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@  Unbalanced/balanced  converter  circuits. 

Unbalanced/balanced  converter  circuit  in  which  a  first 
circuit  (T1,  T2)  of  controllable  impedance  is  connected 
between  a  first  supply  terminal  (earth)  and  a  first  balanced 
terminal  (A-leg),  a  second  circuit  (T3,  T4)  of  controllable 
impedance  is  connected  between  a  second  supply  terminal 
-48V  d.c.)  and  a  second  belanced  terminal  (B-leg),  and 
a  control  circuit  (R,  R2,  A1)  is  connected  to  monitor  any 
departure  from  balance  of  the  potentials  of  the  first  and 
second  balanced  input/output  terminals  and  to  simultane- 
busly  change  the  impedances  of  the  first  and  second  cir- 
cuits  (T1,  T2  and  T3,  T4  resp.)  of  controllable  impedance 
in  opposite  directions  to  restore  the  potentials  to  balance. 
A  first  unbalanced  terminal  (X)  is  connected  (via  C6)  to  one 
balanced  terminal  (A-leg)  and  a  second  unbalanced  ter- 
minal  is  connected  to  a  common  point  (earth). 

A  principal  use  of  the  invention  is  balance/unbalanced 
conversion  of  a  subscriber's  telephone  line. 



This  i n v e n t i o n   r e l a t e s   to  c i r c u i t s   for   c o n n e c t i o n   b e t w e e n  

a  ba l anced   network  and  an  unba lanced   network  to  t r a n s f e r   s i g n a l s  

back  and  f o r t h   between  the  ba lanced   and  unba lanced   n e t w o r k s .  

In  the  B r i t i s h   S tandards   I n s t i t u t i o n   "Glossa ry   of  Terms  Used 

in  Te lecommunica t ion   and  E l e c t r o n i c s "   B.S.  204:  1960  a  b a l a n c e d  

t r a n s m i s s i o n   l i n e   is   de f ined   as  "A  t r a n e m i s s i o n   l i n e   which  i s  

ba lanced   e l e c t r i c a l l y   to  e a r t h   and /o r   o the r   c o n d u c t o r s " .   The 

c u r r e n t l y   employed  two-wire   s u b s c r i b e r ' s   t e l ephone   l i n e   is  a n  

example  of  a  ba lanced   t r a n s m i s s i o n   l i n e   a l t hough   the  p o t e n t i a l s  

of  the  two  wires   are  not  s y m m e t r i c a l l y   a r r anged   with  r e s p e c t   t o  

e a r t h   p o t e n t i a l   s ince   one  pole  of  a  c e n t r a l   b a t t e r y   in  an  exchange  

to  which  the  l i n e   is   connected   is  e a r t h e d   a cco rd ing   to  s t a n d a r d  

p r a c t i c e .   I t   is  not  usua l   to  i nc lude   a  power  supply  in  t h e  

s u b s c r i b e r ' s   t e l e p h o n e   i n s t r u m e n t   and  the  c e n t r a l   b a t t e r y   s y s t e m  

is  the  s t a n d a r d   way  of  supp ly ing   e l e c t r i c a l   power  to  t e l e p h o n e  

i n s t r u m e n t s .   Thus,  the  s t a n d a r d   two-wire   s u b s c r i b e r ' s   t e l e p h o n e  

l i n e   f u n c t i o n s   both  as  a  means  of  f eed ing   c u r r e n t   to  the  a s s o c i a t e d  

t e l e p h o n e   i n s t r u m e n t   to  supply  i t   with  e l e c t r i c a l   power  and  as  a  

ba lanced   t r a n s m i s s i o n   l i n e   for   t r a n s f e r r i n g   speech  s i g n a l s   to  and  

from  the  e x c h a n g e .  

In  r e c e n t   y e a r s ,   i t   has  been  proposed  to  t r a n s m i t   speech  d a t a  

between  t e l e p h o n e   exchanges  in  a  p u l s e - c o d e d   d i g i t a l   form.  F o r  

coding  in  a  d i g i t a l   form,  i t   is  conven ien t   to  use  speech  s i g n a l s  

which  are  not  e l e c t r i c a l l y   ba lanced   and  t h e r e f o r e   t he re   is  a  n e e d  

to  have  a  c i r c u i t   which  can  be  used  to  der ive   both  a  b a l a n c e d  

output   s i g n a l   from  an  unba lanced   input   s i g n a l   and  an  u n b a l a n c e d  

output   s i g n a l   from  a  ba l anced   input   s i g n a l .   This  f u n c t i o n   can  be  



ach i eved   by  a  t r a n s f o r m e r   but  t r a n s f o r m e r s   have  the  d i s a d v a n t a g e  

of  being  both  bulky  and  e x p e n s i v e .   Balanced  a c t i v e   2:4  w i r e  

c o n v e r t e r   c i r c u i t s   are  known  but  g e n e r a l l y   r e q u i r e   c lose  m a t c h i n g  

of  component  v a l u e s   to  m a i n t a i n   a  p r o p e r l y   ba lanced   s y s t e m .  

It  is  an  ob j ec t   of  the  i n v e n t i o n   to  provide   an  improved  

c i r c u i t   for  c o n n e c t i o n   between  a  ba lanced   network  and  an  u n b a l a n c e d  

n e t w o r k .  

The  p r e s e n t   i n v e n t i o n   p rov ides   a  c i r c u i t   for   c o n n e c t i o n  

between  a  network  ba l anced   to  e a r t h   or  o ther   p o t e n t i a l   and  a n  

unba lanced   network  to  t r a n s f e r   s i g n a l s   back  and  f o r t h   b e t w e e n  

the  two  ne tworks ,   the  c i r c u i t   c o m p r i s i n g :  

f i r s t   and  second  supply  t e r m i n a l s   for   connec t i on   to  r e s p e c t i v e  

poles   of  an  e l e c t r i c a l   s u p p l y ,  

f i r s t   and  second  ba lanced   i n p u t / o u t p u t   t e r m i n a l s   for  c o n n e c t i o n  

to  a  ba lanced   n e t w o r k ,  

f i r s t   and  second  unba lanced   i n p u t / o u t p u t   t e r m i n a l s   f o r  

c o n n e c t i o n   to  an  unba lanced   n e t w o r k ,  

a  f i r s t   c i r c u i t   of  c o n t r o l l a b l e   impedance  connected   b e t w e e n  

the  f i r s t   supply  t e r m i n a l   and  the  f i r s t   ba lanced   i n p u t / o u t p u t  

t e r m i n a l ,  

a  second  c i r c u i t   of  c o n t r o l l a b l e   impedance  connec ted   b e t w e e n  

the  second  supply  t e r m i n a l   and  the  second  ba lanced   i n p u t / o u t p u t  

t e r m i n a l ,   a n d  

a  c o n t r o l   c i r c u i t   connected  to  moni tor   any  d e p a r t u r e   f rom 

ba lance   of  the  p o t e n t i a l s   of  the  f i r s t   and  second  ba lanced   i n p u t /  

ou tput   t e r m i n a l s   and  to  s i m u l t a n e o u s l y   change  the  impedances  o f  

the  f i r s t   and  second  c i r c u i t s   of  c o n t r o l l a b l e   impedance  i n  

oppos i t e   d i r e c t i o n s   to  r e s t o r e   t h e  



p o t e n t i a l s   to  ba l ance ,   the  f i r s t   unba lanced   i n p u t / o u t p u t  

t e r m i n a l   being  connected   to  one  or  o ther   of  the  ba lanced   i n p u t /  

output   t e r m i n a l s   and  the  second  unba lanced   i n p u t / o u t p u t   t e r m i n a l  

being  connected  to  a  common  p o i n t .  

The  c o n t r o l   c i r c u i t   and  the  f i r s t   and  second  c i r c u i t s   o f  

c o n t r o l l a b l e   impedance  can  be  a r r anged   to  respond  to  f r e q u e n c i e s  

embracing  both  dc.  ( d i r e c t   c u r r e n t )   and  audio  f r e q u e n c i e s .  

A  f u r t h e r   c i r c u i t   of  c o n t r o l l a b l e   impedance,   but  a r r a n g e d  

to  respond  s o l e l y   to  d.c'.  and  very  low  f r e q u e n c i e s   can  be  

connected   in  s e r i e s   with  one  or  other   of  the  f i r s t   and  s e c o n d  

c i r c u i t s   of  c o n t r o l l a b l e   impedance  and  be  a r ranged   to  r e g u l a t e  

the  d i r e c t   c u r r e n t   f lowing  from  a  d .c .   power  supply  c o n n e c t e d ,  

in  use,   to  the  supply  t e r m i n a l s   and  th rough   a  ba lanced   n e t w o r k  

connected   to  the  ba lanced   i n p u t / o u t p u t   t e r m i n a l s .   The  f u r t h e r  

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

the  f i r s t   and  second  c i r c u i t s   of  c o n t r o l l a b l e   impedance  and  a c t s  

to  a t t e n u a t e   noise   on  the  supply  t e r m i n a l s .   This  a r rangement   i s  

of  p a r t i c u l a r   value  in  a  t e l ephone   system  as  i t   can  provide   b o t h  

r e g u l a t e d   c u r r e n t   l i n e   feed  and  b a l a n c e d / u n b a l a n c e d   l i n e   c o n v e r s i o n .  

The  c o n t r o l   c i r c u i t   can  comprise  a  r e s i s t i v e   network  a r r a n g e d  

to  produce  a  p o t e n t i a l   r e p r e s e n t a t i v e   of  the  sum  of  the  p o t e n t i a l s  

of  the  f i r s t   and  second  ba lanced   t e r m i n a l s   and  comparison  means  t o  

compare  the  s u m - r e p r e s e n t a t i v e   p o t e n t i a l   with  a  r e f e r e n c e   p o t e n t i a l .  

The  r e s i s t i v e   network  can  comprise  f i r s t   and  second  r e s i s t o r s  

connected   from  one  to  the  o the r   of  the  f i r s t   and  second  b a l a n c e d  

i n p u t / o u t p u t   t e r m i n a l s   and  a  t h i r d   r e s i s t o r   connected   from  t h e  

j u n c t i o n   of  the  f i r s t   and  second  r e s i s t o r   to  a  po in t   of  f i x e d  
p o t e n t i a l ,   the  comparison  means  being  connec ted   to  compare  t h e  
p o t e n t i a l   at  the  said  j u n c t i o n   with  the  r e f e r e n c e   p o t e n t i a l .  

The  comparison  means  can  comprise  a  d i f f e r e n t i a l   a m p l i f i e r  



having  one  input   connected   to  r e ce ive   the  s u m - r e p r e s e n t a t i v e  

p o t e n t i a l   and  i t s   o the r   input   connected   to  a  source  of  the  r e f e r e n c e  

p o t e n t i a l .  

F u r t h e r   compar ison  means  can  be  connected   to  compare  t h e  

output   of  the  f i r s t - m e n t i o n e d   comparison  means  with  a  r e f e r e n c e  

p o t e n t i a l   and  can  have  an  output   connected   to  c o n t r o l   the  f u r t h e r  

c i r c u i t   of  c o n t r o l l a b l e   impedance.   The  source  of  r e f e r e n c e  

p o t e n t i a l   can  be  common  to  both  comparison  means .  

The  f u r t h e r   comparison  means  can  comprise  a  d i f f e r e n t i a l  

a m p l i f i e r   having  one  input   connected   to  the  output   of  the  f i r s t -  

ment ioned  compar i son  means   and  i t s * o t h e r   input   connected   to  a  o r  

the  source  of  the  r e f e r e n c e   p o t e n t i a l .  

The  f i r s t   and  second  c i r c u i t s   of  c o n t r o l l a b l e   impedance  

can  comprise  f i r s t   and  second  t r a n s i s t o r s   r e s p e c t i v e l y ,   e a c h  

t r a n s i s t o r   having  i t s   c o l l e c t o r - e m i t t e r   path  connected  between  a  

r e s p e c t i v e   one  of  the  supply  t e r m i n a l s   and  the  a s s o c i a t e d   b a l a n c e d  

i n p u t / o u t p u t   t e r m i n a l .   The  t r a n s i s t o r s   can  be  of  c o m p l e m e n t a r y  

c o n d u c t i v i t y   type .   Each  t r a n s i s t o r   can  have  i t s   base  c o n n e c t e d  

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

connected   to  the  c o l l e c t o r   of  the  r e s p e c t i v e   f u r t h e r   t r a n s i s t o r  

to  de f ine   a  D a r l i n g t o n   t r a n s i s t o r   p a i r .  

The  f u r t h e r   c i r c u i t   of  c o n t r o l l a b l e   impedance  can  comprise  a  

t r a n s i s t o r   having  i t s   c o l l e c t o r - e m i t t e r   path  connected  in  s e r i e s  

with  one  or  o ther   of  the  f i r s t   and  second  c i r c u i t s   of  c o n t r o l l a b l e  

i m p e d a n c e .  

The  f i r s t   and  second  ba lanced   i n p u t / o u t p u t   t e r m i n a l s   can  be  

connected   r e s p e c t i v e l y   to  the  A-leg  and  B-leg  of  a  s u b s c r i b e r ' s  



t e l e p h o n e   l i n e .  

By  way  of  example  only,  an  i l l u s t r a t i v e   embodiment  of  t h e  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   to  the  accompany ing  

drawings ,   in  w h i c h :  

Figure   1  shows  a  l i n e   feed  c i r c u i t   embodying  the  i n v e n t i o n ,  

a n d  

Figure   2  shows  the  c i r c u i t   of  a  2:4  wire  c o n v e r t e r   for  u s e  

with  the  l i n e   feed  c i r c u i t   of  F igure   1 .  

The  c i r c u i t s   shown  are  to  be  assumed  to  be  l o c a t e d   in  a  

d i g i t a l   t e l ephone   exchange  for   example  a  d i g i t a l   PABX  ( p r i v a t e  

au toma t i c   b r a n c h   exchange).  R e f e r r i n g   to  Figure   1,  the  two  w i r e s  

connected   to  one  t e l ephone   i n s t r u m e n t   served  by  the  exchange  a r e  

r e f e r e n c e d   A-leg  and  B-leg  us ing  the  t e r m i n o l o g y   common  in  t e l e p h o n e  

e n g i n e e r i n g .   Two  1%  100  kilohm  r e s i s t o r s   R1  and  R2  are  c o n n e c t e d  

in  s e r i e s   from  the  A-leg  to  the  B- leg .   The  j u n c t i o n   of  r e s i s t o r s  

R1  and  R2  is  connected   to  ea r th   th rough  a  1% 11 kilohm  r e s i s t o r   R3 

and  a lso   to  the  n o n - i n v e r t i n g   input   of  a  type  72558P  a m p l i f i e r   A1. 

The  output   of  a m p l i f i e r   A1  is  fed  back  to  i t s   i n v e r t i n g   i n p u t  

th rough   a  10  p i c o f a r a d   c a p a c i t o r   01  and  is  connec ted   to  t h e  

i n v e r t i n g   input   of  ano the r   type  72558P  a m p l i f i e r   A2  th rough   a  10 

kilohm  r e s i s t o r   R4 .  

The  A-leg  is  a l so   connected   to  the  c o l l e c t o r   of  a:  PNP  t r a n s i s t o r  

T1,  the  e m i t t e r   of  which  is  connected   to  e a r t h   th rough  a  1%  130  ohm 

r e s i s t o r   R5.  The  c o l l e c t o r   of  ano ther   PNP  t r a n s i s t o r   T2  i s   c o n n e c t e d  

to  the  c o l l e c t o r   of  t r a n s i s t o r   T1  and  the  base  of  t r a n s i s t o r   T1  i s  

connected   to  the  e m i t t e r   of  t r a n s i s t o r   T2.  T r a n s i s t o r s   T1  and  T2 

form  a  D a r l i n g t o n   p a i r   and  are  type  ESM  259  a v a i l a b l e   f r o m  



Thompson  CSF. 

The  B- leg  is  a l so   connected   to  the  c o l l e c t o r   of  an NPN  t r a n s i s t o r  

T3,  the  e m i t t e r   of  which  is  connected   to  one  end  of  a  1%  130  ohm 

r e s i s t o r   R6.  The  c o l l e c t o r   of  ano the r   NPN  t r a n s i s t o r   T4  is  c o n n e c t e d  

to  the  c o l l e c t o r   of  t r a n s i s t o r   T3  and  the  base  of  t r a n s i s t o r   T3  i s  

connec ted   to  the  e m i t t e r   of  t r a n s i s t o r   T4.  T r a n s i s t o r s   T3  and  T4 

form  a  D a r l i n g t o n   p a i r   and  are  type  ESM  213  a v a i l a b l e   from  Thompson 

CSF. 

The  ou tput   of  a m p l i f i e r   A1  is  connected  to  one  end  of  a  500  ohm 

r e s i s t o r   R7,  the  o ther   end  of  which  is  connected  th rough  a  15  k i l o h m  

r e s i s t o r   R8  to  the  base  of  t r a n s i s t o r   T2.  An  18  kilohm  r e s i s t o r   R9  i s  

connec ted   to  e a r t h   from  the  j u n c t i o n   of  r e s i s t o r s   R7  and  R8. 

The  ou tput   of  e m p l i f i e r   A1  is  a lso   connected   to  the  c a t h o d e  

of  a  36  v o l t  ±   5%  zener   diode  D1,  the  anode  of  which  is  c o n n e c t e d  

to  one  end  of  ano the r   15  kilohm  r e s i s t o r   R10,  and  to  the  cathode  o f  

a  12  v o l t   zener   diode  D2,  the  anode  of  which  is  connected   to  a  -   12 

v o l t s   supply .   The  o the r   end  of  r e s i s t o r   R10  is  connected   to  the  b a s e  

of  t r a n s i s t o r   T4.  A  1  m i c r o f a r a d   c a p a c i t o r   02  is  connected   from  t h e  

cathode  of  zener   diode  D1  to  the  base  of  t r a n s i s t o r   T4.  Another   18 

kilohm  r e s i s t o r   R11  is  connected   from  the  j u n c t i o n   of  zener   diode  D1 

and  r e s i s t o r   R10  to  the  end  of  r e s i s t o r   R6  remote  from  t r a n s i s t o r   T 3 .  

A  36  kilohm  r e s i s t o r   R12  has  one  end  connec ted   to  a  -12  v o l t s  

supply  and  i t s   o the r   end  connected   to  one  end  of  a  33  kilohm  r e s i s t o r  

R13.  The  o the r   end  of  r e s i s t o r   R13  is  connected   to  e a r t h   through  a  

43  kilohm  r e s i s t o r   R14.  A  22  m i c r o f a r a d   c a p a c i t o r   03  is  connected   f rom 

the  j u n c t i o n   of  r e s i s t o r s   R12  and  R13  to  e a r t h .   The  i n v e r t i n g   i n p u t  

of  a m p l i f i e r   A1  is  connected   to  the  j u n c t i o n   of  r e s i s t o r s   R13  and  R14. 



The  n o n - i n v e r t i n g   inpu t   of  a m p l i f i e r   A2  is  a lso   connec ted   to  t h e  

j u n c t i o n   of  r e s i s t o r s   R13  and  R14.  

The  ou tput   of  a m p l i f i e r   A2  is  fed  back  to  i t s   i n v e r t i n g   i n p u t  

th rough   the  p a r a l l e l   combina t ion   of  a  1  megohm  r e s i s t o r   and  a  10 

m i c r o f a r a d   c a p a c i t o r   C4.  The  output   of  a m p l i f i e r   A2  is  a l s o  

connec ted   to  the  cathode  of  a  47  v o l t  ±   5%  zener   diode  D3,  the  anode  

of  which  is   connected   th rough  a  1  megohm  r e s i s t o r   R16  to  the  base  o f  

a  PNP  t r a n s i s t o r   T5.  The  e m i t t e r   of  t r a n s i s t o r   T5  is   connec ted   t o  

the  base  of  ano the r   PNP  t r a n s i s t o r   T6,  the  c o l l e c t o r s   of  t r a n s i s t o r s  

T5  and  T6  being  commonly  connec ted .   The  e m i t t e r   of  t r a n s i s t o r   T6  i s  

connected   to  the  end  of  r e s i s t o r   R6  remote  from  t r a n s i s t o r   T3.  B o t h  

t r a n s i s t o r s   T5  and  T6  are  type  CV10814.  1  m i c r o f a r a d   c a p a c i t o r   05 

is  connected   to  ea r th   from  the  base  of  t r a n s i s t o r   T5.  A  5.1  k i l o h m  

r e s i s t o r   R  17  is  connected   from  the  anode  of  zener  diode  D3  to  t h e  

c o l l e c t o r s   of  t r a n s i s t o r s   T5  and  T6.  The  c o l l e c t o r s   of  t r a n s i s t o r s  

T5  and  T6  are  connec ted   to  a  -48  v o l t s   s u p p l y .  

One  end  of  a  c a p a c i t o r   06  is  connected   to  the  A  leg   and  i t s  

o ther   end  is  connec ted   to  a  p o i n t  X   in  the  c i r c u i t   of  F igure   2 .  

The  c i r c u i t   shown  in  F igure   2  is  a  2:4  wire  c o n v e r t e r   f o r  

p r o v i d i n g   an  i n t e r f a c e   between  a  p a i r   of  i n p u t / o u t p u t   t e r m i n a l s   ( s i g n a l  

and  e a r t h ,   the  "2  w i r e s " )   and  a  p a i r   of  t r a n s m i t t i n g   t e r m i n a l s   ( s i g n a l  

and  e a r t h ,   two  of  the  "4  w i res" )   and  a  p a i r   of  r e c e i v i n g   t e r m i n a l s  

( s i g n a l   and  e a r t h ,   the  o ther   two  of  the  "4  w i r e s " ) .   The  c o n s t r u c t i o n  

of  2:  4  wire  c o n v e r t e r s   is  well   known  to  those   s k i l l e d   in  the  a r t   a n d  

t h e r e f o r e   the  d e s c r i p t i o n   of  F igure   2  w i l l   be  made  b r i e f .  

The  i n p u t / o u t p u t   t e r m i n a l s   of  the  c o n v e r t e r   are  r e f e r e n c e d   I / O ,  

the  t r a n s m i t t i n g   t e r m i n a l s   TX  and  the  r e c e i v i n g   t e r m i n a l s   RX. 



The  r e c e i v i n g   t e r m i n a l s   RX  are  connected  through  an  a m p l i f i e r   A3 

to  the  j u n c t i o n   of  two  equal   exchange  t e r m i n a t i n g   impedances  ZT. 

One  of  the  impedances  ZT  has  i t s   o the r   end  connected  to  the  i n p u t /  

ou tput   t e r m i n a l s   connected   to  c a p a c i t o r   C6  and  to  one  end  of  a  

r e s i s t o r   of  r e s i s t a n c e   R.  The  o ther   end  of  the  o ther   impedance  ZT 

has  i t s   o the r   end  connected  to  ano the r   r e s i s t o r   of  r e s i s t a n c e   R  and  

to  one  end  of  a  2:4  wire  b a l a n c i n g   impedance  ZB.  The  o ther   end  o f  

impedance  ZB  is  connected   to  e a r t h .   The  o ther   ends  of  the  r e s i s t o r s  

of  r e s i s t a n c e   R  are  connected  through  an  a m p l i f i e r   A4  to  t h e  

t r a n s m i t t i n g   t e r n i n a l s   TX.  The impedance  ZB  is  equal  to  one  q u a r t e r  

the  l i n e   impedance  and  R  is  high  ( t y p i c a l l y   100  kilohm)  compared  w i t h  

both  ZT  and  ZB.  The  c i r c u i t   of  Figure  2  wi l l   not  be  d e s c r i b e d   i n  

f u r t h e r   d e t a i l   because  i t   is  a  c i r c u i t   of  known  type  and  i nc luded   m e r e l y  

to  show  the  use  made  of  the  c i r c u i t   of  Figure  1 .  

The  o p e r a t i o n   and  use  of  the  c i r c u i t   of  Figure  1  w i l l   now  b e  

d e s c r i b e d .  

The  network  c o n s i s t i n g   of  r e s i s t o r s   R12,  R13  and  R14  d e f i n e s   a  

r e f e r e n c e   p o t e n t i a l   app l i ed   to  the  i n v e r t i n g   input   of  a m p l i f i e r   A1 

and  to  the  n o n - i n v e r t i n g   input   of  a m p l i f i e r   A2.  A m p l i f i e r   A1  p r o v i d e s  

an  output   s i g n a l   c o n s i s t i n g   of  the  a m p l i f i e d   d i f f e r e n c e   in  p o t e n t i a l  

between  the  p o t e n t i a l   at  the  j u n c t i o n   of  the  r e s i s t o r s   R1  and  R2  and  

the  r e f e r e n c e   p o t e n t i a l .   A m p l i f i e r   A2  p rov ides   an  output   s i g n a l  

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

r e f e r e n c e   p o t e n t i a l   and  the  output   s i gna l   of  a m p l i f i e r   A1.  The  o u t p u t  

s i g n a l   of  a m p l i f i e r   A1  c o n t r o l s   the  D a r l i n g t o n   p a i r s   T1,  T2  and  T3,  

T4,  a  n e g a t i v e - g o i n g   s i gna l   l ower ing   the  impedance  of  the  c o l l e c t o r  -  

e m i t t e r   path  of  t r a n s i s t o r   T1  and  r a i s i n g   tha t   of  t r a n s i s t o r   T2  a n d  



v i c e  v e r s a   for   a  p o s i t l v e - g o i n g   s i g n a l .   The  a m p l i f i e r   A1  w i l l  

produce  a  n e g a t i v e - g o i n g   ou tpu t   s i g n a l   i f   the  p o t e n t i a l   at  t h e  
j u n c t i o n   of  the  r e s i s t o r s   R1  and  R2 becomes  more  n e g a t i v e   b u t  
the  e f f e c t   of  the  impedance  of  t r a n s i s t o r   T1  f a l l i n g   and  t h a t  
of  T2  r i s i n g   is  to  make  the  j u n c t i o n   p o t e n t i a l   l e s s   n e g a t i v e .  
Thus,  the  p o t e n t i a l   at  the  j u n c t i o n   of  r e s i s t o r s   R1  and  R2  t e n d s  
to  a  va lue   equal   to  the  r e f e r e n c e   p o t e n t i a l .  

The  output   of  a m p l i f i e r   A2  c o n t r o l s   the  c o l l e c t o r - e m i t t e r  
impedance  of  t r a n s i s t o r   T6,  a  p o s i t i v e - g o i n g   ou tput   s i g n a l   r a i s i n g  
the  impedance  and  a  n e g a t i v e   -go ing   s i g n a l   l ower ing   i t .   Such  a  
p o s i t i v e - g o i n g   s i g n a l   w i l l   a r i s e   from  the  p o t e n t i a l   at  the  j u n c t i o n  
of  r e s i s t o r s   R1  and  R2  becoming  more  n e g a t i v e   and  thus  the  o v e r a l l  
e f f e c t   is  aga in   to  cause  the  j u n c t i o n   p o t e n t i a l   to  tend  to  a  v a l u e  
equal   to  the  r e f e r e n c e   p o t e n t i a l .  

The  r e s i s t o r s   R1,  R2  and  R3  a r e  c h o s e n   so  t ha t   when  t h e  
j u n c t i o n   p o t e n t i a l   is  equal   to  the  r e f e r e n c e   p o t e n t i a l ,   the  mean 
of  the  p o t e n t i a l   of  the  A -  and  B-  legs   is  equal   to  one  h a l f   o f  
the  supply  v o l t a g e ,   t ha t   is  -24  v o l t s .   Fu r the rmore ,   the  component  
v a l u e s   and  p a r a m e t e r s   are  such  t h a t   the  loop  c u r r e n t   t h rough   t h e  
A-  and  B-  l egs   is  equal  to  25  m i l l i amps   when  the  j u n c t i o n  
p o t e n t i a l   equa l s   the  r e f e r e n c e   p o t e n t i a l .   The  v o l t a g e   o u t p u t  
from  a m p l i f i e r   A1  a p p l i e d   via  components  R7,  R8  and  D1,  R10 
( a c t i n g   as  b i a s s i n g   cha ins )   to  the  D a r l i n g t o n   t r a n s i s t o r s   T1,  T2 
and  T3,  T4  are  p r i m a r i l y   r e s p o n s i b l e   for   s e t t i n g   the  c u r r e n t  
l e v e l   in  c o n j u n c t i o n   with  the  e m i t t e r   r e s i s t o r s   R5  and  R6. 
A m p l i f i e r   A1  and  t r a n s i s t o r s   T1,  T2,  T3  and  T4  have  a  g o o d  
r e sponse   to  audio  f r e q u e n c i e s   and  d . c .   A m p l i f i e r   A2  and  
t r a n s i s t o r s   T5  and  T6  d r i ven   via  components  D3  and  R16  ( a c t i n g  
as  a  b i a s s i n g   chain)   c e n t r a l i s e   the  f i r s t   two  c i r c u i t s   o f  
c o n t r o l l a b l e   impedance  (T1,  T2;  T3,  T4)  to  ensure   equal   v o l t a g e  
drops  from  the  A-leg  output   to  e a r t h   and  from  the  B-leg  o u t p u t  
to  -48  v o l t s .   The  components  R15,  04,  R16  and  05  s e v e r e l y   c u r t a i l  
the  f r equency   r e sponse   of  a m p l i f i e r   A2  and  t r a n s i s t o r s   T5  and  T6 

so  t h a t   they  respond  s o l e l y   to  d . c .   and  very  low  f r e q u e n c i e s .  



I t   has  a l r e a d y   been  exp la ined   t ha t   the  c i r c u i t   tends   t o  

m a i n t a i n   the  p o t e n t i a l   at  the  j u n c t i o n   of  r e s i s t o r s   R1  and  R2 

c o n s t a n t   and  i t   can  be  seen  t h a t   a  s i gna l   v o l t a g e   a p p l i e d   b e t w e e n  

the  A-leg  (say)  and  e a r t h   w i l l   d i s t u r b   the  j u n c t i o n   p o t e n t i a l .   The 

c i r c u i t   w i l l   r e a c t   to  such  a  s i g n a l   v o l t a g e   by  a t t e m p t i n g   to  r e s t o r e  

the  j u n c t i o n   p o t e n t i a l   to  the  value  of  the  r e f e r e n c e   p o t e n t i a l .   I f  

the  s i g n a l   v o l t a g e   is   a  s i g n a l   of  audio  f r equency ,   the  t r a n s i s t o r   T6 

w i l l   not  respond  by  v i r t u e   of  the  very  l i m i t e d   f r equency   r e s p o n s e  

a s s o c i a t e d   with  i t   but  the  impedance  of  one  of  the  t r a n s i s t o r s   T1,  T3 

w i l l   r i s e   while  t h a t   of  the  o t h e r   f a l l s   t o  r e s t o r e   the  j u n c t i o n  

p o t e n t i a l   to  the  r e f e r e n c e   p o t e n t i a l .   Thus,  i f   a  p o s i t i v e   g o i n g  

p o t e n t i a l   is  a p p l i e d   to  the  A-leg  the  c i r c u i t  w i l l   r e a c t   by  mak ing  

the  A-leg  l e s s   p o s i t i v e   and  the  B-leg  more  p o s i t i v e   u n t i l   the  mean 

p o t e n t i a l   of  A -  and-B-  l egs   is   once  more  -24  v o l t s .   The  e f f e c t   i s  

t h a t   a  s i g n a l   a p p l i e d   to  the  A-leg  with  r e s p e c t   to  ea r th   becomes ,  

th rough   the  o p e r a t i o n   of  the  c i r c u i t ,   a  d i f f e r e n t i a l   s i g n a l   on  t h e  

A-  and  B-  l e g s .  

The  c i r c u i t s   of  F igure   1  p r o v i d e s   a  dual  f u n c t i o n   of  s u p p l y i n g  

a  r e g u l a t e d   d i r e c t   c u r r e n t   to  the  t e l ephone   l i n e   and  a l so   o f  

t r a n s f e r r i n g   s i g n a l s   back  and  f o r t h   between  the  unba lanced   c o n v e r t e r  

c i r c u i t   and  the  ba l anced   s u b s c r i b e r ' s   l i n e .   I t   has  an  impedance  

s c a l i n g   p r o p e r t y   in  t h a t   the  A-leg  to  B-leg  l i n e   impedance  when  s e e n  

from  the  po in t   X  appea r s   to  be  m u l t i p l i e d   by  a  f a c t o r   + .  

An  advantage   of  r e g u l a t i n g   the  c u r r e n t   fed  to  s u b s c r i b e r ' s   l i n e s  

is   t h a t   the  peak  power  supply  r e q u i r e m e n t s   of  an  exchange  can  b e  

s u b s t a n t i a l l y   reduced  because   the  maximum  c u r r e n t   to  be  s u p p l i e d   i s  

known  with  more  c e r t a i n t y   than  is   the  case  with  u n r e g u l a t e d   l i n e   f e e d  



c i r c u i t s .  A   f u r t h e r   advantage   is  tha t   the  loudness   r e g u l a t o r s   i n  

the  t e l e p h o n e   i n s t r u m e n t s   are  not  brought   in to   o p e r a t i o n   which  

he lps   to  keep  the  apparen t   source   and  load  impedances  of  t h e  

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

c o n t a i n e d   in  t e l ephone   i n s t r u m e n t s   which  are  brought   in to   o p e r a t i o n  

when  the  e n e r g i s i n g   c u r r e n t   is  above  a  t h r e s h o l d   va lue .   E v e n  w i t h  

the  r e g u l a t o r   d i s a b l e d   the  t e l e p h o n e   impedance  is  s t i l l   d e p e n d e n t  

upon  l i n e   f eed ing   c u r r e n t   but  the  p r e sen t   c i r c u i t   is  des igned   t o  

supply  a  r e g u l a t e d   25  mi l l i amps   to  a  1400  ohm  loop.   This  c u r r e n t  

is  below  the  t h r e s h o l d   commonly  used  for   loudness   r e g u l a t o r s .  

It  is  impor t an t   to  know  the  l i n e   and  t e l ephone   i n s t r u m e n t   impedance  

a c c u r a t e l y   when  us ing  a  2:4  wire  c o n v e r t e r   c i r c u i t   in  a  d i g i t a l  

sw i t ch ing   system  as  o t h e r w i s e   s ide  t o n e  p e r f o r m a n c e   can  be  i m p a i r e d .  

Line  and  t e l e p h o n e   i n s t r u m e n t   impedance  can  be  de te rmined   more  

a c c u r a t e l y   with  the  p r e s e n t   c i r c u i t   because  the  l oudness   r e g u l a t o r s  

are  p reven ted   from  o p e r a t i n g   and  the  t e l ephone   i n s t r u m e n t   i s   d r i v e n  

with  a  c o n s t a n t   c u r r e n t .   Where  loudness   r e g u l a t i o n   is  s t i l l   d e s i r e d  

to  compensate  for  d i f f e r e n t   l i n e   l e n g t h s   i t   can  be  accompl i shed   i n  

the  f o u r - w i r e   par t   of  the  c i r c u i t   in  the  e x c h a n g e .  

I t   is  p o s s i b l e   to  omit  a m p l i f i e r   A2,  t r a n s i s t o r s   T5,  T6  and 

a s s o c i a t e d   components  and  the  c i r c u i t   of  Figure   1  w i l l   con t inue   t o  

f unc t i on   as  a  c o n v e r t e r  b e t w e e n   ba lanced  and  unbalanced   s i g n a l s   b u t  

at  a  loss   of  some  degree  of  c o n t r o l   over  the  c e n t r a l i s a t i o n   o f  

s i r c u i t   o p e r a t i o n   and  r e j e c t i o n   of  noise   on  the  -48  v o l t   s u p p l y  

L ine .  



1.  A  c i r c u i t   f o r   c o n n e c t i o n   b e t w e e n   a  n e t w o r k  

b a l a n c e d   to   e a r t h   or   o t h e r   p o t e n t i a l   and  an  u n b a l a n c e d  

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

two  n e t w o r k s ,   t h e   c i r c u i t   c o m p r i s i n g :  

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

to  r e s p e c t i v e   p o l e s   of   an  e l e c t r i c a l   s u p p l y ,  

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

f o r   c o n n e c t i o n   to   a  b a l a n c e d   n e t w o r k ,  

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

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

in  t h a t  

a  f i r s t   c i r c u i t   ( T l ,   T2)  of  c o n t r o l l a b l e   i m p e d a n c e  

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

and  t h e   f i r s t   b a l a n c e d   i n p u t / o u t p u t   t e r m i n a l   ( A - l e g ) ,  

a  s e c o n d   c i r c u i t   (T3,  T4)  of  c o n t r o l l a b l e   i m p e d a n c e  

is   c o n n e c t e d   b e t w e e n   t h e   s e c o n d   s u p p l y   t e r m i n a l   ( - 4 8 V )  

and  t h e   s e c o n d   b a l a n c e d   i n p u t / o u t p u t   t e r m i n a l   ( B - l e g )  

a n d  

a  c o n t r o l   c i r c u i t   (R l ,   R2,  A1)  c o n n e c t e d   to   m o n i t o r  

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

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

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

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

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

f i r s t   u n b a l a n c e d   i n p u t / o u t p u t   t e r m i n a l   (X,  C6)  b e i n g  



c o n n e c t e d   to   one  or   o t h e r   of  t h e   b a l a n c e d   i n p u t / o u t p u t  

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

t e r m i n a l   b e i n g   c o n n e c t e d   to   a  common  p o i n t   ( e a r t h ) .  

2.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   1,  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   t h e   c o n t r o l   c i r c u i t   ( R l ,   R2,  A l )  

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

i m p e d a n c e   ( T l ,   T2:  T3,  T4)  a r e   a r r a n g e d   to   r e s p o n d   t o  

f r e q u e n c i e s   e m b r a c i n g   b o t h   dc .   ( d i r e c t   c u r r e n t )   a n d  

a u d i o   f r e q u e n c i e s .  

3.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   2,  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   a  f u r t h e r   c i r c u i t   (T5,  T6)  o f  

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

to  d . c .   and  v e r y   low  f r e q u e n c i e s ,   i s   c o n n e c t e d   i n  

s e r i e s   w i t h   one  or   o t h e r   of   t h e   f i r s t   and  s e c o n d  

c i r c u i t s   o f   c o n t r o l l a b l e   i m p e d a n c e   ( T l ,   T2;  T3,  T 4 )  

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

f rom  a  c . c .   p o w e r   s u p p l y   ( e a r t h ,   - 4 8 v )   c o n n e c t e d   t o  

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

( t e l e p h o n e   l i n e )   c o n n e c t e d   to   t h e   b a l a n c e d   i n p u t / o u t p u t  

t e r m i n a l s .  

4.  A  c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

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

c o m p r i s e s   a  r e s i s t i v e   n e t w o r k   ( R l ,   R2.  R3)  a r r a n g e d   t o  

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

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



( A - l e g ,   B - l e g )   and  c o m p a r i s o n   means   (A1)  to   c o m p a r e   t h e  

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

5.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   4,  f u r t h e r  

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

f i r s t   and  s e c o n d   r e s i s t o r s   (R l ,   R2)  c o n n e c t e d   f rom  o n e  

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

t e r m i n a l s   and  a  t h i r d   r e s i s t o r   (R3)  c o n n e c t e d   f rom  t h e  

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

f i x e d   p o t e n t i a l ,   t h e   c o m p a r i s o n   means   (A1)  b e i n g  

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

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

6.  A  c i r c u i t   as  c l a i m e d   in  c l a i m   5,  f u r t h e r  

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

d i f f e r e n t i a l   a m p l i f i e r   (A1)  h a v i n g   one  i n p u t   (+)  c o n n e c t e d  

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

i n p u t   ( - )   c o n n e c t e d   to   a  s o u r c e   (R12,   R13,  R14)  of   t h e  

r e f e r e n c e   p o t e n t i a l .  

7.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   4,  5  or   6  a n d  

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

in  t h a t   f u r t h e r   c o m p a r i s o n   means   (A2)  i s   c o n n e c t e d   t o  

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

means   (A1)  w i t h   a  r e f e r e n c e   p o t e n t i a l   and  h a s   an  o u t p u t  

c o n n e c t e d   to   c o n t r o l   t h e   f u r t h e r   c i r c u i t   (T5,  T6)  o f  

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

8.  A  c i r c u i t   as  c l a i m e d   in  c l a i m   7,  f u r t h e r  
s o u r c e   of  r e f e r e n c e  

c h a r a c t e r i s e d   in   t h a t   t h e / p o t e n t i a l   (R12,   R13,  R14)  i s  

common  to   b o t h   c o m p a r i s o n   m e a n s .  



9.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   7  or   8,  f u r t h e r  

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

c o m p r i s e s   a  d i f f e r e n t i a l   a m p l i f i e r   (A2)  h a v i n g   o n e  

i n p u t   ( - )   c o n n e c t e d   to   t h e   o u t p u t   of   t h e   f i r s t - m e n t i o n e d  

c o m p a r i s o n   means   and  i t s   o t h e r   i n p u t   (+)  c o n n e c t e d   t o  

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

10.  A  c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

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

c i r c u i t s   of   c o n t r o l l a b l e   i m p e d a n c e   c o m p r i s e   f i r s t   ( T l )  

and  s e c o n d   (T3)  t r a n s i s t o r s   r e s p e c t i v e l y ,   e a c h  

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

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

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

11.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   10,  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   t h e   t r a n s i s t o r s   ( T l ,   T3)  a r e   o f  

c o m p l e m e n t a r y   c o n d u c t i v i t y   t y p e .  

12.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   10  or   11,  f u r t h e r  

c h a r a c t e r i s e d   in   t h a t   e a c h   t r a n s i s t o r   ( T l ,   T2)  h a s   i t s  

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

t r a n s i s t o r   (T2,  T4)  and  i t s   c o l l e c t o r   c o n n e c t e d   t o   t h e  

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

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

13.  A  c i r c u i t   as  c l a i m e d   in   c l a i m   3  t a k e n   a l o n e   o r  

in   c o m b i n a t i o n   w i t h   any  of   c l a i m s   4  to   12,  f u r t h e r  

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

i m p e d a n c e   c o m p r i s e s   a  t r a n s i s t o r   (T6)  h a v i n g   i t s  

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



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

i m p e d a n c e .  

14.  A  c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

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

b a l a n c e d   i n p u t / o u t p u t   t e r m i n a l s   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   A - l e g   and  B - l e g   of  a  s u b s c r i b e r ' s  

t e l e p h o n e   l i n e .  
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