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(s*)  Time  measuring  circuit. 

Atime  measuring  circuit for meters  of the  pulse  reflection 
type  includes  a  gate  signal  generator  (3)  for  producing  a  gate 
pulse  signal  (D)  the  duration  of  which  is  proportional  to  a 
value  of an  objectto  be  measured,  an  oscillator (1)  for  produc- 
ing  clock  pulses  at  a  predetermined  frequency,  a 
complementary-output  element  (2,  200)  responsive  to  the 
gate  pulse  signal  for  producing  first  and  second  clock  pulses 
(G,  H)  which  are  the  same  at  their  phase  and  relatively 
inverted,  a  pair of gates  (4,5)  for  passing  therethrough the first 
and  second  clock  pulses  during  appearance  of the  gate  pulse 
signal,  a  flip-flop  (6)  for  applying  the  first  clock  pulses  to  a 
counter  (7)  and  for  applying  the  first  and  second  clock  pulses 
to  a  pair  of  integration  circuits  (11, 12).  The  counter  (7)  counts 
the first  clock  pulses  (G)  to  produce  an  output signal  indicative 
of the  counted  value,  and  the  integration  circuits  (11,  12) 
selectively  integrate  the  first  and  second  clock  pulses  (G,  H)  in 
response to the  gate  pulse  signal.  An  analog-to-digital  conver- 
ter  (13)  is  connected  to  the  integration  circuits  to  convert  the 
finally  integrated  value  into  a  digital  value,  and  a  computer 
(14)  is  arranged  to  calculate  a  sum  of the  counted  value  and 
the  digital  value. 





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

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

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

m e t e r   or  t h e   l i k e .  

For   a c c u r a t e   m e a s u r e m e n t   of   a  d i s t a n c e  b y   u s i n g  

l i g h t ,   an  a x i a l   f o r c e   of  a  b o l t   or  a  t h i c k n e s s   of  an  o b j e c t  

by  u s i n g   u l t r a s o n i c   w a v e s ,   i t   i s   r e q u i r e d   to   m e a s u r e   a  t i m e  

of  a p p r o x i m a t e l y   1  nS  or  a  f r e q u e n c y   of  a p p r o x i m a t e l y   1  GHz 

w i t h   an  e r r o r   l e s s   t h a n   one  p e r c e n t .   T o  e f f e c t   s u c h  

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

b e e n   u t i l i z e d   h e r e t o f o r e ,   r e s u l t i n g   in   p r o v i s i o n   of  a  

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

I t   i s ,   t h e r e f o r e ,   a  p r i m a r y   o b j e c t   of  t h e   p r e s e n t  

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

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

a  t i m e   of  s u b s t a n t i a l l y   1  nS  w i t h o u t   p r o v i s i o n   of  a  h i g h  

s p e e d   c o u n t e r .  

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   t h e r e   i s  

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

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

f o r   a p p l y i n g   a  t r a n s m i s s i o n   p u l s e   s i g n a l   to  an  o b j e c t   t o  

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

m e a n s .  

In   t h e   a c t u a l   p r a c t i c e s   of   t h e   p r e s e n t   i n v e n t i o n ,  

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

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

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

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

a t   t h e i r   p h a s e   and  r e l a t i v e l y   i n v e r t e d ,   g a t e   m e a n s  

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

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

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

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

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

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

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

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

to  c o u n t   t h e   f i r s t   c l o c k   p u l s e s ,   t h e   t h i r d   means   i s   i n  

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

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

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

and  t h e   f o u r t h   means   i s   in   t h e   f o r m   of  an  a n a l o g - t o - d i g i t a l  

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

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



F o r   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   p r e s e n t  

i n v e n t i o n ,   and  to   show  how  t h e   same  may  be  c a r r i e d   i n t o  

e f f e c t ,   r e f e r e n c e   w i l l   now  be  made ,   by  way  of   e x a m p l e ,  

to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h : -  

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

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

F i g s .   2  and  3  i l l u s t r a t e   w a v e f o r m s   a p p e a r i n g  

a t   v a r i o u s   p o i n t s   in   t h e   c i r c u i t   d i a g r a m   of  F i g .   1 ;  

F i g .   4  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of   a  

m o d i f i c a t i o n   of   t h e   t i m e   m e a s u r i n g   c i r c u i t   of  F i g .   1;  a n d  

F i g .   5  i l l u s t r a t e s   w a v e f o r m s   a p p e a r i n g   a t  

v a r i o u s   p o i n t s   in   t h e   c i r c u i t   d i a g r a m   of  F i g .   4 .  

R e f e r r i n g   now  to   t h e   d r a w i n g s ,   F i g .   1  i l l u s t r a t e s  

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

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

m e a s u r i n g   c i r c u i t   i n c l u d e s   a  c r y s t a l   o s c i l l a t o r   1  f o r  

p r o d u c i n g   c l o c k   p u l s e s   A  in   t h e   fo rm  of  r e c t a n g u l a r   w a v e s  

a t   a  f r e q u e n c y   of  100  K H z  -   10  MHz,  and  a  JK  f l i p - f l o p   2 

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

of  o s c i l l a t o r   1  and  a t   i t s   o t h e r   i n p u t   t e r m i n a l s   J  a n d   K 

to  a  DC  v o l t a g e   s o u r c e   Vcc .   The  t i m e   m e a s u r i n g   c i r c u i t  

f u r t h e r   i n c l u d e s   an  RS  f l i p - f l o p   3  w h i c h   i s   a p p l i e d   a t  

i t s   s e t   t e r m i n a l   S  w i t h   a  t r a n s m i s s i o n   p u l s e   s i g n a l   TTP 

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

t e r m i n a l   R  w i t h   a  r e f l e c t i o n   e cho   p u l s e   RTP  f r o m   t h e   a x i a l  

f o r c e   m e t e r .   RS  f l i p - f l o p   3  i s   c o n n e c t e d   a t   i t s   o u t p u t  

t e r m i n a l   Q  to   a  c l e a r   i n p u t   t e r m i n a l   CLR  of  f l i p - f l o p   2 ,  

e a c h   f i r s t   i n p u t   t e r m i n a l   of  NAND  g a t e s   4  and  5,  and  t h e  

i n p u t   t e r m i n a l   of  a  t i m e r   8.  The  o u t p u t   t e r m i n a l   Q  of   RS 

f l i p - f l o p   3  i s   f u r t h e r   c o n n e c t e d   to   e a c h   s e t   t e r m i n a l   S  o f  

f i r s t   and   s e c o n d   i n t e g r a t i o n   c i r c u i t s   11  and  12  r e s p e c t i v e l y  

t h r o u g h   i n v e r t e r s   9  and  10.   N A N D - g a t e s   4  and  5  a r e  

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

t e r m i n a l s   Q  and  Q  o f .  JK   f l i p - f l o p   2  and  a t   t h e i r   o u t p u t  

t e r m i n a l s   to   r e s e t   and  s e t   t e r m i n a l s   R  a n d   S  of   a  s e c o n d  

f l i p - f l o p   6  r e s p e c t i v e l y .  

A  f i r s t   o u t p u t   t e r m i n a l   Q  of  RS  f l i p - f l o p   6  i s  

c o n n e c t e d   to   t h e   i n p u t   t e r m i n a l   of  a  c o u n t e r   7,  a  m i c r o -  



c o m p u t e r   14  and  a  r e s e t   t e r m i n a l   R  of  t h e   s e c o n d   i n t e g r a -  

t i o n   c i r c u i t   12,   w h i l e   a  s e c o n d   o u t p u t   t e r m i n a l   Q  of  RS 

f l i p - f l o p   6  i s   c o n n e c t e d   to   a  r e s e t   t e r m i n a l R o f   t h e   f i r s t  

i n t e g r a t i o n   c i r c u i t   11.   E a c h   o u t p u t   t e r m i n a l   of  i n t e g r a t i o n  

c i r c u i t s   11  and  12  i s   c o n n e c t e d   to   an  a n a l o g - t o - d i g i t a l  

or  A-D  c o n v e r t e r   13 .   The  m i c r o c o m p u t e r   14  i s   c o m m e r c i a l l y  

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

t e r m i n a l s   t o   r e s p e c t i v e   o u t p u t   t e r m i n a l s   of   c o u n t e r   7 ,  

t i m e r   8  and   A-D  c o n v e r t e r   1 3 .  

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

a  f r e q u e n c y   d i v i d e r   21  i n   t h e   f o r m   of  a  c o u n t e r   f o r  

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

o s c i l l a t o r   1,  and  a  p u l s e   w i d t h   a d j u s t o r   22  i n   t h e   f o r m  

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

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

c l o c k   p u l s e s .   The  r e c t a n g u l a r   i m p u l s e   w a v e s   a r e   t r a n s m i t t -  

ed  to   a  t r i g g e r   c i r c u i t   23  and   a l s o   t r a n s m i t t e d   as  t h e  

t r a n s m i s s i o n   p u l s e   s i g n a l   TTP  to  RS  f l i p - f l o p   3.  T h e  

u l t r a s o n i c   a x i a l   f o r c e   m e t e r   f u r t h e r   i n c l u d e s   a  p r o b e   3 0  

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

p u l s e   w a v e ,   w h i c h   i s   t r a n s m i t t e d   to   an  o b j e c t   to  b e  

m e a s u r e d ,   a  r e c e i v i n g   a m p l i f i e r   31  f o r   r e c e i v i n g   an  e c h o  

p u l s e   t r a i n   o u t p u t   f r o m   p r o b e   30,   and  a  c o m p a r a t o r   3 2  

f o r   c o m p a r i n g   an  o u t p u t   of   t h e   a m p l i f i e r   31  w i t h   a  

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

RTP.  F u r t h e r m o r e ,   t h e   u l t r a s o n i c   a x i a l   f o r c e   m e t e r  

i n c l u d e s   a  r e s e t   c i r c u i t   24  c o n n e c t e d   to   a  r e s e t   t e r m i n a l  

R  o f   c o u n t e r   7  and  r e s p o n s i v e   to   t h e   d i v i d e d   c l o c k   p u l s e s  

f rom  f r e q u e n c y   d i v i d e r   21  f o r   p r o d u c i n g   a  r e s e t   s i g n a l   i n  

a c c o r d a n c e   w i t h   t h e   c l o c k   p u l s e s   f r o m   o s c i l l a t o r   1,  a  t e n -  

key  b o a r d   41  f o r   a p p l y i n g   an  i n p u t   s i g n a l   i n d i c a t i v e   o f  

a  c o n s t a n t   of  t h e   o b j e c t   s u c h   as  a  b o l t   to   t h e   c o m p u t e r   1 4 ,  

a  s e l e c t - k e y   b o a r d   42  f o r   s e l e c t i n g   i n p u t   d a t a   f o r   t h e  

c o m p u t e r   14 ,   an  i n d i c a t o r   43  f o r   i n d i c a t i n g   a  v a l u e  

m e a s u r e d   by  t h e   c o m p u t e r   14,   and  a  t h e r m o m e t e r   44  f o r  

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

t e m p e r a t u r e .  

In  o p e r a t i o n ,   as  i s   i l l u s t r a t e d   i n   F i g .   2 ,  



RS  f l i p - f l o p   3  i s   s e t   in  r e s p o n s e   to   t h e   t r a n s m i s s i o n  

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

l e v e l   and  i s   r e s e t   in  r e s p o n s e   to   t h e   r e f l e c t i o n   e c h o  

p u l s e   RTP  to  make  t h e   g a t e   s i g n a l   low  l e v e l .   The  d u r a t i o n  

of  g a t e   s i g n a l   D  i s   p r o p o r t i o n a l ,   f o r   i n s t a n c e ,   to   a n  

a x i a l   l e n g t h   of   t h e   b o l t   to   be  m e a s u r e d .   When  r e c e i v e d  

t h e   h i g h   l e v e l   g a t e   s i g n a l   D,  JK  f l i p - f l o p   2  d i v i d e s   c l o c k  

p u l s e s   A  f r o m   o s c i l l a t o r   1  to   p r o d u c e   a t   i t s   t e r m i n a l s   Q 

and  Q  o u t p u t   s i g n a l s   B,  C  i n   t h e   f o rm  of  r e c t a n g u l a r   w a v e s  

wh ich   a r e   r e l a t i v e l y   i n v e r t e d   a t   h a l f   t h e   f r e q u e n c y   o f  

t h e   c l o c k   p u l s e s .   When  t h e   l e v e l   of  g a t e   s i g n a l   D  b e c o m e s  

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

a  h i g h   l e v e l ,   w h i l e   t h e   o u t p u t   s i g n a l   C  f rom  t e r m i n a l   Q 

is   m a i n t a i n e d   a t   a  low  l e v e l .   NAND  g a t e s   4  and  5  a r e  

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

o u t p u t   s i g n a l s   B  a n d   C  a p p l i e d   to   t h e   s e c o n d   RS  f l i p - f l o p  

6  from  JK  f l i p - f l o p   2.  When  t h e   l e v e l   of   g a t e   s i g n a l   D 

b e c o m e s   l ow ,   t h e   t i m e r   8  p r o d u c e s   a  h i g h   l e v e l   s i g n a l  

t h e r e f r o m   a f t e r   l a p s e   of  a  t i m e   t ,   and  t h e   c o m p u t e r   14  i s  

r e s p o n s i v e   to  t h e   h i g h   l e v e l   s i g n a l   f rom  t i m e r   8  to  r e c e i v e  

o u t p u t   s i g n a l s   f rom  c o u n t e r   7  and  A-D  c o n v e r t e r   13,   as  i s  

d e s c r i b e d   in   d e t a i l   l a t e r .  

As  i s   i l l u s t r a t e d   in   F i g .   3,  e a c h   wave  f o r m   o f  

t h e   o u t p u t   s i g n a l s   E  and  F  f r o m   NAND  g a t e s   4  and  5  i s  

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

g a t e   s i g n a l   D.  When  t h e   l e v e l   of  g a t e   s i g n a l   D  b e c o m e s  

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

l e v e l   r e s p e c t i v e l y .   T h u s ,   t h e   s e c o n d   RS  f l i p - f l o p   6  i s  

a p p l i e d   a t   i t s   t e r m i n a l s   S  a n d   R  w i t h   t h e   r e l a t i v e l y  

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

i n v e r t e d   o u t p u t   s i g n a l s   G  and  H  a t   i t s   t e r m i n a l s   Q  and  Q .  

Upon  d i s a p p e a r a n c e   of  t h e   h i g h   l e v e l   g a t e   s i g n a l   D,  t h e  

s e c o n d   RS  f l i p - f l o p   6  a c t s   t o   m e m o r i z e   e a c h   l e v e l   of  t h e  

o u t p u t   s i g n a l s   E  a n d   F .  

I f   t h e   l e v e l   of   g a t e   s i g n a l   D  b e c o m e s   low  w h e n  

the   o u t p u t   s i g n a l   B  f r o m   JK  f l i p - f l o p   2  i s   a t   a  low  l e v e l ,  

t h e   h i g h   l e v e l   o u t p u t   s i g n a l   G  f r o m   RS  f l i p - f l o p   6  i s  

a p p l i e d   as  an  i n p u t   s i g n a l   to   t h e   c o u n t e r   7,  as  i s   i l l u s -  



t r a t e d   in   (a)  of  F i g .   3.  I f   t h e   l e v e l   of  g a t e   s i g n a l   D 

b e c o m e s   low  when   t h e   o u t p u t   s i g n a l   B  f rom  JK  f l i p - f l o p   2 

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

RS  f l i p - f l o p   6  i s   a p p l i e d   as  an  i n p u t   s i g n a l   to  t h e  

c o u n t e r   7,  as   i s   i l l u s t r a t e d   i n   (b)  of  F i g .   3.  As  a  

r e s u l t ,   t h e   c o u n t e r   7  a c t s   to   c o u n t   t h e   o u t p u t   s i g n a l   G 

f rom  RS  f l i p - f l o p   6  t h e r e b y   to   m e a s u r e   a  t i m e   T 1 .  
S i m u l t a n e o u s l y ,   t h e   c o u m p u t e r   14  i s   r e s p o n s i v e   to  t h e  

o u t p u t   s i g n a l   G  f r o m   RS  f l i p - f l o p   6  to   d i s c r i m i n a t e   t h e  

o p e r a t i o n   of   i n t e g r a t i o n   c i r c u i t   11  or   12  so  as  to   p r o d u c e  

an  o u t p u t   s i g n a l   t h e r e f r o m   f o r   a c t i v a t i o n   of  A-D  c o n v e r t e r  

1 3 .  

When  a p p l i e d   w i t h   t h e   h i g h   l e v e l   o u t p u t   s i g n a l  

G  f rom  RS  f l i p - f l o p   6,  t h e   f i r s t   i n t e g r a t i o n   c i r c u i t   1 1  

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

saw  t o o t h   w a v e s .   In  t h i s   i n s t a n c e ,   A-D  c o n v e r t e r   1 3  

i s   r e s p o n s i v e   to   t h e   o u t p u t   s i g n a l   f r o m   c o m p u t e r   14  t o  

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

a  d i g i t a l   v a l u e   i n d i c a t i v e   of   a  t i m e   T2'   In  t h e   c a s e  

t h a t   t h e   f u l l   s c a l e   of  e a c h   saw  t o o t h   wave   of  s i g n a l   I  

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

of  t he   c l o c k   p u l s e s ,   t h e   t i m e   T2  i s   m e a s u r e d   by  a  d i g i t a l  

v a l u e   c o n v e r t e d   f r o m   t h e   f i n a l   saw  t o o t h   wave  of  s i g n a l   I .  

When  a p p l i e d   w i t h   t h e   low  l e v e l   o u t p u t   s i g n a l   G  f r o m   RS 

f l i p - f l o p   6,  as   i s   i l l u s t r a t e d   in   (b)  of  F i g .   3,  t h e  

s e c o n d   i n t e g r a t i o n   c i r c u i t   12  o p e r a t e s   to   p r o d u c e   a n  

o u t p u t   s i g n a l   J  in  t h e   f o r m   of   saw  t o o t h   w a v e s .   In   t h i s  

i n s t a n c e ,   A-D  c o n v e r t e r   13  i s   r e s p o n s i v e   to  t h e   o u t p u t  

s i g n a l   f r o m   c o m p u t e r   14  to   c o n v e r t   t h e   f i n a l   v o l t a g e  

l e v e l   of  o u t p u t   s i g n a l   J  i n t o   a  d i g i t a l   v a l u e   i n d i c a t i v e  

o f  a   t i m e   T 3 .  
In   s u c h   o p e r a t i o n   as  d e s c r i b e d   a b o v e ,   e a c h   o f  

i n t e g r a t i o n   c i r c u i t s   11  and  12  s t a r t s   to   i n t e g r a t e   t h e  

h i g h   l e v e l   i n p u t   s i g n a l   G  or  H  a p p l i e d   to   i t s   r e s e t  

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

D  and  d i s c h a r g e s   when  t h e   l e v e l   of   t h e   i n p u t   s i g n a l  

b e c o m e s   l o w .   When  t h e   l e v e l   of  g a t e   s i g n a l   D  b e c o m e s   l o w ,  

each   of   i n t e g r a t i o n   c i r c u i t s   11  and   12  a c t s   to  h o l d   t h e r e i n  



t he   f i n a l l y   i n t e g r a t e d   v o l t a g e ,   and  s u b s e q u e n t l y   A-D 

c o n v e r t e r   13  i s   a c t i v a t e d   in   r e s p o n s e   to   t h e   o u t p u t   s i g n a l  

f rom  c o m p u t e r   14  to  c o n v e r t   t h e   i n t e g r a t e d   v o l t a g e   i n t o  

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

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

c o n v e r s i o n .   When  a p p l i e d   w i t h   t h e   o u t p u t   s i g n a l   f rom  A - D  

c o n v e r t e r   13,   t h e   c o m p u t e r   14  r e c e i v e s   an  o u t p u t   s i g n a l  

f rom  c o u n t e r   7  to  m e a s u r e   a  sum  of  t h e   t i m e   T1  and  t h e  

t i m e   T2  a n d / o r   T3,  and  t h e   c o u n t e r   7  i s   r e s e t   by  a  r e s e t  

s i g n a l   f r o m   r e s e t   c i r c u i t   2 4 .  

In  t h e   c a s e   t h a t   t h e   c o u n t e r   7  i s   a p p l i e d   w i t h  

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

h i g h   l e v e l   g a t e   s i g n a l   D,  t h e   t i m e   T  i s   m e a s u r e d   on  a  

b a s i s   of  t h e   f o l l o w i n g   e q u a t i o n :  

T  =   T I  +   T2 
In   t h e   c a s e   t h a t   t h e   c o u n t e r   7  i s   a p p l i e d   w i t h  

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

h i g h   l e v e l   g a t e   s i g n a l   D,  t h e   t i m e   T  i s   m e a s u r e d   on  a  b a s i s  

of  t h e   f o l l o w i n g   e q u a t i o n :  

T  =   T l  +   T 2  +   T3 
w h e r e   t h e   v a l u e   of   T2  i s   d e t e r m i n e d   in   i t s   f u l l   s c a l e .  

In   F i g .   4  t h e r e   i s   i l l u s t r a t e d   a  m o d i f i c a t i o n  

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

JK  f l i p - f l o p   2  i n   F i g .   1  i s   r e p l a c e d   w i t h   a  c o m p l e m e n t a r y -  

o u t p u t   e l e m e n t   200,   and  t h e   i n t e g r a t i o n   c i r c u i t s   11  a n d  

12  a r e   r e p l a c e d   w i t h   a  v o l t a g e   g e n e r a t o r   90,  a  s e l e c t o r  

100  and  a  s i n g l e   i n t e g r a t i o n   c i r c u i t   110 .   The  c o m p l e m e n t a r y -  

o u t p u t   e l e m e n t   200  i s   a r r a n g e d   to  p r o d u c e   r e l a t i v e l y  

i n v e r t e d   c l o c k   p u l s e s   A  a n d  A   a t   t h e   same  p h a s e   i n   r e s p o n s e  

to  i n p u t   c l o c k   p u l s e s   f rom  o s c i l l a t o r   1.  The  v o l t a g e  

g e n e r a t o r   90  i s   a r r a n g e d   to   p r o d u c e   p o s i t i v e   and  n e g a t i v e  

v o l t a g e   s i g n a l s   +Vs,  - V   w h i c h   a r e   t h e   same  a t   t h e i r  

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

s e l e c t o r   100  i s ,   f o r  e x a m p l e ,   i n   t h e   f o rm  of  an  a n a l o g  

s w i t c h   w h i c h   i s   c o n n e c t e d   to  v o l t a g e   g e n e r a t o r   90  t o  

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

h i g h   l e v e l   s i g n a l   H  f rom  RS  f l i p - f l o p   6  and  to   p r o d u c e  

a  n e g a t i v e   v o l t a g e   s i g n a l   -Vs  in   r e s p o n s e   to  t h e   h i g h  



l e v e l   s i g n a l   G  f r o m   RS  f l i p - f l o p   6,  and  t h e   i n t e g r a t i o n  

c i r c u i t   110  i s   a r r a n g e d   to   c h a r g e   in   r e s p o n s e   to   t h e  

p o s i t i v e   v o l t a g e   s i g n a l   + Vs  and   d i s c h a r g e   in   r e s p o n s e   t o  

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

o u t p u t   s i g n a l   I a   in   t h e   f o r m   of   t r i a n g u l a r   w a v e s   as  i s  

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

s u b s t a n t i a l l y   t h e   same  as   t h o s e   i n   t h e   t i m e   m e a s u r i n g  

c i r c u i t   of   F i g .   1 .  

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

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

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

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

For   i n s t a n c e ,   i t   i s   n o t e d   t h a t   A-D  c o n v e r t e r   13  of   t h e  

a b o v e   e m b o d i m e n t   may  be  r e p l a c e d   w i t h   a  v o l t a g e - f r e q u e n c y  

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



1.  A  t i m e   m e a s u r i n g   c i r c u i t   f o r   m e t e r s   of  t h e   p u l s e  

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

22,  23)  f o r   a p p l y i n g   a  t r a n s m i s s i o n   p u l s e   s i g n a l   (TTP)  t o  

an  o b j e c t   to   be  m e a s u r e d ,   a  r e c e i v i n g   a m p l i f i e r   (31)  f o r  

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

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

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

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

a  g a t e   p u l s e   s i g n a l   (D)  t h e   d u r a t i o n   of  w h i c h   i s   p r o p o r -  
t i o n a l   to  a  v a l u e   of  s a i d   o b j e c t   to   be  m e a s u r e d ,   and  a  

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

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

f i r s t  m e a n s   (1,  2,  4,  5,  6)  f o r   p r o d u c i n g   f i r s t  

and  s e c o n d   o u t p u t   p u l s e s   (G,  H)  a t   a  p r e d e t e r m i n e d  

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

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

f i r s t   o u t p u t   p u l s e s   (G)  f r o m   s a i d   f i r s t   m e a n s   and  f o r  

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

v a l u e ;  

t h i r d  m e a n s   (11,   12)  r e s p o n s i v e   to   t h e   f i r s t  

and  s e c o n d   o u t p u t   p u l s e s   (G,  H)  f r o m   s a i d   f i r s t   m e a n s   f o r  

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

t h e   c o r r e s p o n d i n g   v o l t a g e   v a l u e   ( I ,   J ) ;   a n d  

f o u r t h   means   (13)  f o r   c o n v e r t i n g   t h e   f i n a l l y  

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

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

and  b e i n g   c h a r a c t e r i s e d   in   t h a t   s a i d   m e a s u r i n g   m e a n s   ( 1 4 )  

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

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

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

2.  A  t i m e   m e a s u r i n g   c i r c u i t   as  c l a i m e d   in   C l a i m   1 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   f i r s t   means   c o m p r i s e s :  

an  o s c i l l a t o r   (1)  f o r   p r o d u c i n g   c l o c k   p u l s e s   a t  

a  p r e d e t e r m i n e d   f r e q u e n c y ;  



a  c o m p l e m e n t a r y - o u t p u t   e l e m e n t   (  2 ,   2 0 0 )  

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

H)  w h i c h   a r e   t h e   same  a t   t h e i r   p h a s e   and  r e l a t i v e l y  

i n v e r t e d ;  

g a t e   m e a n s   (4,   5)  r e s p o n s i v e   to   t h e   g a t e   p u l s e  

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

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

of  t h e   g a t e   p u l s e   s i g n a l ;   a n d  

a  f l i p - f l o p   (6)  f o r   a p p l y i n g   t h e   f i r s t   c l o c k  

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

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

3.  A  t i m e   m e a s u r i n g   c i r c u i t   as   c l a i m e d   i n   C l a i m   2 ,  

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

i s   in   t h e   f o r m   of   a  JK  f l i p - f l o p   (2)  c o n n e c t e d   to  r e c e i v e  

t h e   c l o c k   p u l s e s   (A)  f r o m   s a i d   o s c i l l a t o r   (1)  and  t o  

p r o d u c e   f i r s t   and  s e c o n d   c l o c k   p u l s e s   (B,  C)  i n   r e s p o n s e  

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

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

g a t e s   (4 ,   5)  c o n n e c t e d   to   p e r m i t   t h e   f i r s t   and   s e c o n d  

c l o c k   p u l s e s   (E,  F)  a p p l i e d   t o   s a i d   f l i p - f l o p   f rom  s a i d  

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

s a i d   g a t e   s i g n a l   g e n e r a t o r .  

4.  A  t i m e   m e a s u r i n g   c i r c u i t   as  c l a i m e d   i n   C l a i m   2 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   s e c o n d   m e a n s   i s   i n   t h e   fo rm  o f  

a  c o u n t e r   (7)  c o n n e c t e d   to   s a i d   f l i p - f l o p   (6)  to   c o u n t  

t h e   f i r s t   c l o c k   p u l s e s   (G),   s a i d   t h i r d   m e a n s   i s   in   t h e  

fo rm  of   a  p a i r   of  i n t e g r a t i o n   c i r c u i t s   (11 ,   12)  c o n n e c t e d  

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

s e c o n d   c l o c k   p u l s e s   (G,  H)  in   r e s p o n s e   to   t h e   g a t e   p u l s e  

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

m e a n s   i s   i n   t h e   fo rm  of   an  a n a l o g - t o - d i g i t a l   c o n v e r t e r   ( 1 3 )  

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

f i n a l l y   i n t e g r a t e d   v a l u e   i n t o   a  d i g i t a l   v a l u e .  

5.  A  t i m e   m e a s u r i n g   c i r c u i t   as  c l a i m e d   in   C l a i m   2 ,  

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

g e n e r a t o r   (90)  f o r   g e n e r a t i n g   p o s i t i v e   and   n e g a t i v e  

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



and  d i f f e r e n t   a t   t h e i r   p o l a r i t y ,   a  s e l e c t o r   m e a n s   ( 1 0 0 )  

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

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

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

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

f rom  s a i d   f l i p - f l o p ,   and  an  i n t e g r a t i o n   c i r c u i t   ( 1 1 0 )  

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

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

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

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

6.  A  t i m e   m e a s u r i n g   c i r c u i t   as  c l a i m e d   i n   C l a i m   4 ,  

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

of  a  m i c r o c o m p u t e r   (14)  a r r a n g e d   to  c a l c u l a t e   a  sum  o f  

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

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