t r i n g - p e r c u s s i n g   s i g n a l   g e n e r a t o r   ( 3 ) .   In  F i g .  

3  (A)  i s   an  i n d u c t i o n   t y p e   by  u s i n g   a  m o v a b l e   p e r m a n e n t  

m a g n e t   in   a  c o i l ,   (B)  i s   a  D . C .   g e n e r a t o r   t y p e ,   (C)  i s  

a  m o t i o n   c o i l   t y p e ,   (D)  i s   an  A.C.   g e n e r a t o r   t y p e ,   ( E )  

i s   an  e l e c t r o - m a g n e t i c   p u l s e   g e n e r a t o r   t y p e ,   (F)  i s   a  

p h o t o c e l l   p u l s e   g e n e r a t o r   t y p e ,   (G)  i s   a  l ight   r e f e c t i o n  

t y p e ,   (H)  i s   a  t y p e   of  p o t e n t i o m e t e r   w i t h   a  t a p ,   ( I )  



i s   a  r o t a r y   t y p e   of   i n d u c t i o n ,   ( J )   i s   a  t y p e   of  s y n c h r o n o u s  

v o l t a g e   d i f f e r e n t i a l   i n d u c t i o n ,   (K)  i s   a  r e s o l v e r   t y p e ,  

(L)   i s   a  m a g n e t i c   s e n s i n g   t y p e ,   (M)  i s   a  d i f f e r e n t i a l  

t r a n s m o f m e r   t y p e ,   (N)  i s   m o v i n g   i r o n   c o r e   t y p e ,   (0 )   i s  

a  c o d e   d i s k   t y p e ,   and  (P )   i s   a  d i f f e r e n t i a l   p o t e n t i o m e t e r  

t y p e .   In   a d d i t i o n ,   a  p i e z o - e l e c t r i c   t y p e   o f   s e n s i n g   m e a n s  

may  a l s o   be  u s e d   in   s a i d   s t r i n g - p e r c u s s i n g   s i g n a l   g e n e r a t o t   ( 3 )  

R e f e r r i n g   to   F i g .   4,  t h e r e   i s   shown,   in   d e t a i l ,   t h e  

s t r u c t u r e   and   c h a r a c t e r i s t i c s   of   a  d i f f e r e n t i a l   t r a n s -  

f o r m e r   t y p e   o f   s e n s i n g   m e a n s  a s   shown  in  F i g .   3 (M) .   F i g .  

4 (A)   i s   a  s e c t i o n a l   v i e w   of   t h e   s t r u c t u r e   of   t h e   s e n s i n g  

m e a n s ;   F i g .   4 ( B )   shows   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   l i n e a r  

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

e l - c 2   o f   t h e   c o r e   p o r t i o n   ( 9 ) ;   F i g .   4 (C)   shows  t h e   c i r c u i t  

o f   t h e   s e n s i n g   m e a n s .  

R e f e r r i n g   to   F i g .   5 ( a ) ,   t h e r e   i s   shown  t h e   p h o t o c e l l  

t y p e   o f   s e n s i n g   m e a n s   as   shown  in   F i g .   3 ( F ) .   F i g .   5 (B)   s h o w s  

two  p h o t o - d e t e c t o r s   w i t h   an  a n g l e   d i f f e r e n c e   of  9 0 ° b e t w e e n  

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

g r o u p s   ( 6 1 a )   and   ( 6 1 b )   on  t h e   r o u n d   p l a t e   ( 6 0 )   shown  i n  

F i g .   5 ( B )   so  as   to   m e a s u r e   t h e   m o t i n   d i r e c t i o n   of   t h e  

p i a n o   k e y s .   F i g .   5(C)   s h o w s   t h e   r e l a t i o n s h i p   of  t h e  

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



two  p h o t o - d e t e c t o r   and  t h e   a x l e   ( 6 2 )   ( t o   d r i v e   t h e   r o u n d  

p l a t e   t u r n i n g ) ,   F i g .   5(D)  i s   a  b l o c k   diagram  s h o w i n g   t h e  

o u t p u t   of   s a i d   two  s e t s   of  p h o t o - d e t e c t o r s   b e i n g   u s e d   as  a n  

i n p u t   so  as  to   m e a s u r e   t h e   m o t i o n   d i r e c t i o n   of   t h e   p i a n o  

k e y s .   F i g .   5 ( E )   shows   t h e   w a r e - f o r m s   a p p e a r i n g   on  t h e  

v a r i o u s   p o i n t s   of   t h e   c i r c u i t   shown  in  F i g .   5 ( D ) .  

R e f e r r i n g   to   F i g .   6,  t h e r e   i s   shown  t h e   o p e r a t i o n  

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

shown  in   F i g .   3 ( 1 ) .  

F i g .   7  i s   t h e   t h e o r y   and  d i r e c t i o n - m e a s u r i n g   b l o c k  

i i a g r a m   of  t h e   m a g n e t i c   s e n s i n g   m e a n s   shown  in  F i g .   3 ( L )  

F i g .   8  i s   an  e m b o d i m e n t   of   t h e   two  c o i l s   and  t h e   o u t p u t  

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

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

means   and  t h e i r   o p e r a t i o n   t h e o r y   a r e   of  c o n v e n t i o n a l ,   n o  

d e t a i l s   t h e r e o f   w i l l   be  d e s c r i b e d .  

R e f e r r i n g   to  F i g .   9,  t h e r e   a r e   shown  s e v e r a l   e m b o d i m e n t s  

of   s a i d   v a r i o u s   s e n s i n g   m e a n s   how  to  be  u s e d   as  t h e   s t r i n g -  

p e r c u s s i n g - s i g n a l   g e n e r a t o r   ( 3 )   in   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   9 (A)   shows   a  g r i d   t h r o w - l i g h t   means   b e i n g   u s e d   as  a  

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

t h r o w i n g   e l e m e n t   ( 1 0 )  ,   a  p h o t o - d e t e c t o r   ( 1 1 ) , a n d   t h e   l i g h t  

g r i d   ( 1 3 )   i n s t a l l e d   u n d e r n e a t h   e a c h   key   (12)   of   a  p r i m a r y  



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

p i a n o   k e y s   ( 1 2 )   s a i d   s e n s i n g   m e a n s   w i l l   g e n e r a t e   a  p u l s e  

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

F i g .   9 ( B )   s h o w s   a  l i g h t   r e f l e c t i o n   t y p e   of   s e n s i n g   m e a n s ,  

w h i c h   i n c l u d e s   s e v e r a l   r e f l e c t i n g   p i e c e s   ( 1 4 ) ,   t h e   l i g h t -  

t h r o w i n g   e l e m e n t   ( 1 0 )   and   t h e   p h o t o - d e t e c t o r   ( 1 1 ) ,   w h i c h  

i s   i n s t a l l e d   u n d e r n e a t h   t h e   p i a n o   k e y ( 1 2 ) .   Upon  t h e   p i a n o  

k e y s   b e i n g   p l a y e d ,   s a i d   s e n s i n g   m e a n s   w i l l   g e n e r a t e   a  

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

k e y s .  

F i g .   9 ( C )   shows   an  e l e c t r o - m a g n e t i c   i n d u c t i o n   t y p e   o f  

s e n s i n g   m e a n s   w h i c h   i n c l u d e s   a  p e r m a n e n t   m a g n e t   ( 1 5 )  

w i t h   a  c o i l   and  a  n u m b e r   o f   m a g n e t i s i n g   i r o n   c o r e s   ( 1 6 )  

a r r a n g e d   a b r e a s t .   Upon  t h e   key   b e i n g   p u s h e d   d o w n w a r d s ,   t h e  

m a g n e t i s i n g   i r o n   c o r e   w i l l   move  down  to   c a u s e   t h e   m a g n e t i c  

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

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

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

t h e   p i a n o   k e y s .  

F i g .   9 (D)   shows   an  u n d u c t o s y n   ( 1 7 )   s e n s i n g  m e a n s   a s  

s h o w n   i n   F i g .   6  to   s e n s e   t h e   m o t i o n   s p e e d   of   t h e   p i a n o   k e y s  

F i g .   9 ( E )   shows   a  m a g n e t i c   s e n s i n g   m e a n s   as  shown  in   F i g .  

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



R e f e r r i n g   to  F i g .   10,   t h e r e   a r e   shown  e i g h t   ( f r o m   A 

to  H)  c o n v e n t i o n a l   e l e c t r o - m a g n e t i c   d r i v i n g   m e a n s   to  c o n v e r t  

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

F i g .   10  ( I )   shows   a  c y l i n d e r   ( 1 8 )   of   w h i c h   t h e   d i s p l a c e m e n t  

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

o r   t h e   f l u i d   q u a n t i t y .   The  a f o r e s a i d   d r i v i n g   m e a n s   may  a l s o  

be   u s e d   as  t h e   s t r i n g - p e r c u s s i n g   hammer   d r i v i n g   means   of   t h e  

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

p r e s e n t   i n v e n t i o n   t o   d r i v e   t h e   s t r i n g - p e r c u s s i n g   h a m m e r . ( 7 )  

R e f e r r i n g   to  F i g .   11,   t h e r e   i s   shown  a n o t h e r   new  i n n o v -  

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

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

p l a t e   w i t h   a  p r i n t i n g   c i r c u i t   t u p e   of   w i n d i n g s   ( 1 9 )   o f  

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

( 2 0 )   o f   a  p e r m a n e n t   m a g n e t .   The  t op   end  and  t h e   l o w e s t  

end  of   t h e   w i n d i n g   a r e   n o t   c o n n e c t e d   e a c h   o t h e r ,   b u t  

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

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

a t   one   or   b o t h   e d g e s   on  one   s i d e ,   or   a t   one  or  b o t h   e d g e s  

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

( 1 9 ) .   The  b r u s h   s e t s   ( 2 2 )   a r e   i n s t a l l e d   in   t h e   o p p o s i t e  

s i d e   o f   t h e   p a r a l l e l   c o m m u t a t i n g   s t r i p s   ( 2 1 ) .   The  w i n d i n g s  

( 2 3 )   t h e   p e r m a n e n t   m a g n e t   ( 2 0 )   and  t h e   p o s i t i o n   of  t h e  



b r u s h e s   ( 2 2 )   s h o u l d   be  a r r a n g e d   in  s u c h   a  m a n n e r   as  t o  

h a v e   t h e   p r i n t i n g   c i r c u i t   t y p e   of  w i n d i n g   ( 1 9 )   move  up  a n d  

down  c o r r e s p o n d i n g   to   t h e   c u r r e n t   d i r e c t i o n ,   and  make  a  

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

c u r r e n t   w a v e f o r m   v a r i a t i o n .  

R e f e r r i n g   to   F i g .   12,   t h e r e   i s   shown  an  a r c - s h a p e d  

e m b o d i m e n t   of   t h e   p r i n t i n g   c i r c u i t   t y p e   o f   s o l e n o i d   ( 2 5 )  

w h i c h   may  be  i n s t a l l e d   in   t h e   t e r m i n a l   piano  to  be  u s e d   a s  

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

By  r e f e r i n g   to   F i g .   10,   some  of  t h e   d r i v i n g   m e a n s   a r e  

e x e m p l i f i e d   how  to   be  i n s t a l l e d   in   t h e   t e r m i n a l   p i a n o  

o f   t h e   p r e s e n t   i n v e n t i o n   to   be  u s e d   as  s t r i n g - p e r c u s s i n g  

d r i v i n g   m e a n s   ( 2 7 )   to   d r i v e   t h e   s t r i n g - p e r c u s s i n g - h a m m e r  

( 7 )   a n d   t h e   p i a n o   k e y   ( 1 2 ' )   and  t h e y   a r e   d e s c r i b e d   a s  

f o l l o w s :  

R e f e r r i n g   to   F i g .   13,   t h e r e   i s   shown  a  d r i v i n g   m e a n s  

m a d e   o f   a  m e c h a n i c a l - t o - e l e c t r i c   e n e r g y   t r a n s d u c e r   ( 6 3 )  

i n   w h i c h   t h e   t h r e e   w i n d i n g s   Wl,W2  and  W3  a r e   e n e r g i s e d  

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

)as  t o   d r i v e   t h e   i r o n   c o r e   ( 2 6 )   to   move  l i n e a r l y   f o r   a c t -  

u a t i n g   t h e   p i a n o   key   ( 1 2 ' )   o f   a  t e r m i n a l   p i a n o   and  t h e  

s t r i n g - p e r c u s s i n g   h a m m e r   ( n o t   shown)   to  r e n d e r   a  n o t e .  

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



R e f e r r i n g   to   F i g .   4,  t h e r e   a r e   shown  s e v e r a l   e m b o d i m e n t s  

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

n e t h o d s   of  t h e   s t r i n g - p e r c u s s i n g   hammer   d r i v i n g   m e a n s   ( 2 7 )  

in  F i g .   14(A)   t h e   s t r i n g - p e r c u s s i n g   hammer   d r i v i n g   m e a n s  

( 2 7 )   i s   i n s t a l l e d   u n d e r n e a t h   t h e   p i a n o   k e y s   ( 1 2 ' ) .   I n  

F i g .   14  (B)  s a i d   d r i v i n g   m e a n s   ( 2 7 )   i s   i n s t a l l e d   in   a  

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

( 7 ) .   In   F i g .   14  ( C ) ,   s a i d   d r i v i n g   means   ( 2 7 )   i s   i n s t a l l e d  

u n d e r n e a t h   t h e   p i a n o   key   w i t h   a  s t e e l   rod   ( 2 8 )   and  t h e   s a i d  

d r i v i n g   m e a n s   ( 2 7 )   w i l l   i n d i r e c t l y   d r i v e   t h e   s t r i n g - p e r c u s s i n g  

h a m m e r   ( 7 ) .  

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

r e f e r r i n g   to   F i g .   14  and   15,  as  f o l l o w s : -  

In   F i g .   1 5 ( A ) ,   t h e   s t r i n g - p e r c u s s i n g   hammer   d r i v i n g  

( 2 7 )   i s   made  of   a  r o t a r y   m e a n s   ( 2 9 )   to  d r i v e ,   t h r o u g h   a  

c o n n e c t i n g   rod   ( 3 0 )   t h e   c o r r e s p o n d i n g   p i a n o  k e y   ( 1 2 ' )  

and  t h e   s t r i n g - p e r c u s s i n g   hammer   (7 )   in  t h e   t e r m i n a l   p i a n o .  

F i g .   15(B)   shows   a  d r i v i n g   m e a n s  m a d e   of   a  r a c k   ( 3 1 )  a n d  

g e a r   ( 3 2 )   w h i c h   c o n v e r t s   t h e   o u t p u t   of   a  r o t a r y   means   ( 2 9 )  

i n t o   a  l i n e a r   m o t i o n   to  d r i v e   t h e   key   ( 1 2 ' )   of   a  t e r m i n a l  

p i a n o .   The  s a i d   r o t a r y   m e a n s   ( 2 9 )   may  be  a  s m a l l   D . C .  

s e r v o - m o t o r ,   a  p r i n t i n g   c i r c u i t   t y p e   of  m o t o r ,   or   o t h e r  

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

m e t h o d   or  a  f l u i d   p r e s s u r e .   The  s a i d   r o t a r y   means   ( 2 9 )  

,may  a l s o   be  f u r n i s h e d   w i t h   a  r e t u r n   s p r i n g   to  h a v e   s a i d  

m e a n s   ( 2 9 )   r e t u r n e d   to  i t s   o r i g i n a l   p o s i t i o n   u p o n   b e i n g   d e -  

e n e r g i s e d .   F i g .   15 (C)   shows  a  c y l i n d e r   d r i v i n g   means   ( 1 8 )  

as  shown  in   F i g .   1 0 ( I )   to  be  u s e d  a s   a  s t r i n g - p e r c u s s i n g   h a m m e r  

( 7 ) .   F i g .   15(D)   shows  a  s t r i n g - p e r c u s s i n g   hammer   d r i v i n g  

)means  ( 2 7 )   i n c l u d i n g   a  s o l e n o i d   ( 3 3 )   h a v i n g   f o u r   s e t s   o f  

w i n d i n g s ,   w h i c h   can   d i r e c t l y   d r i v e   t h e   p i n a o   k e y s   ( 1 2 ' )  



and  t h e   s t r i n g - p e r c u s s i n g   hammer   ( 7 ) ;   s a i d   s o l e n o i d   m a y  

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

(25)   o r   t h e   g e n e r a l   s o l e n o i d .  

R e f e r r i n g   to   F i g .   16,   t h e r e   i s   shown  an  e m b o d i m e n t   t o  

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

and  t h e   t e r m i n a l   p i a n o   in   t h e   p r e s e n t   i n v e n t i o n   ( o n l y  

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

g i v e n   p i a n o   k e y   o p e r a t i o n ) ,   in   w h i c h   t h e   s t r i n g - p e r c u s s i n g  

s i g n a l   g e n e r a t o r   ( 3 )   of   a  g i v e n   k e y   ( 1 2 ' )   in   t h e   p r i m a r y  

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

m e a n s   ( 6 4 )   and   t h e   s t r i n g - p e r c u s s i n g   h a m m e r   d r i v i n g   m e a n s  

( 2 7 )   i n   t h e   t e r m i n a l   p i a n o   i s   an  e l e c t r o - m a g n e t i c   d r i v i n g  

m e a n s   ( 6 4 ' )   same   in   c o n s t r u c t i o n   as   t h e   s a i d   e l e c t r o -  

m a g n e t i c   t y p e   o f   s e n s i n g   m e a n s   ( 6 4 ) .   Upon  t h e   p i a n o   k e y  

( 1 2 )   i n   t h e   p r i m a r y   r e n d i t i o n   p i a n o   ( 1 )   b e i n g   p l a y e d ,   t h e  

s e n s i n g   m e a n s   ( 6 4 )   w i l l   g e n e r a t e   an  i n d u c e d   o u t p u t   o f  

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

p i a n o   k e y   ( 1 2 0 .   As  shown  by  t h e   s o l i d   l i n e   in   F i g .   1 6 ,  

t h e   s a i d   s i g n a l   may  a l s o   be  t r a n s m i t t e d ,   t h r o u g h   a  w i r e ,  

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

t h r o u g h   w i r e   t o   a  g i v e n   t e r m i n a l   p i a n o   so  as  to   d r i v e   t h  

e l e c t r o - m a g n e t i c   t y p e   o f   d r i v i n g   m e a n s   ( 6 4 ' )   in  t h e   key   ( 1 2 ' )  

h a v i n g   t h e   same  t o n e   s c a l e   same  as  t h a t   in   t h e   key   ( 1 2 )  

of   s a i d   p i a n o   b e i n g   p l a y e d   in   o r d e r   to   h a v e   t h e   key   ( 1 2 ' )  

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

p r c u s s i n g   h a m m e r   (7 )   c o r r e s p o n d i n g   to   s a i d   key   b e i n g  

a c t u a t e d   ( r e f e r r e d   to   F i g .   14)  to  r e n d e r   t h e   same  m u s i c  

as   t h a t   of   t h e   k e y   ( 1 2 )   i n   s a i d   p r i m a r y   r e n d i t i o n   p i a n o .  

'Upon  m o r e   t h a n   one  k e y s   ( 1 2 )   b e i n g   s i m u l t a n e o u s l y   o r  

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

e l e c t r o - m a g n e t i c   s e n s i n g   m e a n s   ( 6 4 )   u n d e r   e a c h   of  t h e   k e y s  



( 1 2 )   w i l l   s e n s e   and  g e n e r a t e   t h e   c o r r e s p o n d i n g   o u t p u t  

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

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

( 6 4 ' )   to  g e n e r a t e   t h e   c o r r e s p o n d i n g   s t r i n g - p e r c u s s i n g  

o p e r a t i o n .  

R e f e r r i n g   a g a i n   to  F i g .   16,   t h e r e   i s   shown  a  d o t t e d  

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

may  be  t r a n s m i t t e d   to  a  t r a n s m i s s i o n   m e a n s   ( 3 4 )   ( b e i n g  

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

and   p r o c e s s i n g   c i r c u i t   4)  f o r   a m p l i f i c a t i o n   and  f o r   FM, 

AM  or   PCM  m o d u l a t i o n   b e f o r e   p u t t i n g   i n t o   r a d i o   t r a n s -  

m i s s i o n ;   t h e n ,   s a i d   s i g n a l   w i l l   be  r e c e i v e d   by  a  r e c e i v i n g  

m e a n s   ( 3 5 )   ( b e i n g   u s e d   as  a  s t r i n g - p e r c u s s i n g   s i g n a l  

r e c e i v i n g   c i r c u i t   5)  f o r   d e - m o d u l a t i o n   and  a m p l i f i c a t i o n  

so  as   to   d r i v e   t h e   e l e c t r o - m a g n e t i c   d r i v i n g   m e a n s   ( 6 4 ' )  

to   g e n e r a t e   r e n d i t i o n .   F u r t h e r ,   s a i d   s i g n a l   s e n s e d   m a y  

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

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

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

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

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

r e s u l t .  

The  a f o r e s a i d   p i a n o   key   ( 1 2 ' )  .   and  s t r i n g - p e r c u s s i n g  

hammer   ( 7 )   may  be  p u l l e d   b a c k   to   i t s   o r i g i n a l   p o s i t i o n  

by  m e a n s   of   a  c o n v e n t i o n   r e t u r n i n g   s p r i n g   of   i t s   g r a v i t y .  

R e f e n i n g   to   F i g .   17,  t h e r e   i s   shown  a n o t h e r   s t r i n g -  

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

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

m e a n s   in   t h e   t e r m i n a l   pia-o  a r e   a l l   t h e   same  as  a  

m e c h a n i c a l - t o - e l e c t r i c   e n e r g y   t r a n s d u c e r   ( 6 3 )   h a v i n g  

t h r e e   w i n d i n g s   as  shown  in  F i g .   13.  By  m e a n s   of  s a i d  



w i n d i n g   to   be  e n e r g i s e d   in   s e q u e n c e ,   a  b e t t e r   f i d e l i t y  

o f   t h e   r e n d i t i o n   s i g n a l   may  be  o b t a i n e d .   The  s e n s i n g  

a n d   t h e   t r a n s m i t t i n g   t h e o r y   of  s a i d   m e t h o d   shown  i n  

F i g   17  i s   t h e   same  as   t h a t   shown  in  F i g .   16  ( i n   F i g .   17 

o n l y   t h e   w i r e   t r a n s m i t t i n g   m e t h o d   b e i n g   s h o w n ) .   U p o n  

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

w i l l   h a v e   a  common  g r o u n d ,   and  e a c h   w i n d i n g   f o r m s   a  s e p -  

a r a t e   w i r e   t r a n s m i s s i o n   s y s t e m   d i r e c t l y .   In   a d d i t i o n ,  

a  s w i t c h   t r a n s i s t o r   may  be  c o n n e c t e d   in   s e r i e s   w i t h   e a c h  

t r a n s m i s s i o n   w i r e ,   and   s a i d   s w i t c h   t r a n s i s t o r   may  b e  

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

f o r   s c a n n i n g   t r a n s m i s s i o n   m e t h o d   ( t o   be  d e s c r i b e d   in   F i g .  

31  l a t e r ) .   The  RF  t r a n s m i s s i o n   may  be  d o n e   by  m e a n s   o f  

t h e   v a r i o u s   s c a n n i n g   m e t h o d   to   be  d e s c r i b e d   l a t e r   ( r e f e r  

t o   F i g .   32  to   3 4 ) . )  

I n   a d d i t i o n   to   t h e   v a r i o u s   d r i v i n g   m e a n s   shown  i n  

F i g .   10  f o r   d i r e c t l y   o r   i n d i c r e c t l y   d r i v i n g   t h e   s t r i n g -  

p e r c u s s i n g   h a m m e r   ( 7 )   i n   t h e   t e r m i n a l   p i a n o ,   t h e   s t r i n g -  

p e r c u s s i n g   m e a n s   ( 6 )   may  a l s o   be  f u r n i s h e d   w t h   a  s e r v o -  

c o n t r o l   f u n c t i o n   so  a s   to   t i m e l y   a d j u s t   t h e   d r i v i n g  

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

p e r c u s s i n g   h a m m e r   d r i v i n g   m e a n s   ( 2 7 )   f o r   i n c r e a s i n g   t h e  

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

( 6 )   b e c o m e s   a  " s e r v o - s t r i n g - p e r c u s s i n g   m e a n s " ,   and  t h e  

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

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

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

r e f e r r i n g   to   s e v e r a l   e m b o d i m e n t s ,   as  f o l l o w s : -  

R e f e r r i n g   to   F i g .   18  t h e r e   i s   shown  an  e m b o d i m e n t ,  

o f   w h i c h   t h e   f e a t u r e   i s   t h a t   a  s e r v o - a m p l i f i e r   ( 3 6 )  

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



w i r e   s y s t e m   or   an  e l e c t r o - m a g n e t i c   w a v e ,   a l s o   t h e   o u t p u t  

o f   s a i d   s e r v o - a m p l i f i e r   ( 3 6 )   may  be  u s e d   to  d r i v e   t h e  

e l e c t r o - m a g n e t i c   t y p e   of  d r i v i n g   m e a n s   ( 6 4 ' )   h a v i n g   a  

w i n d i n g   W )  t h a t   i s   u s e d   a  a  s t r i n g - p e r c u s s i n g   h a m m e r  

d r i v i n g   means   ( 2 7 ) .   Another   e l e c t r o - m a g n e t i c   s e n s i n g  

m e a n s   ( 6 4 " )   same  as   t h e   e l e c t r o - m a g n e t i c   s e n s i n g   m e a n s  

( 6 4 )   i s   a l s o   c o u p l e d   to  t h e   l o w e r   end  of   t h e   key   ( 1 2 ' )  

o f   a  t e r m i n a l   p i a n o   so  as  to   g e n e r a t e   a  s e n s i n g   s i g n a l  

V f  u p o n   t h e   key   ( 1 2 ' )   b e i n g   d r i v e n   to  f e e d   b a c k   to   t h e  

i n p u t   t e r m i n a l   of   t h e   s a i d   s e r v o   a m p l i f i e r   ( 3 6 )   a n d  

so  as   to  c o m p a r e   w i t h   t h e   s t r i n g - p e r c u s s i n g   s i g n a l   V  

c o m i n g   f rom  t h e   e l e c t r o - m a g n e t i c   s e n s i n g   m e a n s   ( 6 4 )   o f  

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

s t r e n g t h   of  t h e   e l e c t r o - m a g n e t i c   d r i v i n g   m e a n s   ( 6 4 ' ) .  

F i g .   19  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   s e r v o -  

d r i v i n g   s y s t e m   as  i l l u s t r a t e d   in   F i g .   1 8 .  

F i g .   20  i s   an  A.C.   s y n c h r o n i s e r   to   be  u s e d   as  a  

s t r i n g - p e r c u s s i n g   s i g n a l   g e n e r a t o r   (3 )   and  a  s t r i n g -  

p e r c u s s i n g   hammer   d r i v i n g   m e a n s   ( 2 7 )   in   t h e   p r e s e n t   i n -  

v e n t i o n .  

F i g .   21  shows  two  e m b o d i m e n t s ,   of   w h i c h   one  i s   t h e  

p h o t o - c e l l   d i g i t a l   s e n s i n g   means   shown  in   F i g .   5  to   b e  

u s e d   as  a  s t r i n g - p e r c u s s i n g   s i g n a l   g e n e r a t o r   (3)   w h i l e  

t h e   o t h e r   i s   t h e   p r i n t i n g   c i r c u i t   s o l e n o i d   ( 2 5 )   s h o w n  

in   F i g .   11  to   be  u s e d   as  a  s t r i n g - p e r c u s s i n g   h a m m e r  

d r i v i n g   means   ( 2 7 ) .  

Upon  t h e   key   ( 1 2 )   b e i n g   p u s h e d   down  to  d r i v e   t h e  

r o u n d   p l a t e   ( 6 0 )   h a v i n g   f i n e   s l i t   g r o u p s   r o t a t i n g ,  

t h e   two  p h o t o d e t e c t o r s   ( l l a )   a n d ( l l b )   h a v i n g   an  a n g l e  

d i f f e r e n c e   of  900  w i l l   g e n e r a t e   two  p h o t o c e l l   s i g n a l s ,  

w h i c h   a r e   a d d e d   or   o p p o s i t e   e a c h   o t h e r ,   and  w h i c h   a r e  



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

( 3 9 ) s a m e   as  t h a t   shown  in   F i g .   5 ( d ) ,   s a i d   c i r c u i t   ( 3 9 )  

c a n   o n l y   g e n e r a t e   a  p u l s e   o u t p u t   u p o n   t h e   p i a n o   key   ( 1 2 )  

b e i n g   p u s h e d   down.   S a i d   s i g n a l   w i l l   a l s o   be  c o u p l e d   t  

a  d r i v i n g   c i r c u i t   ( i n c l u d i n g   a  MC  4044   IC)  t h a t   h a s   d i g -  

i t a l   c o n t r o l ,   D/A  c o n v e r t e r ,   and  a m p l i f i c a t i o n   f u n c t i o n s  

so  a s   to   d r i v e   t h e   p r i n t i n g   c i r c u i t   s o l e n o i d   ( 2 5 )   i n  

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

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

o f   t h e   s t r i n g - p e r c u s s i n g   h a m m e r   ( 7 )   may  be  s e n s e d   by  a  

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

s ame   as   t h a t   m e n t i o n e d   a b o v e ,   and  t h e   s i g n a l   s e n s e d  

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

c i r c u i t .   The   f e a t u r e   of   t h i s   e m b o d i m e n t   i s   to   o b t a i n  

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

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

d r i v i n g   c i r c u i t   h a v i n g   d i g i t a l   c o n t r o l   f u n c t i o n .  

F i g .   22  i s   a  s e r v o - b l o c k   d i a g r a m   of   t h e   e m b o d i m e n t  

s h o w n   in   F i g .   2 1 .  

In   t h e   e m b o d i m e n t   o f   t h e   s e r v o - b l o c k   d i a g r a m   s h o w n  

i n   F i g .   2 3 ( A ) ,   a  r e s o l v e r   ( 4 1 )   i s   u s e d   as  a  d i s p l a c e m e n t  

s e n s i n g   m e a n s   of  t h e   s t r i n g - p e r c u s s i n g   hammer   i n   a  

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

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

s e r v o - s y s t e m   of   t h e   t e r m i n a l   s e r v o - p i a n o .   F i g .   23  ( B )  

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

i n p u t   s i g n a l   P  ,   t h e   i n p u t   s i g n a l   P   and  t h e   o u t p u t   s i g n a l  

P r - P 0   o f   t h e   p h a s e   d i s c r i m i n a t o r   c i r c u i t .   The  PPM 

s h o w n   in   F i g .   2 3 ( B )   i s   t h e   d i g i t a l   p h a s e   m o d u l a t o r   s h o w n  

i n   F i g .   2 3 ( A ) .  



F i g .   2 4 ( A )   i s   an  e m b o d i m e n t   s h o w i n g   to   u s e   a  s t e e l  

rod   ( 2 8 )   (may  be  made  of   o t h e r   m e t a l )   to   i n d i r e c t l y   p u l l  

t h e   s t r i n g - p e r c u s s i n g   hammer   (7)   s a i d   s t e e l   rod   ( 2 8 )  

may  a l s o   be  p u l l e d   up  and  down  by  means   of   a  h y d r a u l i c  

c y l i n d e r   ( 1 8 )   as   shown  in  s a i d   F i g . ,   o r   a  p n e u m a t i c  

or   an  e l e c t r o - m a g n e t i c   d r i v i n g   means   or   t h e   a f o r e s a i d  

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

( 2 8 )   may  a l s o   be  d r i v e n   w i t h   a  r o t a r y   d r i v i n g   m e a n s   t h a t  

d r i v e s   a  w i n d i n g   w i r e   ( 7 0 ) .  

R e f e r r i n g   to   F i g .   25,  t h e r e   i s   shown  a  s t r i n g -  

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

( 1 8 )   to   d r i v e   t h e   s t r i n g - p e r c u s s i n g   h a m m e r ;   a  d i f f e r e n t i a l  

t r a n s f o r m e r   s e n s i n g   m e a n s   (43 )   may  be  u s e d   to   s e n s e   t h e  

d i s p l a c e m e n t   of   t h e   p l u n g e r   (42)   so  as  to   f e e d   b a c k   t o  

t h e   d r i v i n g   i n p u t   t e r m i n a l   of  t h e   c y l i n d e r   ( 1 8 )  

in  w h i c h   a  s e r v o - v a l v e   ( 4 4 )   i s   u s e d   f o r   c o n t r o l l i n g   t h e  

o i l   to   f l o w   i n   o r   o u t .  

F i g .   2 6 ( a )   i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   b a s i c  

s t r u c t u r e   of   t h e   s e r v o - v a l v e   (44)   shown  in   F i g .   2 5 .  

F i g .   2 6 ( B )   i l l u s t r a t e s  t h e   c o n s t r u c t i o n   r e l a t i o n s h i p  

among  t h e   s e r v o - v a l v e   ( 4 4 ) ,   t h e   s e r v o - a m p l i f i e r ( 4 5 )   a n d  

t h e   s a i d   p l u n g e r   d i s p l a c e m e n t   s e n s i n g   m e a n s   ( 4 3 ) .   T h e  

p o s i t i o n   c o n t r o l   o f   t h e   s t r i n g - p e r c u s s i n g   hammer   to   b e  

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

be  i l l u s t r a t e d   w i t h   a  b l o c k   d i a g r a m   shown  in   F i g .   2 7 .  

The  h y d r a u l i c   d r i v i n g   m e t h o d   shown  in   F i g .   2 8  

u s e s   two  s e n s i n g   m e a n s   as  shown  in  F i g .   2 5 ( B )   and  27  t o  

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

h y d r a u l i c   c y l i n d e r   ( 1 8 )   r e s p e c t i v e l y ,   t h e n   s a i d   p o s i t i o n  

and  s p e e d   s e n s e d   w i l l   be  f ed   b a c k   to   t h e   i n p u t   t e r m i n a l  

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



c o n t r o l   m e t h o d .  

In   p l a y i n g   p i a n o ,   t h e   p l a y e r   g e n e r a l l y   w i l l   s i m u l t -  

a n e o u s l y   p l a y  a   p l u r a l i t y   o f   k e y s ;   t h e r e f o r e ,   t h e   s e n s i n g  

m e a n s   f o r   e a c h   kay   s h o u l d   be   a b l e   to   g e n e r a t e   and  t o  

d e l i v e r   an  o u t p u t   s i g n a l   s i m u l t a n e o u s l y .   The  f o l l o w i n g  

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

g e n e r a t o r   (3 )   and   t h e   t t a n s m i s s i o n   and   p r o c e s s i n g   c i r c u i t  

( 4 )   i n   t h i s   system  a c c o m p l i s h   t h e   a f o r e s a i d   r e q u i r e m e n t s .  

R e f e r r i n g   to   F i g .   29  t h e r e   i s   shown  an  e m b o d i m e n t   o f  

d i r e c t   t r a n s m i s s i o n ,   in   w h i c h   t h e   o p e r a t i o n   of   t h e   k e y s  

( 1 2 )   ( K 1 - K n )   of   t h e   p r i m a r y   r e n d i t i o n   p i a n o   w i l l   b e  

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

s i g n a l   g e n e r a t o r   (3 )   ( T 1 - T n )   and   w i l l   be  d i r e c t l y ,  

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

p e r c u s s i n g   hammer   d r i v i n g   m e a n s   ( 2 7 )   ' H D 1 - H D n ) .  

T h e   e m b o d i m e n t   shown  i n   F i g .   30  i s   f u r n i s h e d ,   i n  

t h e   t r a n s m i s s i o n   w i r e ,   w i t h   a  l i n e a r   a m p l i f i e r   AMP1-AMPn. 

T h e   a f o r e s a i d   w i r e   t r a n s m i s s i o n   m e t h o d   i s   t h i s   s y s t e m  

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

d i r e c t   t r a n s m i s s i o n   m e t h o d   as   shown  in   F i g .   31,   in   w h i c h  

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

g e n e r a t o r s   ( T l - T n )   a r e   c o n n e c t e d ,   i n   s e r i e s ,   w i t h   a  

s w i t c h i n g   t r a n s i s t o r   Q1-Qn  r e s p e c t i v e l y ;   t h e   o u t p u t  

t e r m i n a l s   T 1 - T n   a r e   c o n n e c t e d   in   p a r a l l e l   and  c o u p l e d   t o  

one   a m p l i f i e r   ( 7 1 ) .   At  t h e   g r o u n d i n g   t e r m i n a l   of   e v e r y  

s t r i n g - p e r c u s s i n g   hammer   d r i v i n g   m e a n s   HD1-HDn  of   t h e  

t e r m i n a l   p i a n o ,   a  s w i t c h i n g   t r a n s i s t o r   Q D - Q D   i s  

a l s o   c o n n e c t e d   in   s e r i e s   r e c p e c t i v e l y .   
1  n  

T h e  

i n p u t   t e r m i n a l s   of   HD1-HDn  a r e   c o n n e c t e d   in   p a r a l l e l ,  

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



( 7 1 ) .   F u r t h e r ,   in  t h e   s t r i n g - p e r c u s s i n g   s i g n a l   t r a n s m i s s i o n  

and  p r o c e s s i n g   c i r c u i t   (4 )   a  t i m e   s e q u e n c e   o s c i l l a t o r   ( 7 2 )  

and  a  r i n g   c o u n t e r   ( 7 3 )   a r e   f u r n i s h e d .   The  o u t p u t   t e r m i n a l s  

( P 1 - P n )   o f   s a i d   r i n g   c o u n t e r   ( 7 3 )   a r e   c o n n e c t e d   r e s p e c t i v e l y  

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

( Q 1 - Q n ;   and   QD1-QDn) ;   in   o t h e r   w o r d s ,   t h e   o u t p u t   p o i n t   P 1  

i s   u s e d   f o r   d r i v i n g   Q1  and  Q d l ;   P2  i s   u s e d   f o r   d r i v i n g   Q2 

and  QD2;  l i k e w i s e ,   Pn  i s   u s e d   f o r   d r i v i n g  Q n   and  QDn  so  a s  

to  h a v e   t h e   o p e r a t i o n   of  K 1 -   Kn  g e n e r a t e   a  s c a n n i n g   t y p e  

of   m u l t i - t o n e   o u t p u t .  

F i g .   32  i s   an  e m b o d i m e n t   of   r a d i o   t r a n s m i s s i o n   in   a  

s i n g l e - t o n e   f r e q u e n c y   m o d u l a t i o n   mode  to  be  u s e d   in   t h i s  

s y s t e m .   R e f e r r i n g   a g a i n   to   F i g .   1,  t h e r e   i s   shown  an  o s -  

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

p r o c e s s i n g   c i r c u i t   (4)   and  t h e   o s c i l l a t i n g   f r e q u e n c y   o f  

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

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

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

SK1SKn  c o u p l e d   to  t h e   k e y s   K 1 - K n .   For   e x a m p l e ,   u p o n   K1 

b e i n g   p l a y e d ,   t h e   n o r m a l l y   c l o s e d   c o n t a c t   c o u p l e d   to  K1 

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

a t i n g   a t   a  f r e q u e n c y   d e t e r m i n e d   by  R1.  S a i d   o s c i l l a t i n g  

s i g n a l   and   t h e   s i g n a l   g e n e r a t e d   by  T1  a r e   a l l   c o u p l e d   i n t o  

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

a f t e r   b e i n g   a m p l i f i e d .   S i n c e   t h e   r e s i s t o r   of  e v e r y   key   i s  

R 1 ≠   R 2  ≠   R 3 . . . ≠   R n - 1  ≠   Rn,  t h e   t r a n s m i t t i n g   f r e q u e n c y   i s  

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

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

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



E L C 1 - f L C n   of   t h e   r e s o n a n t   c i r c u i t s   L C l - L C n  h a v e   b e e n   p r e -  

t u n e d   to   t h e   same  f r e q u e n c i e s   of   s a i d   c o r r e s p o n d i n g   OSC.  

of  e v e r y   k e y ,   o n l y   t h e   LC  c i r c u i t   ( L C 1 - L C n )   of  t h e   c o r r e s -  

p o n d i n g   key   ( K 1 - K n )   b e i n g   p l a y e d   can  g e n e r a t e   a  r e s o n a n c e  

and  g e n e r a t e   an  i n p u t .   The   s a i d   i n p u t   s i g n a l   w i l l   p a s s   a  

d e t e c t o r   ( D 1 - D n )   f o r   d e t e c t i o n ,   and   p a s s   an  a m p l i f i e r  

( A M f 1 - A M f n )   f o r   a m p l i f i c a t i o n   so  as  to  d r i v e   t h e   c o r r e s -  

p o n d i n g   s t r i n g - p e r c u s s i n g   h a m m e r   d r i v i n g   m e a n s   HD1-HDn 

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

F i g .   33  i s   an  e m b o d i m e n t   of   a  m u l t i - c h a n n e l   r a d i o  

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

s y s t e m ,   i n   w h i c h   t h e   n o t e s   g e n e r a t e d   by  e v e r y   key   may  b e  

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

i s   t h a t   e v e r y   key   K1-K  h a s   i t s   d i s c r e t e   m o d u l a t o r   M1-Mn 

o s c i l l a t o r   OSC1-OSCn,   and   a m p l i f i e r   AMP1-AMPn  so  as  t o  

h a v e   t h e   s i g n a l   g e n e r a t e d   by  e a c h   key  t r a n s m i t t e d   s i m u l t -  

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

F i g .   34  i s   an  e m b o d i m e n t   o f   a  s c a n n i n g   t y p e   o f  

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

i n g   e t e r m i n a l   of   e v e r y   k e y   K1-Kn  as  shown  in   F i g .   33  i s  

c o n n e c t e d   in   s e r i e s   t o   a  s w i t c h i n g   t r a n s i s t o r   Q1-Qn,   a n d  

t h e n   t h e   o u t p u t s   of   a l l   m o d u l a t o r s   M 1 - M n  a r e   c o n n e c t e d   i n  

p a r a l l e l .   The  k e y s   K1-Kn   and   t h e   c o r r e s p o n d i n g   s w i t c h e s  

S l - S n   a r e   o p e r a t e d   s i m u l t a n e o u s l y   so  as  to   t r i g g e r ,  

u p o n   t h e   key   K1-Kn  b e i n g   p u s h e d   d o w n w a r d s ,   t h e   c o r r e s p o n d i n g  

MI-Mn  and   O S C 1 - O S C n  a n d   to   h a v e   t h e   s t r i n g - p e r c u s s i n g  

s i g n a l   p a s s e d   f r o m   t h e   p a r a l l e l   o u t p u t   t e r m i n a l s   o t   T 1 - T n  

to   t h e   p r e - a m p l i f i e r ,   and   to   t h e   c o u p l e d   to   a  m o d u l a t o r  

Mo  t o g e t h e r   w i t h   a  RF  s i g n a l   g e n e r a t e d   by  an  o s c i l l a t o r  

OSCo  a t   a  f r e q u e n c y   fOSCo;   t h e   s i g n a l   i s   t h e n   a m p l i f i e d   a n d  



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

s c a n n i n g   f r e q u e n c y   of  f ,OSC  i s   i n s t a l l e d   to  f u r n i s h  

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

t e r m i n a l s   P 1 - P n  a r e   c o n n e c t e d   r e s p e c t i v e l y   to  t h e   b a s i s  

of  Q1-Qn.   The  r e l a t i o n s h i p   among  t h e   a f o r e s a i d   f r e q u e n c i e s  

Ls:  f O S C l >   f O S C 2 >   f O S C 3 . . . > f O S C n - 1 >   fOSCn  and  f O S C o >  

EOSC1>-  f O S C n >   f O S C > f O S C l - f O S C n   a r e   t h e  c o r r e s p o n d i n g  

E r e q u e n c i e s   o f   t h e   o s c i l l a t o r s   O S C 1 - O S C n '  
In  a d d i t i o n   to  a d d i n g   a  r e s o n a n t   c i r c u i t   LCo  ( a  

r e s o n a n t   f r e q u e n c y   fLCo  e q u a l   to  fOSCo)  in   t h e   f r o n t  

p o r t i o n   of   t h e   r e c e i v i n g   d e v i c e   to   r e c e i v e   t h e   RF  o f  

OSCo,  a  p r e - a m p l i f i e r   may  be  a d d e d ,   i f   n e c e s s a r y ,   b e f o r e  

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

c i r c u i t   L C 1 - L C n  t h a t   a r e   u s e d   f o r   s e l e c t i n g   t h e   v a r i o u s  

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

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

fLCn  fOSCn  a  s i g n a l   a f t e r   b e i n g   p r e -  

a m p l i f i e d   and   p a s s i n g   t h r o u g h   t h e   r e s o n a n t   c i r c u i t   L C 1 - L C n  

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

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

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

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

p r i m a r y   r e n d i t i o n   p i a n o .   The  r e l a t i o n s h i p   among  t h e  



s i g n a l s   i s   i l l u s t r a t e d   in   F i g .   35 .   In  t h e   e m b o d i m e n t s  

shown  in  F i g .   29,  to   33 ,   a  g r o u p   of   s w i t c h e s   S l - S N   m a y ,  

i f   n e c e s s a r y ,   be  i n s t a l l e d   in   t h e   k e y s   K l - K n   as   shown  i n  

F i g .   34  so  as  to   t u r n   on  t h e   p o w e r   s u p p l y   of  t h e   d e t e c t o r ,  

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

t h e   f u n c t i o n s   t h e r e o f   u p o n   t h e   key   b e i n g   p u s h e d   down  i n  

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

M o r e o v e r ,   in   t h e   p r e s n t   i n v e n t i o n ,   t h e   o p e r a t i o n   o f  

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

t r e m o l o ,   and  l i a i s o n   may  a l s o   be  s e n s e d   and  c o n v e r t e d   t o  

a  s i g n a l   by  m e a n s   of   e l e c t r o - m e c h a n i c a l   or   p h o t o c e l l   c o n t a c t  

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

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

by  m e a n s   of  t h e   a f o r e s a i d   m e t h o d   of  t r a n s m i t t i n g   t h e   s t r i n g -  

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

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

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

s t r i n g - p e r c u s s i n g   m e a n s .   Upon  t r a n s m i t t i n g   and  s c a n n i n g ,  

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

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

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

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

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

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

and   a  " g r o u p "   r e n d i t i o n   mode  w h i c h   a r e   to   be  d e s c r i b e d  

l a t e r .  

F o r   e x a m o l e ,   in   F i g .   36 ,   t h e   o u t p u t   s i g n a l   of   t h e k e y  

on  t h e   k e y - b o a r d   (1 )   may  be  u s e d   f o r   d r i v i n g   two  o r   m o r e  

t h a n   two  t e r m i n a l   p i a n o s   ( 7 4 )   s i m u l t a n e o u s l y   by  m e a n s   o f  

t h e   v a r i o u s   t r a n s m i s s i o n   m e t h o d s   i l l u s t r a t e d   in   F i g .   29  



to  34  ( t h e   t r a n s m i s s i o n   m e t h o d s   i l l u s t r a t e d   in  F i g .   2 9  

and  30  a r e   i n d i c a t e d   w i t h   d o t t e d   l i n e s   in   s a i d   F i g .   3 6 ) .  

F i g .   37  i s   a  f u r t h e r   mode  in  u s i n g   t h e   p r e s e n t   i n v e n t i o n ,  

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

a r r a n g e d   a b r e a s t   o r   two  " g r o u p s "   of   t e r m i n a l   p i a n s   ( 7 4 )  

( e a c h   g r o u p   i n c l u d i n g   more   t h a n   one  t e r m i n a l   p i a n o ) ;  

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

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

p i a n o   ( 7 4 )   i s   f u r n i s h e d   w i t h   t h e   s t r i n g - p e r c u s s i n g   m e a n s  

( 6 ) .   In   r e n d i t i o n ,   t h e   c o m b i n e d   f o r t e   p o i n t   g e n e r a t e d  

by  t h e   two  t e r m i n a l   p i n o s   a r r a n g e d   a b r e a t   o r   two  " g r o u p s "  

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

e f f e c t .  

The  s y s t e m   shown  in   F i g .   38  c o m p r i s e s   f o u r   k e y - b o a r d s  

and  f o u r   t e r m i n a l   p i a n o s   or   f o u r   g r o u p s   of   t e r m i n a l   p i a n o s  

( 7 4 )   a r r a n g e d  i n   f o u r   c o r n e r s   or  a  s q u a r e   or   r e c t a n g u l a r  

f l o o r .   In  r e n d i t i o n ,   t h e   k e y - b o a r d s   may  be  a p p l i e d   w i t h  

d i f f e r e n t   p e r c u s s i n g   s t r e n g t h   so  as  to   h a v e   t h e   t e r m i n a l  

p i a n o s   ( 7 4 )   in   f o u r   c o r n e r s   g e n e r a t e   a  c o m b i n e d   f o r t e  

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

on  a  c o o r d i n a t e   p l a n e   so  as  to  o b t a i n   a  f o u r   c h a n n e l   e f f e c t .  

F i g .   39  i s   a  s y s t e m   i n c l u d i n g   e i g h t   t e r m i n a l   p i a n o s  

or   e i g h t   g r o u p s   o f   t e r m i n a l   p i a n o s   ( 7 4 )   a r r a n g e d   in   t h e  

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

f r o m   e i g h t   k e y - b o a r d s   ( n o t   s h o w n ) .   The  d i f f e r e n t  

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

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

f i x e d   p o i n t   in   s a i d   c u b i c   s p a c e   so  as   to   f o r m   a  s t e r e o  

e f f e c t .  

The  a f o r e s a i d   s t e r e o   e f f e c t   n o t   o n l y   can   be  o b t a i n e d  

by  m e a n s   of  s e p a r a t e l y ,   p l a y i n g   s a i d   two  o r   more   t h a n   t w o  



s e t s   o f   k e y b o a r d s   to   g e n e r a t e   a  v a r i a b l e   c o m b i n e d   f o r t e  

p o i n t ,   b u t   a l s o   can   be  o b t a i n e d   by  p l a y i n g   a  s i n g l e   k e y -  

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

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

t e r m i n a l   p i a n o   so  as   to   g e n e r a t e   a  v a r i a b l e   d i s p l a c e m e n t   o f  

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

The   a f o r e s a i d   f o r t e   p o i n t   c o n t r o l   m e a n s   may  be  o p e r -  

a t e d   m a n u a l l y   o r   m e c h a n i c a l l y   so  as   to   h a v e   t h e   c o m b i n e d  

E o r t e   p o i n t   make   l i n e a r   d i s p l a c e m e n t ,   o r   t w o - d i m e n s i o n a l  

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

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

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

to  t h e   v a r i o u s   s t r i n g - p e r c u s s i n g   s y s t e m s   ( o r   t h e   s e r v o -  

s t r i n g - p e r c u s s i n g   s y s t e m )   and   to   g e n e r a t e   a  c o m b i n e d   f o r t e  

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

t e r m i n a l   s e r v o - p i a n o s ) .   The  s a i d   f u n c t i o n   may  be  o b t a i n e d  

by  m e a n s   o f   t h e   c o n t r o l   m e c h a n i s m   of   t h e   a f o r e s a i d   c o n t r o l  

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

(a   d i f f e r e n t i a l   p o t e n t i o m e t e r   t y p e ,   o r   an  i n d u c t i o n   type 

or   a  p h o t o c e l l   t y p e   as  shown  in   F i g .   3)  to   g e n e r a t e   a  

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

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

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

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

f r o m   t h e   s i n g l e   s e t   of   k e y - b o a r d .   The  s e n s i n g   s i g n a l   a f t e r  

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

h a m m e r   d r i v i n g   m e a n s   in   t h e   t e r m i n a l   p i a n o s   so  as  to  g e n e r a t e  

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

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

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



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

f o r m e d   by  t h e   v a r i o u s   f o r t e s   and  p i a n i s s i m o s   of  v a r i o u s  

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

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

d i s p l a c e m e n t .  

F i g .   40  i s   a  d i s t r i b u t i o n   c i r c u i t   of   s t r i n g - p e r c u s s i n g  

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

d i s p l a c e m e n t .   In   t h a t   c i r c u i t ,   t h e   i n p u t   t e r m i n a l s   of  t h e  

two  a m p l i f i e r s   AMPX+  and   AMPX-  a r e   c o n n e c t e d   r e s p e c t i v e l y  

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

t y p e   o f   p o s i t i o n   s e n s i n g   means   VRX+  and   V R S - ,   The  b a s e s  

of   t h e   two  t r a n s i s t o r s   QX+  and  QX-  a r e   c o n t r o l l e d   r e s p e c t i f e l y  

w i t h   s a i d   AMPX+  and  AMPX-,  and  t h e   c o l l e c t o r s   of   s a i d  

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

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

( f o r   i n s t a n c e ,   in   F i g .   34,  s a i d   t e r m i n a l s   b e i n g   M 1 - M n ) .  

In   o p e r a t i n g   t h e   f o r t e   p o i n t   c o n t r o l   m e a n s   ( 7 5 )   t h e   o u t p u t  

p o t e n t i a l   of   t h e   p o t e n t i o m e t e r s   VRX+  and   VRX-  w i l l   h a v e   a  

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

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

p o t e n t i a l   of   V R X - w i l l   s i m u l t a n e o u s l y   be  d e c r e a s e d ,   a n d  

v i c e   v e r s a .   The  a f o r e s a i d   two  s i g n a l   w i t h   d i f f e r e n t  

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

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

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

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

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

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

two  o u t p u t   t e r m i n a l s   of  X   and  X   be  c o u p l e d   to  t h e   s t r i n g -  

p e r c u s s i n g   s i g n a l   t r a n s m i s s i o n   and  p r o c e s s i n g   c i r c u i t   ( 4 )  

so  as   to   be  t r a n s m i t t e d   to  t h e   v a r i o u s   t e r m i n a l   p i a n o s   t o  



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

F i g .   41  i s   a  s y s t e m   b l o c k   d i a g r a m   w h i c h   i n c l u d e s   t w o  

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

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

t h e   d i s t r i b u t i o n   c i r c u i t   of   s t r i n g - p e r c u s s i n g   s t r e n g t h   ( 4 6 ) .  

F i g .   42  i s   a  d i s t r i b u t i o n   c i r c u i t   o f   s t r i n g - p e r c u s s i n g  

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

a  t w o - d i m e n s i o n a l   s p a c e .  

F i g .   43  i s   a  s y s t e m   b b c k   d i a g r a m   i n c l u d i n g   s a i d  

d i s t r i b u t i o n   c i r c u i t   of  s t r i n g - p e r c u s s i n g   s t r e n g t h   ( 4 7 ) .  

As  t o   t h e   d i s t r i b u t i o n   c i r c u i t   of   s t r i n g - p e r c u s s i n g  

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

i n   a  t h r e e - d i m e n s i o n a l   s p a c e ,   i t   may  be  d e v e l o p e d   by  a n a l o g  

as   m e n t i o n e d   a b o v e .  

R e f e r r i n g   a g a i n   to   F i g .   1,  t h e r e   i s   shown  a  m o n i t o r   ( 2 )  

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

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

p i a n o   so  a s   to   p r o v i d e   t h e   b e g i n n e r   o r   p i a n i s t   w i t h   r e f e r -  

e n c e .   T h e   d i s p l a y   of  s a i d   m o n i t o r   may  be   o f   an  a n a l o g  

t y p e   o r   a  d i g i t a l   t y p e .   In   u s i n g   an  a n a l o g   t y p e ,   t h e  

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

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

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

d i s p l a y   t h e   c o r r e s p o n d i n g   w a v e f o r m   of   t h e   p l a y e r ' s   f i n e r g i n g  

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

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

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

d r i v i n g   m e a n s   ( 6 )   in  s a i d   s y s t e m   can   d r i v e   t h e   s t r i n g -  

p e r c u s s i n g   h a m m e r   d r i v i n g   m e a n s   ( 2 7 )   in   t h e   t e r m i n a l  

p i a n o   ( 7 4 )   by  u s i n g   an  e q u i v a l e n t   a n a l o g   s i g n a l   or   a  s e r i e s  

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



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

(1)   ( o r   d i s c r e t e   k e y - b o a r d )   in  t h e   p r i m a r y   r e n d i t i o n  

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

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

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

s e r v o - i n s t r u c t i o n ;   t h e r e f o r e ,   t h e   t e r m i n a l   p i a n o   in   t h e  

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

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

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

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

p l a y b a c k   t a p e ,   or   c o m p u t e r ,   e t c .  

As  shown  in  F i g .   l ,   t h e   p r i m a r y   r e n d i t i o n   p i a n o   o r  

t h e   t e r m i n a l   p i a n o   in  t h e   s y s t e m   may  a l s o   be  i n s t a l l e d   w i t h  

a  r e g i s t e r   means   (8)   w h i c h   may  be  a  r e c o r d e r   t a p e ,   a  

m a g n e t i c   d i s k ,   ROM,  RAM,  EPROM,  an  o p t i c a l ,   a  m a g n e t i c   o r  

a  m e c h a n i c a l   t y p e   of  memory  m e a n s ;   t h e   r e g i s t e r e d   s i g n a l  

may  be  t r a n s m i t t e d   i n t o   a  t e r m i n a l   p i a n o   h a v i n g   t h e   s a i d  

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

to   d r i v e   t h e   s t r i n g - p e r c u s s i n g   h a m m e r   so  as  to  o b t a i n   a  

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

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

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

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

e i g h t   t r a c k   r e c o r d i n g   and  p l a y b a c k .   The  s y s t e m   n o t   o n l y  

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

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

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

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

F u r t h e r ,   t h e   p r i m a r y   r e n d i t i o n   p i a n o   and  t h e   t e r m i n a l  

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



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

of  s t r i n g   t u n i n g   ( 4 8 )   ( a s   a  m o n i t o r ) ,   a  "LC"  r e s o n a n t  

c i r c u i t   a s s e m b l y   ( 4 9 )   to   be  d r i v e n   w i t h   m i c r o - s o u n d   a n d  

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

a m p l i f i c a t i o n   and  d r i v i n g   c i r c u i t   ( 5 0 )   and  a  f o r w a r d /  

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

F i g . ,   o n l y   s h o w i n g   a  m o t o r   ( 5 ' )   f o r   t u n i n g   a  g i v e n   s t r i n g . )  

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

f o l l o w s :  

I n   t u n i n g   a  g i v e n   s t r i n g   ( 5 3 )   p u s h   m a n u a l l y   t h e   k e y  

c o r r e s p o n d i n g   to   t h e   s t r i n g ,   and  t h e   s t r i n g - p e r c u s s i n g  

h a m m e r   (7 )   c o u p l e d   to   s a i d   s t r i n g   w i l l   a c t u a t e   a  s w i t c h  

( 7 6 )   w h i c h   w i l l   h a v e   an  e x t e r n a l   p u l s e   s i g n a l   r e p r e s e n t i n g  

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

o f   s t r i n g   t u n i n g   ( 4 8 )   w h i c h   may  be  made  of  a  m i c r o - c o m p u t e r  

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

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

o f   s t r i n g   t u n i n g   ( 4 8 )   t h r o u g h   a  s e n s i n g   means   ( s h o w n   i n  

F i g .   3 ( 0 )   i n s t a l l e d   i n   t h e   k e y   to   be  t u n e d .   U p o n  

- e c e i v i n g   s a i d   s i g n a l ,   t h e   i d e n t i f i c a t i o n   c i r c u i t   ( 4 8 )  

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

p o n d i n g   "LC"  r e s o n a n t   c i r c u i t   so  as  to   be  d r i v e n   by  t h e  

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

( 5 3 )   t h r o u g h   t h e   m i c r o p h o n e   ( 5 2 ) .   The  v a l u e s   of  "L"  a n d  

"C"  i n   s a i d   r e s o n a n t   c i r c u i t   s h o u l d   s a t i s f y   t h e   r e s o n a n t  

r e q u i r e m e n t   u n d e r   t h e   s t a n d a r d   f r e q u e n c y   of   s t r i n g ,   a n d  

a t   t h e   c o r r e c t  r e s o n a n t   f r e q u e n c y   t h e   r e a c t a n e  X L   =  X  ,   i . e .  

VXL  =  VXC.  Now,  t h e   o u t p u t   o f   s a i d   r e s o n a n t   c i r c u i t  

w i l l   p a s s   t h r o u g h   t h e   two  b r i d g e   r e c t i f i e r s   B r l   and  Br2  a n d  

two  o p t o i s o l a t o r s , O P T O l   and   OPTO2  r e s p e c t i v e l y ,   and  t h e n  



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

d r i v i n g   c i r c u i t   ( 5 0 )   w i t h   an  e q u a l   s i g n a l   l e v e l ;  

c o n s e q u e n t l y ,   t h e   s t r i n g - t u n i n g   m o t o r   ( 5 1 )   w i l l   n o t  

o p e r a t e .  

In  c a s e   of  t h e   s i g n a l   of   s a i d   s t r i n g   ( 5 3 )   t u n e d  

b e i n g   c o u p l e d   t h r o u g h   s a i d   m i c r o p h o n e   ( 5 2 )   b e i n g  

low  or   too   h i g h ,   v a r i a t i o n   b e t w e e n   t h e   Xc  and  XL  w i l l  

t a k e   p l a c e ,   and  t h e   o u t p u t   of   t h e   d i f f e r e n t i a l   a m p l i c -  

i c a t i o n   and  d r i v i n g   c i r c u i t   ( 5 0 )   w i l l   change  to  c a u s e  

a  g i v e n   s t r i n g - t u n i n g   m o t o r   ( 5 1 )   ( s u c h   as   an  A.C.  o r  

D .C .   m o t o r ,   or  a  s m a l l   s t e p p e r   m o t o r )   to  o p e r a t e   i n  

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

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

t u n e .   F u r t h e r ,   b e t w e e n   t h e   a x l e   end  of  s a i d   m o t o r   ( 5 1 )  

and   t h e   t r a n s m i s s i o n   e l e m e n t ,   a  b r a k e   m e a n s   d r i v e n   w i t h  

an  e l e c t r o - m a g n e t i c   m e a n s   may  be  i n s t a l l e d   so  as  t o  

t h e   s t a b i l i t y   of  t h e   s y s t e m .   In  t h e   e v e n t   of   n o t   o b -  

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

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

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

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

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

o p e r a t i o n   may  a l s o   be  d o n e   d u r i n g   t h e   r e n d i t i o n   by  m e a n s  

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

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

n u m b e r - i d e n t i f i c a t i o n   c i r c u i t   of  s t r i n g   t u n i n g   f o r  

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

In  a d d i t i o n   to  t h e   b u i l t - i n   t y p e ,   s a i d   s t r i n g -  

t u n i n g   means   may  be  a  d i s c r e t e   and  a u t o m a t i c   t y p e  

as  shown  in  F i g .   45 ,   in   w h i c h   a  r e s o n a n t   l e a f - s p r i n g  

a s s e m b l y   (54 )   i s   f i r m l y   a t t a c h e d   to  a  r e s o n a n t   c h a m b e r  



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

e v e r y   s t r i n g ;   t h e n ,   u s e   a  m a n u a l   m e t h o d   or   t h e   s a i d  

s t r i r g - t u n i n g   m e a n s   to   c o n t r o l   t h e   s t r i n g - t u n i n g   m o t o r   ( 5 1 0  

to  d r i v e   a  r u n i n g   s l e e v e   f o r   t u n i n g .   At  t h e   end  of  e a c h  

s a i d   r e s o n a n t   l e a f   s p r i n g   a s s e m b l y   ( 5 4 )   a  r e s o n a n c e -  

i n t e n s i f y i n g   m e t a l   s t r i p   may  be   i n s t a l l e d .   Each   of   s a i d  

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

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

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

r e f e r e n c e .  

The   a f o r e s a i d   t u n i n g   p l a t e   may  be  c o u p l e d   w i t h   a  

p h o t o c e l l   o r   an  e l e c t r o - m a g n e t i c   s e n s i n g   means   so  as  t o  

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

p e r c u s s i n g   t h e   s t r i n g .   The  s e n s i n g   s i g n a l   may  be  i n  

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

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

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

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

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

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

t u n i n g   m o t o r   ( 5 1 ) .  

The   a r r a n g e m e n t   of   t h e   k e y - b o a r d   (1 )   in   t h e   p r e s e n t  

i n v e n t i o n   may  be  d e s i g n e d   i n t o   t h e   s p a e s   as  shown  i n  

F i g .   46 ,   47  and  48;  in   F i g .   46  and  47  ( f r o n t   v i e w ) ,   t h e  

a r r a n g e m e n t   s h a p e s   o f   t h e   k e y s   ( 1 2 )   a r e   d e s i g n e d   i n  

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

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

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

F i g .   48  (a   t o p   v i e w )   shows   t h e   k e y - b o a r d   b e i n g   in   a  

c o n v e x   s h a p e   by  u s i n g   t h e   p i a n o   b o d y   as  a  c e n t r e .  



R e f e r r i n g   to   F i g .   49,  t h e r e   i s   shown  t h e   k e y s   ( 1 2 )  

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

c h r o m a t i c   s c a l e s   r e m a i n   a t   t he   o r i g i n a l   p o s i t i o n .   In  t h e  

m a t r i x   a r r a n g e m e n t ,   t h e  k e y s   may  be  a r r a n g e d   in  s e p a r a t e  

rows  in   a c c o r d a n c e   w i t h   t h e   s c a l e   or   t h e   "key   s i g n a t u r e "  

so  as  to   f a c i l i t a t e   t h e   b e g i n n e r   d o i n g   p r a c t i c e .   S i n c e  

t h e   m a t r i x   s h a p e d   k e y - b o a r d   h a s   w i d e r   c r o s s   s e c t i o n ,   t h e  

p e r c u s s i n g   s c o p e   i s   e x t e n d e d   h o r i z o n t a l l y .   F u r t h e r ,  

a i d   k e y - b o a r d   may  be  d e s i g n e d   i n t o   a  s l i g h t l y   s l a t i n g  

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

c o n v e x   or  c o n c a v e   s u r f a c e   so  as  to   f a c i l i t a t e   t h e   p a y e r  

m o v i n g   f i n g e r s   q u i c k l y   and  a c c u r a t e l y   to   t h e   key  i n  

h o r i z o n t a l   d i r e c t i o n .  

The  k e y s   to   be  u s e d   in   t h i s   s y s t e m   may  be  d e s i g n e d  

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

shown  i n   F i g .   50  so  as  to  f a c i l i t a t e   t h e   p l a y e r s   f i n g e r  

s l i p p i n g   o v e r   t h e   k e y s ;   t h e   k e y s   may  a l s o   be  d e s i g n e d   i n t o  

a  c o n c a v e   s h a p e   as   shown  in  F i g .   51  so  as  to  f a c i l i t a t e  

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

a c c u r a c y .  

In  t h e   s a i d   r e s o n a n t   c h a m b e r ,   one  or   more   t h a n   one  s e t  

of  c o n s t a n t   t e m p e r a t u r e   and  h u m i d i t y   means   as  shown  in  F i g .  

52  may  be  i n s t a l l e d .   The  s a i d   c o n s t a n t   t e m p e r a t u r e   a n d  

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

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

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

S a i d   means   may  a l s o   be  u s e d   in  g e n e r a l   p i a n o .  



1.  A  r e m o t e   c o n t r o l   s y s t e m   f o r   a  m u s i c a l   i n s t r u m e n t  

or  i n s t r u m e n t s   c o m p r i s i n g : -  

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

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

key   v e l o c i t y   or   f o r c e ,  

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

p e r c u s s i n g   s i g n a l ,  

t r a n s m i s s i o n   means   f o r   t r a n s m i t t i n g   t h e   s i g n a l   t o  

a t   l e a s t   one   r e m o t e   i n s t r u m e n t   h a v i n g   a  s t r i n g  

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

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

s i g n a l ,   t h e   a r r a n g e m e n t   b e i n g   o p e r a b l e   in   r e s p o n s e   t o  

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

to   t h e   o p e r a t i o n   of  t h e   k e y b o a r d .  

2.  A  s y s t e m   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e   s t r i n g  

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

two  or   m o r e   i n s t r u m e n t s   e a c h   h a v i n g   a  r e s p e c t i v e  

r e c e i v e r   c i r c u i t   and  s t r i n g   p e r c u s s i n g   a r r a n g e m e n t .  

3.  A  s y s t e m   a c c o r d i n g   to  c l a i m   2,  i n c l u d i n g   a  b a l a n c e  

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



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

a r r a n g e m e n t s .  

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

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

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

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

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

f rom  t h e   k e y b o a r d .  

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

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

c o i l s   and  m o v a b l e   c o r e   e l e m e n t s ,   e ach   key  b e i n g  

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

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

c o r e   e l e m e n t .  

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

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

7.  A  s y s t e m   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   1  to  5 

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